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as To the extent that Mr. Reutlinger has in mind the development
of all-purpose computer simmlation for complete project sp-
prdt::ll. this would be an unrealistic objective for further work
at a time,

be Within projects, however, there are certain activitiss that lend
thamselves to similar analysis as between projects, and work

e Models that have been in this I.‘
(] : already developed department

ccs Messrs. T. Freidgut
Ae Schumacher
JdeB.
s Takahas
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Mr. D. 8. Ballantine mnam

1. The paper suggests that application of sensitivity analysis Wy
use of computer techniques could improve project appraisal by’

(1) rationalising data collection and processing;

(2) rationalising the decision process through making all
assumptions explicit; through allowing for alternative
assumptions and alternative structures of the project
to be worked out; and thereby increasing and detailing
the number of possible choices, 1i.e. incresaing the
chancee for the relatively best choice to be picked;

(3) making project evaluation and review (during snd after
implementation) much easier, thereby providing for
transparency of investment policies and for their
efficient, continuous reformulation.

2. The implies that this can be achieved by (1) using model
techmiques, and 52) using the rate-of-retwrn as main appraisal criterium.
Whilst the latter is not (yet) spplicable to education investment decision-
naking in the Education Projects Department, the application of computer
models is a proposition which merits investigation.

3. In this context computer simulation (1.e. making experiments by
use of a mathematical model which makes the logic of a project explicit)

takes the form of computer assisted sensitivity anslysis. This means that
the effects on project objectives of changes in the basic aasumptions and
parameters of the appraisal model can be determined in an experimental way.

k. Gontrary to the project fields Reutlinger has in mind (roads,
irrigation, high dams, perts, etc.) education is a huge industry for which
there is no consistent theoretical or conventional system of values and
relationships defining the soclo-econocmic interdependencies of this industry
with the other sectors of the socio-economy. Education appraisal projects,
therefore, cammot count on consistent (and detailed) market studies and
straight-forward economic evaluation. However, detailed investigations of
the education process in relation to specified ebjectives and of related
money-cests are possible. In this area computers would be very useful.
Since national education systems have certain basic structures, production
objectives, input characteristics, and features of operation and organiszation
in common it might be possible to construct a basic model, which could be
adapted to individual cases (countries and projects).
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for consistency and optimality (in the sense of lsast cos nlnﬂ.mjw
computerisation in fields like: ()mmmm the choice of

standards (e.g. class einme, floor space pu-pupu m«r m.coun{
ete.); (2) m-wnwm the project, and oon-
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the education system at large (e.g. successive stages of the education

process, developments in pupil enrollment aud tescher training); (3) con-

m;mynf enrollment plams, finasncial programmes, and employment

projections.

6. My conclusions with respect to education projects are:

(1) Reutlinger's proposal is not applicable as it stands.
Adopting conventions spplied Yo projects in other sectors
of development economies would neglect the special nature
and function of & country's educaidon system.

{2) The #mcressing work load of the Department and alse the
4increasing complexity (because of software elemente) of
education projects will very likely necessitate ratiounal-
ization and stamdardization of procedures (from identifi-
cation through appreisal and supervision).

{3) Use of modals and computers would seem desirable. Ways
and means should be investigated of how %o construct
cperationsl models and how to employ computers for our
basic data retrieval and processing work. Computer
sismlation or cemputer assisted sensitivity analysis
would thea be a matter of course.

KBahrige

P.5. In preparing these brief notes I have consulted with Messrs. Hlakey,
van Dijk, Koulowrianos, Lethem who had an opportunity to read
Reutlinger's draft paper.
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INTERNATIONAL DEVELOPMENT I INTERNATIONAL BANK FOR INTERNATIONAL F{INANCE
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORATION
TO: Mr. S. Takahashi DATE: December 18, 1968 -

FROM: A. Schu%ar

SUBJECT: Comments on wpeployment of Computer Simulation'

Current Simulation Programs

The Livestock Division is using a number of gimulation models in its
project appraisal work. There are three models '"on the shelf" for livestock
appraisal work. These are a breeding/fattening model, a breeding/ﬁaaning model
and a‘straight fattening simulation. The first two have been revised so that
they now incorporate risk and sensitivity analyses. Mr. Husain also worked out
a system so that each of the simulations can be aggregated for securing an over
all economic rate of return thereby throwing up a risk profile on a project
basis (Tanzania Green Cover).

The Iivestock Division also has devised a ‘simulation model for deter=-
mining cash flows and the rates of return to participating banks when ope or
more of these banks is used as a channel for IBRD/IDA lending to the liwestock
sector. This program was conceived originally by J. Andreu and devised by
myself and Edwin Kumsher of the Computer Services Division. This simulation was
used extensively on the Uganda Livestock and Costa Rica Agricultural Credit .
Projects.

I also understand that Mr. Renato Rossi has been working through a mum=
ber of his farm plans on the current Mexico report using various simulation
models. Perhaps eventually it would be possible, time and funds permitting, to
work out in connection with specific project appraisals simulation models for
dairy and sheep production. We are also continually revising our livestock
simulations which have been wused on the Brazil, Uganda, Tanzania and now on
the Zambia Livestock Projects.

. Problems _ - ; ;

During this work on simulation many problems have arisen. The most
important problem is that it is vital to have the closest cooperation of the
technical specialists in devising the actual make up of the simulation.model.
Messrs. Gerring, Fransen and Schafer-Kehnert were extremely helpful in.provid-
‘ing and checking the information required for the formulation and revision of
these livestock models. (attached are Tariq Husain's comments on this subject)
The second problem is that there are many other aspects of livestock project
appraisal equally or more important than simulating a herd development .pro-
Jection. By far the most important problems in my brief experience to“date
have been devising suitable channels for the lending operations and organizing
or strengthening the executing agency or agencies responsible for carrying out
the project. Therefore, in this light, I am working less now on further re-
fining the basic livestock simulations and more on finding suitable programs

. Which would enable our livestock and agricultural credit institutions to
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greatly improve both their accounting systems and the data provided to manage-
ment for policy decisions. You will recall that I mentioned this subject
briefly during staff meeting (December 16). I have attached the first .results
of this work as reported in AFC's most recent progress report on KE-~105.

Conclusions

T would question the need for "a center" located in the Economics
Department devising simulation medels on various projects. I would suggest
that it could be very beneficial if certain interested members of the Economics
Department could participate more fully in project appraisal work and ¢ould,
as a result of such participation, devise realistic suggestions for improving
our project analysis and follow up. In this connection, Mr. Gittinger of the
EDI has discussed with me in very general terms a possible presentation to
this summer's Agricultural Projects course, of two lectures (with appropriate
case study material) on sensitivity, probability and risk analysis as applied
to a sgpecific project, such as Tanzania or Zambia. Therefore, it would be
most helpful if someone from the Lconomics Department (preferably Mr. Reutlinger
or Mr. Husain) could work most closely, possibly on -the Zambia Livestock Project
where our data would be fairly good, with the Livestock Division in analyzing
the particular problems of applying simulation models to these projects. In ;
this fashion, it would be possible to obtain a good appreciation of the specific
problems incurred and benefits obtained in deploying such an approach.: '

Finally, it would also be very helpful to the work of the Iivestock
Division if someone in the Economics Department could make an inventory of
all simulation work completed or on-going on livestock done in universities
both in the United States and overseas. Such an inventory of work would
better able us to assess the current state of both simulation,linear and

dynamic programs and systems analysis existing at the moment in the liwestock

area. ”

ASchumacher/mjt
IBRD

cct Messrs. Stoops/Fransen
Friedgut/Palein
Gittinger (EDI)



December 17, 1968

Professor Fearson Hunt

Edmund Copgswell Converse Professor of
Finence and Banking

Graduate Behool of Businees Administratiom

Harvard University

Boston, Massechusetts 0163

Dear Pearson:

I greatly enjoyed seeing you again in Boston last week, and it
vas & pleasure to meet your wife. Thank you both for your kind
hospitality.

You will recall we had & shott talk after dinmer about finaneial
anslysis and the new approach you are developing. I said it would be
interesting for us and perhaps for you to see vhat you fhought of the
vay we conduct financial anelysis in our project appraisals. I have
spoken with Mr. Baum, Associate Director, Projecte, and ¥#¥ith Mr. Rovani,
Finaneial Adviser, Projects. They have agreed that it would be useful
for me %o send you two of our reports, one on the Sscond Railway Project
in Taivan (1967), and the other on the Ghana Power Project of early 1968.
You will note that these are confidential documents between us and the
member governments, and I would ask you t0 treat them on this basis as
being for your personel use only.

If you feel so disposed, and taking inte acecount your imminent
journey to Furope and Israel, we would be glad to have any initial
reactions from you, and then see {f there is anything further that might
be done. The easiest way might dbe for you %o call in at the Bank vhen
you are in Washington after your return from sbroad. At that stage, I
would like you to meet Mr. Rovani vho is responsible for guiding the
Bank's financial analysis work.

I hope you have a goed journey. Alison and I send you our best
wishes for Christmas and the Nev Year.

Yours sincerely,
Wo, TO-60la Clawren W
/?3/(0{%‘ T—O‘quﬂ-gj’km
p-tos Lorea . Bruee nﬁicnuk
Deputy Directer
/2-/?-6? Vestern Afriea Department

14%01/4 %ﬂ( i

eek :hpb



Mr. A, David Enox December 11, 1968
0. R. Dickenson

Proposed Amendments to the Summary of Information Needed for Telecommmni-
~cation Project Appraisals

It was suggested that, if the Summary in question iz to be re-
iasued, it would be advantageous if this were dome in loose-leaf form
80 that it may become a supplement covering the special telecommunications
aspects and sssociated with the small black reference book covering ap-
praisals in general.

With regard to the actual amendments and additions, I would
propose as follows:

Paragragh 4, Information sbout the Borrower

A sentence should be added before the final sentence in sub-
paragraph 2 worded a» follows: "The adegquacy of the plamning organisa-
tion and arrangements for review of plans as projects progress should
be examined, and proposals made for any changes which may be necessary”.

A further sentence should be added at the end of the paragraph:
"Consideration should be given to the possible effects of the project
on other means of commmication already in existence, particularly insofar
as profitability of such service may be affected with poasible prejudice
%o the financial viability of the orgamnisation as a whole."

Par: D L] ; Q

The following new sentences should be inserted after the first
sentence: "The description ef the project will normally include any addition~
al provisions outeide of those to be financed by the Bank which are necessary
for effective use of the plant which is proposed for Bank finmancing. The
description of the project may also include consultancy services where
these are proposed. The appraisal team should make a review of the Borrower's
development program as a whole im order to confirm that this is a balanced
one both from the geographical standpoint and in relation te the various
services provided, i.e. lomg-distance, local, telex, etc. The question of
pessible standardisation should be examined as related to filling existing
installations to capacity, extension of existing installations by additional
nev wits, or in regard to the netwerk as a whole." and then read on "The
description of the project ...
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g. Es Co Projec

An addition should be made worded as follows: "Posaible
foreign exchange conversion problems and the effects of any future de-
valuation should be considered. Where alternative propeosals involving
different foreign exchange costs are under consideration, present value
cost studies should be related to the free market rates ef exchange.”

Para, J t

An additional sentence should be added: "The number of em-
ployeea should be considered im relation te numberz employed in other
developing countries facing similar conditions and at a similar stage in
their development, and as related to wage rates spplying and the labor
cest per telephone. Training programs should also be considered in re-
lation to ocutside educational facilities, academic levels reached and the
adequacy of such both from a quantitative and a qualitative standpeint,®

Paragreph K. Tariffs

An additional sentemce should be added to the first paragrapht
*In meny countries preferential tariffs or special services are provided
for govermment departments. Details should be obtained and the position
clearly set out in the appraisal.” Anm addition should be made to para-
graph 2 as follows: "In reaching its conclusions on the tariffs proposed,
the mission should bear in mind the following general principles:

{a) Tariffs can frequently with advantage be cost
related but the relatiomship should be reason~
ably broadly based and in the case of lecal,
long-distance and intermational telephone net-
works must be interrelated.

(») Development of all networks and systems should as
far as possible be based on a requirement for
financial viability over the life of the plant
and as related to the opportunity cost of capital
in the cowntry in question.

(c) The need for subsidisation of any service either
by the administration/rate payers or by direct
subsidy from govermment should be carefully
examined and brought out in the report.
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(d) Charges for services should met bs placed at
such & high level that they adversely imfluence
development or affect the operation of the eco~
nomy, and the use of high rates as a rationing
factor should be carefully examined.

(e) The basis on which imstallation fees or the pur-
chase of bonds is required fyom new subscribers
should also be considered and brought out in
the repart.®

Paragraph L. Financial Aspects

At the end of the first paragraph, the fullowing sentences
should be added: "In general, considerations should be related to modern
commercial accounting systems even though the administratien operates
within a government budgetary system. The positiom on accounts receiv-
able should be carefully examined and related to how many momths' revenue
this constitutes. Posszible proposals for mechanized accounting should be
examined, particularly as related to use in other functioms of managemsnt."

After paragraph L, a2 new paragraph should be inserted:
M. (1] chs

The possible economic aspects for comsideration in relation to
the telecommmications cperation will in the main fall under the follow-
ing headinge:

(1) A review of whether an adequate allocation of onal
resources for telecommnisations is being made as re-
lated to the GNP and/or matiocnal savings;

8
e

{14) an investigation as to what extent the order of prior-
ities propossd for telecommmications development is
related to econcmic considerations;

(141) an examination of the tariff structure and possible
effects of existing and proposed tariffs on the econemy;

(iv) an examinatien of the balance of payments position as
related to the essential telscommunications needs;

{v) the adequacy and efficiency of existing services and
their present effecta on the econemy;
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of funds to be provided for
{vi) :m

(vii) the likely cconomic bemefite of the project,

cet Mesoves. Vesudeven, Moler



Dr. Ed. Mason December 9, 1968
A. D. Spottewood/Samel Lipkowits @55
Outline for Higtorical Development of Project Appraisale

1. We have prepared the attached outlinge on the historical
development of project appraisals as a basis for discussion as to how
you would 1lile us to proceed.

2. The outline is only illustrative of the factors that have
affected project appraisals and it is not intended to be exhaustive or
complete. We hops, however, that it will serwe to obtain your approach
to the ressarch required and the degres of detail you like to have.

3. After you hawve read the outl plsase lat Mr. Spottswood lmow
when it would be convenisat to discuss it with you. (Extension 2683).

1]

ADSpottswood imw



Mr. Warren C. Baum December 6, 1968
Herman G. van der Tak

Proposal for Deployment of Computer S8imulation for Project Appraisal
G

}‘LL

1. The attached deaft working mdap&'ﬂ by Mr. Reutlinger
outlines the substantive features of the application of computer gimu-
lation to project appraisal work. Briefly, the proposals are to (a) write
up clearly models used in evaluating various types of projects, (b) have
the model programmed for computerised calculations, (c) use

data to determine the relative merits of investigating various project
features and to determine the most relevant data gaps, (d) determine the
economic benefits using alternative project designs, and finally (e) obtain
the most likely estimate of benefits as well as the likelihoods of other
estimates (risk) based on probability distributions of events and para-
meters affecting the project.

2. The proposed pregedures do not aim at sophisticated optimization
models er systems analysis for complex prejecta. They are merely intended
te improve and facilitate curreatly used appraisal methods for standard
types of projecta. The same models and simulations, but uwsing updated
information, would serve at several stages of a:projétt!s Iife: “at'pre-
appraisal, during appraisal and fer ex pest evaluatien.

3. The general idea behind these propesals, the need for both stream-
lining and impreving the preject appraisal procedures, is not new and has
been discussed for some time. Their implementation will require a syste-
matic effort. A team of two to three persons from the Projects and Secter
Studies Divigion would lead in constructing the medels, demonstrate their
usefulness and advise on problems of implementation. They would work in
close cooperation with the Projects Departments whose active participation
is required. Their sub have to astist in developing the
fodels for the various types eof projectsa and will have to use them in
practice, and possi adapt them for a particular project. Eventually,
vwe would expect that many people in the Projects Dopartments will have
Jearned hew to use and adapt simmlation models. The division's involve-
ment would thesn become limited to adviging on special problems and to
using these models for special research and follow-up studies,

k. We are locking forward te discuseing these proposals fubther adith
you and your colleagues,

Attachment

:
:
:

ee, Messrs. Kamarek

Reutlinger/deWeille/Thisw
Vq{' HG‘!’dTak ibso
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I. Introduction

1. The purpose of this paper is to suégest adoption of a new
format for presenting economic éppraisals of projects and to suggest
additional analysis of project appraisals. None of the proposals are
new to persons generally familiar with operations research tools. The
paper is intended; however, to impart a basic understanding of the pro-
posed analytical procedures to those unfamiliar with jargon used in the
operations research literature. Since application of some of the pro-
posed analytical procedures would probably result in more speedy and
léss costly appraisals and others would improve their quality, the fact
that they are not m&re used suggest at least that the methode are not
widely understood. Yet, tlie proposals are simple: (a) write up clearly
the algebraic relations of the model used in deriving a measure of the
project's benefits, (b) have the model programmed for computerized cal-
culations, (c) ﬁse preliminary data to determine the relative merits of-
investigating various project features and to determine the most relevant
data gaps, (d) determine the economic benefits using alternative project
designs, and finally (e) obtain the most likely estimate of benefits as
well as the likelihoods of other estimates (risk) based on probability
distributions of events and parameters affecting the project. Translated
into the language of operations research, the recommendations are simply
an advocacy of using simulation and stochastic simulations in routine

project appraisal work.
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2. Rationalization of project appraisal procedures has been going
on for a long time. We have come far in accounting for the benefits and
costs, and in doing so we have uncovered a wﬁole host of problems: how
to measure benefits and costs, how to estimate physical responses to
project activities and how to predict prices and costs. We hope to make
progress on all these problems through improvement in our theories ex-
plaining physical and social relationships, and through improvements

in data collection and their statistical interpretation.

3. Interestingly enough, however, our attempts at rationalizing
have led us to a new phase in project appraisal: a clear recognition
thﬁt knowledge of costs and benefits; let alone future costs and bene-
fits, is likely to rémain incomplete and at best a matter of probability
Judgments; and that what we need, therefore, are appraisal methods which
take this fact explicitly into account and do afford as rational a

Judgment of a project's merits, given whatever knowledge we do possess.

b As quéntitative appraisals of a project's merits become acceptéd
standards and as it is more and more realized that such appraisals involve
a large number of judgments about events and parameters which at best

are subjectively determinable predictions, it becomes also necessary

to require a clear presentation of how and on the basis of what assump-
tions costs and benefits have been estimated. A more formal statement

of the model used in the analysis facilitates such a presentation.

5 The proposals detailed in this paperlhave grown out of a variety
of experiences. First, the paper represents an attempt to point out the
practical feasibility of applying the general ideas presented in an

earlier, more theoretical study of measuring the impact of uncertainty
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about project related events on the rate of return estlmates.— Second,
recent applications of systems analysis in the appraisal of several pro-
jects suggest wvaluable generalizations.g/ Finally, the quest for a more
adequate and systematic presentation of factors considered in making |
rate of return calculations is the result of difficulties eﬁcountered
by the author and others when asked to comment on project appraisai on

the basis of presently available information in appraisal reports.

1/ See S. Reutlinger, "Techniques for Project Appraisal Under Uncertalnty“
IBRD Report No. EC-16L.

g/ These applications were pioneered by L. Pouliquen and E. Jaycox on trans-
portation projects, and T. Husain and A. Schumacher on a livestock project.
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II. "Formal" Project Models and Their Uses

Definitions

6. This paper is about the application of computer simulation on
mathematical models in project planning and appraisal. A good general
definition of simulation and model is given by Shubik.l/

A simulation of a system or an organism is the
operation of a model or simulator which is a represen-
tation of the system or organism, The model is amenable
to manipulations which would be impossible, too expen-
sive or impractical to perform on the entity it portrays.
The operation of the model can be studied and, from it,
properties concerning the behavior of the actual system
or its system can be inferred."

Te This very broad definition then suggests that, in fact, any
planning activity, including project appraisal always is a simulation
on a model. Indeed, a model could be simply a logical abstraction in
the mind of a person or a physical structure reduced to scale and
devoid of detail. Simulation could be an abstract manipulation on the
model retained in the mind of a person or a physical manipulation on
the three-dimensional structure.

8. The definition of computer simulation on mathematical modéls
is much more restrictive. A mathematical model is a statement of rela-
tionshipsbetween variables which conforms to well specified rules of

logic, "Computer simulation is a numerical technique for conducting

2
experiments on a mathematical model."=

1/ M. Shubik, "Simulation of the Industry and the Firm", American
Economic Review, L, No. 5 (December 1560), pp. 908-919.

2/ T.H, Naylor, et al, Computer Simulation Techniques, John Wiley
& Sons, New York, 1966.
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Reasons for Constructing a Mathematical Model and Computer Simulation

9. It has been pointed out already that practically all planning
is synanomous with simulation on a model. Certainly, major capital
projects whiqh take years to be constrﬁcted and many more years to yield
benefits cannot be manipulated themselves for the purpose of knowing

their benefits. All such projects! effects must be inferred form cal-
culations (or simulations) on a model.

10. A concise mathematical statement of the model ponformiﬁg to
rules of logic does not necessarily and under all circumstances improve the
model nor facilitate its use. Certainly, some aspects of a project might
be more readily studied by observing physicgl models like the ones usually
contructed by engineers and architects. For other aspects, it is too
difficult and costly to construct a mathematical model or inadequacy of
empirical knowledge may curtail its usefulness.

11. There are no exact rules for setting up good models. The same
applies to mathematical models. Generally, there is sone benefit from
disaggregation if it results in better projections of the aggregated
variable of interest. For instance, it is quite clear that if one's
objective is to estimate the internal rate of return of a project it is
useful to have a model of how the rate of return is related to anmual

net benefits. Whether to project total revenues from sales of a commodity
on the basis of prices and physical quantities and a "model" relating
these to total revenue or to project revenues directly without a "model”
would depend on whether prices and quantities can be better predicted than
total revenues directly. It would not make much sense to construct a model
relating production to weather, if weather cannot be predicted and/or the

relationship between weather and production is not knowm.
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12. To the extent that any model can and should be developed,
however, the construction of a mathematical model and computer simulation
are useful because:

(a) such models can be used as very specific "terms of
reference" to what data and assumptions should be or
have been considered in the appraisal;

(b) such models can be easily adopted for computer
calculations;

(c) The general model can be then used for quick and
inexpensive investigations of the effects of
changes in the project on the desired benefits;

(d) the model can then be used tg identify the more
sensitive information gaps,

(e) the model can then be used to make an appraisal
of the likelihoods of obtaining various results
from the project, and

(f) the model and the clearly specified assumptions
about the behavior of wvariables and parameters
will provide a good basis for ex post evaluations
of the project.

Construction of Mathematical Appraisal Models

13, Any project generates many types of costs and benefits. An
appraisal cannot take into account all of them nor can the actual

costs and benefits be actually observed. Hence, cost-benefit analysis
is simply the construction of a model capturing anticipated major occur-

ences and analyzing them. Possible shortcomings of present appraisal
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procedures are not necessairly the result of inadequate models used in
appraisals. Some models may be gross abstractions of what actually is
, 1ikely to transpire during the course of a project, yet may be the "best"
ones feasible in view of the state of available information and appraisal
objectives, |
1. The difficulty with most currently used models is that they are
often not clearly or fully stated. Component parts of the model are
scattered throughout an appraisal report, while it has become standard
procedure to show the "super-structure" of the model in the form of an
annex table, giving series of annual costs and benefits and the internal
rate éf return estimate. It is usually difficult to find out how these
costs and benefits are estimated and on the‘%asis of what assumptions.
An analagous situation would be if an architect presented a matchbox glued
to a cardboard and, separately, a shopping bag filled with models of doors,
| windows, ornaments, etc. to a panel of judges charged with assessing the
beauty of a proposed building. Obviously, the judging would be very
difficult and the effect of making small changes in the components of the
building on the final appearance and beauty could not be easily ascertained.
15. A mathematical model as used in the context of this paper is
merely a precise statement of the logic used and the basic premises or
assumptions used in appraising a project. Such a model does not require
accurate quantitative information, nor does its deployment guarantee
accurate quantitative estimates. The following illustrations are intended
to illustrate the technique for constructing a mathematical model,
16. A project model can be extremely crude and simple or very re-

fined and complex. An extremely crude model would be a statement that



o

to determine the internal rate of interest it is necessary to find the
rate, r, which makes a prescribed number of discounted net benefits sum
up to zero. Or in algebraic notation:

Choose r such that
(1)

IS r)™t x /et Bonefit (L) /7 = ©

’

where t = 1’ 2, sesey E

This project appraisal model would then consist of an explicitlstatement
of n annual benefits (negative or positive) and their relationship to a
derivation of their benefits.l/ This is obviously an extremely crude
model. However, for a case in which no dat; on specific inputs or outputs
or pficeslcan be obtained or in case of a project which is extremely small

or similar to previously analyzed projects, this crude model may be the

"best" one for the purpose.

17. An expansion of the very crude model may look as follows:

( ‘{Choose r such that
2

>' /(1 +r)t x NET BENEFIT (t) 7 = O
whera t = 1, 2, eesay /0 /

(3) NET BENEFIT (t) = REVEMUE (t) - COST (t)

= [k (¥) /7 x PROJECT COST if t < [c/
(L) cosT (t)
= MAINTENANCE COST it + »/La7

1/ Variables or parameters which are used as given data without speci-
fying how they are estimated are shoim in boxes.
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Equation (L) simply states that during the construction period, ¢, the
cost is some proportion, k(t), of the tqtal project cost and thereafter

the cost is a constant maintenance cost.

/ (S)K-'PROJECT COST = STRUCTURES + / CONSULITANTS / + / ADMINISTRATION /

(6) STRUCTURES = / QUANTITY / x / PRICE S /

Equation (5) states that the projéct cost is derived from estimates of three
distinct types, say structures, consultant's fees and administrative cost.
Equation (6) states that the cost of structures is based on estimates of

the number of structures needed and their per unit cost. Then,

-

= 0 ' if t

A

4

(7) REVENGE (t) ((t - /e7)/ /57 x REV WULL DEV if /67 < t</e] + [T/

REV FULL DEV al t2>

13

Equation (7) states that revenue is zero during the construction period, c,
increases at a constant rate furing the development period, f, and remains

constant from there on. Furthermore,

(8) REV FULL DEV = OUTPUT x / PRICE 0 /

(9) ouTpuT = /OUTPUT PER FIRM / x / NUMBER FIRMS /

18. The eight equations presented so far constitute a model which
is still not very specific on.many assumptions likely to be made in the
course of a project appraisal.. However, it illustrates the kind of
model which could be prepared in advance of specific appraisals for

projects of a similar nature. The purpose here is simply to show what
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is involved in preparing a formal statement of a model. Clearly, it

is nothing but a concise statement of how a project is being appraised.
The use of mathematical language certainly pfesumes nothing about the
preciseness of the quantitative estimates used in the appraisal. It
merely codifies the logic used in going about the appraisal. Clearly,
no unusual mathematical skills are required to construct such a model.
15. A model identifies the relationships between variables. The
basic building blocks of the model are variables and parameters which
are used in the appraisal. A listing of these and their values used in
the appraisal in conjunction with the model is an important step in pre-
senting the model. In the case of the above. eight-equation model data

would need to be provided for the following list of items:

/07, the "life" of the project

/k (t)/, the proportion of project cost incurred in
each year during the construction period

/c/, the length of the construction period
/CONSULTANTS/

/ADHINISTRATION/

/QUANTITY/

[T

/£/, development period, time between end of construction
and attaining full development benefits

/PRICE 0/
/OUTEUT PER FIRM/

JIMINBER OF FIRIS/




Timing of Model Construction

20, To the extent that there are many similarities in the way pro-
Jects of a kind are appraised, it may be useful to have a general model
on hand prior to specific appraisals. This is similar to saying that one
ought to approach.such project appraisal with fairly detailed terms of
refgrenca. Clearly, some part of the model might not be useable in all
projects either because of lack of necessary data or because of irrelevance.
Similarly, in other cases it would make sense to agument the model by
making further refinements.

21. With currently previaling project appraisal procedures, the
terms of reference specify indeed only a vgny‘crude model in advance of
the appraisal., It is generally expected for almost all project apprai-
sals_that an internal rate of return be estimated on the basis of a
series of annual net benefits (as outlined in equation (1)). Any further
development of the model is accomplished dﬁring the appraisal of each
project.,

22. Preparation of more refined models in advance of aﬁpraisals
would have several advantages. First, such models, incorporating features
generally analyzed in projects of a kind, would serve to alert appraisors
to data to be collected and analyzed, if feasible. Second, such models
could be used for analyzing a project's merits with preliminary data.
Such data may be requested from whoever is in charge of project preF
paration. Finally, such models, in conjunction with preliminary data,
could be used to analyze the sensitivity of the rate of return estimate
to spacific factors and to identify the relative importance of further
field investigations. Similarly, the stage would be set for analyzing

the advisability of modifications in the project and related policies.
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23. It is likely that in each appraisal. some components of costs
or benefits are gstimated in other than the usual ways. This applies
to technical as well as economic parameters. It is then desireable to
graft on to the general model a number of equations describing the
"appraisal logic" used in the particular case.

Computer Simulation

2h. Transcribing a model into a number of concise statements may
be useful simply in terms of making it less likely for oversights to
occur. It may even turn out that after having invested in the adoption
of "formalized" models, they will turn to be instruments for speeding
ﬁp appraisals and making it less time-consumiﬁg for persons who have not
been: involved in the appraisal to give critical reviews. However, the
most important reason for preparing a "mathematical" model is that this
provides an opportunity to subject a proje?t to a much more adequate
appraisal than would be possible otherwise. This advantage obtains
because a mathematical model's deployment is uniquely adopted to calcu- .
lations on high speed computers.

25, Preparation of the project models (whether to be made in
advance or during an appraisal), data collection and determination of
the uses to be made of the model is, of course, the sole responsibility
of the experts: the engineers, the agriculturalists, the economists,
etc. Many of the advantages to be derived from "formalizing" models
derive, however, from the ready availability of high speed caiculating
capacity on modern-day computers.' With competent programmers to assist,
the model deployment suggestions detailed below should not present any

serious technical difficulties.
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Sensitivity Analysis

26. Senstivity analysis is essentially an investigation of hcw and
to what extent individual factors and parameters are likely to influence
the benefits derived from a project. Knowledge of this "sensitivity"

can affect project planning decisions and appraisal in several ways.

27. There are first of all the many factors and parameters which
inflence the success or failure of a project, and hence its merits,

but which are outside of the control of project design or management.
Clearly, the quantitative values of these factors and parameters cannot
be known precisely. However, a sensitivity analysis prior to the de-
£ai1ed appraisal of the project could deterﬁiﬁe the relative value of
information to be obtained.from additional investigations. Furthermore,
when-additional precision of estimates camnot be attained, sensitivity
analysis, combined with a rough estimates of the extent of uncertainty
about various factors and parameters could provide a preliminary estimate
of the risk of attaining a lower than anticipated rate of return.

28. Equally important, sensitivity analysis would make it feasible to
explore the benefits or costs of many alternative project designs and
management features. Using the formulated model one could quickly deter-
mine by how much a smaller project, delay in construction or differeat
management features would affect the rate of return of the project. When
costs and benefits of alternative design features are not known, it could
be at least determined whethér additional investigations are worthwhile.

Risk Appraisal

29. Another important potential use of a project simulation model is

in estimating the risk or uncertainty involved. In the literature on decision
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médels one may get the impressions that variables and relations can be
classified as known to be with certainty or as being subject to risk

or uncertainty. As abstractions these three states can be more or less
.objectively defined. However, in reality, when one is faced with making
appraisals or forecasts, objective measures are not available or unattain-
dblé; The appraiser must then make up his mind of what he believes to

be the most likely probability distributions of each variable affecting
his decision, using whatever related evidence available to him. Practi-
cally, this means that he must consider the full range of possible values
taken on by the variable and their relative likelihoods. Such information
has not and cannot be processed by current appraisal procedures. The
éstimated rate of return as usually estimated is simply the return, assuming
each’variable and parameter is going to take on a specified single value.
Consequently, the likelihood of getting a lower or a higher rate of return
is not appraised, although it is quite certain that the engineer or the
price forecaster making the appraisal has in his possession a large amount
of relevant information.

30. Uncertainty analysis in conjunction with a simulation model
could utilize this information to predict a probability distribution of
the rate of return. This appraisal method is called stochastic simula-
tion. Instead of using a set of single values for the variableé and
parameters, the computer is presented with a set of probability distri-
butions of variables and parameters. The computer is then instructed to
pick at random a set of values for each of the variables and parameters,

a value having a chance of being chosen according to its likelihood to
occur. Based on this selected set of values a rate of return is calculated.

Repeating the same procedure a few hundred times, the resulting frequency
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distribution of the rate of return is likely to approximate the probabi-
Ity disﬁribution which corresponds most nearly with the objective

and subjective knowledge possessed by the appraisors.

31. Having done this uncertainty appraisal, the decision maker first
ﬁf all can avold surprises. If he is not willing to take chances he can
decide;to avoid projects with unacceptable chances of failure, or if he
has a choice between two projects having equal average of "most likely"
returns he can choose the one with less chances of a smaller return. It
is not possible to give a general rule for decisions under uncertainty,
but the fact remains that decisions are frequently affected by what are
believed to be the likelihoods of varying outcomes and that it is, there-
_fore, desirable to use all available inforﬁhtion for estimating these
likelihoods.

Ex Post Evaluation

32. Finally, formalization of models will be extremely useful for
doing follow-up evaluations of projects. Explicit statements about the
variables and parameter assumed to influence the appraisal and their
assumed values will facilitate the collection of useful data for testing
appraisal practices. Sensitivity analyses and risk appraisal performed
during the appraisal will provide the basis for identifying-the more
important variables to be kept under continuous surveillance. As actually
realized values become available, the model with modifications can be
used over and over for quick recalculations of the actual benefits.

33. Projects may turn out better or worse than or as anticipated

without credit or fault being attributable to the appraisal, as ably
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1/

documented by Hirscnman.= Hence, useful lessons are more likely to
be learned, if we concentrate on re-evaluating our predictions about
specific factors and how they relate to the overall success of projects,
rather than limit our attention to success or failure of projects them-

selves, which may be due to unforeeable circumstances.

1/ A. 0. Hirschman, Development Projects Observed, The Brookings
Institution, Washington, D.C., 1967.
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III. Case Illustration: A Highway Project

3k. The case study of an actual transportation project is presented
here to illustrate the proposals made in the-previous chapter. The des-
cribed project was appraised by Messrs. Jaycox and Pouliquen employing
the method of simulation on a mathematical model. Since the purpose
here is to illustrate the method rather than to impart a thorough under-
standing of a particular project, the model discussed in this paper is

a somewhat simplified version of the model actually used.

35. The project data used in this illustration are taken from an
actual highway project in Zambia. The project calls for the pavement

of a 6l mile long road. The project is supposed to be completed in

two years. The majdr measurable benefits consist of road user savings
and road maintenance cost savings. The extent of these benefits depends
of course a great deal on the estimated traffic volume. The road may
result in some iﬁduced traffic, but for our illustration we are simply
going to neglecf this kind of benefit.

36. A conventional project appraisal report would give.a table with
numbers, as shown in Table 1. The costs and benefits shown in this table
are based on best estimates of vérious items affecting the project costs
and the benefits and the schedule of constructing the road. These
Nassumptions" may be spelled out in other tables or in the text of the
report, or very often they are not explicitly recorded.

31 Using the method of more or less "formal" model construction
and simulation, one simply writes out explicitly in algebraic form the

model used for measuring the rate of return. In constructing the model
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Table 1: Highway Project Benefits and Costs

Year Project Vehicle Operating Road Maintenance Benefits
Costs Cost Saving Cost Saving
(thousand)

1 954 (95L)
2 954 (95L)
a 8L 88 172
L 90 . 95 185
5 97 100 197
6 104 107 211,
1 112 115 227
8 120 123 213
9 129 133 262
10 139 11 280
1L 149 152 301
12 161 164 325
i3 173 176 3L9
1k 186 188 374
15 200 202 Lo2
16 215 211 L32
17 231 233 L6l
19 267 270 537
20 287 289 576

The internal rate of return is approximately 12%.
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one does more or less what one would do in finding the best route on a
road map. One locates the desired, final destination and then identifies
the best road leading ot it, working back from road to road to the point
of origin. Then in taking the actual trip, one starts, of course, with
the rogp neargst to one's origin. Similarly, in constructing an appraisal
model Ane identifies the final objective, working backwards through inter-
mediate objectives to the very basic data. In instructing a computer

(or a statistical clerk) we must ﬁroceed in the opposite direction, pro-
ceeding from the very basic "input" data with each equation calculating
new data obtained from data obtained from previously calculated equations
or futher "input" data. If one wants to follow the logic of the model

it is a good idea to read a model which is ;onstructed for computer cal-
culations by starting at the end and reading backwards.

. Bl The flow chart is merely a visual aid, giving a bird's eye view
of the model. Each box represents a sub-model which could be deleted or
modified to suit particular circumstances. Or eise, further sub-models
could be added on. For instance, if project costs could vary a great
deal with findings from future soil testing, a model might be added on

to reflect such functional relationships.

39. The flow chart, model and data used in appraising the road
project by the procedure advocated in this paper are presented in the
following pages. The data presented in the column of "best estimates"
processed through the model would exactly reproduce the results of the
conventionally practiced appraisal presented in Table 1.

LO. It should be noted that the model is actually more general

than needed for the specific project, since there are no benefits from
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reduction in length of road in this case. This, of course, does in no way

interfere with the use of the model. When no / REDUGTION MILES / figures

are given, the statistical clerk or computer simply assumes a value of
zero and carries out the calculations of benefits attributing zero benefits
due to reduction in miles. On the other hand, the model is far from general
enough fo handle all road appraisals. For instance, benefits from generated
new traffic are not included. But it is eas& to see how a series of equa-
tions could be added to handle these calculations. In pyactice, oﬁe could
either have a very general model utilizing only the equations for
which variables have non-zero values, or otherwise, one could prepare
in advance a series of sub-models or "packaqgs“ which would be put to-
gether in every case according to the nature of the project.
b1, There are basically three ways in which simulation of a model
- as presented here can improve the appraisal of a project. First, it would
be worthwhile to ;sk how changes in the project would affect the rate of
return and if it is advantagous one would proceed to improve the project
plan. Second, one would want to know whether it is worthwhile to collect
more information and what information should be sought. Third, one would
like to know by how much the rate of return would be different if oiher
than the best estimates for the "input" variables were to materialize,
and what the probability is of getting a rate of return in a specified
Tange.

(Analysis of the project sensitivities

and risks to be presented in next
draft of paper)
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Equation

Item

L3 FY T

DATA FOR

ROAD PROJEELT

APPRALSAL

PAVEMENT BASE

SUR-BASE/SHOUIDERS

Best Estimate

166,000

311,150

Nature of
Uncertainty

Price and Quantity

Price, quantity,
thickness of base
required

Probability Distribution

Discrete:
| Probability Cost
40 579,000 (6" base)
60% 166,000 (5" base)

Step Rectangular:

(1) If cost of base is 579,000 then:

Probability Cost Sub-base
and Shoulders

304 150,000 - 240,000

50% 2L0,000 -~ 300,000

20% 300,000 - 420,000

(11) 1If cost of base is L66,000 then:

Probability Cost Sub-base
and Shoulders

304 200,000 - 300,000

50% 300,000 - 340,000

20% 340,000 - 440,000



Equation

Item

Nature of

Best Estimate
Uncertainty

EARTHWORKS 92,400 Price and Quantity
BORRCOW MATERTALS 15,000 Price and Quantity
OTHERS 1,023,000 Price

CONSTRJ CTION TIME (n) 2

INITIAL TRAFFIC CARS L1 Statistical Error

INITIAL TRAFFIC TRUCKS 23 Statistical Error

and number of tankers
in actual traffic
count

Probability Distribution

Uniform between 46,200 and $2,L00.

Triangular on the range 10,000 to 30,000.

Triangular on the range 941,850 to 1,163,500.

Normal: Mean L1, Standard Deviation 3.35.

Triangular on the range 15 to 35.



Souation Item Best Estimate Nature of Probability Distribution
Uncertainty
5 INITIAL TRAFFIC BUSES 6 Statistical Srror Normal: Mean 6, Standard Deviatiem 1
6 IWITIAL TRAFFIC TRAILERS 15 Y # Normal: Meen 15, Stenderd Deviation 3.3
7 INITIAL TRaFTIC SPECIAL nil Probability Traffic Lzvel
25% 35
75% nil
3 TRAFFIC GROWPH CARS 6% Forecasting Error Uniform on range L% - 8%, ,
| 2
Y TPAFFIC GROWTH TRUCKS 22 Forecasting Error Uniform on renge L% - 8%. i
5 TPAFPIC CROWTH BUSES (£ Forecasting Error Uniform en.range L¥ ~ 8%.
(] TRAFFIC CROWTH TRAILERS 82 Uniform on rangs 6% ~ 10%. Growth of trick erd
truck trailers traffic are fully corrclaiad.
7 TRAFFIC GROWTH SPECIAL
Poriod 1968 - 1972 G
Period 1972 on ° -20%

BES T et hiamm mm i e e i . S St o . S e




. M i
Equation Ttem Baat Estim te Nature of
Uncertainty Probability Distribution
8 COST TRAVEL OID RCAD CAR 0.0613 lack of data
9 COST TRAVEL OID ROAD TRUCK 0.1076 Lack of data and size Uniform on a =128 +15% rango; all fully corrolated./l
of trucks In addition opsratiny cost of trucks is waried uni-

formly on a =5%; +10% range to account for uscer-
tainty on size of trucks.

10 COST TRAVEL OLD ROAD EUS 0.1516 Lack of data
n COST TRAVEL OID ROAD TRAIIER 0.215 Lack of data '
J >
12 COST IRAVEL OID ROAD SPECIAL 0.215 Lack of data . '
8  COST TRAVEL LT ROLD CAR 0.0L79 " )
5 COST TRAVEL M=W ROAD TRUCK 0.0670
10 CO3T TRAVEL IZW RAD BUS 0.1034 , {2
1 . COST TRLVEL N RCAD TRAIIER 0.140
12 COST TRAVEL KZW ROAD SPECIAL 0.140 L

/1 This distribution is artificial and is only gesred at getting a correct distribution o the savings from the improvement of the road.

Iznored beciuss variatica of savings is fully taken care of by variation of operating cbsts on old road.

I



Tqration Item Best Estimte Nature of Probability Distribution
Uncertainty
13 - 17 MILES 6l
18 - 9% RENUCTION IN MILES
24 a Lh17.0
2L b 3.6 Divergerre o existing Uniform between 3 and 5.
data 1
(2%
0
25 c 600.0 1
25 d 2.25 Diwergence of existing  Uniform between 1 and 2.5.
data
30 m (1ife of projct) 20 Triangular on range 12 - 25 yoars,

Incomplete amlysis
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Mr. B. Chadenet October 25, 1968
Woke W
Rirector's Memorsndum om Cost Estimate Tahles

struction nor contingencles. Fer camplex projects,
sspecially those including sub-project astivities,
this might clarify the presemtation.

(ii) Regarding the horizontsl organisation of the takle,
we wonder whether the final coluwmm giving the amount
of the sub-item as cemt of total cost might
not, in soms cases s be usefully replaced by a
calum giving the foreign exchange component as &
per cent of the total cost of the sub-item. On this
I draw your attention to the cost estimate table
used in the Teral Seeds Project, India (copy attashed).

(141) You might also wish to comsider whether it would not
suffice to have a breakdowm im local currency amd
foreign exchange ts under the Us$ million
equivalent column enly, while the columm giving costs
local currencies would have cnly aggregste costs
sich itema. ?t:mmhuudtu

Y/ Particularly where our finsneing is tied %o the foreign exchange
canponent.



October 25, 1968

Mr. B. Chadenet

Messrs. Lvans



Procegsing Plants

Buildings .

Mechanical /Electrical In-
stallations

Consultant Services

Pre-production Administration
Costs

Sub-Total:
On Farm '

Land Levelling (by contractors)
Land Levelling (by farmers)
Tubewell construction

Irrigation Distribution System

Farm Machinery

Spare parts for imported
farm machinery -

Surveys

Sub-Total: -
Electrification

Total Investment Cost:

Fertilizer
Total Project Cost:

SUMMARY PROJECT COST ESTIMATES =/

US$ Equivalent

Rupees
Loecal Foreign Local Foreign Foreign
Currency Exchange Total Currency Exchange Total Exchange
- --~-Rs Mllion - - =  -- -~ - US $'000 - - - = Per cent
15.6 - 15.6 2,086 & 2,086 -
2.2 2.9 5.1 29Y 381 675’ 56
0.2 1.2 1.h 27 160 187 86
0.2 - 0.2 20 - 20; -
18.2 k.1  22.3 2,h27 sh1 2,968 18
19.2 4.8 24,0 2,560 64 3,200 . 20
0.% -5 0.h 53 - g/ 53 -
3.h 3.9~ 1.2 LL8 _ 506 955 53 .
21.7 - 21.7 2,897 - 2,897 -
7.0 39.0  b6.0 933 5,200 6,133 85
s 9 o2 9 o2 o 1 ’227 1 ,227 100
1.0 0.2 Bl 128 - _ 23 151 15
52.6 57.0 109.6 7,020 7,596 14,616 52
b1 2.0 6.0 545 261 801 32
T4.9 63.1 137.9 9,992 8,399 18,391 L6
" 30.0 30.0 = 4,000 4,000 100
. Tb.9 93.1 167.9 9,992 - 12,399 22,391 55

1/ Apparent errors due to rounding.

2/ Represents foreign exchange component‘of equipment already in India.




Mr. Robert Sadove October 2L, 1968
V. 'H'. Hou

Comments on - Dirsctor's andum on Cost Estimate Tables
BHYS
\ o
1. My comments on Mr. Chadenet's memo are as follows:
Project Costs
(Millions)
Ttem Loeal Fore Total Cost % of
Pra To
a 105.9 26.3 231.6 k8.6 25.3
3 28.2 11.8 8.3 17.6 9.3
h 28.0 1.8 36.6 7.7 k.0
s 101.3 90h 1“01 3017 16.1

Total M :5.! ZE.I 190-8 100.0

2. I think this L-column table is all that is required. It says

all that is often required, i.e. report readsrs want to ses the total

cost easily - this iz given under one heading amd in local currency and

US$. Readers want to lmow the foreign contribution - often the loam or
credit - this is clear. Borrowers want to see the leocal eurrency econtribution
that is also given. In my experience we are not too soncerned with con-
verting the local compoment into US$ or the foreign component imto loeal
currency. Thess two latter are readily obtaimable by subtraction.

e




Mr. B. Chadenet Oatober 24, 1968

With reference to your memorandum of October 22, 1968, the

proposed method of presentation of project costs will be used in all
future Education Division reports.

ol
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Messrs. Ballaantine, Evans, Knox, Sadove, October 22, 196§

Piccagli and Rovani
B. Chademet p Chadenst

Director's Memorandum on Cost Estimate Tables

The presentation of cost estimate tables in appraisal reports has met
besn handled comsistently. A more uniform presentation would have the ad-

vantages of making these tables sasier to prepare for our staff aad easier
to review by readers.

The Publiec Utilities Division has experinented for some time with
table giving the amount of local costs, foreign exchange cost and total cests,
expressed both im the curremcy of the borrower amd im US$ equivalents. Heve
is an example, which else includes & column of percentages:

Items Pis (millions) Us$§(millions) } 4
Local Yoreigm Total Loecal Foreigs Total of total
Local telephone network

(175,000 telephones) 271.4 140.1 411.5 56.8 29.4 85.2 45.3
Trunk switching and

long distance network 105.9 125.7 231.6 22.3 26.3 48.6 25.3
Interwing and inter-

national 28.2 56.1 “I, SQ. 11.8 170‘ ’a’
!W"h. “ telex 28.0 6.6 36.6 5.9 1.8 7.7 4.0
Miscellaneous, includ-

iag government 101.3 _44.8 146.1 21,0 9.4 30.7 A8.1

Total telephones 334.8 375.3 910.1 1A2,1 78,7 190.8 100.0

This presentatiom has the following advantages: it is comprehensive
but not difficult to prepsre. It is easy to read by Bank staff, whe are
fanilier with US§ .equivalents, and it is courteous to our borrowsars, whe
are used to their currenecies. 1 therefore suggest that this 6é-column
presentation be used unless special circumstances require a departure from
iz; the column om per cents can be added vhem useful.

May I bave yeur comments by the close of business on Friday, October 23,
so that a Director's Memorandum may be published on the subject.

BChadenet: jfh



Mr. Chadenet October 11, 1968
Michael L. Hoffman
Operational Memorandum No. 5.01

In connection with revising same of cur Operational Memoranda, I have
had occasion, because of cross refersnces, to reread 0.M. No. 5.01 on project
appraisal. In this memorandum we state that project appraisal in practice
involves the investigation of six different aspectst economic, technical,
managerial, organisational, commercial and financial. The memorandum con-
tains an excellent outline of how these six aspects should be examined.

I wonder whether the time has not come to add another “aspect" to
which appraisers should pay attention. The section might be headed "Non-
Econamic Aspects." These would include such things as the impact of the
project on the sociology of the region and community, its relation topace
and extent of urbanisation, the constraints imposed by culture patterns and
the project's possible effects on such patterns, possible ecological impli-
cations for pollution, climate, ete. Do we not in fast already examine such
aspects for many education and agricultural projects? ind in others, I have
frequently heard statements in the Board and elsewhere that we wished we lnmew
more about such matters than we do.

It seams to me that the present Operational Memorandum does less than
Justice to the breadth of our current standards of project appraisal and is
an inadequate guide to new and junior staff in the light of proposed extene
sions of our lending activities into non-traditional ds.

MIHof fman/pnn

fh



Professor R. Billingsley
Department of Agricultural
Economics and Sociology
Texas A & M University

College Station
TEIAS T78L3

Dear Professor Billingsley:

Thanks for your letter of September 13.
am enclosing a copy of my publication, "Techniques
Project Appraisal Under Uncertainty", which
been issued with some delay. You will note
the back cover a list of our other studies.
any are of interest I suggest you request them
Mr. Ricardo V. Dias, Reports Desk.

I enjoyed very much meeting with you

FHE g

and your wife and am looking forward to your
announced visit here.
Yours sincerely,
Shlome Reutlinger
Economics Department
SMeutlingeribso /‘f;

Enclosure
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CROSS REFERENCE SHEET

COMMUNICATION: SENIOR STAFF MEETING SSM/M/68-37
DATED: September 2L, 1968

TO:

FROM:

FILED UNDER: SENIOR STAFF MEETING

SUMMARY:

PROJECT APPRAISAL UNDER UNCERTAINTY

L, Mr. Kamarck drew attention to the report (EC-16L) entitled "Techniques
for Project Appraisal under Uncertainty" which had been circulated

(8ecM68-320), and added that the highway project in Zambia for which the

Executive Directors had approved a loan earlier that day was the first to
which these techniques had been applied.



SecM68-320

FROM: The Secretary September 10, 1968

PROJECT APPRATSAL

There is attached for information a copy of a report
entitled "Techniques for Project Appraisal Under Uncertainty"
(EC~16L). Additional copies may be obtained upon request
from Secretary's Document Office (extension 2158).

Distribution:

Executive Directors and Altermates
President

President!s Council

Executive Vice President, IFC

Vice President, IFC

Department Heads, Bank and IFC



1. The problem disoussed in the attached note has come to ny
attention en several cccasions. The note was hurriedly prepared since
I am not Quite sure that I am on the right track, i.e., if I have cor-
rectly identified the underlying questions or if I have left out some
important considerations.

2. I should appreciate if you would make comments and/or suggest
a forum for discussing the contents of my mote. PRartiomlarly, I would
like to kmow if 1t would be worthwhile to dig wp more empirical evi-~
dence and to draw out further gensralisations or suggest particular
applications of some of the implied hypothetical statements.

Attachment:
llntl:l.nw:blog' p ‘

¢c. HMNessrs. A. Stevenson
K. G, van der Tak

“. A, Wm
J. B. Handry



S. Reutlinger

August 27, 1968

A NOTE ON THE INTERPRETATION OF HIGH RATES OF RETURN
IN CURRENT INPUT FINANCING PROJECTS

1. Introduction

1 Project appraisers, ﬁarticularly in the case of some agricultural
projects, seem to be "plagued" with sc far unheard of high rates of return
estimates in projects whose main components consist of financing current
inputs such as fertilizers, seeds and extension services. For whatever
reason, very high rates of return seem to be unacceptable to the appraisers
and consequently they sometimes seek to contrive a variety of reasons for
reducing the rate of return estimate. In a recent IBRD project appraisal
report this reduction in benefits was accomplished by including costs in-~
curred prior to project initiation and reducing arbitrarily the number of
years for which benefits are incurred. This note attempts to analyze the
nature of the "problem" and suggest some solutions.

2. It is not uncommon to find that application of new inputs through
making available knowledge and credit can resuzlt in a revenue increase of

3 to § dollar for every dollar of expenditure for the input. If the lag
between the time the cost is incurred and the benefit is harvested is one

year and the benefit cost ratio is B/C, the rate of return will be B/C - l.l/

1/ The mathematical derivation is as follows: The internal rate of return
is r such that,

{1} 14+ (1L+r)l+ ...:] C = [:(1 +r)l (1 +1r)2+ ...i] B

I:l + (1 + )7L+ ] /[(1 +r) s (2 +r-)'2 + ]

dividing both the numerator an¢ dencminator of (2) by (1+ r)~1, we obtain;

then
(2) B/C

" é3) B/C=1+r 8
and hence, _ . _
L) » =BL-1 a!a.hd % et I 3/S°ﬁ?

Lm s . RPac vt & Mo Tok ohaid .
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It is noteworthy that this rate of return is independent of the "life" of
the project. For example, if B/C = lj, then 'the rate of return is 3 or
3CC percent.

2. Plausibility of HigtLgate of Return Estimates

L A main cause for suspecling the validity of a high rate of return
estimate is, of course, the historical evidence. If such investment oppor-
tunities really existed why would they not have been explored already, cne
would be justified to ask. Why would private and public institutions have
preferred to invest in projects with much lower rates of return?

b. The burden of proof is then clearly on the project appraisal. One
needs to show that and in what way the project really innovates. Is it
through introduction of a new technology not previously kndwn? Is it through
an institutional innovation which spreads information and encourages far-
mers to seek credit for new inputs? Or is it through setting up new
institutions which make availzble inputs to farmers in a way previously
unknown?

Se For example, it is quite possible that under presently existing
institutional arrangements, the only way by which farmers can obtain new
inputs is by meking their own credit and purchasing arrangements. Given
that farming is carried on in many small units, is it not possible that
with existing banking and credit institutions and input supplier arrange-
ments, the selling, bookkeeping and collecticn costs of a $5 fertilizer
purchase and loan adminisiration would be 1CC percent or more? If to this
we add a 50 percent payment defezult rate, even a 2CC to 3CC percent rate of

return may not be an attractive alternztive to other investments.
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6. Let us assume, however, that the new project bypasses completely
the exisbting institutional arrangements. Perhaps, the fertilizer is simply
distributed to farmers without individual loan contracts and collection is
made in the form of a commodity tax on farm products sold by farmers or no
collection at all is anticipated in the case of pure subsistence farmers.

A high economic rate of return may then indeed be realizable and the his-
torical evidence would not need to invalidate in any way the appraised high
rate of return estimate.

Te To sum up so far: it makes sense to question high rate of return
estimates on the basis of seemingly contradictory historicel evidence,
However, it would be erronsous to jump to the conclusion that high rates

of returns are always the result of errors of judgment of caleulation. In
some cases they may well.stand up in spite of seemingly contradictory his-
torical evidence.

3. Is a High Rate of Return an Indication

of a High Priority Project?

8. Assuming then that we have properly accounted for all costs and
that the project innovates in some way (new techonology, information avail-
ability or institutional set-up) so as to make historical evidence non-
applicable, and that then the rate of return estimate is still high, the
question is how to evaluate such projects in terms of investment priorities.
9. There is, as far as I can see, only one reason for not preferring
a project with a higher rate of return to one with a lower rate of return,
all else being equal, which may be applicable to the interpretation of rates

of return from current input financing schemes.l/ Given limited investment

1/ I am fully aware of the wealmess introduced into the argument by the
1311 else being equal" clause. But this is another topic.
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capital and Ilumpiness of investments it may be preferable to postpone a
high-return project. It is quite possible that opportunities for current
inputs financing projects are limited and that for this reason a country
with a fixed capital supply and "lumpy" investmenls may find it preferable
to invest in larger projects having lower rates of return. Otherwise, the
rate of return criterion would be applicable, regardless of whether two
projects are major capital projects or one is of a current input financing
nature.

16y High rates of return from current inputs financing projecis are
proposed to be discounted sometimes on grounds of incomparable uncertainty
between current inputs financing schemes and major capital investments.
This is certainly not a generally valid generalization. The uncertainty
attached to the benefits from irrigation projects would not seem to be any
less than to benefits of fertilizers projects, but with the latter having
occasionally the advantage of being revisable in response to newly acquired
information.

11. Another possible argument one hears occasionally in favor of
major capital investments even if their rates of retvrn are lower is

that they take longer to be installed and therefore must be started at
once, although their rate of return may be less than that which could be
obtained from financing "current" inputs. This would be true only in

the case in which (real) costs of such capital projects are expected

to increase or thsir (real) benefits to decline with the passing of time.
12% Finally, one could investigate whether major capital investment
projects result in more sscondary benefits or have larger multiplier effects

than currsnt input financing projects. In the absence of evidence to the
g proj
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contrary it is highly questionable, however, that valid generalizations
could be made on the basis of secondary benefits. In fact it is not all
clear that current input stimulating projects have not the edge on secondary
benefits as well.

L. Summary

13, (a) High rates of return are indeed suspect unless the
project can be shown to introduce in some signi-
ficant way a major departure from historically
experienced situations.

(b) It is possible, however, to encounter current

e

nput finanecing projects with very high rates of
returns, even after all returns and all costs are
realistically reflected in the appraisal.

(c) The rate of return from a current input financing
project (i.e., fertlizer) should be interpreted
in the same way as one would interpret the rate
of return from major capital investment tyve
project (i.e., irrigation) unless a choice has
to be made under conditions of fixed capital
availability and "lumpiness" of projects and
current input projects are the relatively smaller
projects.

(d) One should not 2 priori expect current input .
financing projects to be subject to higher un-

certainty, or fewer secondary benefits.



August 21, 1968

England

¢/~ ¥Mrs. G. Gordon Boyd

Flat 82,

Wr., J. Boyd
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Joshen K, Schmedtje August 21, 1968
¥illism Diamond
3. Re your draft study en "mcq ia Inflaticpary
1

Condftfons®. Attached is & eepy of & memo'on it from iir. Boyd (who wsed
40 be on our staff), vhich you might find interesting. I hope it is net
teo late.

2. I am meeh interested in the outcome of your study. Is a
revision available?

ee: Mr., Kamarek
¥e. Mathew
¥r. Gareie



Mr. V. W. Hogg August 1, 1968
E. V. K, lem

Probabilit 8is

1. You asked for a memo on the role, costs and limitations of using
probability analysis as an amalytical teol for prejeect appraisal.

2. The Economics Department is, as you kmow, writing on this subjeet
generally, wsing our Zambia/Tansania read appraisals apd Mogadiseie port

as case studies. Mr. Pouliquen, who was involved im these
appraisals, is engaged im this write-up with Mr. Reutlinger and others.

3. My thiniking on the justifiable uses of probability amalysis is,
therefore, mot fully formulated at this time. As you kmow there are three
phases to conducting a snbabuﬁr analysis: (1) build a model fer rate

of return analysis, (ii) a semsitivity analysis te test the effect of

on the rate of return of varying the assumptions relating to various parameters,
and (1ii) the probability amalyeis proper. Each has separate uses; I

will discuss all three.

a) Basic Model of Physical, Economic and/or Fimeneial Performance:

Creation of a basic model to account feor the interaction of the impertant
variables in the economics er finances ef & project or an eperationm is the
first step, and by far the mest difficult ome. This imavelves considerable
time and, of course, cosis memey. If this model is to be amy goed, it
should incorporate operatiomal simulations amd gemerate critieal imput data.
Example: the pert modsl we have developed gemerates the optimum capacity

of the port, maximum bemefits, peint eof diminishing returns, timing fer
expansion, and the cost of handling cargo, from preductivity, mampower,

ship cost, ship arrival and other critical data. The model imcorporates a
queueing model. In the case of our read medel, eoptimum imitial pavement
strength ecan be assessed and form part of the rate ef return analysis. While
it takes time to develop these models, once they are available they can be
used te handle most of the projects we appraise. The development and use

of these models requires systematic thinking about the project comcerned;
this is ons ef their great advantages. Understanding the logic ef the project
is a prerequisite te appraisal, the construction ef a model, therefore,

can inm certain instances be a valuable afd to diseiplime.



Mr. V. W. Hogg -2 August 1, 1968

Purther, optimising technology, investment timing, staging, even operatiomal
pelicies, say in & port, are possible using these models as tools.

b) Sensitivity Amalyeis:

In the (partial) sensitivity amalysis of the project used as a prelimimary
to probability amalyeis, each variable is given a range of possible values,
and rates of retwrn are caloulated (using the medel) on the basis ef the
extremes, and on the basis of a 10§ or scme such variation from the best
estimate value. This allows the appraiser teo see vhich variables are most
important for ths ocutcome rate of return. Ve surprised
in the case of complex problems involvimg traffie diversien, limited physiecal
capacity, differential cost savings, ste. Ome of the biggest advantages of
this analysis, is the possibility of saving appraisal time and projest
tion time, Assuming pre-existence of the model, projects eam be
tested for their sensitivity to data uncertainties im the early stages
feasibility study by the consultants or borrower. Time can be saved ia
decisions by conecentrating investigation on the most eritical
variables. Even the need for fimal engineering ef some parts of the
prior te appraisal might be handled on an ad hog rather than blanke
basis. Appraisal teams could ignore variables which prior analysis has
proved to be of low importance for the decision %o be mada. The importance

:

would be appropriate and worth making an issue of im negotiations. Argumenta-
tion on thess issues could be backed up by amalysis. If the prebability
analysis step is not to be taken, this sensitivity anmalysis step must be
made more sephisticated to take imto comsideration cerrelations between
variables. It may be easier in some

analysis.
¢) Prebability dmalyeis:

The probability amalysis program is very simple and cheap te operate. To
do full probability amalysis of nine road sections

ta of view involving a total of 8100 rate of return calewlation
Tansania sections of Tansam highway) with over LO varisbles in eash caloulation,
took approximately 25 mimutes of computer time and cost less than $150 at
commereizl rates in Bethesda. With our own computer the alloecable sost
would be much less.
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The probability snalysis allows the appraisal staff to express its entire
Judgment about the mrious importent variables in the amalysis, without

a conseious blas te be "conservative" or "gptimistio", i.e. without an
overt personal risk preference being given and for which there are no
guidelines, The resulte give a much better indication of likely outcome
than a single point result. The analysis allows appraisal under conditions
of uncertainty, simply by allowing the appraiser to "quantify uncertainty”,
i.e. to take it explicity into sccount. This is all very satisfying, but
it may not be necessary te the making of the investment deecision per se.
This depends on what investment eriteria we employ. For prejecis where the
eriterion to "agoeptability” instesd of optimisstion and conservative
estimates yleld very acceptable results, the analysis would not be of added

and Tansam are respectively exasmples. If, however, we are going te do in-
eremental analyses of design features, capaeity incrememts, ete., a more
general use of probability analysis would be very helpful. Opersting close
to the optimum means taking risks and investigating the margin. Optisum
timing of investments, fer instance, means making them as soon as they would
earn the minimum acceptable rate of retwrn givea the opportunity cest of
capital. Conservative biss may mean being toe late on investments, toeo
fat on design standards, fiaillite in stage construction timing and other wastes.
Incremental anslysis alse involves delving inte areas where data uncertainty
is It is that probability analysis can be particularly helpful.
We may then have an spparently paradoxiesl situation, i.e. in well supplied
da would make sound but broad preject judgments, but in data
may have to smploy the mest sophisticated techniques to

ces Mr. Chadenet, Mr. Baum, Mr. Geolot



Mr. Kamarck hgust 9, 1968
Michael L. Hoffman

Teghniques for Project Appraisal Under Uncertainty

Reading the whole of Mr. Reutlinger's paper on project
under uncertainty confirms my first impression that this ought to make
a first class occasional paper. It is clearly written, uses mathematics
effectively and not unnecessarily. I do not at all agree with the critie
who sald that the author was trying to satisfy both the scholar and the
practitioner or the one who made his prinecipal eriticism that it was not
"a discovery of imerica.” It seems to me the author had made it perfectly
clear that he is addressing himself to the practitioner. And in my judg-
ment he has succeeded admirably in writing a paper that anybody with the
technical tools to do project appraisals at all can understand and adapt
to practical situations.

My only criticisms are not of the paper but of the critics. None
of them, at least none of those quoted, seem to have grasped what appears
to me to bs the fundamental justification for attempting a more sophisti-
cated approach to the discounting of uncertainties. In fact, several
eritics who emphasise that the Bank's project appraisers already "take
risk into account" do not seem t0 have grasped the point, which is made in
paragraph 10 on page 12, that if sach expert contributes to an appraisal
mumbers which each one has discounted for uncertainty factors by
some unstated percentage (many of which may be the same factors discounted
by different experts), the results given to the project appraiser are likely
to be even worse than if no uncertainty discounts had been applied. My
gueas is that this is probably the situation we are in today, with everyone
concerned applying unstated discounts for social, political and other uncer~
tainties, and then producing figures which are thrown together in an apprai-
sal, the results of which are then again discounted for the same factors.
In view of the fact that the critics do not seem to have paid mueh attention
to this part of the analysis, it might be desirable to put it up in front as
a basic justification for the whole exsrcise.

It is also distressing to see that we still have in the Bank people
who persist in assuming that when an analyst refers to the contribution
that a camputer can make in the solution of problems, he is claiming that
the camputer analysis is somshow supposed to remedy deficiencies in under-
lying data. I should have thought that in paragraph 10 on page S the
author would have precluded such misunderstandings, but apparently not.

I have pointed out to Mr. Reutlinger a slight error in equation 26.1
on page 73.

| WW



Form No. 57 INTERNATIONAL DEVELOPMENT | INTERNATIONAL BANK FOR l INTERNATIONAL FINANCE
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORATION
TO: : Mr. William Diamond DATE: July 18, 1968
FROM: J. G. Boyd
SHBJECT, Draft Study: Preject Appraisal in Inflationary Cenditiens

This is an interesting report on a difficult subject. I have
little to quarrel with in the general method of appreach, which is
to differentiate to some degree between direct financing of prejects
and indirect fimancing through intermediaries which creates special
problems, With some reservations, I think that the authers' cone-
clusions and recommendations en a number of problems they have
selected are sensible for dealing as best we can with the intractable
problem of value distortions caused by high rates of inflation. But
I take issue with them on the scope of their report, which by-passes
(er only touches on) a number of important aspects of the problem of
external financing of projects in inflationary economies.

As a result there are, to my mind, several large gaps in the
study which leave a number of important areas virtually untouched,
which are nevertheless germane to the authors' own objective of
studying the effects of inflation only as they affect the evaluation
and working of Bank projects. The report is very useful as far as it
has gone, but I think it would be of considerably greater use as a
gulde to project appraisal in inflationary conditions if the following
aspects were covered, or more fully covered:~

(a) Other Forms of Financing than Conventional Ieans

The report only deals with financing by Bank loans, which is the
main activity of the Bank group. However, the problems of inflation
are such that other methods of financing which might be more suitable
te maintenance of value in inflationary conditions, for instance
equity investment or lending with equity features. Even though equity
investments may only be suitable for a relatively small number of
projects, it is an important field which I think should be covered,
not only because it is a prime function of IFC, but because the
maintenance of value of equity is an important aspect of loan security
and of borrowing power.

(b) Accounting under Inflationary Cenditions

The trend of the authors' thinking on direct financing is towards
greater emphasis on cost-benefit analysis, shadow-pricing, etc. as
the best method of evaluation in inflationary conditions, and less on
financial analysis. To a certain degree this appears sensible, with
obvious reservations on the rather embryonic state of the art of
shadow pricing and other non-accounting techniques. The burden of the
argument is that financial forecasting under inflatienary conditions
is too difficult more than a year or two ahead, and that, at any rate



in direct financing of projects by the Bank, financial criteria should
be abandoned in favour of investing in projects which pass economic
value tests, provided that these projects are assured "financial
viability" by means of Govermment subsidies in lean years and excess
profits taxes in fat years. This may be the only solution practicable
for ensuring financial equilibrium in certain cases, but I am not
entirely convinced that financial criteria should necessarily be
abandoned wholesale, especially as in normal business projections the
horizon for any degree of accuracy is rarely more than two years
ahead anyway.

In the first place shadow-pricing involves in many cases as
mich subjective "guesstimating" as forecasting the likely price changes
under unstable monetary conditions as a basis for financial evaluation.
Second, if financial criteria are abandoned, the logical conclusion
is that more projects are likely to be accepted by the Bank using less
strict criteria in countries where Governments allow financial indisci-
pline than where they practice discipline -- rewarding the "bad boys".
Thirdly, I see no reason:zwhy some effort could not be made to assess
financial viability on a theoretical basis in some cases, eliminating
unforeseeable inflationary influences from the calculation, if the
authors' own belief that, in the long run prices moving at different
paces tend towards an original equilibrium holds. This is not to
argue that the subsidization solution should not be adopted, however,
where appropriate dndconditions of great uncertainty exist, but simply
to suggest that even a theoretical financial appraisal is still
advisable to help sort out the sheep from the goats.

Even more important, perhaps, is that appraisal of projects
involves follow-up assessments of progress and performance from accounts.
Moreover, accounting costs, prices, cash flows, depreciation, profits,
reserves, etc, are all vital elements for measuring the economic value
and financial viability of the projects even in inflationary conditions.
The central problem of inflation is, in a large degree, the maintenance
of value in monetary terms as nearly as possible to "real" values
by financial policies and accounting methods suitable for inflationary
conditions. It is central to project appraisal and follow-up and I

think the report would be greatly strengthened if it were to give *7-2tﬂa et

considerable attention to this rather immediate problem.
DapS8P—u k13- MRS T £ . ADELA - My be e EL-NGT
,&,”MS:LA.
(¢) Value Maintenance W2 ¢

The argumentation of the report is probably the principal reason
why the authors are almost exclusively concerned with the problem of
the maintenance of value of external financing from the point of view
of the project rather than from the point of view of the financing
agency. Since most of the Bank's loans are disbursed, paid for and
repaid in foreign exchange, the authors take the view that there is no
important value problem involved for the Bank. But this is non~proven;



it is not in fact analyzed (only touched on) and an analysis of
this could be very useful, with deeper probing of the relationship
of the two main elements, exchange rate price changes and internal
price changes.

Under inflationary conditions it pays to borrow but not to lend
(except at very high interest rates). As regards external financing,
the aunthors point out that exchange rate adjustments tend to lag
behind internal price changes, which means that the advantage of the
borrower is further increased oveg%ime. Who pays for the differential?
I think that the report would be more balanced out if the problem of
maintenance of value for the financing agency were given more analysis.

The part of the report of main concern to IFC is Part C, dealing
with Bank financing through intermediaries. Apart from the main general
points made above, I have the following comments on this section,
which I feel gets much closer to the mub of the problem than the
earlier parts:-

(1) Subsidization

While I agree that subsidization is a less desirable solution, I
do not really follow the authors coolness to this as a solution here
compared with their favoring it for direct Bank loans to projects. The
same economic and financial distortions are likKely. Also in fact many
financial intermediaries are subsidized by Governments, even where
inflation is not high, and this does help the financial performance of
the institution and therefore enhances its attractions to local investors
as share or bondholders, and helps to attract local funds.

(11) High Interest Rates

I think the authors may overrate the admitted disadvantages of this
solution. It is a solution which is in fact quite widely adopted by
financial intermediaries as the principal means of maintaining monetary
value in inflationary conditions (e.g. Colombia, Korea), and has been
used for extended periods. The high rates on short-term credit and
the lack of long-term funds generally permit its use competitively and
does not deter borrowers whose debt burden is being rapidly reduced
by inflation, which encourages borrowing.

(1ii) Use of Indices

The authors survey of possible indices for use in value maihtenance
in loan terms appears thorough and generally sound. I agree with
the value of using both a general price index and a currency value index.
But I think this whole subject needs to be developed further into
the practical application of these indices in methods of accounting and
value analysis, including cost benefit studies, internal rates of return,
and accounting methods under inflationary conditions. In this way
the study would be brought more closely into focus from the paint of
view of project appraisal and follow-up.



(iv) Other Solutions

As previously stated, the route of equity or equity type invest-
ment needs to be analyzed in relation to shifts in currency and local
price values. Also the question of maintaining loan security and
tying the value of loans to land prices, commodites, etc., needs to
be looked at. The question of Govermment guarantees against exchange
risk are also not specifically covered, nor methods of shifting the
maintenance of value to the borrower. Also accelerated amortization
is an important area not covered specifically (except as shortening
of loan terms), where the disadvantage of the lender can be off-set
by sharing in profits above a certain level, or requiring premature
loan repayments. Counterpart loan funds are also an area of some
interest where they are loanable without any maintenance of value
requirements for imported commodities, and the use of foreign Govern-
ment risk guarantees.

Attachment
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Techniques for Project Appraisal Under Uncertainty

3 The attached draft study, "Techniques for Project Appraisal

under Uncertainty", has been prepared in the Economics Department by
Mr. Shlomo Reutlinger. The study aims at providing & better conceptual
framework for cost-benefit appraisal of projects when many project-
related events are uncertain. The paper focuses primerily on the
feasibility and desirability of conveying uncertainty judgments in a
formal and mathematically correct manner. It is suggested that
appraisal of the extent of uncertainty in project-related events and
evaluation of the probability distribution of a project will largely
remain a matter for subjective judgments.

2. The present draft has greatly benefited from discussions
and comments on an earlier version. It is intended to distribute the
study, subject to final revisions and editing, within the Bank as an
Economics Department report.

3 Written comments (two copies) should be sent to Mr.
Reutlinger (Room F-1149), with an additional copy to me, by the close
of business on July 31, 1968.

C. F. Owen
Secretary
Attachment
Secretary's Department
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Mr. Andrew N. Kmmarck July 1, 1968

I attach a draft study, "Project Appraissl in Inflationary
Conditions”, prepared by Mr. Sanjaya lLall and myself. As you will
recall, this is oane of the studies suggested %o us by the Projects
Department .

I would appreciate it if written comments cm the study could
be sent to Mr. Lall by the close of business on August 2, 1968,

attachment

cc (with sttackment):
Mr. Stevenson
Mr. Bhatia (10)
Senior Advisers

Group Heads
Division Chiefs
Mesars. Latimer

Sadove
Lipkowits
Ddamend
Wapenhana
Hendry

Plociotto
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Mr. J. Andreu !‘,2?’ 1968

—’

Risk Analysis

1. The origin of my work in risk analysis is a lucky rotation in my
assignments which brought me in the Projects Department at a time when some
thoughts were given to this method of appraisal of projects. My general
background, some experience in the use of computers and in the handling of
practical problems made me able to undertake to apply this technique to the
port of Mogadiseio project. Later on, this first attempt having proven to
be useful and promising I was asked to investigate the technique further
and %o apply it to a road project which is now being appraised (Tanzania-
Zambia road link).

2, Theo objective of risk analysis is to cope with the general problem
otumcrtdntyinthnuuumnmmﬂ.yul of any system -~ in our case
the projects proposed for our financing, The easiest way to cope with this
ummwuumwmuumummtmmu
mmodkmmumiuutymmn, and which I have also introduced in
my work is very simple bub rather inefficient when the uncertainty about the
data is hughthtthmjoctwmmmte
a very bad one to a very good one. Risk .
tries to resolve this difficulty by associating to
a weight (or probability distribution) derived from the weights (probability
distribution) the apprdiser may wish to give to the likely values of the inputs
of the problem. Starting firom a complete picture of tlievinputs, risk analysis
gives a complete pictire of the outputs in a concise form well adapted to deci-
sion making. Practically risk analysis is mostly performed by way of simulation
I

:
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:
B
;
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3. Ithtnkthnt-ywukhubanmmumoithumndybunuud
umintmupartotthwuulﬂzmjnuaﬁmtohﬂum-
lated attempts to conduct similar analysis in other divisions of the Projects
Department. !'h-uﬂudhuindiuudpﬂ-iﬁmmummmrdm
mlunhhnwu«bmﬂtlﬂiahnuldjuurylumumm
mjcmﬁmwntyianotnmsiodolmtefmmm. Going
mmwmnuunwm-xmummtummm
been interesting because it was the first attept in the transportation division
to make serious use of quantitative methods. Concepts: such as optimization,
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Wr. P. Beitia March 5, 1968

John A. IMMQ

Casebook on Fro

In sccordance with your request I list below the loan and credit
mumbers relating to the cases. Numbers starred are credits.

Cass 1 - CO 38, 113, 215: 255, 339.

Case 2 - CF 101, 209, 283.
Case 3 - TS 22, 221, 268, 3z.
Case L - Jr 200.

Case 5 - M 210, 350.

Case 6 - GH 320.

Case 7 - 0©O 225, 282, 369.
Case 8 - TH 175, 333, LOS.

Case 9 - JA 196,

Case 10 - IRN 2ii7.

Case 11 - VE 353,

Case 12 - Not related to anysparticular loan.
Case 13 - IT 235.

Case 1 - W LS.

Case 15 - BT 337.

Case 16 - JA 205.

Case 17 - PB 260, 365.
Case 18 -~ FR 2L9.

Case 19 - KE G, TTw.
Cage 20 - I d1=, 176, 379.
Case 21 - ME 317, LOL



*c- P. Beitia March s’ 1955

Case 22 - I8 265.

Case 23 - JA 28, 302, 357, 37h, k13, L6O (principelly 357).
Case 24 - BT 31, 166, 35».

Case 25 - XA L28,

Case 26 ~ SP 3B7 (I believe the appreissl report has been trans-
hhdhh&pnﬂlhatﬂaml. 'ﬂnuunn

Case 27 - PE 116,
Case 28 - CH 03.
Case 29 - I 71, 159, LS6.
Case 30 - CO 3lS.

JAKing/mt



Mr. J. Price Oittinger Pebruary 27, 1968
H. vom w.ld;"éfrd

Draft Project Appraisal Handbook

1. After a somewhat superficial review I agree with your

conclusions that this is not suitable for our use apd that our
preference of the internal rate of return should be noted.

2. I wonder why Mr. Mollett calls the interpal rate of

return method cumbersome? Instead of netting out investment,

annual cost and revenue, he computes present values separately
for esach series.

3. While the logic and the mechanics of esach step are well
axplained, he could say mors about what to imclude, how to get
reasonable data., Hs could also explain the difference batween
the fipancial apd economic rate of returm, as he does cover shadow
cost and shadow prices.

k. Finally, he should discuss the limitations of the
internal rate of return (as well as those of the other methed)
which stem largely from the inadequate knowledge underlying many
of our assumptions,

s. I an passing the manuseript on to Shig Takshashi and
trust that you will hear from him.

cet My, 8. Takahashi

HvonOppenfeldlict
IBRD
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Dr. Otto Domner Fébranry 1, 1968

Project Evaluation
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ccs Mr. 8. -Johnm



Mesers. Takahashi and Schaefer-Kehnert January 16, 1968
i €l
Considerations Regarding the Potential Use of Risk Analysis at Project
Appreisel

The attached paper makes @ useful contribution to the discussion on

the potential use of risk analysis at project appraisal because the paper
identifies and clarifies some of the issues involved which require exam-

ination at trying to adopt riskcanalysis into Bank use.




Mr. W, Schaefer Kshnert Jamary 18, 1968
Jﬁlcoﬂmﬁz
k for the

1. Mesers, Schumacher and Husain: are malking satisfactery pregress

in carrying out the assigmment of applying risk analysis te the Tansania

Livestock Project. The problem has now assumed a clearer format and the

mammer in which a tentative solution weald be obtained 4s alse clear, How~
ever, considerable programming work remains te be deme., The Statistiecal
Services Division of the Economios Department is helping in

of the programming lead. The balance ef programming is being dene by
m‘m.

:
1

24 Twe ef the basic ebjectives of this exercise are:

that Messrs. Schumacher and Husain should centimue to work together en this
this

actual analysis would be performed. The output frem the sctual analysis
would then be translated inteo meamingful language. This would terminate the
initial phase of the Preject i,e., the astual use of risk analysis te provide
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Mr. Fobert Piociotto
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IBRD Resident Mission
Post Office Box L16
New Dalhi, India
Dear Bobi
Our mizsion to
every bit as difficult as Uganda's
outlined at the section
constructive may come out of
some improvement in the situation.
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yours,
Agricul ture Division
Projects Departmemt

A. Schumacher

ASchumacherimjs



Mr. A.E. Tiemann Jamuary 3, 1968
3.5, my?ﬁr’g

Ranch Development Project
Authorization of Computer Time.

1. As you know, we are planning to use Monte Carlo simulation
(Risk Analysis) in the appraisal of the Tansania Livestock Project. In
this first effart the plan is %0 use the Livestock Development Program
(deval by Mrs. Angel and Mr. Picciotto for the Brasil Livestock
Project) as the basic computational unit for the simulation. In its
present format the "Livestock Program®™ would not be fully adequate for
ocur purposes - that is, a few modifications would berrequired. First,

as the Program would be used in conjunction with at least twe other
programs it would be necessary to convert it into a sub-routdne in Fortran
IV. This Program, along with some others, would be used by
the Livestock Ssction in the coming months, and the effert put in for its
conversion would save staff time in writing appraisal reports.

2. The other modifications in the Program could best be discussed
with the programmer who would be assigned to the job, though essentially
these would consist ofy

a) introducing varisble culling rates for cows and heifers
in place of the present constant culling rates)

b) Aintroducing an eption to use a flexible palicy for the
purchase of heifers (classified by age), i.e., permitting
purchase of heifers from capital funds as well as from

operating incaome;

¢) 4introducing an option to permit purchase of steers
(classified by age) during the development period;

d) intreducing a Predevelopment period;

@) introducing selective printouts, computations for a few
productivity coefficients (i.e., overall mortality rate
productivity of stock ets.), and the printout of units
(i.e., currency and units of demumeration).

The above roughly outlines the areas where modification would be required.
3. The current version of the Program deals with Breeding/

Growing/
Fattemuhg: phases of development with optiens for some combinations of the
three. the case of Tansania we have to deal with a ranch type which



Mr. A.B. Tiemamn «e2e January 3, 1968

outputs from the variocus sub-programs. The main program would generate
the input data for the varieus sub-programs, would attend %c the ¢
and the format of the output from the whole pacicage. There may be
changes not foreseen at the present iime that may require some changes in
direction, but at this time this is roughly the way we plan %o proceed.

s. Programming and technical assistance from your division would be
very helpful especially in campleting the modifications suggested in Paras.
1, 2 and 3.

JHendryiasl

cc: Mr. 8. Takahashi

Nr. D. Stoops
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SUBIECTS

INTERNATIONAL DEVELOPMENT | INTERNATIONAL BANK FOR i iNTERNATIOIhALI. FINANCE

ASSOCIATION | RECONSTRUCTION AND DEVELIPMENT | CORPORAT | ON
OFFICE MEMORANDUM
ks i
Mr, J. Schrecdtje . DATE: December 15, 1567

o =y -
oxzlono deuilinger

o r g 3 g s 3 1 £
Gorments - ¥, Chenerv's seninar held December 13, 1947

T Mr. Chenery!s saminar taA..c at the 3ank on Tecember 13, 1967
encourages me to think that we ought Lo give high mriority in the
Investment plamning Tivision Yo the refinemen= of dzvelcoment criteri
in addition to or in suosiiiution of the usual rate of return critericn
for appraising arnd svaluaiing projects.
2. ., My reasons are 35 follows: Az it seems, the "statesmen® in the
economics profassicn never sesm to be satisfied tc Zet a "palanced" noint
of view prevzil., There have been timss when the "industrializers” had
the upper hand, now tiae Tagriculturalizers” nave their tura. At other
times we had the "inlra-siructuralists" wisidrg powsr, etc. Mow, 50 it
8eems, "program aid" ssems to oull down the scals 3o forcefully that
"oroject aid" is threatening o be hurdlad off the other side =f the sczle.
3. There is, of coursa, more than one zrain of truth in what Cherery
and the pro-m 2gran 2id cnampions ars saying. TJor instancs, I azres that
aid to a project or a sector cannot he jusitifisd, ragardless of how well
the oroject or the sector utilizss that aid, if the zountry throush bad
pollci\.s or bad investmenis in other sectors fails to mobilize te the task
ol development. Tna converse absolutely does not Jclliow, however. Nzither
is aid so plentiful nor ars the good parformers (either in an ex post or
an ex ante senss) rich Hrohg'l to afford a car=lsss attituds towards %hs

il

i
efficiency with which 31l rescurces are being used. Neither a planned
ncr an 2x Dest m;_“. Zrowoa “‘;e is evidence that on <he micre lewsl all is
well. The most effective "chacks and balances" for publicly cperated
prejects are carsful plarning. A thorough review 2 projects and a require-
ment that standards with rescect to macro-vserformance de meit are hoth

-

necessary. deither alone should Ye taken as being sufficient.

k. In summary, Chenery raised two wvalid objections to the "orojsct
aid" approach (1) that it is inappropriate if the owarall orcg_ am is
inadeqjaue and (2) that projecis, as conceirsd now, do not always contri-
bute noticezbly to marco-performance. On this seccxnd point we :nig':“-.'., do
well to ponder.

SReutlinger:bso

cce Mr, H. G, van der Tak
Mr. Jan do Weille



McKinsey & Company, Inc.

NEW YORHK * WASHINGTON + CHICAGO + CLEVELAND % SAN FRANCISCO * LOS ANGELES

LONDON + PARIS *+ AMSTERDAM + DUSSELDORF + ZURICH + MELBOURNE

245 Park Avenue, New York,N.Y. 10017
212 687-3600

December 7, 1967

Dear Mr. van der Tak: \/‘/
Thank you for your very nice letter of November 8. I have

been waiting to write to you to say how much I enjoyed talking to

you at the World Bank until I had the final runs of the example

that Mr. Reutlinger sent us. I now have the runs and am attaching

them to Mr. Reutlinger's copy of this letter.

Again, I found our discussions most interesting and will look
forward to getting together with you and Mr. Reutlinger at some
later date. In the meantime, all best wishes.

Sincerely yours,

TSN

David B. Hertz

Mr. Herman G. van der Tak

Head, Sector and Project Group

Economics Department

International Bank for Reconstruction
and Development

1818 H Street, N. W.

Washington, D. C. 20433

cc: Mr, Shlomo Reutlinger
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Form No. 57 INTERNATIONAL DEVELOPMENT

ASSOCTATION | reconsTaoerton ano oeveroment | "M CoRPORATION T
!
OFFICE MEMORANDUM
TO: | Mr. L.J.C. Evans j DATE: December 5, 1967

FROM: Messrs. W. Schaefer-l(ehner; R. Hama and M, Pa.lein

SUéJ ECT: | Introduction of Risk Analysis :I.n Agricultural Pro;}acts Appraisa.l
|

§ L Upon Mr. Wapenhans request, we have discussed the possibility
of applying risk analysis to the appraisal of agricultural projects.

| Qur discussion was based on general literature treating of the subject

' of taking account of risk in project appraisal, on analyses of the
. method previously made ip the Division and on the examination of the

" Mogadlscz.o Port Project émalys:.s made by the '.E[ransportation Division.

| 2. A.fter our d:.scuss:.on, we agreed that the most efi‘icient way
| of assessing the possible obstacles to using the method would be to try
| it on one or several of our projects. Since it is our understanding
' that it is the intention of the Bank livestock mission now in Tanzania
. to colleect the'basic data in such a way as to make an investment risk
' analysis poss:.ble, we feel that upon their return they should be en-
' couraged to proceed with it. In vase~this should not be possible, or
' the data available should be inappropriate, we think that an attempt to
| apply the new,/method should be included in- the terms of reference of one
| of the for‘bhcoming appraisal mission.s.
L3 3, =
v \H. » j \, i 7 ' ': '
| .""@;i'.'

' g
?‘*,- <« Moo B . ' ; |

' MPalein/jfc
IBRD
CC: Messrs. Wapenhans .~
Bartsch Ia
Darnell |
Hendry |

Stoops g = |
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Novesber 8, 1967

I wish to tale this opportunity to express to you my
sincere gratitude for delivering a very interesting lscture

E
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Mr. W.A. Wepenhans October 26, 1967
Phillip 2. Kirpich €
timation of on Costs

1. As I mentioned to you the other day, a report that has recently besn
called to my attention contains information that may be of gemeral interest
to the division. The report is entitled "The Role of Uncertainties in the
Bconomic Evaluation of Water Resources Projects® by Edward (. Altounsy of
Stanford University, August 1963.

2. Using as a basic reference a report of the U.3, Bureau of Reclamation
(USBR) entitled "Analysis of Reclamation Projects®, October 1955, Mr. Altouney
has compared fer 103 projects of the USER the actual cost with the cost as
originally estimated at the time of the suthorisation of the project. It is
not entirely clesar but this presumably means that studies of "feasibility
grade" wers available at that time.

3. The actual cost Oy was oampared with the estimated cost Gy on three
bases: actual cost as it ocourred, actual cost adjusted for changes in
canstruction price trends and actual cost adjusted for changes in project
plamning and structural and engineering modifications. It is the second basis
that would be of greatest interest.

k. Projects of all magnitudes wers involved as the range in Cy was
from $100,000 to over $400,000,000.. Mr, Altouney found mo correlatiom between
degree of underestimation and size of project.

5. Mr. Altounay found the ratiwiCy/Ce to vary fram 0.7k to 11.00 with
an average of 2,19, that is, the average was 119 per cent.
The medisn ratio was 1.55; that 50 per cent of the oost estimates
were underestimated by at least 55 per cent.

é. Inasmuch as the USHR is a highly sephisticated enginesering and
oconstruction organisation it would sesm logical to infer that the degree of
underestimation by other organizations would be even greater than that
experienced by USER,

7. Might it not be a gond idea to suggest that a similar study De made
of construction cost underestimation with respeet to Bank-financed projects?

6.0, Mr. Bartsch
PZKirpichiosc
Bank



Messrs. Diamond, Paterson and vem lioffmanm October 13, 1967

Imlmumyl!cm*ﬁulw. H.G. van der Tak
on the sbove subject. Please designate a total of net more than five
mewbers of your respective staffe to attend the Seminar.






Mr. James 8. M,IN Wa, 1967
(MM‘.L.I.M
H. G, van der Tak

Seminar on Risk in Investment

1. Your attention is invited %0 a seminar at which Dr. D. B. Herts of
McKinsey & Company, Ine. will speak on "Risk Analysis in Investment
Appraisal®. The seminar will be held at 2130 p.m. on Wednesday,
November 1, in Conference Room 1038.

2. Dr. Herts's presentation should be very timely, since his experience
with applying the "aggregation of probability distributions® approach teo
actual investment problems in U.8, corporations may help to answer some
questions raised during recent discussions of Mr. Reutlinger's theoretical
paper and in the course of Messrs. Jaycox' and Pouliquent's application

of this method to the evaluation of Bank projects.

3. To ensure an effective seminar we want to limit partiecipation teo

a maximum of 50 invited persons with a specific interest in the topie.
May I ask you to invite wp to 5 members of the staff of IFC as you see fi%.

\l“/( cimedtjes jln
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Nr. Dernard R. Bell

to invite wp to 20 members of your

To ensure an sffective seminar we want to limit
ef 50 invited persons with a specific interest
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E. G. van der Tak
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Mr. 8., Lipkowita September 11, 1967
Y. W, hu

'Techniques for Pnjm{;]pn:hal Under Uncertainty' - Paper by

8. Reatlinger (June 196

1. I only discovered this Paper afthr my return from home leave., We
sent only one copy. After a quick reading I felt it was worth of wider
eirculation in the Transportation Division. Six additional copies, there-
fore, wd distributed to Messrs. Malone, Muth, Park, Peuliquen, Pusar and
Wouters the comments of whom are attached. Messrs. Jayecox and Thalwits

are presently attending Prof. Walters "Quantitative Economics Course®. On
its completion they should be able to appreach Reutlinger's Paper with more
freshness then others of us. I will arrange that their comments will be sent
to you.

2, The general theme of all the comments, with which I agree, is that
the Paper makes sn intellectual case for using probability analysis as a

tool in some project appraisals., W, in this Division, have a trial case
(Somali Port Project) well underway. The work done so far (by Messrs. Jayoex
snd Pouliquen) suggests that it is worth continuing at greater depth net only
because of its immediate value to the project but alse for the gemerally
practicsl lessons and conceptual questions that are emerging. We antigipate
having a specific case study report en this available by the end of the year.
Mr. Malone considers that a highway case is worth investigating - this we might
also do,

3. Paradoxically, the empirical and pragmatic werk we are doing brings
out one of the mein wealnesses of the Reutlinger Paper. That is, it is not
aimed at the operational decision makers and prmject appraisers. The report
could undoubtedly be shortened - many people in the Bank are familiar with the
elementary principles of probability snalysis (eoin tossing ‘and all') - and
made moye realistic by wsing concrete illustrations in transpert, agriculture,
public utilities and education to bring out the likely benefits from using the
approach (the degree of sephistication is smother story) snd some of the dif-
fieulties likely to be met en route, In other words, some discussions of the
coste and benefits would be valuable, What, for example, might be the impli-
cations for appraisal missions? Does it mesn they would have te stay langer
in the field? Would the type of staff member we have be suitable, or would
they require training? I8 18 likely to speed wp project appraisal and loan
operations? Is the preject sppraiser to be supplied (and, if se, by whom?)
with a 'do~it-yourself kit'? Does it mean that preoject sppraisal reports
become even larger documents - " the data and informetion the appraiser used
sessshounld be wnd.ﬂr presented in the Ig!llld report and,..should be
reviewed by the top level decision maker." (3,Y, Park, pp. 1-2)?

ke My, Malone questions whether a case may not be made for the use of
analogue computers rather than digitel ones.

Se If and when a shorter more practically orientated version of the
report is prepared, I suggest it should be made available on a wide basis in
the Projects Department for gemeral discussion. This could take the form of
m;&rhnwwh. Reutlinger to each of the Division's at, say,
one of r regular Division meetings.

VilHogg gh
Bank



s

f'—/) /¢77._q (fl;#

Septenber 08,1967
illustrated the peints 2(b) and ).

ﬂ:f.munuw

gk

Nr. Heutlinger has succese!

But he has falled %o enphasise peint

Be. ¥.
.

ji3d

-vmmm
i3
it

L



¥r. W, Wapenhans -2 - September 8,1967

6. The incorporation of uncertainty in return caloulations would
improve appraisal work: wmore uniformity in approach, greater quantity of
information included in the end-result, and a more logical handling of the
basic assumptions. In addition, it would stimulate the appraisor's aware-
nass of the problems affecting the project, by increasing the foous on the
aforesaid assumptions. The opportunity could be seized of having a record
of such assumptions kept and made available for comsultation by other staff
members who would thus benefit from the accumulated experience of the Bank.
The incorperation of unsertkinty is theoretically feasible. The practical
feasibility, though, remains largely to be ascertained:

A. Iheoreiical Aspects

7. Nr, Beutlinger has given satisfactory explanstions on how uwncertainty
problems can be handled. He has ghown that Bhere is no theoretical impossibility
here, whether one actually computes probabilities or has a computer simulate

the possible outcomes of a project.

B, tical

8. The question then is whethsr mope sophisticated methods would
involve (a) the collection of a prohibitive amount of additional dats, and
(b) an unbearable increase in the staff's workload.

9. It could be useful to distinguish among several stages of increas~
hgctﬂcimy,andatihlmﬂuofmiumurﬁm&ul
misaions

(a) the appraiser only attempts to make explicit more
of the knowlsdge he nomally acquires during the
mission. Usually, the appraisor says less than he
knows. For exsmple, in the process of deciding
whether a given magnitude is conservative, or average,
otc., ons actually considers alternatives and weighe
them. This information is thereafter wasted. Once
such infermstion is recorded, someons with experience
in probability calculus and economics tekes the respon-
sibility of aggregating the data.

{b) the appraisor attempts to obtain more data to ascertain
highssessment of probabilities and te narrow the range
of his estimates. Someone else then takes over the
aggregation jeb.

(s) the appraisor does the aggregation himself, This may ensure
more overall consistency, but involves specialised imow-
ledge and time.
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10. Introduction of risk snalywis doss mot necessarily require
that more data be collescted. Hore date can e reqEired for any kind
of estimates, whether thay imvelve probabilitiscs or mot. This question
19 therefore irrelsvant to thig discussion. If 4% is agreed that

appraisors,
time and the skill to perform the apgregation werk sdeguately, we
are laft with altermative (a).

1. T™his alteroative would negligibly imevease the burden of work
for the appraisor. Nay be, Nr. ieutlinger could have mere aystamatically
1lluptrated how to introduce probabilities in welghing the pessible cuteomes
of the clemental fastors. As the aggregation problem, be hes un-
fortunataly only provided a simp and hypotheticel example. The degres
to which the sgprefation problem becomes mors complicated a9 a regult of

given mark, (b) the ligt of the major factors contributing te the varismce
of the return. A nore complete description would inolude the distribution of

of return indicators
be improved threugh Whe sdoption of risk

(11)  the incorperation of uscertainty in Bamk projects
evaluation 18 theoretica’lly fessible;

(114) precticsl limitation lies in the imcreassd worklosd.
Bowever the additional burden om the appraisal
m-uuhnmm by making the aggregation
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(iv)
(v)

(vd)

Clesarawe and oot

-h - | September Sg1967

the presentation and the interpretation of the final

- results can be made very simple.

the mansgement would gain useful information frem a
pregentation which would include risk indicators.

Mr. Reutlinger's exposition offhe problems involved
is useful but ought to be supplemented by one or
several case studies. The interest of such case
studies would be five-fold:

a. Idemtification of possible limitations
that do not appear when using a simplified and
hypothetical exampls;

b, Detemmination of the extent ® which the risk
analysis is worth carrying out in the case tle
appraisal wmission only eollects a limited
amount of sdditional dataj

¢, BRealistic assessment of the additional workloesd
invelved in using the analysisj

d. Determination of the most appropriate division
of work smeng the appraisal team, consultants

involved in project preparation, and s specislised

Bank team;

¢. Determination of acceptable shertouts and study
of the possibility ef adapting the method to the
requirements of computer precessing.

¥r. 8. Takahashi
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It bhas not so far besn the practice inm the Bducation Divigion te
tempt to evaluate the econemic justification of an educatiom project om
the basis of the ecomemic rete of return (sxcept im the case ef a project
in

&%
for education projects is at preseant
derived from estimmtes of both the current and future manpower needs of an
economy. FPrejections of manpower meeds depend among other things upent

- gotimates of growth of ODP;

- sstimates of growth of total population and labor forcej

- estimates of wastage (retirememt, dsath, emigration)
within the existing laber forece;

- antimates of growth af productivity per man;

- evaluation of the ocoupationmal structure in relation to
the future level of employment;

- gvaluation of the educational regquirements fer each ocou~
patiomal lewel.

This doss not exclude the pessibility thet, whem additional
experience lead us te introduce the economic rate of return
as a method of evaluating education projects, the
wight inprove cur amalywis.

Flathemtry

E,.



Mr. W. Wapenhans September 5, 1967
2. Frisdgut ) X

8. Reutlinger - "Techniques for Project Appraisal under Uncertainty"

1. You requested a review of the draft report prepared by Mr. Reutlinger
based on the following three oriteria:

(1) Degree to which incorporation of the method would contribute
materially to the value of an appraisal;

(i1) Additional demands inecorporation of such an analysis into
project appraisal would make on appraisal missions; and

(111) Possibility of presenting and explaining this technique with
relative #implicity in an annex to an appraisal report.

Due to the pressures of time and the specific interest in practical aspects of
Mr. Reutlinger's model and its application %o project appraisal, I have accepted
his presentation of the theary of probability, risk and uncertainty without
argument and assumed that his ?nlwt of the formulaerelating to pertinent
statistical values is correct.

Smg of Conclusions

(1) Incorporation of the method of analysis suggested by Mr. Reutlinger
could contribute materially to the value of an appraisal mainly
by providing additional information on which %o base decisions
and by providing a logically rigid framework within which
missions would conduct their analyses.

(11) Adaptation of this method need not entail additional work for
appraisal missions. On the contrary, once it has been tested
and undergone minor adjustments %o adapt it to the conditions
met with in the field it could eventually streamline appraisal
work and increase mission efficiency.

(114) There should be no difficulty in presenting and explaining
this dedhadigue and its results with relative simplicity in an
appraisal report.

(iv) Theoretically, the incorporation of uncertainty into analysis
of capital investment is not new. The practical feasibility
of using the type of analysis suggested by Mr. Reutlinger would
have to be tested on a suitable project or projects marked for
future preparation or appraisal.

17 There are some errors in the presentation of the statistical formulae
but most of these can be attributed to faulty typing and proof reading.

L1
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Material Contribution to Appraisal Work

2. In essence, the paper builds up a case for examining projects in a
manner which woulds

{a) Force the appraiser to state explicitly his assumptions regarding
behavior of key variables influencing costs and returns to the

project)

(v) Break down aggregate values usually presented in reports into
their major camponents so that these latter appear explicitly
and may remain as information which can be utilized at various
stages and levels of decision making (not the least important
of which might be supervision missions); and

(¢) Require mission members to collect data which waild facilitate
either formal estimation of probability distributions of
values of key variables or allow formulation of subjective
tguesstimates” of their distributions. Where information is
not alwayz available in the desired form or with the desired
accuracy estimates of ranges and possible probabilities should
be obtained from specialista or psople with specific Imowledge
relating to the values of such variables.

3. There is no doubt that an appraisal mission must be aware of the
assumptions invakved in its analysis and also realise what camponents make up
the aggragate values used in cost or income estimates. Presently it is assumed
that writers of reporte actually go through a stage in their work where these
points are set down explicitly, whether they appear in the first or subseguent
drafts or not. Where a report does not contain such information, it is easy for
both writer and reviewer to gloss over crucial aspects and, through repeated
revision and alteration eventually develop analyses which become inconsistent
with the original assumptions. In this respect, then, the analytical method
suggested by Mr. Reutlinger is of considerable value insomuch as it imposes rigid
and precise thinking on the appraiser and also reduces the danger of misinterpre-
tation or tie reassoning which may mislead readers at higher decision
making levels,

h. Collection of data on probability distributions of key variables
influencing the project is also something which is done, at least vely,
at present by missions in the field. Otherwise, one would have to assume that
cost estimates, yield assumption and projections of prices and produetion were
made on a random bakis. Here, too, the author would have the data set dowm in
orderly fashion. No one can argue that having more information on which to make
8 Judgement is not at least as good as having less information. The suggested
;othod of analysing this duta supplies ome with valuable information in the

orm ofs

1/ There are those in the Bank who consider the value of the calculation of the
internal rate of return to0 be not soc much in the final figure arrived at
in the calculation but rather in the framework it supplies which forces the
appraiser to set dom explicitly his assumptions relating to the timing of
cost and benefit streams.
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(1) Expected values of (presemt value of) costs and benefits;

(11) Ranges of expected outcomes within any desired probability
limits; and

(i11) Probability that the present worth of a project at any given
rate of interest will be sero or negative.

For example, in interpreting the results of his hypothetical project appraisal,
he states the following:

"From a table of the standard normal distribution, we note that the
probability of 8 being less than -0.67 is spproximately 25%, hence
the probability orptungnopoaitinratum from this investment
is 25%. In terms of the internal rate of interest (sicli), R=0
corresponds with a rate of return of 8%, hence the lity of
getting less than that rate of return is also 25%. E"

(iv) Byeproducts of the above could also include information on the
varience and standard deviation of major ceet, yield or price
camponents. Such data could centribute much to the under-
standing of problems which arise in various phases of cone
struction and implementation. They would be of particular

importance as indicators for supervision missions regarding
points of interest to be studied in the field.

Se Obviocusly the economista' adage "your analysis is only as good as
your data" holds true here. If imprecise information is gathered, or figures
are manufactured simply to fill a questionnaire, the whole exercise is futile.

AMditionsl Demands on Appraisal Mission

6. One can study mors easily the additional demands which this type of
analysis would impose on an appraisal mission by partitioning the mission's work
inte three phases:

(L) 1Initial preparation in the office;
(44) PMeld work; and
(441) Analysis of data on return from field.

(1) Initial tion. As explained in the previous section, the
analysis mﬁﬂﬂ%ﬁaum of assumptions underlying the detearmi-~
nation and caloulation of major components of cost and benefit aggregates.

I believe that some preparatory work should be dome in this direction in the
initiel phase of the appraisal, on the basis of the government submission.
Ideally the breakdown of major cost and benefit companents should be done at
the project preparation stage. The appraisal mission, on the basis of the

1/ R=0 cerrespends with a rate of retwrn of 6% since this was the rate of interest
used in ealeulating the present worth of net henefits.
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preparation report could then prepare questionnaires or data forms in anticipation
of interviews with appropriate officials in the field. The value of such a
procedure would be in the explicit epecification of types of data which a mission
would have $0 gather and in the indication of the officials it would be neceasary
%0 interview. This amounts to no more than carrying the instructions of Director's
Memorandum ¥o.l 1/ one logical step further and will assure a much better organised
mission and, cansequently, more efficient utilisation of the mission's time in
the field. Here again it can be noted that the additional work involved relates

enly to making explicit what heretofore has been implicit in proper preparation of
a project mission.

(1) Field Work. In the field the mission would have to devote some
time &/ to collection of imformation relating to the probability of certein
factors taking on certaein values, Again, any mission estimating values, whether
based on mean or mode, to be used in an appraisal report, would have to callect
actual data or make assumptions and guesses where data is lacking. In a sense,
then, this is not necessarily additional work but more in the nature of transfer
of work which is usually done in the office, to the field. The ocbviocus advantages
of this are:

(a) collection of data in the field will be executed in an arderly
fashion and filed on preprepared formsj

(b) where actual data is not available and estimates have been made <
this will be cbvious from the completed forms or questiomnaires
and as time pazses and the analysis advances the initially
distinet boundaries betwesn fact and fantasy in basic data will
not be abliterated; and

(c) mission members will be less apt to accept as factual, fussy and
unfounded estimates palmed off on them by government or other
officials who may have special interest in promoting the project
or have incomplete lmowledge of the subject. A constant demand
for past figures and inquiries into factors affecting the value
of any given variable should inerease the degree of accuracy of
any mission estimate, regardless of whether the suggested
analytical method is ultimately used.

(111) is of data on return from field. The amount of work on
caleulations preparation assoc specifically with the analysis is
directly related to the complexity of project cost and benefit data. The model
is based on specification of (individual and) aggregate probability distribution
functions of main variasbles and present worth of the project. This is achieved

utilising probability data collected in the field to caloulate expected
(mean) values and variances of such varisbles. If perfarmed by a mission member
on a desk calculator this could concelvahly increase his work load to some
extent. However, I feel that much of the wark, if not all of it, ultimately

TMl, para J: "It will be made a general practice for all appraissl missions,
before going intc the field, to prepare a draft outline of their repart, ..."

2/ How much additional time would depend on the sise of the project and mmber
of important items for which data on probability distributions is considered
neCcessary.
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would be handled by the Bank's camputer. If it were properly programmed and

the data collected systematically the results could pessibly be produced by

the computer in a form suitable to be inserted directly into a report annex.
This could result in the saving of time and effort rather than placing additional
burdens on missions.

7. In order to assess fully the additional burden that this type of
analysis might place on an appraisal mission the method woald have to be given a
trial in the field. When a project appears which is deemed suitable for use as
a guinea pig Mr. Reutlinger could prepare the necessary questionnaires and data
forms with reference to the project preparation documents. These would then be
carried into the field by the mission and used to the extent possible. On return
to the Bank the aystam of data collection and the amalysis could be reviewed on
the basis of the field trial and the method altered to solve problems and dif-
ficulties encountered. A few trial missions may be required before the system
is sufficiently adapted to agricultural appraisal work to be introduced as a
standard procedure. The investment invelved, however, could bsar & handsome
return once the method becomes fully operatiomal.

8. The idea itself is a simple one. Its theoretical develepment and

the mathematical groundwork which Mr. Reutlinger has layed in order to arrive

at the wltimate formulae necessary for the calculations, while important in
development of the method, are not indispensable in explaining the advantages

of this analysis over analyses employing a single estimate of the rate of return.
Once one accepts the fact that figures used in project appraisals are subject

to uncertainty, common sense should dictate that any estimates used must be
qualified with information relating to the probability of achieving the projected
results. Detailed explanations of how the probability distributions ars arrived
at are a matter of technical interest and are no more needsd than the formula
comnected with calculation of the internal rate of return or a set of multiplie.
cation tables to show how a combination of prices and gquantities yields a value
for total cost or total revenus.

TFriedgutiasl
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Mr. Vincent Hogg September 1, 1967
P. 0. Malone
ﬁu'l Study on for ect raisal under
= :
1. If, as appears from Mr. Heutlinger's study, the analytical methods

of appraising and decision-making have been refined to the stage where it

is posasible logically to allow for the input in most appraisals being a
collection of probability distributions rather than of single-valued functionms,
then I believe that it behooves us to take the concepte and methods set out

in the study seriously. I believe also that the "message™ is there and is
elear -- that if our methods of appraisal are amenable to such refinement,

and we do not refine our methodelogy accordingly, we will be opem to the
criticism that our appraisals are at best imprecise, at worst mislesding or
even wrongl

2. With our present technique we just do not know how far wrong we
may be in the assessment of the outcome of a project if all the input data
turn out, in the event, "worse" than anticipated; nobody else knows either
at this moment (fortunately), but this happy state of affairs may not last
for long. As I read Mr. Reutlinger's report, if we recognise the existence
of an element of uncertainty (ignorance) in the input data of our appraisal
aritimetic, and apply the probability calculus, then presumably we will be
aware of the probability distribution of the "solution" (the internal rate of
returmn, or any other criterion) and 1if we then express this "solution" in
temms of a single value, at least we will have an idea of how far in error
this single value might be. This is an advance on our present method, but is
no more, really, than a variation of the old adage "It's not what you don't
know that is dangerous, but what you don't know you don't kmowli"

3. To convince myself that we operate under conditions of uncertainty,
as Mr. Reutlinger terms it, I listed the main ingredients of the calculation
for the rate of return in a highway project appraisal. These are:

i) present traffic
11) rate of induced growth of traffic
i11) rate of natural growth of traffic
iv) the traffic "mix" (the ratior of light vehicles to heavy
vehicles
v) the project cost
vi} maintenance costs
vii) vehicle operating costs (for different types of vehicles
and differeii types of road)

All the above are put into the rate of retum calculation as single figures
but all without exveption are estimated, each value representing merely one
ordinate in a probability distribution.
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k. The mathematics used in Nr. hReutlinger's article are, in essence,
those required to combine probability distributions rather then déscrete
values, Nr. Heutlinger suggests the use of high-speed elactronic caloulators,
that is, digital computers. I feel -~ although I stand to be correscted by

the experts -- that there may be a case for the use of computera
rather than of ones. Analogue computers have tage that they
provids a static of the parameters involved, (in the case of a highway

appraisal, these would be traffic wolume, the rate of growth, internal rate
of return, ete,) and that one can "play" with the setting of any ene or more
of the input parameters and observe the effect on the output, (for highway
projects, this would be the intermal rate of returm). In this way, one can get

a better "feel® of the variations in input which produce cant changes
in output. I think this is a point which might profitably up with
Mr. Reutlinger.

s. Ko matter how the mathematics are carried out, it will still be

essential to definme, in quantitative terms:

1) the input parameters (e.g., probability distribution of present
traffic, of traffic growth, of project cest, ete.);

141) the output (i.e., the criterion which we are using to "appraise”
the project - internal rate of retumn, bemsfit-cost, present
value of total benefits, eto.);

iii) the mathematical relatiomship between each of i) and i) ;

iv) any inter-relationships between the input parameters (e.g.,
the effect on the nomal growth of traffic 4f the induced
growth is greater tham anticipated). SEp—,

To define such parameters and to quantify such relationships would be a useful
discipline in itself., The results of such an exercise might well affect the
type of information we require and gather on appraisal missions.

6. Obviously a sharpening of our sppraisal techniques will take time;
however, I believe that it would be useful to make an early start using first
a simple model and then attempting step-by-sfep complexity. Portumately for
us in the Transportation Division the problem is not too difficult, and we do
not have to worry about the effects, on benefits, of factors such as rainfall,
which must complicate the appraisals of the Power and Agriculture Divisions to
nightmarish properticns.

7. To sum upt

i) I believe the article is timely and that it behooves us to try
and understand the possibilities of appraisal under uncertainty
with a view to improving our technique;

4i) I feel that the calculus of uncertainty may perhaps be more
usefully carried out on an analogus computer than on & digital
computer;

iii) Irrespective of how we go about the mathematics, we must first
define and quantify the relationships between the input and
output variables.

‘8. I personally would welcame a talk or talks on this subject by

Mr. asutlinger; I think a talk would be much more useful %o the practittower
%thm.mmmunmm-m.unmm
go .

POMalone/ap”



(W % .an»y 4

August 11, 1967

“ﬂ mwmaam "m- mdnm
m Mm wm um _ § 3 I mwmm
! mm: m_ iy w_m m |
i it i I
mm Mummmmmmmz _m mmm wu mmh w
it m___mhu.w.um H mmM b
umm mm“m Mt _mm m.m mmmu mmumm
m:_mmma_.m i it gt 1l

¥

alse

»m u_“um mu uu | 3
mm .__m.r“._.m_.u“ i mm

ik



Ve
\_ ‘}

_m

_
il

ﬂ

- :m* -

.w—

, w-
-u~mm_”- ”_ .

n w -u—”"u “m

_. ..___ X

:
mw_._ﬁ.. i1 4l
u-mm- m —m

e W el

o = \x\‘\l) 4 L%



far #ﬂ_ A/??. ¥ &Jt

Mr, Vincent Hogg August 30, 1967
€. P. Math 74

Mr. Reutlinger's Draft Study on Techniques for Project Appraisal
under Uncertainty

b 1S I have read Mr. Reutlinger's study and would like to pass on to
you the following brief commentas

2. The study is a reminder that most of our appraissl work is done
in a climate of uncertainty. In the great majority of cases eash one of
the varisbles in & cost/benefit and rate of return calculation is
"guesstinated™ by a numbar of people in consultants' offices, foreign
ministries and Bank missions. Our own second-gueassing variable inputs
transmitted to us by others without comment as to their expected reanges
of probabilities compounds possible (and likely) errors.

3. Depending on the number of variables (such as expected increase
~= both "induced" and "normal® -« in ADT; road user savings, themselves
based on a multitude of variables; axle loads and load factors; construc-
tion and futmre maintenance costs; maintenance savings, etc.,) and their
ranges of probabilities, our rates of return may conceivably by “way out"
in some cases. Mr. Reutlinger's examples -~ all based on few variables --
confirm this danger. Moreover, this can be the case with both "marginal®
projects and those whose rate of .n:kg (conventionally calculated) ranks
them as wery good. It is by no rcertain that a project with a cal-
culated rate of retum of 25% will in reality yield a -~ maybe lower but
still -- acceptahle return than another one for which & mere 15% had been
calculated to begin with.

k. We must be interested in any refinement of the tools we are used to
working with == as long as the cost in terms of time and manpower which ias
spent applying them does not outweigh the benafits to bs derived from them.

5. Mr. Reutlinger may not be fully aware that even the mean and
variance calculations, which he proposes as amenable to being routinely
exscuted by the project economist without access to a computer, go far be-
yond the time limits within which the latter is usually compelled to work
-« oven assuming that he is handy with the mathematical gymnastics ine
volved. It would seem to bs both unfair and unwise to have only a part of
all projects suhjected to this privileged treatment: that would inevitably
raise questions as to the quality of projects which -- for whataver reason
== have not bean subjscted to this procedurs.

6. It is posaible, on the other hand, to pre~program a routine
probability analysis for a mmber of "standard" projects (highway con-
struction or bettemment; railway construection or modernization; port con-
struction or expansion, etc.) and to subject all relevant projects to such
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analysis. Non-"standard® projects would have %o be dealt with individu-
ally, but in tum could become computer-tested modsls for future
application (e.g., the highway maintenance discussion presently under
way in the divisien).

Ts One prerequisite for the procedw’e sketched under paragraph 6
would be the availability of an economist in the project/transportation
staff who 4s both well versed in the applicability of quantitative tools
and who knows the practical problems and difficulties of project appraisal
intimately. This stafl member's time cught to be devoted to fianding the
proper tools (including computerisation) for the scolution of our questions.
He would be our chief correspondent with the computer staff.

8. There can be little doubt that an increased awaremess of the
riskiness of our projects, and any procedure designed to apply similar
standards of probability analyeis to all of them, would improve the qulity
of our appraisals. To further improve our awarensss of the rangea of
probability of individual variables, much more ex post analysis of com-
pleted projects would be & necessary complement Vo any aystematic ex ante
risk analysis.

9. If we were to routinely apply pivbability analysie to cur appraisal
work, the supplizs of data inputs (missiomng, comsultants, ministries, ets.)
would of course have 0 be asked to malte appropriate revisions in their
procedures: to submit well-founded probability ranges of variables rather
than single sets of data, etcs,

10, In concluaion, I feel that the Bank can i1l afford to have others

=~ institutions or individuals -- take the lead in .a kind of work in which
we ought %o be leading. With natiomal planning apparatuses getting im-
creasingly scphisticated, our pre-computer techniques of product appraisal
may one day no longer be up to par. UWe cught to take Mr. Reutlinger's

paper very seriously, snd he should be asked to help us translate his still
rather abstract concepts imto routimely applicable tools of project appraisal,
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Mr. S. Lipkowitz August 30, 1967
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A. D. Spottswood / }/ = 4

Tee es for Project Appr 11l Under Uncertain

Because I have not had an opportunity to study the paper
produced by Mr. Reutlinger except in a very cursory mamner, I do not
intend to make any comments to Mr. de Weille at the present time, (I
am leavigg)on August 31 for a trip abroad and expect to return
October 6.

From my examination of the study I did not find any
discussion of the time it would take to employ all the techniques suggested
in the decision-making process. From my experience with the Indus Study
I learned the difficulties and the time required to establish a model.
It would therefore appear to me that unless the so-called decision-
maker had unlimited time in which to make a decision, the techniques
suggested would not be very useful.

ADSpottswood :poc
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IBED Liaison Representative

my article on "Investing in Agriculture” in the September
edition of Finance snd Development, whish apparemtly is available
to you. The central theme of this article is really the institutional
Sincerely yours,
P.A. Reid

obstacles to investment and measures being taken towards lowering

interested in
1966
thease barriers.

PAReddivr
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Form No, 57 . INTERNATIONAL DEVELOPMENT | INTERNATIONAL BANK FOR [ INTERNATIONAL FINANCE .
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORAT | ON
TO: Mr. H. G. Van der Tak DATE: July 27, 1967

FROM: M. Schrenk \T-Q-Q—Q/Q

SUBJECT: Comments on the Report "Technigues for Project Appraisal under Uncertainty"

1 The subject is a tough one and it is treated on a rather high level of
abstraction. This puts anybody, who is trying to comment on the report
without being a specialist in this very field, into a somehow awkward posi-
tion. Any comment and criticism may look amateurish, and be fragmentary,
"naive", irrelevant, or simply wrong by sheer lack of competence, or lack of
time to dig deeply enough into the mathematical outline. This is why it is
so easy to criticize the report, but so difficult to contribute anything
seriously on the same intellectual level. However, I suspect that the pecple
who are supposed to be convinced and to accept this new approach are not much
better-off than I am. Thus, even naive and wrong statements may contribute
to reach the goal of the authors, simply by revealing some "traps" into which
the reader of limited competence may stumble and reject the approach precipitately.

2 I appreciate very much the idea and the scholarly approach, adopted to
integrate the basic principles of uncertainty of expectations into the "discounted
cash flow methed". The fundamental theses and the principal conclusions are
clearly stated. For example:

(a) Aany appraisal of a project, in which more than one independent
variable or datum is uncertain, has to be regarded as "poor" withdut
an explicit risk analysis. Any decision-maker, who is not a crazy
gambler includes risk considerations into his decision and thus has
to be provided with full information about the degree of uncertainty
and its implications with respect to the outcome of the action under
review.

(b) The common "team approach" (several independent variables or

data are estimated independently by experts in the respective field),

and the division of responsibility between the groups of project analists
and decision-makers enforce to deal explicitly with the uncertainty of
expectations. Any trial of an expert to introduce "risk allowances"

into the single estimates for which he is assigned, would be an act of
usurpation, because it anticipates a part of the final decision, un-
visable to the decision-maker. Moreover, uncoordinated risk allowances
here and there in a complex calculation lead to a loss of information

and to an uncontrollable overall downward bias of the final result.

(c) The concept of the probability distribution type of expectations is
quite sensible. The assumption that "subjective probability" of a
"non-recurring event" is the standard case as compared to "objective
probability", that is to say probability distributions with parameters
calculated a posteriori from empirical data collected in a sample of
identical events is very realistic. The outlined probability approach
can fortunately digest both subjective and objective probability distri-
butions simultaneously.
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3.1 Dealing with uncertainty, we face a problem characterized by the
following example: An economist has to forecast a specific variable x (say,
volume of demand). Applying a certain hypothesis (consisting of a sophisti-

cated formalized procedure of projection, sheer guess, or anything in between )

he derives at the time series of "most likely" occurrences of the event

(t = 1,..n). But he has any reason to lack confidence into these figures.

Thus, by modifying the hypothesis (changing some of the numerical assumptions

of the projections, using alternative ones, or just introducing other guesses)

he tries to pin down his feeling of lack of confidence by giving for each year
a'most optimistic" and a "most pessimistic" estimate of the occurrence. Because
of the fact that optimistic and pessimistic are undefined with respect to the
direction of deviation from the most likely occurrence, it is preferable to
replace these terms by "lowest likely" and "highest likely" occurrence, X and £
(t = 1,..n). "Loest likely" and "highest likely" have to be interpreted in

the sense that an occurrence outside this range cannot be excluded logically,

but is regarded as being "highly unlikely". For example, it is expected to

occur in, say, no more than two out of 100 cases. The range between j1x; and
hxgothen is the measure of the lack of confidence of the estimating person

into pxy; that is to say, for each year there is a subjective probability
distribution existing, the mode and the + 3 4 range of which are estimated in
terms of mx,, 1%, and Xy o In graphic presentation, there would be a curve

over time each for 1%y, and BXgs X being somewhere in between the other

two; the distance between 4 dnd™ x. is supposed to grow over time due to
reduced confidence into the more remote future. This is the typical situation
in any forecasting under subjective uncertainty; it appears with respect to
events both of economic and technical nature. If things look less complicated,
then it is just by simplifying assumption, for example, that p,x; or iy " 1%
remain constant over time. The question now is: how can such a judgment,

as represented by these three basic estimates (The H.B.R. article expresses it
identically) be transferred into terms of probability distribution?

3.2 Let us assume, that for a certain period the following estimates
have been made:mx = 130, ¢x = 80, ,x = 150. If I understand the report
correctly, then the following procegure of evaluation has to be applied:

(1) Distribute the wacle range into several subranges of equal width; if three
are chosen, then the first subrange is 80 - 103.3, the second 103.L - 126.6,
the third 126.7 - 150; (2) take the median of each subrange, that is to say,
92.6, 115.9, and 110.2; (3) transform your expectation with respect to just
these three hypothetical occurrences into estimates of probability, the sum
of which has to add up to 1.

33 Nothing is wrong logically with this procedure. However, its
application to reality looks highly artificial. The three basic estimates

of vivid actual meaning to the estimator, representing his appraisal of a
"eontinuum" (which is the very meaning of the basic concept of probability
distribution) have disappeared. Instead, three deliberately looking discrete
hypothetical occurrences are defined which have no recognizable real meaning
and relationship to the original view; the estimator is then asked to express
bis feeling of the likelihood (which is an utterly vague concept in itself)
by allocating relative weights to these three hypothetical occurrences.
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What is even worse is the fact that the most wvaluable piece of information, namely
the "most likely occurrence™ is neglected completely. Logically, it should
appear again in the probability estimates, but its actual representation is
very poor. If the original distribution has a skewness, (that is to say, the
most likely estimate is not just in the center of the range) which one should
expect to happen normally, then there is a strong tendency to lose it completely
during this procedure. This final result will tend to be always a symmetrical
or even rectangular distribution; the example in the annex to Chapter III
demonstrates this outcome involuntarily. Without digging any deeper into the
psychological implications of the procedure, I would conclude that it is a
useless tool, because it spoils the available knowledge and understanding of

the problem and creats artificially a numerical weakness of the final results
which is beyond any control.

3.4 An increase of the number of sub-ranges, aimed at approximating the
original character of the expectation as a "continuum" and, at the same time,
increasing the accuracy of the results, lead to nowhere. The estimator is
hampered by the necessity to estimate the relative probability of 211 alter-
native occurrences simultaneously, and, in addition in figures which add up
exactly to 1. If looking for more than, say, three alternative occurrences
this procedure looks just inconceivable under any realistic circumstances.

3.5 Fortunately, there is no need for this direct transformation into

a probability distribution: an alternative, more realistic method is
gvailable. PERT and CPM have developed a concept of describing the uncertain
estimates of time requirements for specific activities, which uses exactly
these three elements: "most likely", "optimistic" and "pessimistic" time con-
sumptions. (It should be stressed that these are technical estimates, con-
ceptualized by engineers; that is to say, economists and engineers obviously
think the same way with respect to subjective uncertainty.) In these planning
techniques simple formulas have been developed to derive directly reasonable
approximations of x_, (the mean or "erpectation value" of x) and V(x.) (the
variance)by using €h& three elementary estimates: ’

; x x
axt'_th+"lIﬂt+ht 3
6

6(;:1_‘) - W - 1%
6

vix,) = (4 (nct))2

which are then used for the further calculations. Using the figures of the
numerical example, .x, = 125;d(x;) =11.7; V(x;) = 137.
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3.6 The theory leading to these approximations is that of the

"beta distribution" which is certainly discussed extensively in the
literature about OR and PERT and CPM. The PERT method may have its own
deficiencies, but it definitely has the advantage to be based on a more
realistic concept of the nature of uncertain expectations. The whole

argunment against the use of the mode (most likely estimate) and the pessimistic
("conservative") estimates of paragraphs II, 18-28 is logically correct but
looks irrelevant. It is based on just the artificial concept of discrete
alternative outcomes and not on the more realistic of a "continuum"; there-
fore, the approaches, discussed and refused legitimately, can hardly be consi-
dered as serious methodological alternatives.

Lh. As stated in para 3, we face the fact that for each independant variable
we have an expectation value and a variance for each year (the variance
usually growing with remoteness of t from the present point of time). Then
we have to calculate the expectation value of the net benefit, for each

year (in which quite a number of independant variables may be involved)

and the respective variance. And finally we have to add up all the annual
net benefits for the expectation of the capital value of the project, and
have to calculate it's variance. If any correlations are involved, be it
between the independant variables for a certain year or be it over time

for a given variable, then the volume of computation work will easily

reach a fantastic valume because of the covariances,if I understood the
formal presentation correctly. This doubt is exactly the point I want to
make: the reader of average skill in elementary mathematics gets lost

when he tries to face this crucial question. The numerical example does not
help him either. Probably this problem is the reason for simulating the overall
variance, as suggested in the H.B.R. article.

5. - Neglecting all the prior discussed douts in the method of deriving
the parameters of the probability distribution (c.f. para 3} and in the
neglection of the time dimension of all the estimates, (c.f. para 3.1, L),
the numerical example has another deficiency. It is of a rather serious .
nature because any untrained reader tends to understand the approach rather
by looking to the exarple than following through the formal outline. The
deficiency is the fact that all distributions (c.f. page 56) are strictly
syrmetrical; the only exception e, turms out to be a typing error and

should read +10 instead of -20. The mean or expectation value of a symmetri-
cal distribution is(by definition) equal to both the mode and median of the
distribution. Hence no calculation at all is required for achieving the
means, they are just the median of the three given figures for each variable.
This is a somehow dangerous simplification, it could lead the naive reader
to the assumption that such a situation is typical, which is not all the case.
(A extended discussion of the skewness of the distributions, as prevailing
in reality, would add another dimension to the problem of how to transfer
realistically actual estimates into parameters of probability distribution,
c. fo para - ). What is really puzzling are the results of the calcu-
lations on page 58 and the conclusions drawn from them. First of all, it
appears that some errors have slipped into the calculation (which could
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rather be discussed orally). What has to be pointed out here is the

fact, that for logical reasons the first and the third, and the second

and the fourth case have each to provide identical numerical solutions
(which is really the case after eliminating the calculation errors).

That is simply because of the assumed symmetrical nature of the distribu-
tions: any change in the degree of confidence does not change the means

or expectation values of the distributions at all (except in the term =a®
which is influenced in a more complicated way by the uncertainty of n,this is
the reason for the two different solutions). The statement on page 59
consequently is conceptually wrong: If uncertainty were neglected, then the
median expectations would have been chosen, and the result would have been
exactly the same, the conclusion on page 63 is wrong accordingly. (A1l
further calculations should also be checked for correctness; if the figures
of page 58 really prove to be wrong, then the errors will spread all over
the rest of the example)., To sum it up: the example as it stands now, does
not and cannot prove the influence of uncertainty on the mean (expectation
value) of the outcome, with the exception of n.

6. _ I miss the discussion of one of the crucial questions: what is the
actual meaning of a certain variance of an expected (mean) outcome for the
decision-maker? There is only one brief reference to this question on page 62,
which may be clear enough for a scholar in this field, but keeps the average
reader lost. First of all, the introduction of S = ,,, etc. and the whole
rest may be correct but is rather undigestable to him. Secondly, the properties
of the standard of deviation (which is commonly expressed as 4 and not S),
being the square root of the variance, should be discussed explicitly, for
example in terms of altermative deviations from the expectation value and

the respective probabilities. In this context, the diagram on page 105 in

the attached H.B.R. article, showing the accwmlated probabilities over the
scale of all possible outcomes, looks very impressive and should inmediately
be meaningful. This very diagram shows in a nutshell the achievements and

the properties of the probability approach to the decision-making problem.

T. The suggested procedurs (direct ostimation of probabilitiss by considering
only three or two alternative hypothetical outcomes) tends to confuse two
fundamentally different cases of uncertainty. In the first case, (the one
under discussion in the report) we have a subjective "continmuum" of expecta-
tion, distributed around a "most likely" wvalue; the actual occurrence is
expected to fall anywhere into an estimated range, with decreasing likelyhood
departing from the mode. The second case, which is clearly distinguished from
this first one, is the incidence of clearly defined alternative course of
events. To give an example: +there is a subJective probability distribution
of the expectation of the future volume of domestic sales of a certain product
under given pclitical conditions. But the country under consideration may
consider to enter a specific kind of free trade arrangement with its neighbor
country. Then we have clearly distinguished alternative set of well defined
environmental conditions, leading to completely different probability dis-
tribution of sales estimates. With respect to this second kind of uncertainty,
the direct estimate of the subjective probabilities of the incidence of the
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alternatives is a very sensible and realistic concept. The difference

between the two cases is immediately evident, if the final evaluation in the
final decision-making is looked at: nobody would seriously think of merging

the two alternmative course of events, and calculating one mean or expectation
value, but would look definitely to the alternmative outcames and their respective
probabilities and variances.

8. & computarized model of the investment problem is desirable indeed,
but not only for simulating hypothetical outoomes of the venture in order to
obtain a probability distribution. Another advantage would be to run a
"sensitivity analysis" of the problem, (a formally similar but conceptually
different "simulation" approach) as a tool for planning the optimal information
effort. This is indicated somehow on pages 50 and 51 of the report, and more
explicitly, on page 103 of the H.B.R. article. Simplifying somehow, this
approach can be described as follows: (1) The model is formulated algebraically,
i.e. the basic equation for calculating the capital wvalue of the project has
to be spelled out as far as possible, showing explicitly the effect of all the
(estimated) independant variables and parameters; (2) the model is programmed
for the camputers; (3) without any particular effort, a set of very crude
first "guesses™ of the values of all the independant input data is prepared;
(L) the model is run with this first set of expectation values; (5) one after
the other these first crude input data are modified to the "negative" side

by changing them successively by certain controlled percentages or amounts.
The resulting changes in overall outcome tell a striking lesson: they show
clearly which of the input data are the "critical" ones and which are of
minor importance and require no more than just this guess. This could serve
as the key to allocate the limited time or money for the appraisal of a
particular project in such a way that the data exploration is concentrated

on the critical ones, in order to keep the overall uncertainty at a minimum.
Any improvements of information during the whole process can be fed into the
model immediately for continuous adjustment and control.

9. Except from the calculation and conceptual errors discussed in

para 3, the example in the annex to Chapter III reveals several typing errors,
(rather to be discussed orally) which sometimes are quite embarrassing to

the reader. This leads to the suspicion that similar typing errors may have
occurred elsewhere, thus a careful scrutiny of all the formulas is recormended.

10, I have the feeling that the authors had samething impossible in
mind with the report: namely, to satisfy both the scholar in this field,
and the practitioner who has never heard anything before about this topic.

I am afraid, neither will be very happy. The scholar may prefer a more
austere presentation, describing briefly the state of the art, and high-
lighting the shortcomings and indicating future solutions. The practiticner
simply wants to understand the actual achievements of the approach, and how
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it fits to his problems and to his view., If the goal is more towards the
latter, aimed at "converting" him, I would suggest some editing. The form
H.B.R. has developed for that very purpdse is samehow exemplary. For the more
sophisticated reader, specific annexes may be attached. This shortcoming

is especially true with respect to Chapter IV which is definitely too "much"
and too "little" simultaneously. The aim to make understandable and acceptable
the whole concept of integrating uncertainty into procedures of project appraisal
stands for itself and does not require a review of the highly complicated
theory of decision-making under uncertainty, including "dynamic programming."
A simple hint that maximizing the expectation value (in the case of choice
between alternatives) or achieving a positive one (in case of a single yes-no
decision) is a poor criterion, and that uncertainty about achieving the expec-
tation values are another dimension in his overall utility function, would

be enough for any conscientious decision-maker. He has anyhow to find for
himself his "optimum", by means of his very individual "risk preference
function", and nobody can reliewe him from this problem. The position sketched
in this paragraph, is pointed out quite emphatically in paras 1 and 2 of the
Swmary and in para 2 of the Introduction, saying "the primary purpose of this
paper is to present workable procedures of analysis to practicing project
appraisers,"

cc: Messrs. Walstedt
Reutlinger
Schmedtje
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Mr. Jan de Wellle _, June 22, 1967
Shlome Reutlinger S uk}\

¥ Dr. David B, Herts of McKinsey and Company, Inc. (Management
Consultants) visited here briefly with Mr. van der Tak and myself several

days ago in response to an earlier invitation.

2. The topic of our discussion was the simulation technique for
assessing the probability distribution of the returns for an investment,
vhich Dr. Herts has presented in his paper; "Risk Analysis in Capdtal
Investment”, published in the Jamuary/February issue, 196k, of the
Barvard Business Review

L]

3. Since the publication of his paper, Dr. Herts has had occasion
to apply the simulation techmique to the evaluation of a variety of
interesting investment problems. Dr. Herts has stated his willingness
te respend te an invitation to present a seminar discussion about this
topic to interested persoms in the Bank.,

ke Dr. Hertz has alse kindly offered to compute for us with his
program and computer a probability distribution of returns for the
hypothetical project described in my paper.
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’
INFLATION AND MONSTARY EXPCOURE IN LATIN AMERICA TN INVTESTI .7 CEERATICNS
L. In areaz in which economic instlability exis®ts or is lumirer ., the

investments and operations are subject to apecial circumstances trat wsually
are not found in countries relatively rore developed. In oricr to face thosec

‘eircunstances, special tools and zbilities are meeded to avoid substaniial

losses or investments that result in econoric disasters. Thic memorandum tries
to explain the nature of such concitions, some of its affects, and scms of tne
. protective measures that may e taken.

2 There is no panacea for all the ills of such operations. A remecy
that can be desirable in certain geographic areas or for a specific corpany mey
not be adequate in other circumstances. Thus, this paper shouid not be con-
sidered as a practical manual for the rapid and easy solution of precblems that
probably are ver& complex and unrelated.. It onl& will point out soms of the
areas that may require special attention or a great deal of consideration.
Maybe the best recommendation to an investor is that he should assure himself
that any company in which he invests should have a financially highly-gualified
management with experience in solving the problems in any situation of econoric
instability, inflation, or monetary devaluation. -

% The_monetary losses are real losses an& not only losses in the paper
(i.e« socounting lossss). Sometime the wse of inadequate acoouniing sysvens
thaf do not show the losses tend ﬁc hide this; If net assets in the function
‘of any constant value are worth less after devalu#tion, thke investor would have
lost money, as much as if one of the acecounts receivable of the company would
have turned a "bad debt". In many cases, these losses not only reduce the value

“of the investment, but also create serious cash and liquidity probless.
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William L. Elsby
PROJECT CONTROL

1. This memorandum is concerned with aveiding the large
incresses in engineering cost and the delays which ariss on projects bet-
ween the time that detailed engineering is authoriszed and the cempletion
of censtruction.

|

2. I have exsmined several projects comprising mainly heavy civil
and mechanical engineering works ranging in value betwsen $ 3,000,000
and § 60,000,000 and estimate the avoidable losses arising during design

3. A general average of the avoidable loss in projects invelving

mainly civil engineering construction is of the order of 208. The most
unfortunate aspect of this less is not so much the longer term effects of
servicing the capital, as the depletion of funds avallable for immediate
use in development.

k. The losses are mainly due to inadequacies and faults ins
DESIGN FERIOD

(a) definition in detsil ef the operatiomal requirements of the
project. This results in later changes of design - wsually
on a large scale - which disrupt the contraster's construc-
tion procedures. In transportation, pert design is probably
the most susceptible to this fault because of the mmber of
parties involved in the design;

(¥) engimsering detailing of the contract documents with resultent
later disrupticn of the construction procedures;

(e) site investigation before design; and
(4) programming and precessing the work necessary to identify and
detail the facilities required,to obtain legsl and financial

celearances, to carry out site investigation, to prepare eng-
ineering details and to let the comtract.

(a) progremming of work preparation and emecution;

() preparing the form of a periodical Financial Review of the Cen-
tract Frice;

(s) checking of cutstanding and anticipated claimes for imcreased
peyment or extension of timej

(4) the analytical examination of s against the program and
actual costs (imeluding claims) against the originmal priced
- Mlls of Quantities;
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(e) developing in the Consultants' and the Contractor's site
representatives the will and skill to eradicate delay and
additional cost; and

(f) checking the safety of permanent and temporary works as
the work proceeds.

S. It is often argued that these functions are the respemsibility
of the Consultants and the Contractor and should be left to them. This
is not a profitable pelicy becsuse it does mot work, the resson being
that nlf-:lntorut is a major considerstion and self-interest doss not
prompt Censultants and Comtractors to regard the objectives of these func-
tions as pearamount. The method cutlined in the attached Appendix is
th.rot suggested as a first draft of a method of control which could
be prescribed by the Bank for projects during the construction perioed.
I have omitted suggesting methods of control during the design period
for the sake of brevity and clarity; these could be considered separately.

$, I believe that a similar method of control could be devised for
transportation studies.

T. It will be noted that the control does not ensure that trouble
will not arise on any particular project. What it does enswre is that
defects in the quality of supervision will be detected and can be remedied

and that, in an aggregate of projects, the aggregate of troubles will be

(St

Attachment
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1. These Conditions are intended to!
(a) avoid unnecessary delays and increases in cost; and
{b) signal at as early a date as is possible the onset of
additions in cest and delays in construction.
"Engineer"” means the Consultants' home office; "resident-engineer”
means the Engineer's site representative.
EESIDENT ENGINEER
2. The Consultants will provide the Client and the Bank with the ecur-
riculum vitae of their proposed resident engineer amd will offer the Bank
tha opportumity of discussing the contract and its supsrvision with a Partner
of the Consultants and the proposed resident engineer, either in the Consul-
tants' home office or the Bank in Washington as may be agreed.

3. The offer of appointment te the proposed resident engineer will be
subject to the Client's and the Benk's approval.
k. Upon approval of the offer of appointment to the propesed resident

enginger and before the offer is made, he will be shown:

(s) the contract decuments)

(b) a schedule of contract details still te be prepared for works

not fully detailed in the contract documents

(e¢) the unsuccessful tenderers' prices; and

(d) these Conditions.
5. The information described in paragraph L will be discussed batween
~ the Consultants' Partner in charge of the contract and the proposed resident
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engineer and the offer of appointment will be made and accepted on the

understanding that excuses or explanations for engineering inadequacy

of the works, late completion, or excessive cost, however well founded
they may appear, have no monetary value and are therefore useless to the
Client.

It is expected that the Consultants will propose a resident eng-
ineer whose qualifications, kmowledge, experience and salary will be in
keeping with this Condition.

é. Subsequent to this discussion the Consultants will make their
decizion whether or not to offer the appointment to the propesed resident
engineer.
7. Upon the resident engineer's acceptance of the appeintment, the
Consultants will inform the Client and the Bank, stating the salary (in-
cluding fringe benefits) of the appointment.
CONTRACT DETAILS
8. A master copy of the contract details will be maintained in the
resident engineer's office. This will comprise:
(a) the criginal contract document;
(») variation orders serially mumbered, or their equivalent;
(¢) provisional sum and P.C. sum orders serially mmbered, or
their equivalent)
(d) mamufacturers’ drawings and specifications;
(e) temporary works details; and
(£f) any other detail in the form of drewings or ia any other form.
These documents will be maintained so as to form a convenient

. reference to the work to be exscuted and payment to be made im interim

certificates.
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9. A1l instructions from the Consultants to the Contractor will be
copied to the resident engineer.
PROGAAM
10. The resident engineer will collaborate with the Contractor's site
manager in the preparation ef a detalled program of construction, elither in
network or bar chart form. The program will include details of the methods
of construction end plant to be utilised.

The resident engineer will add to the program the time schedules for:

(a) preparing contract details for provisional sum and P.C, sum
works and variations, or their equivalents;

(b) preparing any other details in the form of drewings or inm any
other form; and

(e¢) taking any other action required of ths Client or the Consul-
tants to facilitate execution of the works (e.g., finamcial,
legal or administrative clearances).

PROGHES
. During the courss of the contract the resident engineer will main-
tain progress Wy:

{a) detalled examination with the Contractor's site manager ef preo-
gress plotted against the program and the causes for deviations;

() obtaining close knowledge of the Contractor's works management
directly controlling exscution, and their opimions;

(e) franimess with the Contractor, undevstanding of his problems of
organizsing and exacuting at a competitive price, and extending
every possible assistance of any kind consistent with the con-
tract;
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() keeping to the dates for carrying out action required of him
and doing all im his power to clear action required of the
Client and the Consultants in accordance with the programj
(e) wutilising network analysis and/or method study as and when
their use would be of advantage; and
(£) stromgly resisting the desire to offer the cold comfort of an
axcuse for delay, as an alternative te prevention or remedy.
12. The resident engineer will reccmmend to the Consultants the applica-
tion of the stronger provisions of the comtract (Clause L6 of the Conditions
of Contract (Internmational) or its equivalent) before it is toc late te retrieve
the time lost, but only after he has been able te establish with the Consul-
tants the cause of and remedy for delay.
£osT
13. The Engineer and the resident engineer will maintain on site a
register of outstanding claims from the Contracter for additional payment
or extension of time.

At three-monthly intervals of time the Engineer or the residenmt
engineer will request the Contractor to give motice of any claim met on
record and will confim im writing with the Contractor the latter's reply
to the request,
1k, The Engineer and the resident engineer will prepare a Financial
Review of the Contract price at intervals of time to be decided by the Con-
sultants after consultation with the Bank and the Client. The Financial
Review will includs:

(a) the original Contract price;

(b) adjustments arising due to measured quantities differing from
the billed quantities;

(6) increases or decreases arising due to variations;
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(d) adjustments to the sums entered in the bill of quantities
against provisional sum and P.C. sum items or their equiv-
alents;

(e) increases or decreases arising from escalation clauses)

(£) estimated costs of anticipated future variations;

(g) a list of claims considered valid by the Contracter; and

(k) a list of future claims anticipated by the Engineer and the
resident engineer.

Where the prices entered in the Financial Review have not been
agreed with the Contractor, both the Consultants' and the Contractor's
estimate of cost will be given or stated as mot available.

RARY WORKS

18. The Engineer and the resident emgineer will:

(a) check and record the line and level of pemmanent and temporary
works at regular and reasonable intervals of time during and,
for as long as is necessary, after construction;

(b) check and record at regular and reasonabls intervals of time
that no alterations te permansnt works have been made exsepting
as ordered or agreed in writing by the Engineer or resident eng-
ineer;

(e) check and recerd in writing at regular and reasonable intervals
of time that no alterations have been made to temporary works
witich have been approved by the Consultants in accordance with
the Contract;

(&) check at ressomable intervals of time normally unseen effects
(e.8., soundings for eresion or asceretion))
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(s) econsider in particular hydreulic and seils conditions as the
work proceeds. The resident engineer will record in writing
his opinion on the status of these conditions and any rec-
comendations he may have for any program of investigation or
testing of them; and

(£) arrange special programs for testing and inspection of welding,
piling or other cperations having a direct bearing on safety.

BOUTINE SUPERVISION
16, The resident engineer will provide check lists or programs fer:

(a) inspection and testing not covered by paragraph 15 (£);

(b) the submission by his staff of certificates ¢f imspection
before covered woris, or covered site conditions are built
ins

(c) setting out routines; and

(d) methods and dates of recording information, reporting, phote-
graphing, and obtaining and making routine returns.

QENERAL

17. The Engineer and resident engineer will organise the site staff

to emable local site engineers to be trained in Consultants' site supervis-
ion by partaking in the whole of a resident engineer's functions other than
that of giving instrustions to the Comtracter.

18. The Engineer and/or the resident engineer will make all documents
referred to in these Conditions available to the Bank's representatives dur-
ing their visits to the site and will discuss the implications of the doou~
ments with the Bank's representatives.
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B. Chadenet [B. Chadenet

Projects Department Documents

Purther to our telephone conversation on Monday, I am sending

you the following documents concerning the preparation and appraisal
of projects:

Agricul ture
Project Preparation
Beef Cattle Projects
Credit Mechanism

Education

Criteria for Bank/IDA Financing of Bducation and Training Projects
Brief Guide to Preparation of Education Projects for Presentation
to IERD/IDA
Power
Sumnary of Information Needed for Power Project Appraisals

Telecommunication

Sunmary of Information Needed for Telecommunication Project
Appraisals

Water Works
Questionnaire for Watsr Works Projects
ransportation

Highways
Railways
Porte

BCiemcc
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8. Aldewereld (s“gned) S Kl .

Pesearch on Power Tariffs b

I understand that the Econcuics Department has plans for
rezearch into power tariffs and that the broad {dea at preacunt is
to try to deteraine whether the tariffs which our borrowers set
are 80 structurad as to result in g rcasecably efficient use of
capital resources. A3 you know, the Bank/IGA have vet hitherto
pade any detalled review of tardffs duriun project srpraisals,
The practice of the Fublic Utilities Divizden has teen to draw
to the attenticu of our borrovers any deficliencies cur approisal
teams noted in thelr tariffs and to yecounmend or, in sowe cases,
te require that they ratain consultauts to rveview them, The
renson for tuis approach is that the Ceslondns of a propertavife
is 2 hizhly specizliized and tine consuning task and we tave glvays
censidered that whers there were problems speclalists slhiould be
brouziit in te handla then.

Oa the cther hand 1t hzs alvays besn ny pesition that we
should welceme 2oy research by the Economies Departucnt wbich would enable
us to izmprove the quality of our apperzisals. 1 hope tuevefore that the
Economics and Projects Dapertmenta :1ll be able to determine fointly
whether any work, whick contributey direetly to the efficiency of opera-
ticrs, can be satiefactorily done within the Eank.

I stress that this s a matter on which there should be close
collaboration between the two Dopartrernts siveca I am disturbed te find
that eomne worx has slready been dong in the Icouomics Depariment without
the kncuwledge of aunyeone in tio Projects Department. I would hogpe that
work with such & direct bearing on cur operations weuld not be started
before the Econoumles Depsrtosnt had consulted with the Projects
Pepartment.

c¢: Uessra. Willilanus
Racarck
Chadenet
Knox

ADKnox :owv:imc



Mr. Shlomo Reutlinger April 26, 1967
Bernard Oury

Comments on "Techniques for Project Appraisal under Uncertainty"

You have invited my comments on your draft above referred to.
Although such difficult a subject would require a more thorough examinatien,
I could only glance through the text and I can offer the following comments:

General Comments

1. From a general viewpoint this paper is interesting and you have
couched in simple terms a very difficult problem, narrowing the topic to
mean calculation and variance analysis. The paper may give the impression
of a good summary of elementary statistiecal techniques, although this may
not necessarily be detrimental. The addition of a few concrete cases in
the major fields of Bank astivity could have helped %o give a more pragmatic
orientation to the study (pewer, transportation, agriculture, ...).

2. Investment decisions under uncertainty have been the object of a
large amount of work with the blossoming of many operations research centers
in recent years. Equally important has besn the development of corresponding
computerised techniques and simulation programs. In this regard, it would
give a more “"operational" charascter to the paper if a section could be
devoted to the deseription eof existing tools in sush cooperative-program-
user libraries, as those of IM and CDC far various types of computers.

3. It would have helped considerably if this first draft of the study
had been accompanied by a bibliography of the sources used or books recommended
by the author to supplement this introductery paper. Several new publications
might be useful, such as William Pellner's Probability and t, R.D. Irwin,
Ins., Homewood, Illinois, 1965 and D.M. Lamberton, 4

Basil Hlackwell, Oxford 1965. Rsference should be : work of
Frank H. Enight, Risk, Uncer and 4, Houghton Mifflin €., 1921,
which remsins a most ou analysis in the field. I might

also mention the article of J.N. Ryan and A.0 Garder, "The Measurement of
gzsd.c Risk", in the Southern Econemic Journal, Vel. 31, Wo. 3}, Jamuary

k. Last but not least, we should be aware that the use and abuse of
probability theory to deal with uncertainty in economics has come periodically
under attack and that the controversy is open more than ever.

s. From an organizatienal viewpeint, Chapter IV should perhaps precede
Chapter III and I have mixed feelings about the section going from page 13
through 21 inclusive.
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é. Regarding the utility cencept (p. 78), it is true that the
individual's utility function provides a classical example. However,
Bank lending operations are aimed at social utility rather than individusl
utility. The discussion of the social utility fumction should perhaps
enter the picture. Though most interesting is the Swalm's study (p. 82)
of UB executives, a preper illustration? What would be for instance the
utility function of latin imerican emxecutives? Similarly, the grain
storage example (p. 89) seems to me typical of grain exporting countries
rather than of grain imperting countries.

Specific Comments

Page 5, para 13 I would prefer *,.. inerease in lending fer ous
kinds of agrisultural projects® %o "...agri
and particular kinds of agricultural projects®.

Page 5, para 21 Delete “comprehensive reviews are available elsewhere”.
Give instead a bibliography of a few basic reference
books %0 supplement this introductory review.

Page 2§

para. 5 ¢ In agriculture the additional output ef a commodity i
the product of ths number of additional producing umits
and the sdditional output per umis.

M“.

para. 6 t Bquations (h) 7? explain symbels.

Page L2 t Bgquation 20; why minus sign? It should be plus or minus
or theoretically plus aign, with the possibility that the
sstimate of a might yield a minus sign.

Page 62

]nn.’% t Are additional yields likely to be "timsleas"?

Page 75

p.n.h‘ t "Probablility” or "estimate" of 208 to 29%?

o8 My, H.0. van der Tak



Mr. 8. J. G, BPart April 1k, 1967
Cornelis P. van Dijk

Uncertainty and the Ecomomic Rate of Meturn of a Froject

1. Mr. Agnew's proposal to attach probability coefficients te all
factors determining the Bank's rate of return calculations has much wider
appliecability; it can be applied teo all ocur judgments and has the advantage
of making it clear that these judgments are in fact nothing more than a
choice ocut of a number of alternative possibilities, based on assumptions
which are by no means certainties.

2. Previous studies and discusaions have made it clasar that our pre-
sent knowladge of the economic bemefits of investments in educatiom is such
that the application ef rate-of-return caloulations te education projecte

in its investment policy. 8ince Mr. Agnew's proposal has a
wider significance than the field of cost-benefit amalysis, however, it
will be worthwhile to raise a few questions as ts its gensral relevance.

3. The theory underlying Mr. Agnew's proposal is formally correct but

the uncertainty of correctly judging the probability coefficients (or distri-
bution) which should be attached to the various possible cutcemes of the
different factors. If we are not in a position to judgs the probability dis-
tribution correctly it is diffioult to see how the applicaton ef Mr. Agnew's
proposal can add anything to our kmowledge.

b, The theory of probability is built on the relative frequency idea,
in wvhich the frequency with which reproducible events occur give us a guide
to their happening again im the future (e.g. the toesing of a cein or relling
of dice). Here the probability distribution is simple and not open te rea-
sonabls doubts. In the reality of econemic analysis we are often dealing
with facters which are unique (hsppening in a new situation or reaching val-
ues never attained before), non-reproducible and sometimes ambiguous. Here
the probability that am event will oceur or mot ocour (with all the shades
ef grey between these two extremes) is much more difficult to assess, even
if we had a great deal of statistical information or the judgments of many
specialists. In a great many cases we would simply heve to put our hunches
in. Hsre the basis of eur judgment of the prebability distribution itself
is open to reasonable doubt.

5. The logical thing to do would be to add another dimension to the
exsrcise: +to caloulate the probability that cur judgement of the probabil-
ity distribution is correct. Suppose we had based our judgment about the
probability that event 2 will coccur on the epinion of ‘

now ask whit dhe:pecbability is that the opinion of these specialiaste is
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Wr. 8. J. G. Bart

Our best Judgment would
If the purposs of Mr. Agnew's

ty tat ocur finel ocutcome is correct
proposal is to bring imto the open the many uncertainties surrounding our

times they failed to predict cerrectly
e extended ad infinitum of course,
s our feeling of uncertainty would increase, without leading

r

of
can
» wWith higher probabilities.

best we have, we only feel less sure about i%.
The ¢uostion may be raised whether this exsrcise can add anything

uncertain and of dubiocus value.

i

CPvanDijksrg /

our knowledge or can improve our Judgments.
cct F. Lethem

judgments, would it pot be sufficient to state clearly on which assumptions
these judgments rest, without attaching to these assumptions numerical valuss

which are

$37
mmmwum S8



INTERNATIONAL BANK FOR RECONSTRUCTION AND IEVELOPMENT
OFFICE MEMORANDUM

T0: Mr, Warren C. Baum DATE: April 12, 1967
FROM: iy B il BN

SUBJECT: Comments on J. G. Agnew's Memorandum on
Handling Uncertainty in Project Appraisal

b Mr. Agnew's memorandum of March 13, 1967, on "Uncertainty and
the Economic Rate of Return on a Project" raises an important and
interesting issue. Because our actual procedure in appraising transport
projects is somewhat different from that described in the memorandum, it
may be useful to outline it. The major difference is that we generally
do not make the most probable estimate of costs and benefits but a more
conservative one to allow for risk so that our estimate can be compared
with the opportunity cost of capital, which is also more-or-less riskless.

Zu The most important estimates in the appraisal of transport pro-
jects are the costs of the project, the unit benefits, and the traffic.
The element of uncertainty is now handled as follows for these three
items:

a) In the case of traffic, we do not use the most probable
estimate, but a more conservative figure, - one which we regard as
almost certain and from which most of the risk has been eliminated. Where
the uncertainty is great, we present alternative estimates. We have not
made a systematic review of how our traffic forecasts have turned out in
practice but a sample review indicates that our underestimates substan-
tially exceed overestimates, especially for roads.

b) As for costs, three distinctions should be made, First,
for construction costs of roads, our method was changed in 1964 when we
began to insist on final engineering being more-or-less completed; the
same is true for land acquisition in countries where this presents a
problem. As a result, while our construction cost estimates before 1964
did not allow adequately for risk, they now generally do. In the case of
ports, our estimates have aimed at the most probable cost; we have not
reviewed in detail, however, how actual costs have compared with estimates.
There have been only few railway construction projects. Second, for equip-
ment, we also allow for risk (through contingencies) so that most final
costs have been less than estimated. For many types of equipment, firm
international prices are readily ascertainable so that the margin of error
is relatively small, Finally, it must be kept in mind that the correct-
ness of our cost estimates, in allowing for risk, cannot be measured by
merely comparing final and estimated costs; to the extent that final costs
are higher because of general price increases, it can also be assumed that
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benefits would e highzr. On balance, it world s2zm tisrefore thet our
cost estimates make allowance for risk,

c) The probability of error for estimating unit benefits varies
with the type of benefit. Lower transport costs from paving a gravel
road, reducing distances of travel or replacing steam engines with diesels
can be measured quite precisely and the range of probable error is small;
many of our projects are fortunately of this type. On the other hand,
where we attempt to measure the net value of additional agricultural out-
put, the risk is substantial. We have tried to handle it by making con-
servative assumptions and sometimes by indicating a range.

3. Unless others outside the Bank have already calculated the pro-
bability of error in the types of estimates which we make, the most
meaningful way of making such a calculation would presumably be to review
our past projects and to develop from them the necessary probabilities,
This would be useful only to the extent that we follow in the future the
same methods we did in the past; as indicated above, our method for
estimating road construction costs was changed in 196lL and our methods
for estimating agricultural benefits are also evolving.

k. The overall importance of the issue should also be kept in mind.
In a project showing a rate of return of 16 per cent, an error of 10 per
cent in either traffic, unit benefits or costs (other than from general
price changes) would change the return by one percentage point; in the
quite extreme case that both unit benefits and traffic were overestimated
by 10 per cent while construction costs were underestimated by 10 per cent,
the rate of return would be reduced to 11-12 per cent., This would indi-
cate that a more precise evaluation of risk would be important only for
relatively marginal projects.

Se My general conclusion is that the most promising approach to

the problem of risk in project appraisal is to continue to review our past
projects, as in the case of the Iran roads, the Honduras Western Road,

and the Salvador feeder road study now planned by the Economics Department.
These will give greater insight into the problems of estimating costs and
benefits, including the reasons for errors, After a number of them have
been completed, it would be useful to review whether a consistent pattern
of error can be determined.

HAAdler:ncp
Bank

Cleared with and cc: Messrs. Carmichael, Hardy, Loven
cec: Messrs. Chadenet, Ripman, Bell, Lipkowitz, Agnew

Messrs. Sadove, van der Tak
A11 Transport Economists
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Mr. 8.3.6. Burt April 3, 1967

1. Mr. Agnew's paper appropriately reviews the meaning of the rate

of return as computed by the Bank, that is, aggregate estimated costs
and benefits of & project are calculated for each year of the project’s
life and lead to the computation of the Sternal rate of return.

3. This method does not take account of the varying degrees of uncertaincy
to which the estimates may be subject. However, to improve on the present
practice one should be in & position to estimate the probability
distributions of the various factors. In the case of computing a rate of
return for education, it would fmply escimsting the probabilities of costs
including foregone imcomes by students and the probabilities of benefits
(income differentials).

3. It does not seem logical that the computstion of pyobabilities would add
some measure of increased likeliness in the results of the rate of return

to education. This would only be the case vhen major objections to the
approach will be solved. (Bes C.P. van Dijk: Comments on Mr. Blaug's
Paper).

ce: Mr, van DPijk
Flethem/afw



P+P

Nesers. Mallantine, Baws, Evang snd Enox Hareh 20, 1967
B. Chadeust B. Chadenet
Goeertainty and the Egonomic Aate

of Ssturn of o Prejecs
Pl
et

¥r, Agoew, whom I to review the muteriel which I had been
given last year at { about the effect of risks en imvestments,
has writtea the at paper, witich concentrates on tiw effect of
unsertainties on the sconomie rate of revwin of prejects.

I am sesding you this a8 & "thought provoker.® I balieve
that as our experisnce , as more data about our prejects

i made available, as wve becoms more familiar with quantitative techuiques

and whes o computer is available, we will refine cur determinaticas of the
rates of return of our prejecis.
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FoRm No. 57 INTERNATIONAL DEVELOPMENT INTERNATIONAL BANK FOR INTERNATIONAL FIMNANCE
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORATION

OFHCE MEMORANDUM

. H%gﬂr/'iarrén . Baun DATE: February 7, 1967

TO: Messrse
b

FROM: Ve No Hogg J

SUBJECT: Underestimates of Construction Costs

1. We are concerned about this for various and obvious reasons.
There is a general suspicion of continued over-optimism rélating to
nrospective costs (and benefits) in much of our operations that history
tends to confirm - quite aside from conceptual errors which double-count
or otherwise inflate the optimistic estimates of benefits.

Zon This perennial overontimism is not necessarily or always a
sign of incompetence or dishonesty. In an interesting paper two French
statisticians, apparently, have studied this phenomenon: 1/

R, Giguet and G. Morlat, "The Causes of Systematic Error
in the Cost Estimates of Public ‘Jorks", Annales des ponts
et chaussees, No. 5 (Sept-Oct, 1952), pp. 5L3-62 (trans-
lated by The Rand Corporation T-76, March 2L, 1953).

3 It seems they provide 2 major explanations:-

(1) Cost estimates are usually based on the mosi probable value
of an uncertain outcome, but the mean value of the proba-
bility distribution exceeds the most probable value. The
reason is that there are a large number of independent pos-
sibilities of things "going wrong", and, while each may
have a low probability, some of them are bound to occur.

(2) Because an accidental underestimate increases the like-
lihood of a project's being adopted, there tends to be a
selection bias towards over-optimism.

I, Do you agree we ask Research Files to request a copy of the
| Rand translation for possible circulation among our highway engineers?

1/ Source of information, Water Supply; Hirshleifer, de Haven and Millman,
University of Chicago Press (1960), p. 165.

V.Hogg: gh

\ g Bank
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ForM No. 57

TO:

FROM:

SUBJECT:

ProjeeTe + Shudut

INTERNATIONAL DEVELOPMENT |
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT

OFFICE MEMORANDUM

CORPORATION

Files

H. B. Ripman W},

Enquiry from Mr. Thor

Mr. Thor telephoned me yesterday to enquire whether the Bank
would consider financing an agreement with a consulting firm in a
Scandanavian country which had been entered into with the govern-
ment of a member country (for example in Africa) for which the
African country could not now afford to pay. I told Mr. Thor that
this case had not arisen in our experience and that we would consider
it on its merits if it did arise. I added that of course we only
financed such studies when they were likely to lead to a project

that appeared promising from the point of view of Bank/IDA financing.

c.c.—=Mr., Williams

HBRipman:pgn

INTERNATIONAL BANK FOR I INTERNATIONAL FINANCE

Oypriiad
ool

DATE: January 26, 1967
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My. Cyril Davies August 30, 1966

H. B. R4
med) H. B. Ripman
ts to O.M, 5.01 - "

I attach a suggested amendment to para. 4 of this 0.M. which
would mention the responsibility of IFC for Projeet Appraisal.

I have taken the opportunity to suggest some minor ameundments
in other paras., and attach a list of suggested amendments.

¢.c.~-My, Chadenet

HERipman:pgn



Suggested amendments to 0.M. 5.01
mmm—-—_——

4, Project appraisal is the respomsibility of the Projects Department,
exoapt for industrial, mining and development finance company projects,
for whieh I.F.C. i8 responsible.

11. (last words)

to show what proportion of the total {8 likely to be local currency

and what foreigmn currency.
15. (last sentence)

Income and expenditure accounts wmust be forecast through the period
covered by the financing plan, snd a cash flov must be comstructed to make
sure that the necessary funds will be available when needed. The assumptions
on which these forecasts are based need careful comsideration, and should be
apecified in the appraisal report.

18. (third sentence)

A "take or pay” contract is one where the buyer undertakes to pay a

minimum amount during & period for a given quantity of a product or service

LR B ]

20, Delete "(e.g. an hotel)” from the third sentence.
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Mr, D. 8. Thernten

University of Reading

Department of Agricultural Economics
7 Redlands Road,

Reading
ENGLAND
Dear 8ir:

Thank you for your letter of May 17, 1966. I am happy
to send you, under separate cover, a copy of the four documents on
problems of project appraisal that you asked for.

Yours sincerely,

H. G, van der Tak
Economics Department

HHOvAT 1ame
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O ECONOMIC DEVELOPMENT INSTITUTE M
p OF THE

INTERNATIONAL BANK FOR RECONSTRUCTION AND DEVELOPMENT

Y 1818 H STREET, N.W., WASHINGTON, D. C. 20433

TELEPHONE: — EXECUTIVE 3-6360 CABLE ADDRESS: EDI INTBAFRAD

May 10, 1966

Mr, Arthur Karass .
Director, European Office
International Bank for Reconstrustion
and Development
4 Avenue 4'lena
Paris, France (16e)

Dear Arthuri

Mike Hoffman has asked me to take care of your inquiry of
May 2 regarding some *instructions® for project appraisal which Mr.
Beringer wanted. Please find enclosed a batch of material which we
have used 4h the warious courses of the EDI. The “memoranda" drafted
by a "major internstional financiasl institution" are disguised oper-
ational memoranda of the Bank, The other papers are outlines whish
we have used in the Agrioultural Course, There is nothing secret
about anyone of the papers, but they should not be considered official
IBRD documents, I hope that the papers will be of some use to Mr,
Beringer,

As you probably know, I hope to be in Paris next week to
attend a geeting of the Advisory Committee of the OECD Development
Centre and shall probably pay you a visit on May 18,

With kindest perscnal regards,

8inceraly yours,

John H, Adler
Director

Enclosures

JHA/m\rm

ce: Mr, Hofmn.n/



FoRm No. 57 INTERNATIONAL DEVELOPMENT INTERNATIONAL BANK FOR INTERNATIONAL FINANCE 1
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORATION

TO: Mr. Michael L. Hoffman DATE: May 3, 1966

FROM:  John H. Adler m

SUBJECT: Project Appraisal

™

I refer to your memorandum of April 25, particularly the last para-
graph. But before I get to that, let me say that your memorandum, and
indirectly the report on Malaysia, really deals with the broad quest of
project versus program loans. At the risk of being considered old-
fashioned my sympathies are still heavily on the project side, although
I would define the term in a very liberal way. (For instance, I can
conceive of the loans to India to finance imported inputs for industry
as a fine "“project." I also would use the project label to a road
improvement scheme which consists of a large number of small bits and
pieces along various roads.) I think that the paper on Malaysia re-
flects too much the annoyance of Peter Cargill with the preoccupations
of the Projects Department.

Now as to the concern of the EDI with project evaluation techniques,
I think your impression of what we can possibly accomplish here is some-
what exaggerated. In the General Course which, as you know, has partici-
pants mostly from Ministries of Finance we can do little more than show
them the essential elements of project evaluation techniques and try
to convince them that there is an economic dimension to the project
selection which they should not overlook. 1In the Projects courses we
address ourselves not to Ministries of Finance, but largely to officials
of other Ministries and of development banks. There it would be a
serious mistake to pooh-pooh project evaluation techniques. But we do
not sell them the idea that the most elaborate techniques of project
evaluation are essential to their work. To be sure, we teach them
something about discounted cash flows, cost benefit ratios, the critical
path method and even about shadow prices. But the emphasis is on
balance sheet, profit and loss statements, market studies, cost estim-
ates, etc.---the kind of thing any "generalist" with some accounting,
engineering, or even economic background can understand and apply
without difficulty.

One other relevant point: we are really not concerned with project
evaluation techniques designed to satisfy the requirements of the Bank,
or the JFC. Our concern with foreign financing is incidental. We are
Jjust as much interested in helping them to appraise and select projects
from their countries! internal sources,

I also do not think your concern about our creating a new group of
people in Ministries of Finance who become bottlenecks in the flow of
projects from spending ministries to sources of domestic or foreign
financing is warranted from another point of view. From an organizational
point of view we follow the Waterston line which stresses the importance
of project preparation and evaluation in the originating ministries
or agencies of government.
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HEADQUARTERS:
WASHINGTON 25,D.C.

INTERNATIONAL BANK FOR RECONSTRUCTION AND DEVELOPMENT

CABLE ADDRESS-INTBAFRAD

INTERNATIONAL DEVELOPMENT ASSOCIATION P e, W
CaBLE ADDRESS-INDEVAS g A T
EUROPEAN OFFICE: f‘q, I'
4, AVENUE D'IENA b ¥

PARIS (16%) - FRANCE
TererHoNeE: KLEBeER 25-10

May 2, 1966

Dear Mike, d

Ch. Beringer is an 0.E.C.D. Staff member who is often in close /
cooperation with us. In a letter to me dated April 27, he enquired
whether "there exist recent I.B.E.D. papers containing instructions

for project appraisal, particularly criteria and methods for project\x
selection in the agricultural field."

Ch. Beringer would need the material, on a confidential basis,
for a job he prepares for 0,E.C.D. I would be very grateful for any
assistance you could give me in this matter.

With kind regards.

Sincerely yours,

Q—-\""L\\.)

Arthur Karasz

Mr. Michael L. Hoffman

Associate Director

Development Services Department

International Bank for Reconstruction
and Development

Washington, D.C. 20433
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The present mamorancum sets forth some thoughts on the problams
faeing I.B.R.D. in connsction with projest design and swpervision,

&
and suggests a seriea of studiss Wmt would enabls thoss problems to
be sclved,

The fellowing plan has been adopted:

(1) Project design and supervision, the preblems that it presents for
I.B.R.D, and the types of study that may be considered.

(2) Analysis of the enginsering consultants' services availabls.
(3) Study of the desmnd for the services of aemsy]ting engineers.
(L) Determination of for the eost of

) men m::i—nm or projest

(5) Swmary of results.

#7, K. ¢+ L'ENGINEERING in the orkginal.



In very genarl terms, projest design and supsrvision may
be dafined as the entire range of works and servioss whareby:

-~ preparation is made for the decision %0 wndertals a capital project;
- the tecinical features and cost of that project are declded wponj; and

-~ sagistance 4» provided in the matter of the cholce of the fimm that
is to bs entrusted with the carrying ocut of the werk,

The perscns or bodies performing the said works and services
ldksvise:

- participats in the chelos of the mesans, and of the planming methed,
to bs adopied for the wmxscution of the projest, and

- assums respansibility for the inspection and supsrvision of the worims.

Following this plan, we shall assume that, the decisien to
wdsrtaks the capital projeet having been talsa, the schems has been

drevn up in beead outline. The functions that we simll be
oconsidering are, then, the '
- the out of the final teclmical survey (for exampls, the

survey, as also the taking of seumdings and the labore-
tory work required for that survey);

- the choles of contructor, and somtimes the chofce of tie teclmioal
oquipment (in the esse of an electric power-station), following upon
a study of the technique %0 be employod and of the prices asked);

« ths sanctiening of paymsnt for work carried out, and tiw choloes of thw
mathods to be wsed)

- inspsotion and supervision of ﬁn&ﬁmtmﬁmtbpnj«t.
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the projects that it finances, I.B,R.D. is calld
veory extensive scals from enginesring comsultants,

the most satisfactory pelicy to adopt with regard

raises numerous problems:
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1lds in widch the services of conwulting enginsers are required:

Hore 4t 15 a Question of baing sbls to specify the types of sssistance
that it is desireble, umm,mmuungmu to preyide,
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pus phases of sxmcuticn of the projest, i.e,

preliminary tesifesEstudies, surveys carried out
the work, organisation of the planning process, inspection and supsrvision.

during the progress of




Cheioce of the enginsering offioces capabls of mseting the requiremsuts of IBRD:
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Protless Inta to be eccllacted Studiss to be

ocarried out
Fields and nature of services « DBreshdom of seQuirsmnts in the | inslyeis of Ge
rendered by cumeiiicg engovaie miter of tecisical esrvioss, by mm
' topee of praject and by cowstey. awdlshls
- Orpenisstion and lewal of cmpetence
of fims of consuliing engineem.
» Upit cost of the emgimering services
Chelos of fimm of consulting . rendeved
engiosem,
: - atio betusen engineering works snd of the demand
isprowssnds to later works. ' smginssring services
oy - Orgsnisetion and lewsl of competsnce :
mwu-mumm of the Prajest Numgee.® 4scortedmment of the optimmm
distribution smong the warious
tasks, _mumm

#7,8.3s MITER D'OEINEE in the oxigioal Pmench



spheres of activity, vis.:
- Public Works)

- Agriculture; and

- Industry.

mmmmummdmcmmum
mtmthtmpemuumm, we shall ne '8e 1 vBE

The purpose of this portion of tim study is to inform IBRD of the
organisstionsl structure of, and the metheds empleped by, ﬁ-um
wmm,wemummmuuunv.

will, moreover; mals it possible to deterwine how the services

nmwnd.nu'tz of
the extent to which ratio varies with the scals of the project.

During a preliminary phase of this study it would be necessary to
wmhuumtmmamm&maum



(1) Gollsgiion of dats

Informatli on would be seught from firss of englmeers in their countries
of origin, vis. mxinly:

- The Tnited States and Cansdaj
- Oreat Britaing

a Franee;

-  Genmany;

- Italyp

=  The Bemelux ostmtries; and
-  Japam,

This 1ist could be amsnded to meet the wishes of IBHD,
This survey would have as its purpose the preparation of a
catalogue enumerating the lesding firms of enginseres hy natlienality,
and grouping them according to branch of astivity.

In respeet of each of thess firms we should provide detailsd
information regarding:

-  its intemal oxgenisatiam;

« it special shimre of activity;

-  its lsvel of techmical proficiency)
-  the qualifications of its staff)

- &mumumnu;
- ths references it has to show)

- its scales of charges, by comtry)

= 1its mthods of cbiaining information regarding forthooming projects;

« 4its financial structure (8 special effort would be made to establish
any links that might possibly exist between any of tis firms studied
m&bmuhl.th,mthmmh



- its turmover (u“mwprammmmb

The information ocbtained from engineering cemsultanta?! offices would
momuuummmmtwt. oquipment and periocds
of time are required to carry out sach of the dutiss performmd by eon~
sulting engineers, by type of projeet and by eowmtry.

(2) Analysis of date
W should then have at our disposal sufficient data to allow of

Tie taska taken into oonsideruation when caloulating priees will here
be these whioh are entrusted to one and the sum fim of censulting

engineers in the case of projeats by IBED, vis.t
«  the tecimical survey (ineluding the tasks counected therewith);
- price study; and

w inspection and supervision of the works.

nymmmthmmwmmua engineers we shall be
abls to arrive a$ homogensous results, vhich will bs presented in the form
of showing (for a givan sountry and for a charagteristic typs of
project)the fluctmations escurring in the ratio between ths cost of studies
and the cost of the capltal investasuts, in terms of the over-all value of
timee latter.

We shall thus be able $0 indicate variations in the cost of studiss ef

the same type, depending upon the country concerned. Sush differences are
mainly to be aweribed to two basieslly different reasons:

« physical conditions of woark in the countyy, vis. cost of living, Aiffi.
éultieos ariging from distence, lack of means of eemmmication, ete..

These factors are respansible for the fluotuations in real terms, in the
ﬂltdtblhﬂﬂ;lﬁl"ﬁhlﬂmmmmﬂ“wnhﬂ
cannot be redused.

- thcnﬂﬁmmﬂﬂquthmﬂommmtqdm
comtry eoncesmmed.

A comntry's legislation, system of taxation and the trude agreamsnts
in fores betwesn it and other countries mey result in a situation such
that the engineering offices of one mationality only have becams really
established in that country. Sinoce, in this case, there is no open competie«
timn, no pries-regulating factor is at work,



the warious solutions esplayed to deal with tie probless arising and
their effect on ocoets.

The suwrvey will be conducted mainly in the countriss that recsive assis-
tancs from IBMD, the informstion beding both sought from the Joverrssnts
ef, and from the enterprises @stablished in,
following points will be examined, by cowntry and by sector adepted
for the purposes of the survey:

‘
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office. In point of fact, the more mam.
Mnage:r® iz, the larger the share in such work e hodﬂntohh.

his being #0, tie following questieae egdie t0 be answered:
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« Doss that Addristration itsell oonduot part of the studies and carzy

- on the techmdcal qualifications of te Project Munager] 4f the latter
lacks staff sufficiently quelified to sppreise tiw walue of the shdies
oarried out by the firmm of conmulting englmwers, 4% will be in Lis interests
umammmuanmummmumt-
ever cust,

capable of supervising tis

A/bighly-qualifisd Project~lamager, i.0. onp

carTying out of ths studics, my an the other hand safely mke we o tie
invitatl on-to-tondsr procsdure and choose tie lowest bidder, unless e
bes reasons for not doing so.

wuwmmmum
h-hrth offios a» & public agengyworking under his
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The relewant paints lmwe already been dealt with in the survey of the



~ the country). These detemmine the fruwwork within widch the consulting
! tasks are perforwed, and they Mave been defined onos and for
in the prwesnt clepter. '

(2) T» variabls factorw: periods allowsd for complation and degres of pre-
cision vith viich the surveys have been conducted. Sines tlw perdods
mhummcm_nmm-m

It vill therefore be the purpose of the finsl portion of the pwsent study
::hﬂau:l& ﬂ)- dmm‘ﬂﬁm&ulmmM¢
s glven
?mm“m’ % reduce the total amamt of thess oosta
&

Ist us tals the case of a road. We simll suppose that a contract has
hmmmﬂldtwthw!k, following upen the issus of an invitation to
e

The oonsultants® office may possibly perform the following tasks:
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s had they not been dissovered, would have

) that can sasily be avcided by modifying the layout
rease in the cost of the works.

orrespand $0 the discovery of phencssna (s strip of rocky

A Cost of the works

base our argumsmt on the probable ccst
ts. The
the technical survey will therefore have
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Cost of the tsclnical survey

An an indication, the ealoulation could be made in the following mannere

(1) Mmumctthw_wtdthpmnmjma Toa
given cost of ts preliminary schems thwre an aptimm
sont-figue for the whole of the other works falling within the
umdthurdmn&ndkmﬂl: enginsers, such as to
ensure that ths over-all investment is ept as

Mundbh.mhmam of this sindiemm roquires an
m«ww:mmm. m#ﬂn
survays., The Lor the schume oorrespands
to ties lowast paint shom by the sdnimum ourve.

Prices "_:. o Minimm investment curve
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(3) Amalysis of results: Taking the foregeing caloulation as a stariing
point, it is possibles to determdne, Ly sector and by soustry, the

optimm ratioss

- & better mowladge of tis consulting engineers' cffices in existance
throughout the World, as also ofctiwir organisational struscture ard
methods

-ammwwmhtuwmcpoudomﬂuﬁ
prevailing in the wmricus comtries and branches of aetivity)

- & methed of determining the specific cost-figure that requires to
be earmazied for enginsering study purposes, in order that the over-all
cost of ke capital investmant is kept to a mindwoms

- forecasts of the probabls developmsnt of enginsering design, as the
weult of the use of mowe modemn techniques, and of the increasing
technical competence of adsinistrations.

On the basis of the abowe-mentioned data, IBRD will also be abls to
determine pracisely tmﬁmotlhmtttmmm
enginsering studiss

We have attampted to describe some means of solving the problems
but the preliminary schems we lawe submitted should be
as a basis for discwssion rather than as a definits proposal. From this






- investign the problesw arising for IBRD £ the increasing wadn
atﬂuamd’mmmg o w

- preposing a in order of prierity, of the probless to be studied,
such & sypported by reasons %0 justify 1t) and

- suggesting the stuiles required for the solution of those preblems, s
detailed description being given of tis methods that wanld be employed.

They would study, among other thinge:

= the methods normlly employed for placing contracts with fimms of enginsering
consultante)

- the exapt dutiss perfaxmed by the comsultants, i.e. a precise dafinition
mum:ltznum(hm mm:’tm
consultants purchase plant and equipment for the Pregect Managers?)

ST S T T PR
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any aif
vision, and their effect on the total cost of the works.

IWMMM“Q.MWNdmhm
on data being combined into a report that would
:.drmwrwthmmdmu f11llest extent pessible,

ths
The report would then be submitted to IBRD and, after its conclusions
had been digcussed, a definitive programms of work, pessibly ccosisting of

PLAN SUGGESTED
P.
o B va S i week B O wesk
Enginesr No., 1 kmmﬂthnm Writing of the report I
Study of files Preparation of a pro~ |
l ! grame of work
Engineer No. 2 . " . " on
of the
report and
of the pro-
Director of studies gramms of
vork
OF THE STUDY
wl‘ ] ss du' at ﬂ% per w ssecReNBenseRERe ¥ B.m
IBrector of
m $ s m lt n’m m w  FET R T AR RN Y ] 7.550
TOTAL BLZ0

The above-msntionsd améunt includes neither the cost of travel nor living
EXPANERS .
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MAR 16 .t
WBG ARCHIVES

EC/0/66 - 9
January 2%,71966

MEMORANDUM

Project Evaluation

1. The attached memorandum "A Proposal for Strengthening the
Role of the IBRD in the Field of Project Evaluation", by Arnold
C. Harberger, which Mr. Adler referred to at last week's meeting
of the Committee, 1s distributed for information.

2. The memorandum may be discussed at a future meeting of the
Committee,

C. ¥, Owen

Secretary
Attachment

DISTRIBUTION

Messsrs. Friedman Bell Maiss
Kamarck Fdelman McDiarmid
Adler (J.H.) Gilmartin Sadove
Avramovic King (B.B.) Thompson
Rist Larssn Weiner

de Vries Lipkowitz Wright




