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FOREWORD

I would like to explain why the World Bank Group does research work,
and why it publishes it. We feel an obligation to look beyond the projects we
help to finance toward the whole resource allocation of an economy, and the
effectiveness of the use of those resources. Our major concern, in dealings
with member countries, is that all scarce resources, including capital, skilled
labor, enterprise and know-how, should be used to their best advantage, We
want to see policies that encourage appropriate increases in the supply of sav-
~ings, ‘whether domestic or international. Finally, we are required by our
Articles, as well as by inclination, to use objective economic criteria in all our
judgments, .

These are our preoccupations, and these, one way or another, are the subjects
of most of our research work. Clearly, they are also the proper concern of any-
one who is interested in promoting development, and so we seck to make our
research papers widely available, In doing so, we have to take the risk of being -
misunderstood. Although these studies are published by the Bank, th2 views -
expsessed and the methods explored should nat necessarily be considered to

represent the Bank’s views or policies. Rather they are offered as a modest con-; -

tribution to the great discussion on how to advance the economic development
of the underdeveloped world.

RoBERT S. McNaMAarA
President
International Bank for
Reconstruction and Development
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PREFACE

This paper is part of a continuing effort in the Bank to find ways to tackle

the problem of uncertainty. It relates primarily to work in the T'ransportation
and Public Utilities Projects Departments; part of it was prepared while the
- author was on a temporary assignment in the Economics Department.
The reader is probably already familiar with Shlomo Reutlinger's recent
 paper, Techniques for Project Appraisal under Uncertainty (World Bank
Staff Occasional Paper No. 10). A deliberate effort has been made to focus
this neiv paper on particular problems arising in Projects Departments’ work.
If the attempt has been successful, it is only because of the wholehearted partic-
ipation of a great many staff members of the Projects Departments. This
participation has sometimes taken the form of reasoned skepticism rather than
immediate acceptance, but the challenge of the former has proved at least as
useful as the encouragement of the latter. _

It would take too long to mention by name all those who contribuzed to this
paper. Special mention is deserved, however, by Messrs, Aldewereld, Chadenet
and Baum for their full support in this enterprise, Mr. Jaycox for taking the
initiative of using risk analysis in the appraisal of three of the four projects
- which constitute the basis of this paper, Messrs. Higginbottom, Jones, Scoffier .
and Soges for their sustained assistance in solving the problems of evaluating
probability distributions and correlations, Mrs. Comer for her patience and
efficiency in’ carrying out all the computer programming work, and Miss Snell,

Miss Maguire and M r. Latimer for editing the final drafts.

Axprew M. Kanarck
Director
Economics Department
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INTRODUCTION

‘I'he material in this paper is drawn from the results of about a year's experi-
mentation with risk analysis; conclusions, therefore, can only be tentative at
this stage. The purvose of the paper is threefold. First, it describes for the
general reader three case studices in the use of risk analysis in project appraisal
which serve to illustrate different aspects of the practical problem. Secondly,
it discusses ad illustrates a number of methodological problems. Thirdly, it
makes some general observazions on the usciulness of the approach.

"The subject is iutroduced in general terms in Chapter 11. The methodology
is explained in Chapter 111, a case study of the Bank Group's earliest analysis,
the Port of Mogadiscio project. Chapter IV outlines the economic appraisal of
a T'anzanian section of the T'anzam highway in order to show how the prab-
ability analysis fits the framework and also describes how the same analysis
was used to resolve a technical problem. The benefits from disaggregation are
shown in the rather special case presented by the Great East Road pre-project
stdy in Chagter V.

In the secand part of the paper somce of the problems met in the analysis are
explored in morc detail. Chapter V1 is devoted to the correlation problem.
The techniques .used in obtaining probability distribution judgments from
technical experts are described in Chapter VII. Chapter VITI' comments jon
the time and money costs of computer use implied by the methods described,
while Chapter 1X discusses questions of sample size and other statistical ques-
tions, Chapter X summarizes four ways in which risk analysis is thought to be
especially useful, and the general advantages of the method. with a repeated
warning about the correlation problem. '




I

RISK ANALYSIS
AND THE SIMULATION AFPPROACH

Risk analysis is essentially a method of dealing with the problem of un-
certainty. Uncertainty usually affects most of the variables which we combine
to obtain a cost estimate, an economic rate of return or net present value, a
financial return, or any of the other indicators which may be used to evaluate
a project. Sometimes we deal with this uncertainty by combining values for
all input variables, choscn in such a way that they yield a conservative estimate
for the result of the analysis. In other cases we may select the best estimate
value, that is, the value which we think is most likely to be achieved. Both
these solutions imply a decision: the first to look at the project with a con-
.-avative eye, the second, to disregard the consequences of any variation around
‘the best estimate value. Both can lead to biased decisions. For example, if we
‘combine only conscrvative estimates of our variables, our final result is likely
to be “overconservative.” On the other hand, by using only best estimate
values we fail to take into account that other values of the variables we com-
bine might result in substantial variations in the final estimate ; thus, by basing
our decision on a single value of the decision variable, we may be taking more
risk than we intend.

The purpose of risk analysis is to eliminate the need for restricting oue’s
judgment to a single optimistic, pessimistic, or “best” evaluation, by carrying
throughout the analysis a complete judgment on the possible range of each
variable and on the likelihood of each value within this range. At each step
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of the analysis these judgments are combined at the same time as the variables.
themseives are combined. As a result, the product of the analysis is not just
a single value of the decision variable, but a judgment on the possible range of
the decision variable around this value, and a judgment on the likelihood of
cach value within this range.

Thewe judgments take the form of probability distr: butions. That i is to say,
cach possible value of each variable is associated with a number between 0 and
1, sucl: that for each variable the sum of all these numbers, or probabilities,
is equzl to 1. These probabilities, which are called subjective probabilities be-
cause they represent some degree of subjective judgment,' follow all the rules
of tralitional probability theory. From a mathematical point of view, risk
analysis, therefore; consists of aggregating probabilities. Qf the various ways
in whch this can be done, the only one we refer to in this paper, and the
one which seems best fitted to risk analysis, is the Monte Carlo simulation
tachnique.

T'he idea underlying the Monte C:lrlo tcchmquc is simple. When we say
that 2 project has a 30 percent chance of earning a 10 percent return, we mean
that .f we had a great number of similar projects we would expect about
30 percent of them to earn a 10 percent return. Conversely, if we had a great
numler of projects and if 30 percent of them carn a 10 percent return, we
coul¢ say that the probability of a 10 percent return is 30 percent. Hence the
simplest application of the Monte Carlo technique is to build a great number
of p-ojects with the characteristics of the one we are interested in, and see
how man_ of them earn 10 percent, {5 percent, 20 percent, ctc. In practice,
the value of each of the uncertain variables is chosen by rardom selection, and
the rate of return or some other decision variable is computed for the project
defined by these values. The process is repeated many times and the results
are statistically analyzed. The only difficulty is in making sure that the distri-
bution of the values of each of the input variables, as it ‘emerges from the
random sclection, is consistent with the distribution for that variable chosen
for the analysis.* The technique will become clearer after description of the
Mogadiscio and the Tanzam highway cases. '

1 All “subjective” judgments that we are likely to obtain from experts are based on
some sort of “objective” experience. For example, usually the past record of similar
events leads the expert to attach more importance 10 one outcome than to another.

2*The reader may wish to refer ta James W. Butler, “Machine Sampling from
Given’ Probability Distributions,” Symposium on Monte Carlo Me:hods (John Wiley &
Sons, Inc.) 1936.
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THE PORT OF MOGADISCIO:
A CASE STUDY

‘The risk analysis used to appraise this project was the first to be undertaken
in the IBRD. Initially, a ~onventional cost-bcneﬁf analysis was used to appraise
the project. A Bank appraisal mission consisting of an engincer, a financial
analyst and an cconomist, in 1967 visited. the existing lighterage port at
Mogadiscio, Somalia, which the project would have replaced with a two-berth,
deep-water port. But the conventional analysis, based on information the mis-

" sion gathered and on a consultant’s report, ran into serious difficulties in its
effort to assess the economic justification of the project using best cstimates of
the variables. A sensitivity analysis, undertaken at this stage to pinpoint the
most crucial clements of the project, narrowed the sources of uacertainty to
seven variables. It was then decided that a risk analysis using probability distri-
butions would be a uscful tool to deal with these uncertainties, though such a
risk analysis had not been undertaken before in the Bank and had not been
anticipated at the time of the mission’s visit to Somalia. The Bank might nowa-
days carry out this risk analysis slightly differently, but the general approach is
thought to be correct and the later modifications would not change the dccmon
about the economic justification.

The Project’s Background

The project included the construction of a breakwater, two berths, two
transit sheds, storage area and office accommodations. No dredging was neces-

4




sary since natural depth existed in the approach from the sea as well as at the
site of the two proposed berths.

Traffic through the existing lighterage port of Mogadiscio for the period
1964 10 1966 averaged about 125,000 tons per year, It was expected that, in
addition to generating some traffic, the construction of the new port would
result in the diversion of about 835,000 tons per year of bananas which were
exported through the port of Merca, about 50 miles south of Mogadiscio,

Fconomic Justification

‘T'he cost-benefit analysis takes into consideration, on the cost tide, the capital
cost of the project and, on the benefit side, three types of projected savings: (a)
savings in cargo handling cost, (b) savings in reduction of damages, (c) sav-
ings in ship turnaround time. These savings are applied to the projections of
future traffic, broken down into the normal growth of trafic that might be
expected withouc the ‘port, generated traffic, and diverted traffic (see below).
T'he result of the analysis is an internal rate of return over the zverage life of
the assets, '

Cost of the project

The cost of the project has been estimated at $14.6 million. A cost break-
down is roughly as follows:

Breakwater 43 percent
Berth and storage area 25 percent
Engineering fees 8 percent
Auxiliary works 24 percent

The major single item is the breakwater. Among the auxiliary wo-ks, the
biggest single item represents only 3 percent of the total cost.

Existing composition and the uncertain trends of traffic

Traffic through the port of Mogadiscio consisted primarily of imgorted
goods and ‘materials. Imports constituted, on the average, about 75 percent of
total traffic at Mogadiscio, and the port handled over 45 percent o1 the
country's total imports. There was no large bulk traffic through the port. The
largest single category of import traffc was cereal grains, which: usually ac-
counted for about 25 percent of total imports. Otherwise import traffic con-
sisted of small consignments of manufactured goods, machinery and raw
materials. For export, the main commodity handled during the previous six
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years had been charcoal, which until 1966 accounted for about 75 percent of
total exports. "T'he only other exports of individual importance were live ani-
mals, skins and hides. “I'raffic through the lighterage port at Merca, south of
Mogadiscio, vonsisted almost entirely of bananas for export.

Dry cargo traffic through the port of Mogadiscio increased rapidly and .
fairly steadily from about 102,000 tons in 1960 to nearly 164,000 tons in
1965, at an annual rate of 10 percent, But in 1960, total traffic fell to 110,000
tons, almost to the 1960-61 level. “Irathic since 1960 has been affected by a
number of factors. The main reason why import tonnage doubled beiween
1960 and 1965 was the rapid growth of the population and of construction
activities in the city of Mogadisclo during its first years as the capital of the
United Republic, In 1964 and 1965, imports increased considerably due to
speculation against the imposition of strict. import ltcensing to improve the
balance of payments; Another {astor in 1965 was a severe drought in 1904-65
which caused food grain imports to double. In 1966 imports fell from 126,000
tons to 83,000 tons, as import restrictions were imposed and as inventories built
up in 1964-65 were run down, lmports through Merca were small; they
increased from about 5,500 tons to about 8,000 tons over six vears, or at an
average rate ()f 5 p(‘r':cnt per annum. '

T'he export tonnages handled have varied from year to year with the fluctua-
tions of the charcoal trade, which the Government had been attempting to end
in order to retard land erosion. In June 1967 trade in charcoal was made
illegal, A comparison of average export tonnages (excluding ‘charcoal) of the
period 1964-1966 with the 1960-1966 average indicated a growth rate of
nearly 7 perceat per annum for the six vears. I™he export of bananas through
Merca increased from about 49,000 tans in 1960 to about 62,000 tons in 1964
and remainéd at about this level during 1965 and 1966. The growth of banana
export tonnage over the siv vears had been about 4.5 percent per annum, but
the tonnage growth rate understated trade in bananas because improved pack-
ing techniques had reduced shipping by about 12 percent.

Future traffic projcctions

Normal Traffic.. "I'hé foresecable long-term need for restrictions on imports
and a probable slowdown of cconomic growth in the Mogadiscio area implied
moderate “best estimates” of future fmport traffic. Imports were projected
to grow at a rate of 3.5 percent per annum from a base of 106,000 tons, the
average of import tonnages over the 1964-1966 periad. Exports of live
animals, hides and skins should continue to grow fairly rapidly but at a much
slower rate than in recent vears, because these exports had already been ex-
panded considerably and further increases were likely to be more difficult.




Export tonnages (excluding charcoal) were projected to grow at the rate of
6 percent per annum from the 1964-1966 average.

Generated Traffic. In view of the large unit savings to be achieved by
constructing a deepwater port at Mogadiscio, a large proportion .of which

could be passed an to the Somalian consumer and producer, considerable ex-
" port and import traflic should be generated by the proposed project. Taking
price clasticity of demand for this traffic as .08, generated trathe was estimated-
at 10,000 tons per annum by the third year of operations of the new port, in-
creasing thereafter at the average growth rate indicated above for normal
traffic.

Diverted Traffic. Once the new port was in aperation, the banana exports
and small import tonnages passing through Merca would be diverted to
Mogadiscio. The banana production potential of the Genale/Scialambot area

~in the Merca hinterland, estimated at 100,000 tons, was to be realized within
five years, according to current plans. The plan, however, was probabiy overly
optimistic. The banana industry appeared to have a fairly bright future, but
there were marketing problems which had nat been met because of protection
in the Ttalian market. Therefore it was assumed that banana exports would
build up from the 1964-1966 average level of 61,000 tons to about 85,000 tons
aver the ten-year period 1967-1976.

S nt'i ngs

Table 1 shows a year-by-vear breakdown of the benefits from 1972 to 19/8
based on the best estimate of each variable.

TABLE 1: Port of Mogadiscio: Estimated Bencfits on the Basis of the Best
Estimate of All the Variables

eg 000, 1967 prices)

Type of Benefits 1972 1973 1974 1975 1976 1977 1978

Reduction in general :
cargo handling costs  296.4  308.4 320.8.  333.8 347.3 361.5 375.9
Reduction in diverted . )
traffic handling costs 135.6 145.2 154.1 163.4 1n8.6 170.3 170.7
Reduction of physical '

damage to cargo 656.0 678.7 704.7 735.0 761.5 790.0 820.2
Reduction in ship .

turnarourd time 532.7 552.6 572.5 $91.3 n09.3 629.0 641.7
Savings from gener- :

ated trathic 18.5 37.0 46,2 50.7 55,1 59.6 61.0

1,640.2 1,721.9 1,798.3 1,874.2 1,941.8 2,010.4 2,069.5




Savings in Cergo Handiing Cost.  Lighterage is a rather ineflicient opera-
_tion since it requires double handling of the cargo. In addition, the transship-
ment between ship and lighter is hampered by the movements of ‘both the ship -
and the lighter and is, therefore, much slower than leading or unloading on
a protected quay. For the existing lighterage port the cargo handling costs—
divided into a fixed and a variable component—were taken at their actual
value after some adjustments to eliminate costs resulting from redundant labor
and faulty work methods. For the proposed port fixed and variable costs were
computed from their components, which are essentially;

—for the variable costs: the nummber of men and the productivity of these
men, i.c., the number of tons they can handle in an hour; ‘

—for the fixed costs: the costs of maintenance (labor and materials),
administrative staff and staff in warchouses and transit sheds,

Reduction in Damages.  In the lighterage port, the necessity of handling
the cargo wwice, including one time at sea, means not only higher costs but high
damages. Benefits resulting from a reduction of these damages have been
computed on the basis of the proportion () of the forecast tonnage (71°)
which is expected to be saved through easicr handling and of the vilue (/7.) of
an average ton of cargo. Therefore, the resulting saving (Sp,) is given by

Spb=P xRV . XT

Savings in Ship Turnaround Time. Savings were expected in ship turn-
around time because the higher productivity of labor anticipated in the new
port implied faster loading and unloading and less ship time in port per ton of
cargo. The savings formula essentially compares the observed number of ship-
days required to move a given tonnage (T) of cargo of cach type (general
cargo, bananas) in the existing port, with the ship-days estimated to be required
under the improved conditions to move the same tonnage, less an allowance for
waitingz time. The savings in ship-days are then put into monetary terms by
multiplying them by the value of a ship working day (J7,). The savings in
turnaround time (S7) for tonnage T is:

| T T . !
where Py is the tonnage loaded or unloaded per ship per day, observed in exist-
ing conditions, P, is the estimated cargo handling rate per Lour under the
changed conditions and H 1s the number of hours to be worked per day. The

1 Simplied formula.




estimate of rurnaround time derived from handling capacity has to be adjusted
for the expectation that some ships may have to wait. A simple Poisson queuing
model gave this waiting time (//7) as a function of the total tonnage. The
waiting tiie has then been allotted to each type of trnﬁic proportionally to thc
share of this trathic in the overall trafhic.

Projected savings in all three categories were considered functions of the
traftic handled through the port, which was estimated year by yvear from the
projected zrowth rates described earlier. The trafhe demand was assumed to
be linear and consequently unit savings for generated traffic were taken as one
half of the umit savings for normal traffic. In the case of diverted traffic the
benefits have been reduced by the cost of an increase of about 25 miles in the
land transport of bananas. The trafhic taken for the computation of the benefits
is the real traffic in the port up to the time when the cconomic capacity of the
two berths will be reached. Thereafter all benefits stay constant except those
resubting from a sudden reduction in ship turnaround time? followed by a
_progressyve inerease arain in ship waiting time. The economic capacity of the
two berths wvas computed separately, using the queuing model referred to
above.¥ '

Shortcomings of the Analysis

We did not feel much confidence in our results. To arrive at the final 12.2
percent economic rate of return, we had used best estimates for each variable,
but on some occasions, we had been obliged to resort to awkward ways of
finding them (combining notions of both the mean and the mode, for ex-
ample). Furthermore, the rate of return was based on highly uncertain data,
and was interpreted under some rather optimistic assumptions about the
variables, )

On the traffic side, for example, the difficulties of accurately predicting
traffic growth have already been indicated, even without taking into considera-
tion the closure of the Suwez Canal. Traffic in cereals, the major import
commodity, fhictuated with the success of competing internalcrops and with

21t was assumed that a third berth would be brought into oper:mnn as soon as the
cconomic ¢apacily of the two existing ones was reached.

3 Since a detailed description of the financial analysis of this praoject would not add
very much 10 the case, this part of our work will be described anly briefly. On the basis
of projected traffie, the operating revenues, resulting from a given system of port charges
(different for imports and exports) were estimated. By comparing these revenues with
investmeént cost and operating expenses the rate of return was computed over the 40 vear
life of the pinject. Thix gave, with linear depreciation, the financial return on net fixed
assets for the § years following the construction of the project. In addition; the converse
problem was wlved to determine a system of charges which would yield a 6 percent
financial return over the life of the assets.




the weather, and therefore was difhicult o forecast. Developments in other im-
port trathc depended on regional development, which had shown nao clear trend.
T'ratfic in charcoal, the major export commodity, was ruled out by law, and it
was hard to guess to what extent it would be replaced by increased livestock
trade. Bananas, which could constitute about ane-third of the trathe of the new
port, might not be diverted, or they might not be able to compete when Lealy’s
preferential treatment was abolished under the rules of the I'reaty of Rome
ard thus might disappear as an export =ltogether.

Nor could the cost of the project be precisely estimated. The costing of the
most expensive single item, the breakwater, was the most uncertain, "The usual
uncertzinty about the quantity of construction material required was increased
by uncertainty about contingency allowance for storm losses (the quantity of .
materials Jost during construction becanse of rough seas). On the price side,
the lack of detailed analysis on rock availability reduced the estimate of the
unit cost of rock to a guess. '

The number and nature of these and countless other project uncertainries
are not new te anyone acquainted with project appraisal. It is therefore only
necessary to add that the productivity of labor in African ports varies from
about 5 to 12 tons per gang-hour, that we were not very sure of the value of
an average ton of cargo nor of the value of a ship working day, and that our
hypothesis on the reduction in cargo damage was m:ulc without much rclmble
data support.

Sensitivity A nalysis

"The conventional analysis had failed to give a satisfactory result using single
best estimates. T'he most natural way to deal with this sitvation was to make
a sensitivity analysis, in other words, to sce what would happen if other values
of the input data were substituted. Using the most unfavorable estimat= for
each variable, we obtiined a 2 percent rate of return. which confirmed our
suspicion that the project was risky. But how risky > Again, a natural approach
to this question was to try to find out which variables were principally respon-
sible for the variations of the rate of return.

For this purpose we examined each one of the 27 uncertain variables which
appeared in our rate of return computations. \We varied them. one at a time,
holding all other variables at their best estimate value. We found the variation
of the rate of return as the best estirs te of each variable was replaced by the
maximum ‘value, the minitmium value, and a value 10 percent above the best
estimate. Table 2 shows the results we obtained for the economic rate of |
return. On the basis of this :able, and a similar one for the financial rate of
retarn, it appeared that the performance of the project was essentially ex-
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plained by seven variables: (1) cost of the project, (2) productivity of labor,
(3) value of an average ton of cargo, (4) percentage of the tonnage which
would be saved through reduction in damages, (5) rate of growth of imports,
(6) valuc of a ship working day, and (7) the life of the assets.

Above, it was explained that in this analysis we varied only one variable at
a time. However, we made exceptions to this rule in the case of variables
whose variation would, in the real world, very probably be correlated. For
example, when we varied the procductivity of a general cargo gang, we varied
at_the same time the productivity of a banana gang. T'hese two variables both
depend on the cthiciency of the organization of the new port, and on hew
efficient port operators the Somalis will turo out to be. T'herefore, they are
likely to be correlated. ‘T'licre is no reason, however, why their variations
should be completely interdependent since, for example, the productivity of
the general cargo gang also depends on the degree of unitization of the cargo,
a factor which is unlikely to affect the productivity of the banana gang. In
assuming, as we did, that the var.ations of these two variables were fully
correlated we may have somewhat overestimated the sensitivity of the final
result to the productnlty of labor.

We used a more rigorous way of handling correlation in estimates of the
number of persons required in the various operatiens of the port. ‘I'he estimates
of the nuinber of men in gangs, transit sheds, warchouses, etc., are subject to
uncertainty not only as to the exact numbers of men required to operate the
port in the most cfficient way, but also as to the Port Authority’s efficiency
in-eliminating the redundant labor presently employed in the port. The first
uncertainty is likely to affect the variables inde endently of one another since
overestimation of the number of men needed in a banana gang needs not neces-
sarily imply overestimation of the n-mber of men needed in a transit shed.
The sccond uncertainty, on the contrary, is likely to affect all the variables
in the same direction. If the Port Authority does not manage to eliminate
redundant personnel, it is likely that this personnel will be distributed among
the various services of the port and so increase the cost of all of them.

We resolved this difficulty by creating an artificial variable, which we called
“unnccessary staff.” and which represents all redundant labor in the port.
Then, rather than testing the semsitivity of the-actual number of persons
presently employed “in each of the various services of the port, we tested

. separately the sensitivity of the thearetically most efficient number of persens
required in cach one of these services and the sensitivity of all unnecessary
staff for the whole port. In sum, we tried 1o test the importance not so niuch
of a variable per se, but rather of various sources of uncertzinty.

4 The probiem of carrelation is discussed further in Chapter VI
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[f, instead of isolating seven major sources of uncertainty, we had isolated
only one, or eventually two, our task would have been completed. We could
have concluded that if this determining variable were, say, less than a given
value a, the project was very likely to be justified, and that if it were more
than a, the project was very likely not to be justified. A\ simple evaluation of
the likelihood that this variable was less than a would have been enough to
give us an idea of the riskiness of the project. With two variables, our judg-
ment would have been more ditheult to put in words, We might, however, have
been able to illustrate it with the help of a graph showing the limits within
which the project would be justified.

But with seven variables, such a task is impossible. One can find an infinity
of combinations of the variables for which the project is justified, and an
infinity of combinations for which it 1s not. Ironically, the more combinations
of variables one tries, the less clear the picture of the project beconies. The
only way tu obtain an overall, synthetic picture of the project is to proceed
with a probability analysis,

Probability A nalysis

The first step of this risk analysis is to assign to cach variable a probability
distribution. Since we had found out that the variation of the rate of return
was essentially explained by the variations of seven variables, we limited our
analysis to these seven variables. The distributions were based essentially on
subjective judgment. This did not raise any difficulty in practice.and did not
take much time, since we had limited ourselves to a small number of variables.
- "The distributions we obtained are shown in Figure 1. They were obtained in
essentially two ways.

The three normal distributions that we adopted for the value of a ship
working day, the value of an average ton of cargo, and the percentage reduc-
tion in damages. and the chi-square distribution that we used for the cost of
the project are wie result of an approach which could be compared to the
portrait mcthod used 1o identify suspects. On the basis of limited information
a portrait is drawn and subsequently modified until the informant is satisfied
with it. Similarly, on the basis of limited information obtained from the ap-
praiser, we chose among classical probability distributions one ‘which seemed
to fit the case. We drew it, indicated the corresponding probabilities for vari-
ous intervals, and went back to the appraiser. He decided whether it was too
skewed or whether an interval had too high a probability. and on the basis of
this new information we madified it. \We repeated this process until the ap-
praiser was satisfied with the distribution.

The distributions we used for the life of the assets, the growth rate of im-
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. Figure 1. Probability Distributions Used in the Simulation of Mogadiscio Port Project

ports and the productivity of labor, which we have called step rectangular
distributions, were obtained with the scmewhat more active participation of
the appraiser. Let us take for example the case of the productivity of labor.
The steps by which the appraisal team set up its distribution are illustrated
in Figure 2. We first divided the total range of variation we had deiineated
in the sensitivity analysis (5-12 tons per gang-hour) into two intervals:
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5.10 ind 10-12, and tried to ‘assign a probability to each one of them.
For this we used a trial and error approach based cn the engineer’s experience:
30¢-50% gives too lugh a probability to the 10-12 interval, as does 604z 406
and 70€¢-30%¢, but 8097-20% dots not secem to give enough; therefore, we
tried 75¢¢-25%¢. In ciher words, the appraisal team’s judgment was best ex-
pressed quantitatively by saying that the probability of exceeding 10 tons per
gang-hour is only one-third of the probabiiity of getting a lower productivity
of labor. ,

In the second step, we chose to subdivide the 3-10 interval into 3-8 and 8-10.
Then followiag the same trial and error process we allocated a 30 percent
provability to the 3-8 interval and a 45 percent probability to the 8-10. The
sum of these two probabilities is, of course, equal to the 75 percent probability
of the entire 3-10 range. In « third step we pushed this subdivision further
and obtained the following distribution:

fram 5t6 a 5 percent probability
" 6to7 al0 percent “
“ 7t08 al5 percent o
" $to? a22.5percent “
" 9to !0 a22.5 percent -
. 10to 11 aly percent *
" 11to12 al0. percent v

Fiunally, in a fourth step we made some minor adjustments to give the dis-
tribution a final polish. For example, we found that compared to the prob-
ability of the 6-7 range, the probability of Jie 8-9 and 9-10 ranges was too
low. We therefore raised them to 25 perceat and decreased the 6-7 range
probability to 8 percent, which in turn led us to decrease the probability of the
5.6 range to 3 percent. Similar con<iderations for the 10-12 range led us to the
final distribution in Figure 2.

This approach and the portrait method for choosing the other distributions
include an iterative interaction between quantitative and qualitative judgment.
On the basis of a qualitarive judgment one attempts to produce tentative
figures. These figures in turn are translated back into qualitative judgment
which 1s compared to the initial qualitative one. The figures are modified in
light of the discrepancy, and the procedure is repeated until the qualitative
judgmeat derived from the quantitative one fully agrees with the initial judg-
mient.

The simulation

The simulation is by far the fastest and the easiest operation of the entire
analysis. When, as in our case, computer help is used, the computer can be
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instructed to generate random values for each. of the parameters varied in the
analysis, to compute the rates of return, to repeat the process until enough
values are obtained (300 times in the present case) and then to give the ob-
served distribution of the result. In this case the computer was also used to
draw the curve in Figure 3. The simulation is, therefore, an operation which
requires no outside intervention and takes only a few minutes. Programining
the computer to calculate rates of return is very simple; for random number
generation, it is slightly more involved but still easily derived from the basic
random number generators which exist in all computer libraries.

The results

The results for the economic rate of return are summarized by the cumnula-
tive probability distribution in Figure 3. It has a mean of 10.6 and standard
deviation of 2.5. Along the x-axis are the rates of return and along the y-axis
the probability that these rates of rcturn will not be exceeded. For example,
we find that there is a 99 percent prabability that the rate of return will ex-
ceed 5 percent, a 94 percent chance of it exceeding 7 percent, and so on along’
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the curve until we reach a 2 percent chance of exceeding a 15 percent rate of
return. The curve can also be used to determine the probability that the rate of
return will fall within a given range: we take the difference along the ordinate
of the two extreme points of the range. For example, we find there is aliout
a 40 percent chance that the rate of return will be between 10 percent and {3
percent. ‘I'he figure also shows that th: probability of getting a return inferior
to 12.2 percent, the rate of return we obtained i in the conventional analysis
using best estimates for cach variable, is 70 percent, but the probability of
getting more is ouly 30 percent. So at first glance, the results of this risk analy-
sis scem to indicate that doubts about the likeLhood of the 1Z.2 rate of return
were fully justified.

But, unhke the sensitivity analyxis, the probability analysis gives us a com-
plete picture of the project and enables quantification of project risk—not, of
course, the ' rue’ risk, but the risk as it appeared to the appraisal mission. “I'he
probability distribution of the rate of return summarizes this risk ; one could
say that it represents the complete judgment of the appraisal mission.

How to use this probability distribution in a scientific way could counstitute
an entire study on its own. In the absence of aay such scientific criteria, we
.used the distribution in a very pragmatic way. We first saw that, while the
sensitivity analysis had told us that the minimum rate of return was 2 percent,
the chances of cver getting below 5 percent were so slim that it could be
considered the minimum for z!l practical purposes. We then looked at the
probability of getting less than 8 percent, since we thought 8 percent was a
low but probably still acceptable value of the apportunity cost of capital in
Somalia, and found it to be about 13 percent. We thought that this was accept-
able, when combined with the information that the project had a better than
even chance of earning more than 10 percent and nearly a 20 percent chance
of earning more than 13 percent.

Our judgment iwas therefore arrived at by combining considerations of
what the project could turn out to be at the extremes and the probabilities
that this would happen, with a weighted estimation of how any unfavorable
outcomes might be compensated by favorable ones. In this respect, the mean
rate of return was particularly helpful. It indicated to us that on balance, we
could expect the project to vield an 11 percent rate of return; we thought this
was acceptable, especially since we did not have to fear any large variations
around this value. On the basis of this simple analysis, we decided to recom-
mend the project for financing. ‘

We felt particularly free to make this recommendation bcmu:e in presenting
it, we were not just presenting our own difficult decision ; we were also present-
ing to management all the information necessary to check this recommendation,
and possibly to overrule it. If we had indicated in our appraisal report only the
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12.2 percent rate of return found in our best estimates calculation, the bitua-
tion would have been quite different. The decision-maker would have’ been
acting in the dark. In fact, it would not have been possibie for anybody but
the team of appraisers to evaluate the risk of the project. We would have
been recommending the financing of a project carning a 12.2 percent rate of
return after having already decided that the risk of the project was .mopmblc

—a dangerous mixing of analysis and decision-making.

Another important outcome of the risk analysis was that we found a way
to reduce project risk. We were led to this finding by the results of a second
sensitivity analysis which we carried out, this time on the entire probability
distribution of each variable. We found that the productivity of labor liad a
much higher sensitivity in the risk analysis than in the first sensitivity analysis
because we were considering its entire variation rather than its value at a single
point. This higher sensitivity means that if our judgment about the probability
distribution of the productivity of labor is too optimistic (i.e. in Figure 4,
if ‘the true distribution is BB and not A), then the probability of having a
rate of return inferior to 8 percent is no longer 15 but 30 percent (see also
Figure 21). On the other hand, this assumption that the productivity of labor
could be confined to the 9-10 tons per gang-hour range yields the distribution in
Figure 5; the risk of the project has practically been eliminated. We therefore
suggested that a consultant be engaged at an appropriate time to help organize
cargo handling operations and. that this be made part of the loan agreement. In
this case, we were not only able to quantify the risk attached to thc pro;cnt but
also to find a feasible way to reduce it.
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IV

THE TANZAM HIGHWAY: A CASE STUDY

The Project

The Tanzam highway is a 1170-mile-long highway from the Copper belt
in Zambia to the port of Dar es Salaam in Tanzania. This route, most of
which was a poor gravel road, became important after Zambia achieved in-
dependence in 1964 and after the Rhodesian unilateral declaration of in-
dependence in 19€. led to 2a UN embargo on traflic with Rhodesia. Compliance
" .with the embargo requires Zambia to divert its seagoing import-export traffic
from the existing main route across Rhodesia and Mozambique to a more ex-
pensive route via the Tanzam highway. Reconstruction to two-lane bituminous
paved standard of the gravel or earth sections of the road from Kapiri Mposhi
in Zambia to Morogoro in Tanzania (965 miles) was planned under various
financing arrangements. The Bank group was asked to finance two sections in
Zambia, of 122 miles and 235 miles respectively, and one in central Tanzania
of 311 miles. It is this last project of 311 miles which is briefly presented here.

The road was not the only transport mode proposed to meet the Zambian
demand for a new access to the sea: among other projects, a railway, to come
into operation at an unknown date, was also proposed, and an oil pipeline was
under- construction. Uncertainty about the economic benefits therefore existed
in the project from the start. Before describing the probability analysis, how-
ever, it is useful to outline the framework in which it fitted. The economic
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TABLE 3: Tanzania, llighway Project: Estimated Vehicle Operating Costs on: 1. Engincered Bitumen/Asphalt,
' H. Engincered Gravel, and 111, Unimproved Earth. (1967-1968)

(US cents per vehicle mile)

Average Truck Average Buy Truck-trafler
Vehicle Category . Average Car Pick-up Truck 7.-Ton Cupacity 50 Passengers 30-Ton Capacity
lFuel Type Gasoline Gasoline . Diesel Diesel Dicwel
Roud Type t 11 11t 1 1 1t 1 1 i 3 il i1 1 11 I
A, Flat to Rolliug Terrain
B Fuel 1.1 .24 1.38 1.0 1,68 1.81 1.86 2.20 2.68 1.42 2,28 2.70 4.158 5,18 0,18
Lubricants .06 .08 | .10 08 .11 .15 A4 .17 .26 .15 .19 » 20 .42 .50 .03
Maintenance .
Labor . W22 .29 .49 .26 .32 .85 KB 1.39 2.3 W77 1.31 2.29 o
: Parts . A1 56 .82 AR L9 110 1.48 2,31 1,00 2,16 331 6.40 } 6.30 10.47 2150
~N Tires 200 40 .68 A2 .62 120 118 2,68 G.05 .63 1,80 448 1.30  5.8%% 11.30
oo Crew \Wages 1.12 1.40 1.RS 1.24 1.56 2.08 1.40 1,37 2.34 1.77 2,34 2.80 1.95 3,55 6.30
Interest I8 W07 1.30 .63 .Y 1.08 .40 .49 .66 .87 1.15  1.40 1.10 1.60 .52
Insurance 37 .46 .6 : .32 .40 .53 .34 A3 .57 .79 105 120 .40 .00 S0
Depreciation 2.12 2.79 fi.H 2,02 2.74  4.54 "1.52  2.32  3.97 4.17  06.28 10.32 6.80 12,40 20,08
Total 6,42 8.19 11.27 6.97 8.91 13.01° .20 13.95 21.8% 13,14 20,11 310N 25.42  10.18 70.15
B, Rolling 1o I1hily Terrain
Total 6.65 K.58 1]1.80 7.41 9.11 13,9 9,75 15,05 25.02 14.49 21.23 M. 43 26,81 43.19 76.68
. i
Nole: Cousts are net of taxes, license tees and other transfer payments, Sources: )an de Weille, Quantification of Koad User Savings, Occasional
Costa of terminal operalion, waybilis, company administration, which are Paper No. 2, (Kast Aftican prices); United Research Incorporated, Consultant
not directly affccred by roud hinprovement, are not included, to the Governnient of Tanzania; interviews with trucking firins in Zambia

and Tanzania; inigsion estimates.



analysis was that normally employed in the Bank in the assessment of a road
project.! '

Estimates of costs were first established, with their probable vears of occur-
rence. Shadow prices, sometimes used, were not required in this case, and the
allowance generally made for contingencies was also unnecessary since-a prob-
ability analysis wzs to be made, A date was set, to which the present value
calculations relate, Sceparate analyses were made of cach section of the project:
in this case eight sections of the road were separately costed. Benefits and costs
were assessed from the national angle. In this case separate caleulations were
made for Tanzania alone and for Tanzania and Zambia together.

The main quantifiable benefits were four:

a) Savings on operating costs because the road would be upgraded for
existing traffic and for the normual increase of trafic which would have taken
place even without the road. These were estimated by obtaining costs per mile
per type of vehicle on the new road and subtracting similar costs on the old
road. General comparative data were used for this purpose, particularly those
in Occasional Paper No. 2, as amended by information obtained from the
government of Tanzania and its consultants, and from interviews with
trucking firms ("'able 3). It was nccessary to know for each road section the
average daily 1rafic per vehicle type at the relevant date, and to assess the rate
of normal trafic growth of each (Table 4).

TABLE 4: Tanzania, Highway Project: Estimated Tanzanian* Traffic on
Project Road Sactions

(Average Daily Traffic 1967)

Trucks and Truck-

Projcct Road Section Cars Buses Trailers Total
Morogoro +20 - 120 165 20 305
Morogoro +20 - 438 80 130 20 230
Morogoro 438 - Mikumi 54 118 14 186
Mikumi-Mahenge 36 79 9 124
Mah:nge-Kitonza-lringa 38 120 16 188
Iringa-Sao Hill 62 89 6 157
Sao Hil-Makumbako 36 74 6 116
Makumbako-Ivayi ) 24 54 5 83

Annual Growth Rate 69 8<% 8%

* Not including Zambian transit tr 7ic. The best estimate for this was an ADT of 85.

b) Benefits from a shertening of the distance may be related directly to the
annual trucking costs per vehicle-mile (as in Iran, in Qccasional Paper No. 7)
or as here, to the operating costs of vehicles on the road (Table 3).

1 The methodology is described in Occasinnal Papers Nos. 2, 4+ and 7 of this series.
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¢) Half the value of savings of traffic induced by the road improvement was
calculated as a benefit. For this it was necessary to estimate the price clasticity
of demand for trathe within I'anzania. In a feasibility study of the Tanzam
highway ninanced by USAID in 1966, the Stanford Research Institute found
the clasticity to be relatively high. [Flasticity is taken at |; that is to say,
generated traffic as a percentage of normal trafhe (present trafhe plus normal
growth) is equal to the percentage saving in vehicle operating costs,

dy The reduction in costs of road maintenance, obtained from the con-
sultant’s estimate and from the Ministry of Communications, Labour and
Works, was another economic benefit. Against this were set the costs of future
resurfacing or repair of the new road.

The benefits and costs were appropriated to the vears in which they are
expected to ocenr and the inte-nal rate «f interest was found which equates
the stream of benefits and that of costs discounted at that rate. The rate was
19.6 percent with and 13.9 percent without the Zambian traffic (see Tables
6 ard 7). The expected life of the project was put in this instance at 20 years,

TABLE 6: Tanzania, Highway Project: Streams of Costs and Benefits, Best

Estimates
(USE million)
- Benefits
With savings due to Without savings due to
probable Zambian probable Zambian

\ car Costs traffic ' traffic
l‘)b9 14.235

1970 14.235

1971 —_ 5.957 2.810
1472 —_— 6.314 3.163
1973 —_ 6.683 3.531
1974 — 6.948 3.791
1975 . — 7.232 4.072
1976 — 5.806 4.226
1977 513 5.268 4.478
1978 - 5.187 4.792
19737 1.107 5.349 5.151
1980 .878 5.650 3.551
1981 _ 6.036 5.986
1982 1.323 6.483 6.458
1983 — 6,981 6.969
1934 .363 7.526 7.520
1983 —_ 8.118 8.115
1986 —_ 8.758 8.756
1987 — 9.449 9,448
1988 — 10.194 10.194
1989 — 10.998 10.998
1990 — .81 11.866 il.866

. chdual value of the pavement.




TABLE 7: Tanzania, Highway Project: Expected Economic Rate of Reujurn :
(percent)

B

A
Local traffic plus
full savings due ‘
to probable Zambian Local teaffic

Section traffic only:
1 Iyayi-Makumbako , 29,4 16.7
2 Makumbako-Sao Hill 36.4 22.7
3 Sao Hill.Iringa 15.1 11.4
4 Iringa-Mahenge (less Kitonga Gorge) 12.1 9.5
§ Kitonga Gorge 11.0 8.9
6 Mahenge-Mikumi v ‘ 2.8 14.2
7 Mikumi-pavement end i 11.4 - 9.3
8 Pavement end-Morogoro 16.5 13.8
Iyari-Morogoro {(overall) . 19.6 13.9

which determined the point beyond which no further calculations were made.
But it would have made little difference to the return if the expected llfe had
been taken at 30 or 40 years. :
Finally the internal rate of return so calculated has to be compared with
the estimated cost of capital, representing conceptually the opportunity cost
of other alternative investments foregone by this decision to build a road.
. Certain refinements, such as identification of congestion costs or accident
reduction® were not used in.this study. Nor were shadow prices necessary.

The Probability Analysis
The problem

Due to uncertainty surrounding major variables of the economic evaluation,
the selection of single values for these variables and use of them in the rate of
return calculation could give a misleading impression. Among these uncer-
tainties, one was outstanding. -

The Governments of Zambia and Tanzama have agreed to constriict a
980-mile rail link, with the financial and engineering assistance of meinland
China. The date of completion of this railway is uncertain. If and whea it is
built, it is probable that most, if not all, Zambian seagoing import-export traffic
will be diverted to the railway. For the probability analysis, it was assumed
that from the date of the railway’s completion, Zambian traffic would fall off
by 50 percent per annum: but it was uncertain whether this would be as early

-The} might have been, for there had already been over 100 deaths on the exlstmg
road since 1966.
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as mid-1974 or in the 1980's. Within wide bounds, any hypothesis about the !
duration of the Rhodesian crisis and/or the likelihood or timing of the railway |
would be as good as any other. Under these circumstances any reliable traffic
forecast was virtually impessible. Finally, though less importantly, the un-
certainty about vehicle savings, maintenance savings and trafic counts could
not be neglected. A probability analysis appeared an appropriate answer to the -
problems, and the cost-beneiit analysis was accordingly put into a probability
framework. ‘
Since a probability analysis was to be made, a computer program was written
for the calculation of the rate of return of the project. The inputs of the
program as variables were the Bank staff’s best estimates of project costs, the
volume and composition of future traffic, vehicle operating and road mainte-
nance costs with and without the project, the: price elasticity of demand for !
transport, and the economic life of the assets; the output was a single rate of -
return for cach of the road sections and for the entire road (‘I'able 7). |

The analysis

In the second step a sensitivity analysis was made of the rate of return. For |
this purpose, each of the parameters was varied, one at a time, and the cor- !
responding values of the rate of return computed, Each parameter was tested .
by a 10 percent variation around the value which had been chosen in the:
determination of the initial rate of return, and for these parameters which {
had ranges of uncertainty estimated to be larger than =10 percent of the .
initial estimated value, the rates of return for the two extreme values of the
range were also computed. The results of this sensitivity analysis indicated
which parameters had an important effect on the value of the rate of return,
and allowed the number of variables to be considered in the probability analysis
to be limited to these. The methodology of such a scnsitivity analysis has been !
more fully described in the preceding chapter on the Mogadiscio case. ‘

The third and final step in the analysis was the probability analysis proper, |
which was done by way of a simulation (M onte Carlo technique). For this -
“purpose a probability distribution was estimated of the values for each of the
parameters sclected in the sensitivity analysis. These distributions reflected the |
Bank staff’s judgments of the uncertainties with respect to data, and their
judgment as to probable future developments. The rate of return was then :
computed repeatedly (300 times). using each time, for each of the selected
parameters, a value drawn at random from the range of its probability distri- :
bution. The frequency of a particular value's selection is governed of course
by its probability weighting. Care was taken to correlate interdependent vari-
ables. Finally, the distribution of the rate of return wus statistically deduced
from the sample of values abtained.

3]
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The hypotheses employed in the analysis are shown in Table 8. There is
also a graphic presentation of the results in terms of the cunulative probability
of carning more than a specific rate of renirn with and without Zambian
transit traffic (Figure 6.

Looking in detail at Table 8, the reader will first notice that the engincers’
normal contingency allowances have been- removed from the best estimate

100%

0%~

80%+

70}
2 0%
]
3
[} Mean return
3 50%4 including savings
g : from probable
= Mean return without Zambian transit
g Zambian transit traffic: 15.0% traftic: 20.1%
£ 40%+
3
(&)

30% 1

20%1T

10% %

P ] . 1 o :
T ¥ Ll o r ‘:'
0 5% 10% 15% 20% - 25% 30%

Economic rate of return

Figure 6. Tanzania, Second Highway Project: Probability Analysis of Economic Rate
- of Return
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caleuiations and interpreted as a probability distribution. They are disaggregated
into quantity overrun contingencv allowances and bid overrun allowances.
{ltem A,)

In general, Tanzanian trafic on the Tanzam highway (ltem B) falls off
the further the distince from Dar es Salaam, except in the vicmity of major
towns such as Morogoro and hingi. The proportion of local truck and bus
movements is very high at™60 percent and 75 percent, with the higher propor-
tion on the less trafficked scetions, T'he probability distribution allowed for
doubts about the accuracy of the traflic count.

Facal rruck tradic was estimated to be growing at the rate of 6 percent to
16 percen on this road with sutemobile trathe growing more-slowly at be-
tween 4 pereent t6 8 pereent. (Item C.) Without probability analysis best
estimates of 8 pereent and & percent would have been used.

T'ransit irathe to and fron Zambia in the period after completion of the
road imaprovements, i.c. post-1971, was more Jifficult to forecast, (Item B.4.)
Current transit trafhe velumes and political conditions did not provide a clear
guide for forecasting the needs of the future. The oil traffic which formed the
bulk of Zambian import traffic would be diverted to the new pipeline. Copper
export traftic over the read may be affected by the unbalanced loads that will
result from diversion of the oil trattic. The buildup of goods import traffic
and a balancing load of copper will depend both on the speed at which extra
capacity now being nrovided at the port of Dar es Salaam comes into use and
the fature need 1o mgintain transit traffic in this direction. Zambian import-
expart traflic levels swill be affected by many factors, including the competitive-
ness and capacity of existing alternatives, the efficiency of the operation of the
entir» syztem o [dar es Sataam including trucking operations and commercial
arrangemsents, and the actual growth of Tanzania’s own port requirements
a3 compared with the planned port expansion. T'hese and related factors were
assessed, insnfar as possible, and translated into judgments as to the probable
levels of anpuai traffic ever the road during the period after 1971, _

T'he period for which Zambian traffic is likely to utilize the improved road -
(Ttem C.4) was also uncercain,. especially in view of the proposed parallel
development of a rail link. This ra’l link would supersede the highway in the
role ot ensuring a reliable access to the sea for Zambia, and would divert
most of this transit traffic from the road. Tf the Governments of Zambia and
Tanzania pursued their present intendon to build the railway, the carliest time
when it ¢suld bocome operational would ke mid-1974, ie. after 18 months of
enginecring and about 5 vears of zonstuiction. There was, however, the possi-
Lilit: that the railway might not be built yricr to the 1980's, should the Gov-
ernments of Zambia and ‘Tanzania decide to pestpone constraction or find that
the proposed improvement o the Tanzani highway would serve as an adegquate
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TABLE 8: Tanzania, Second lighway Project: llypothesls'lor Probability Analysis

item

Beat -Estimates

Nature of Uncertainty

Probability Distribution

C.

Iingineering o .d Construciion Cosis
Roau Section

Iyayi-Makumbakao

Makumbako Sao 11l

Saa Hill-lringa

Tringa- Mahenge (dess barge)

Indungie Gorge

. Malienge- Mikumi

Mikumi-lind of Pavement

8. bEnd of PavementsMorogoto

Trafic Count in 1967

1. Cars per seetion
2. Trucks per cection
3. Truck trailers per section

SR Lt

} See Table

4, Zambian import fexport
average diadly trattic 1074

Trafie Grouwth Rue
1. Cary

2. Trucks

S, Truck trailer

4, Zamblan Import fexport traftic
Perlod 10681078
Petld ufter 1078

1,962, 300
4,614,700
4,503, 500
3,008, 200

1,062,007

7,0 0,000
3,608,000
3,062,000

4

RF

(A

o
Lyl
L3

0%
-5

(USH

Quantity
plus

Bid Uncertainty

Accuracy of traflic counts

Capacity of Dar ¢s Salaam Port
Distribution of trafflc over
alternative routes,

Central African political situation,

Forecanting Uncertainty

Duration of traflic

Probability of Railway Develop-
ment or other solution

Uniform between O and +157; on

cach item

plus

307 probability 07, to 877 lavarrun on
S0% probabsility K7 to 157 f)(u(.ll cost
b

Rectangular = 20% and +10%

t Step Rectangular
Prodability ADT-range
5% 0
10, 1-33
209, 3360
0¢, ¥6-103
200 108-120
s 120-1 58

Cars— unitorm between 4% and 867
Trucks and truck trailers—uniform
between 655 and 109,

Diserete
Probahlity Year in which trafiic
starfs to decline
0, 1974
J0g 197§
10°; 1930
7.8% ) 1977
7.8 1978
.84 1979
7.5% 1980
27 poat 1980
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alternative for the foresecable future. It was assumed that Zambian scagoing
trafic would not iucrease beyond its peak in 1971 and that it would decline
by 50 percent annuaily from the completion of the railway, The distribution
shows best guesses of the commencement of this decline,

Unit savings in vehicle operating vosts due to improvement will be large.
T'he distances between the major origin and destinations on this road are
also large, Thus, a large absolute fall in the cost of most vehicle trips should
stimulate significant cconomic activity in the high potential agricultural arcas
south and west of [ringa. Iligh transport costs caused by poor roads and long
distances have been a significant barrier to the development of this fertile,
temperate highland. »

Except for trucks, the operating costs (and thence the savings from an old
to a new road) will be completely correlated ;s ie., it is estimated that if the
costs for cars are 15 percent higher than estimated from the general data (see
above), they will be 13 percent higher for buses, truck trailers or special
traffic. In the case of trucks, lack of accurate data on the average truck size
contributed additional uncertainty.

Road -maintenance cost savings. (Item F) were computed according to the
formula : i : ;
Maintenance cost per mile paa. =a + b x ~
where x represents the projected average daily traffic, expressed in traffic units,
and-a and & are the parameters of a linear approximation of the road main-
tenance cost within the range of traffic covered by this project.® This is com-
puted for the road with and without the road improvement, and the cost
savings constitute a benent. The variable term G only was varied in the prob- -
ability analysis. It will also be noticed that the traffic unit, which in the case of
the existing road was defined as a car, was changed 2o a truck in the case of the
new road. In effect this implies that the passage of cars over the new (asphalt)
road is estimated to have a negligible effect an the cost of the road’s maintenance.

T'he final item H relates to the cost of pavement strengthening, estimated
at £13.500 per mile (=% 25 percent) and its timing. These are discussed below.
Note that this cost is directly related to the corresponding benefits (the traffic
use of the roads). '

Results of the analysis

T'he overall results of the best estimates are shown in Table 7, and of the
probability analysis in Figure 6. Table 7 scts out the rates of return based on
the best estimate of cach variable. In column A the expected benefits to the
Zambian through traffic are included; in column B they are excluded. Com-

4 See Figure 9.
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parison of columns A and B shows that the rate of return is only moderately
sensitive to future Zambian traflic level and duration. The overall rate of
return to anzamia is thus about 14 percent. In addition, Tanzania would
probably receive a share of the savings likely to acerue in respect of the
Zambian transit trafhic, The rates of return for each section individually are
generally satisfactory, even though from the Tanzanian point of view the
return becomes marginal in the neighborhood of the Zambian border.

‘I'he probability analysis (Figure 6) indicates that while there is -a high
degree of uncertainty with respect to some of the major variables, there is
a relatively small risk that the project will not yield a satisfactory return. The
analysis showed that there is less than 3 percent probability that the project
will earn less than a 10 pereent return for I'anzania—i.e. more than 93
percent probability that the rate of return will be over 10 percent. The mean
recurns under probability analysis,. 20.1 percent with the Zamnbian trathe and
15 percent without, are marginally higher than those found by a best estimate
caleulation, 19.6 percent and 13.9 percent, in Table 7.

The Problemn of the Road Surface Thickness

The uncertainty about the traffic level for which the road was to be designed
made the choice of an asphalt surface thickness difficult. Since the cost-benc¢fit
analysis was already in probability form, it was only necessary to feed in the
alternative thicknesses of surface and their corresponding expected lives to the
probability analysis, to evaluate which alternative was best. ‘

The problem of optimization is one which is met frequently in Bank
projects, and stems from the different perspectives of those who tend to seek
the best, i.e, ‘‘safest’’ engineering solutions, and thosc who seck to optimize the
use of scarce resources. In the Tanzanian case, two issues were at stake, The
first was the strength of the road, i.e. the number of vehicle passes (of an
cquivalent standard 18 kip axle) for which the road should be designed. The
lower the strength, the sooner the pavement was likely to wear out and to need
replacement. The second issue was the manner in which the design strength
should be achieved, through the base or through the pavement surface. An
asphalt concrete surface of minimum (34”) thickness and a thick base were
theoretically equivalent to a 2” asphalt concrete surface and a less thick base,
but there was large uncertainty as to what the cost of laving a pavement of %"
would be. The sccond alternative was being pressed by the consultant though
its initial cost was admittedly higher.*

1 A third alternative, a double-seal bituminous surface cnurse, as originally specified,
was not considered because its costs appeared very slightly higher than the minimum
thickness 34" asphalt concrete alternative.

33




A cost analysis was therefore conducted for various strengths anu for the two
extreme alternatives, with the relevant maintenance and rcplacckmcnt costs dis-
counted ta present value. T'he results are shown in the following table:

Expected (Mcean) Present 'alue of Cost Per Aile at 10 Percent I):.rcuunt
Rate (US dollars)

Number of

vehicle passes 125,000 150,000 175,000 200,000 250,000 300,000

Structural strength:

34" asphalt

concrete _

combination 27,335 27,744 28,434 29,109 30,317 31,557
2" asphalt

concrete

combination ~ 30,499 30,736 31,292 31,845 32,726 33,878

Note: Costs include initial construction cost for sub-base and surface course,
mitintenance costs and strengthening costs, less salvage value,

This exercise showed first that at all strengths, the 34" asphalt concrete
combination was economically preferable to the 2” vne. The difference betwveen
the two was greatest at the minimum design strength of 125,000 passes, but
this was rejected because the probability of the need for a strengthening as
carly as 1978/79 (regardless of surface course chosen) was felt to be too high.
The small cost difference between this alternative and the 150,000 pass alter-
native appeared a rezasonable cost to pay for the additional security on that
score. It was estimated that the minimum cost acceptable. solution thus iden-
tified at 150,000 passes strength would be on the average §1.3 million less
expensive to build than the equivalent 2” pavement, and about $750,00Q less
expensive on a present value basis at a 10 percent rate of discount.

However, quite properly, engineering consultants have a professionally high
aversion to risk, and this was heightened in this case by their relative lack of .
experience with lesser thicknesses of asphalt concrete. Thus the engineer’s
judgment was that additional risk was attached to the 34” alternative. Even
though the mcan expected present value of cost had been shown to be: less,
this would not therefore be convincing if there were a fair chance of the cost
of a less thick surface proving more expensive in the long run or of the cost
difference being so small as not to be worth the trouble of optimizing.

Fortunately the probability distribution of Figure 7 shows that there was
a nil probability, according to the assumptiois that had been technically agreed,
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20 Standard daviation : 1,090
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$ per mile

Figure 7. Probabitity of Cost Difference between 34" and 2” Aspﬁuh Concrete Surface
Course Solutions ‘

that the 2” alternative would be cheaper, and over an 80 percent chance that
the extry cost would be only 52,000 per mile in present value. The mean
expected extra cost was $3,024 per mile. The Bank suggestion therefore
appeared worth considering. o

“The final outcome was a compromise. The Bank financed section as well as
the other scctions of the road were designed to a 175,000 passes strength and
a 114" asphalt concrete thickness. :
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DISAGGREGATION

This chapter and the next discuss the problems arising from the choice of
a level of aggregation and the cvaluation of cor rclnu'on, which create the majdr
difficultics of risk analysis and whose solution is a critical condition for thc
validity of the results. |
dggregation ‘
By level of aggregation we mean the degree of detail which the analysis
encompasses. For example, in the cost of a road, the costs of land clearance,
earthwork, base, sub-base, and pavement can be distinguished. The cost of -
the base can be further subdivided into the costs of extracting stones, crushin!g
them, transporting them, and laying them, and cach of these stages can also
be broken down. Where to stop subdividing in order to make the best nsk
analysis is the aggregation problem. i
Our experience indicates that risk analysis calls for more disaggrcgatioh
than usually is used in Bank project appraisal and that the smaller the corapo- -
nent, the easier it is to formulate a judgment, though there is clearly a iinit
to this rule, To illustrate we cite the case of the Great East Road. ‘

Great East Road Project

: |

The proposal to pave the 64-mile Luangwa-Nyimba section of the Greal
East Road, which leads from the line-of-rail in Zambia to Maiawi, was
presented to the Bank at the same time as that of upgrading the Tanzam high-
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way to Tanzania. The existing trathc level was known to be low, and the
traffic growth rate only normal. There was a 25 percent possibility that the
road might be needed as a spare carrier for Zambian export-import trafhic.
In that case an additional ADT of about 35 was expected.

Howcever the dominant uncertainty in this case was the cost of the project.
The detailed engineering study had not been completed at the 1ime of appraisal
and estimates ranged widely from £1.5 nullion to £2.8 million. "The higher
cost would have entailed a negative return. But a decision had o be made
whether to go ahead with the project, to postpone it or even to discard it.

Accordingly the opportunity was taken to employ risk analysis, in which
the chief uncertainties revolved around the trechnical elensents of cost, The
fact-finding advantages of a probability analysis in such a case soon bhecame
apparent. When the consultant was asked to give a single cost estimate, he was
unwilling to do so before completing more detailed engineering work, since
the figure might have been quoted against him later. Also, not being familiar
with this method, he was at first unable to give variations around an estimate.

“The discussion then backtracked to subjects like cost of cement, thickness

of base, amount of carthworks, etc., and the attitude of the consultant changed.
He had designed many other roads an:l, on the basis of the preliminary soil
survey, it was easy for him to guess what base would be needed on this parti-
cular road. He knew that economic considerations would permit only a mini-
mum realignment of the existing road and consequently was able to form a
judgment as to how much earthmoving work could be dispensed with—and so
on. ‘Byv dealing with the components separately—by disaggregating—it was
possible to obtain a range of cost estimates and a full probability distribution
over this range—which at first sight had appeared impossible. T'he full details
of the information we obtained is given in Table 9, and there is further dis-
cussion of the analysis in Reutlinger’s " Techniques for Project A ppraisal under
Uncertainty,” which is Occasional Paper No. 10 in this serics.
* T'he result of the analysis on very preliminary cosc estimates indicated that
if the proposed construction were to begin after the completion of engineering
preparation, the mean expected rate of return would be less than 5 percent.
and there was only a very low probability that the project would earn more
than a 10 percent return. If construction started in 1974, the result was only
slightly better. As a result it was agreed that the Bank should not at that time
consider financing that part of the road, though it would be prepared to recon-
sider the project on receipt of further study.

- ddvantcges of Disaggregation

Incomplete or inaccurate judgment often resvlts from a lack of disaggrega-
tion. Vehicle operating costs and road maintenance costs in the risk analvses on

37




1507 d1sey] )0 2,08
1807 disugl 01 [enby

%t
9588

HuaYl OOO'LLE § S1ASE] J0 1s0d 41 (1)

3507 d1seg) 209

1500) dlsey jo 9,08

(v{) sa) asegy o3 [unbyy
LA2DINOYS 22 ASNG-qNS 1507) PU1]

o/ ;
05

%1¢
Yck

K1p1qrgod

U3 000'6LS N $1958q jo 1503 51 ()

(Pa0qe

1 wag) sseq udwased jo 150> 03 paepIo)) 1507 Joutd  (§1)

§91°195-000°THE 0c
000°TFE-0S1'11E 0§
0§51 11€-00T 612 ot
(sryzrmy) (ru2s45d)
23uny uym y507) K1piqvgol
) paanbas
pros Funsixas a3 jo anjea deaes o1 anoqe {1uneiidsd aseq Jo SSauIIY) saapnhoys
un ayi Sundsagos uonngquastp depnfiunidas dog 500 Jirsy  (v)  pur Lauenh fasg ost' e pue aseqeqhg
(5T ,8) 000" 99% [43
(3seq ,,9) 000° 68 8
(sryorny) (ruariad)
o) e, Gipgugosd
18] Aanuenb pue a1 000 99% 5L JUDWAAYL ] 1
(spyovmy) £1507)
HOLINASUOT)
fiureaanoun SHRWNST] won|

UOHNQLISKC] ANIqUqoL]

JoamueN

18541

uopddg equilAN-Bmfurn 2yl jJo Bujaed snoujpuniig pasodosd Y3 jo
wIn3ay Jo MY dIWUGUODY aY) o s[s|euy AI[Iqeqold dY) uy ape]y sasayiodL]] :pBOy Isey 1edn) ‘ejquez 6 AIAV.L

38




ot

Table 9, Con.

Item Best Estimates Nature of Uncertainty Probability Distribution
] (annnal rate)
Traffie Growth (percent) _
I Cars 6 Forecasting Error : Uniform on range 49,-3%,
12 Buses . 6 “ “ “ “ o8 3008
13 ‘Trucks and truck trailers 8 “ “ Uniform on range #9,~10%;. Growth of truck and
. truck trailer trathic is fully rorrclated
14 Special Trafhic:
Period 1968-1972: 0 — —
. Period 1972 on: -20 — : —
Elasticity of Traffic Deman, !
15 Cars : .75
16 Trucks .75
17 Buses 0
18 Truck trailers .75
- 19 Special traflic 0
Vehicle Operating Costs -
(per vehicle mile) (kwachas)
20 Old Road ) .
Cars 0.0613 Lack of data - Uniform on a —129; + 159 range; all fully corre-
T'rucks 0.1076 Lack of data and size lated.® In addition operating cost of trucks is varied
of trucks uniformly on a —59, +109; range to account for
~ Buses 0.1516  Lack of data uncertainty on size of trucks.
T'ruck trailers 0.215 4 4 4
_ Special traffic 0.215 u “ -u
21 New Road
Cars 0.0479
Trucks 0.0670
Buscs 0.1034 . — b
Truck trailers 0.140 - -
Special rraffic

0.140
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road projects provide exampies. Lack of time prevented us from disaggregating
and consequently we had great difficalty in choosing probability distributions
which reflected our uncertainties. Clearly, if we went into the details of the
components of vehicle operating costs, the problem would become simpler
because we have had experience with fuel consumption, tire wear, depreciation,
cte. “T'he same applies to road maintenance costs because we have an idea of the
amount of gravel necessary to maintain a gravel road, the number of gradings
required per year, ete., and we can also find ways to express the uncertainties
resulting from the weather, the geometry of the road and other such factors
which are difficult to introduce into a maintenance formula, The.choice of an
appropriate level of aggregation, therefore, appears to be an essential condition
to the expression of a clear judgment.
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PART II




VI

CORRELATION

The Impartance of Correlations

‘I'he example given in the previous chapter seems to indicate that, in many
cases, the more disaggregation the better. Unfortunately there is a limit to
disaggregation because of the problem raised by correlation. The problem
was touched on in the sensitivity analysis of the Mlogadiscio port project
(Chapter IIT), where there was expected correlation between the productivity
of a banana gang and the productivity of a general cargo gang, and correlation
between the number of men emploved in a transit shed and that in a ware-
house. Correlated variables, or in simple terms, vuriables which are likely to
vary together in a systematic way, appear in every project. However, an
experienced professional may feel he is familiar with twe separate variables
and knows how they are related, without being able to describe their correla-
tion—how their variations are related. Correlations are diffcult to detect, and
even more difficult to measure, but overlooking them may lead to a completely
wrong interpretation in the analysis,

The Mogadiscio case gives an idea of the importance of correlations. We
initiallv nrglected the corrclation between productivity of labor and port
capacity, 'The probability that the project would earn less than 10 percent in
this caze was 15 percent. After we introduced this-correlation, the probability
rose to 40 percent, i.e. it almost tripled. In arother project (a telecommunica-
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tions project in Malaya) the standard deviation of the rate-of-return distribu-
tion without allowing for corrclation between two variables was about 35,
With the appropriate allowance for correlation ‘it rose to about 1.1, Since
in this case the rate-of-return distribution was practically a norial distribu-
ton, this change meant that the probability that the rate of return would fall
outside of a = | percent range in absolute value around the best estimate rose
from S percent to about 40 percent, The consequences of mishandling the cor-
relations are so serious that they can eventually lead to the wrong dectsion.

It is easy to understand’ the way correlation works, When independent
variables are aggregated, the effect of the varfation of one may be compensated
by the variation of another one in an opposite direction. 1f they are positively
correlated, the eftect of the variation of once will always be aggravited by the
variation of the others, If productivity of labor and capacity of the Mogadiscio
port are independent of each other, a low value of the productivity of labor
noy be compensated by a high value of the capacity of the port. If they are
positively correlated, as is likely to be the case. the effect of a low productivity
of labor an the economic rate of return is heightened by the low capacity of
the port, and the probability of getting a low rate of return will be higher
than if they were independent. Correlations can also be negative, that is, the
variables may systematically cotmpensate cach other. However, in the type of
projects we have werked with this occurs less frequently than positive
correlation. ' '

Correlations are ditficult te, detect. “T'he first reason is that they do not have
to be taken into consideration v the single point estimate method and are
therefore not famihiar to most peaplc. Let us take the port of Mogadiscio case.
An engineer generally knows that in a port which operates normally well he
can expect that the prodactvity of labor wii! be around 10 tons per gang-hour
and the capacity around 700 tons per linear vard of berth. He also knows from
his experience how much productivity can vary frem port to port and under
different situations, and likewise for port capacity. Bet he tends to think of
the port as an organic whole, rather than to analvze its tunctions; to ask him
how the variations of capacity relate to the variations of p.aductivity is to
ask the engineer 2 question he does not usually ask himself. Tierefore it is
usually difficult to get an answer, and if the question is not asked, there is
a good chance the engineer will not notice and the correlation will be over-
looked.

The second reason that correlations are difficult-to detect is that they are
often hidden. Some correlations. particularly those which relate to engincering
specificat’ons, are not too difficult to identify. For example, the strength of a
road is given by the thickness of sub-base, base and pavement. The engineer’s
uncertainty’ about each of these three parameters is tied to his uncertainty
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about the other two, and he will thercefore recognize thei: orrelation, [tems
1 and 2 of "Table 9 .illustrate this point in the case of the Great Last Road in
Zambia, and show the hypotheses which grew out of discussion with the con-
sulting engineer. ;

Other correlations are more difficult to spot and to assess, For example,
vehicle operating costs are an important element in road projects. We usually
make the distinetion between operating costs for difierent types of vehicles and,
a priori, if we have underostimated the operating cost of cars, there 1s no
reason why we should also have underestimated the operating cost of trucks.
However, if we have underestimated the operating costs of cars, it may be
because we have overestimated the quality of the road. lt is, therefere, tikely
that this will affect operating costs of all vehicles in the same direction. Ttem
20 of "Fable 9 shows that we decided to treat as fully correlated the operating
costs for all vehicles except trucks (we were not sure of the composition of the
truck fleet), Another example is the uncertainty about the amount of work
required to build a road. If the road has been designed by one person and if
this person has overestimated the amount of earthwork, is it because he has a
systematic tendency to overestimate—in which case he will also probably have
overestimated all the other elements of the road—or is it just by chance? We
have assumed that the latter is more likely than the former, or at least will
explain a greater part of the variatioas. in the amount of carthwork, but the
question is open for discussion. 7

The problem of correlations should therefore be approached with great care.
[However, its solution is not impossible and, while we may net yet have
mastered it perfectly, the following points can serve as a guide.

Suggestions of IV ays 1o Mcet the Problem
Limitation of the disaggregation

To limit disaggregation is to solve the problem of corrclation by eliminating
it. If we work with the total cost of 4 road, we do not have to worry about the
correlation between the cost of the base and the cost of the sub-base. The dis-
tributi'_on we shall use for the cost will implicitly include this relation. How-
ever, as we have indicated, there is a limit to the level of aggregation which
is feasible in obtaining probability distributions. Thereforc ihe cheice of the
level of aggregation requires a trade-off between the advantages of clarity
of judgment and of avoiding the hazards of disaggregation. It is a difficult
choice and one often guided by the availability of time. Because we believe
that the influence of correlations on the outcome of the analysis is more im-
portant than the influence of the shape of any particular distribution, we have

47




usually opted for as little disaggregation as possible. The distribution of vehicle
operating costs referred to carlier is a case in point. For the same reason, all
the variables used in the case of the port of \Iog‘tdxscno project are rnther
highly aggregated,

Isolation of the sources of uncertaintics
Limiting disaggregation can be considzred only as an emergency measure
in dealing with correlation. T'he advantage of risk analysis; after all, is that
it permits disaggregation, and we want to retain this advantage. We found
that it helps to think not so much in terms of disaggregating the technological
components of the project, but in terms of disaggregating the sources of un-
certainty. Let us again refer to the case of vehicle operating costs for the Great
East Road in Zambia. T'o compute the rate of return we have to distinguish
between the operating cost of cars, trucks, and truck trailers; this is a techno-
logical disaggregation. For the purpose of the risk analysis, we may ignore the
technological distinctions per se and- think in terms of the sources of uncer-
tainty on these vehicle operating costs. We may distinguish three essential and
independent sources of uncertainty: errors in the general data on which we
based our estimation, errors in the way we have extrapolated these data to the
" particular case of the Great East Road,' and uncertainty about the average
truck size. By so defining the uncertaintics, it is easier to assess the correla-
tions. We have treated as fully correlated for all types of vehicles the uncer-
taintics resulting from the first two sources, because the data for all vehicle
types originated from the same sources, and also because we thought the con-
dition of the road would affect operating costs of all vehicles in the same way.
But the third source of uncertainty affects only the operating cost of trucks.
Variations of the vehicle operating costs resulting from this particular source of
uncertainty should not be treated as correlated with others.

Applying the same line of reasoning to the analysis of the uncertainty on the
cost of a project, it may be useful to distinguish between quantity uncertainty,
‘unit cost uncertainty, and bidding uncertainty. In making this distinction in
the case of the Tanzam highway, we considered all the unit cost uncertainties

‘as independent and, except for the technological correlations, also all the
quantity uncertaintics. We then allowed for unceztainty about bidding on the
total cost of the project, i.e. we assumed that this uncertainty would affect the
cost of all the components of the project in the same direction. As a result, our

1 Tables usvally give vehicle operating cost for a typical earth road or a typical
gravel road. The roads the Bank considers for financing, before they are improved, are
always something of a cross between the two.
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uncertainty about the actual unit price of each component of the project is
explained to a very small extent by uncertainty about the cconomic unit cost,
and to a much larger extent by the uncertainty about the cutcome of the
- bidding process. When possible, this isolation of independent sources of uncer-
tainty scems to be the easiest and most rigorous way of handling corrclations,
but in many cases we have also had to rely on the following approach.

The pessimistic-optimistic approach

Suppose we suspect some correlation between two variables but we cannot
quantify its exact cffect on the distribution of rates of return to a project
‘which has tended te look favorable in the analysis to date. We can often
reinforce our confidence about the project by examining a pessimistic view of
the suspected correlation, If we find the project still acceptable, even i this.
light, then we can feel our confidence in the project has been justified. Con-
versely, if to date a project has tended not to look good we may be able to re-
assurc oursclves that we are justified in rejecting it by examining an optimistic
view of the cffect of the suspected correlation, If the project still looks un-
favorable, even with all the benefit of the doubt, our doubts are confirmed. Of
coursc, if the reverse comes to light and the favorable project looks bad under
pessimistic correlation assumptions or the unfavorable project looks good under
optimistic assumptions, we must try some other route.

For each case, we have an example where this approach worked for us: in
the first case, the Mogadiscio port project, and in the second, the Great East
Road. In the Mogadiscio case; we were concerned with the correlation between
productivity of labor and pert capacity. The project had locked good to date,
so we looked at the pessimistic case: the complete dependence of the two
variables. Curveé 1 of Figure 8 illustrates the result we obtained. Also indi-
cated in the figure is the curve if the two variables were completely independ-
ent (Curve 2).2 We know that the true curve (3) lies somewhere in between.

The decision to accept a project is based—among other things—on the prob-
:lblhty of having more than 2 10 percent rcturn, if 10 percent represents the -
opportunity cost of capital. If we are sure in the Mogadiscio case that the -
project is acceptable under the assumption of complete dependence of one
variable on another, it will be even more acceptable under the true assump-
tions. In the Mogadiscio case, 10 percent fell at A; this is still a favorable .
result. In the case of the Great East Road, a project which did not look good,

2The figure as here drawn and described applies to the correlation of the variables
mentioned in the pnrt of Mogadiscio case and the Great East Road case; it is nnt a
universal diagram. In fact, the positions of the curves of complete dependence and
independence as here drawn may be reversed in different cases or using different variables.
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Approximate .
position of true .
curve (3)

Coumplete
dependence (1)

Cumulative frequency distribution

(2) Complete‘lndependanco

0
(A) (8) ‘ Rate of return
10 psrcent ~ 10 percent — '
Mogadiscio _ Great Easi Road
port project :

Figure 8. Cumulative Distribution Functions with and without Correlation of Variables

we were concerned with the correlation of vehicle operating costs. We made
the optimistic assumption and got the same picture as in Figure 8, except that
10 percent fell at B, still a poor result. Thus, introducing a pessimistic corre-
lation hypothesis has not damaged the Mogadiscio case; and introducing an
optimistic correlation hypothesis has not helped the Great [ast Road case.
We mention this approach for what it may be worth. We have used it
rather extensively because we did not have time to handle the problem more
accurately and because it was the best method we could think of. It turned
out to be practical beciuse the models we were using were simple and it was
easy to anticipate the consequences of various correlation assumptions. In the
future, however, our models wl]l undoubtcdly become more and more com-

plicated, making it difficult to’ say whether an assumption is more or less -

optimistic. Let us hope that at the same time we will improve our understand-.
ing of the correlation problem as it affects working pr'u:tlcc and be able to
handie it more rigorously.:

Collection of more data

An essential step toward a better understanding of correlation is to make a -
serious cffort to collect more data. We have noticed the great difficulty, and
sometimes impossibility, of making subjective judgments about correlations.
We have imputed this to a lack of experience on a problem which is new to us,
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<+— True maintenance
cost function

Linear approximation ol the
. maintenance cost lunction
within the traffic range

T, T», corresponding to the
project case.

Maintenance cost=a-+bx-

Annual maintenance cost per mile

h T2
Equivalent average daily traffic units

Figure 9. True Maintenance Function and Lincar Approximation

and for which we must somchow develop a feeling. Whether we do it by way
of statistical analysis or more et \pirically, we nccd data to acquire this feeling.
In the case of the Mogadiscia project the availability of port data enables
us to check a number of possible correlations. Besides the correlation between
imports and exports, which we neglected because it was not sensitive, we
suspected some correiation between the productivity of labor and GNP, or
anything which would reflect improvement of living conditions in Somalia.
Fortunately, at least for the sake of the mathematical analysis, available data
indicated that there is none. In the case of roads we have not been so lucky.
As an example, consider the case of the road maintenance cost (A7), which
we usually approximate by a linear function of the type: ‘

M =a+ bx

where x represents the projected average daily traffic (see ﬁgﬁrc 9). This

- formula is surrounded by uncertainties which affect both the constant coefficient

a, and the variable cocficient 4. T'he uncertainty about these two coefficients is
likely to be correlated : if a is overestimated, & is probably underestimated, and-
conversely. In the absence of more reliable data on road maintenance cost this
correlation has proven to be very diflicult to assess. The only way to do better
is to collect and analyze data, a relatively easy assignment ini this case. In

- other cases it will be more difficult,

51




VII

THE CHOICE OF A
PROBABILITY DISTRIBUTION

Choosing probability distributions for the variables is what seems to worry.
most people about risk analysis, possibly because they think it requires finding -
the true distribution of each variable. This is indeed quite impossible, though -
ways to improve the drawing-up of distributions through team evaluation and =
Bayesian approaches have been studied.! The aim of risk analysis is niof_q.
modest. Risk analysis does not aim to give the exact true distribution of the
rate of return, that is, the distribution we would obtain if we were omniscient
rather than human beings, but rather the one which best represents the judg-
ment of an appraisal team. Thercfore, it is not 2 question of finding the true
distributions of the input variables, but for each variable the distribution which'
best expresses the judgment of the appraiser. The distribution corresponding’ -
to a vague judgment will be as approprlate and useful as the one correspondmgl '
to a detailed judgment.

We have already mentioned in thc \Iogadnsc:o case two ways of obtaimng
probability distributions, one which we have called the portrait approach and -
the other which leads to the step rectangular distributions. Bank appraisal mls-"_
sions have now practically abandoned the portrait approach. When participat-- .
ing in this approach the appraiser tends to accept any smooth distribution.
Possibly he is aesthetically influenced by the deceptively attractive appearance
of the smooth curve, and impressed by the complicated fermulas. His judgment

1 See Robert L. \Vleer, “The Consensus of Subjective Probability Distributions,” in
Management Science, Vol. 15, No. 2, October 1968, and its blblmgnph‘ (19 articles).
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seemns to lose its sharpness, and in the end the approach meuns more work for
fewer results. Therefore, as often as possible the second approach is used which
leads to step rectangular distributions. Attempts have also been made to supple-
ment it by using distributions which would fit cases in which not enough in-
formation is available to obtain a good step rectangular distribution, but in
“which information would be wasted by using a distribution which failed to
discriminate between the likelihoods of any two values on a given range. The
need fele by the appraisers for such dist hutions is a good illustration of what -
seemns te be the main objective of the p ability distribution choice, namely, to
make use of all information available but not to require more information
-than is, in fact, available. The various distributions we shall now review, all
of which have been used, are precisely geared to making the maximum use of
available information.

The Step Rectangular Distribution

We have already described in detail in the Mogadiscio case how to obtain
‘the distribution shown'in Figure 10, "Uhis distribution is an attractive one for
a number of reasons. In the first place it takes explicit advantage of the fact
that the quantification of subjective probability judgiments, in both theory and
practice, 1s based on preference runking. [t also has the advantage that it can
be drawn up by the appraiser himself. He has the freedom to choose whatever
intervals he wants and to divide them into as many sub-intervals as he wants..
“This complete freedom of initiative, which he lacked in the case of the
portrait approach, scems to help hini considerably in the expression of his judg-
ment. ' :

In use, this distribution has proven astonishingly reliable: when the data
‘generation process has been repeated for several distributionis after a period of

Probab/'/ity

P1| P2 P3 P4 [T B

Minimum Value of the variable Maximum

Figure 10. The Step Rectangular Distribution
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time, it has usually come up with the same or a very similar result. It is also
a distribution which fits well with the rule of using all the information avail-
able but not requiring more. 1f the appraiser thinks that lie can express more
accurately a judgment he has just made, he can sub-divide intervals one step
further and create a more detailed distribution. If, on the contrary, he thinks
that he will be guessing to say that one value in an interval is more probable
than another, he may stop sub-dividing. Furthermore, this distribution lends
itself well to the final review and pohshmg, described as the fourth and last
step in the process Jescribed in Figure 2

Woe have asked ourselves whether it is useful to smooth out this distribution
before beginning the risk analysis. In many cases a continuous distribution
would appear better fitted to the tvpe of judgment we wish to express. But
there are difficultics. ‘I'he final outcome of our smoothing has to be a distribu-
tion from which random numbers can be easily generated. But by trying to
improve the presentation of the judgment we want to simulate, we may end up
with a less useful distribution. First. it may be dificult to find a smooth
distribution which is close to the step distribution. Fven if we do find a con-
tinuous distribution approximating well the one we start with, the improve-
ment we gain may not be worth the trouble we may run inta in the generation
of random numbers. All computer random number pgenerators start from
uniformly distributed numbers; for the type of distribution we described in
Figure 10 this generation is extremely simple. On the other hand, most other
types of distribution require mathematical transformations which are often
difficult and vsually time-consuming. Therefare, the extra accuracy which can
be obtained through smoothing is usually not worth the supplementary work
which ‘it requires.

The Discrete Distribution

The discrete distribution is very similar to the step rectangular distribution.
T'he only difference is that the probabilities Py, Py, ... cte,, of Figure 10,
instead of being assigned to a range, are assigned to one value only. “This dis-
tribution is ubtained in the same way and has the same properties as the step
rectangular distribution. We have used it when the variables we were con-
sidering were, by nature, discrete variables—for example, in the Tanzam high-

way case, the vear in which the Tanzam railway might come into operaticn,

The Uniform Distribution
From the point of view of information availability, the uniform distribution

covers the opposite case from the step rectangular distribution. Tt is used where
iudgment is very vague and the appraiser is not able to differentiate between
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Probability

Minimum : Maximum
Value of the variable

Figure 11,  Uniform Distribution

any two values within the range of the variable. It is shown in Figure 11 and
can be viewed as a particular case of the step rectangular distribution, with
only one sub-range, As far as is possible, this distribution should be avoided.
It is almost contradictory to suppose that a project with an equal chance of
costing anywhere from $10 million to $15 million will under no circumstances
cost $9.9 million or $15.5 million, which is what we assume when we say
that the cost of a project is uniformly distributed between $10 million and
315 million. We have therefore used the uniform distribution only in the case
of low sensitivity variables or whenever we wanted, to be on the safe side, to
overestimate the probability of the extremes of the variables’ range.

The Beta Distribution

The Beta distribution is the first distribution we tested to fill the gap
between the step rectangular distribution, for which detailed information is
needed, and the uniform distribution, for which minimal information is
needed. Figure 12 shows its appearance. Use of the Beta distribution was
suggested by the wide use made of the Beta distribution in the PERT system
(Program Evaluation and Review Technique). The Beta distribution is
entirely’ defined, if in addition to its range, one fixes two parameters, The
literature on PERT? suggests use of the mode and a standard deviation

. 2Sec¢ for example D. G. Malcom, J. H. Roseboom, C. E. Clark and W. F. Fazar,
“Application of a Technique for Research and Development Program Evaluation,”
- Qperations Rescarch, Vol. 7, pp. 646669, 1959,
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Probability

Minimum Best estimate  Maximum

Value of the variable -
Figure 12. Beta Distribution

100
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Cumulative probability

- Basic sample
——~— Triangular
Beta, standard deviation =-
1/6 of range
— - — Beta, standard deviation
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Figure 13. Mogadiscio Port Prnject: Substitution of Triangular and Two Different
Beta Distributions for the Original Distribution of the Productivity of Labor
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cqual to s of the range. We have compared the r - .alts of substituting this
distr bution for the step rectangzular distributinn of the productivity of labor in
the Mogadiscio ease. The result, shown in Figure 13 (Curve A), indicates that
this particular Beta distribution is a bad choive; it is far from being close to the
basic sample distribution. We have not investigated turther the use of the Beta
distribution defined in this way because we think that it relies toc much on the
value assigned to the hest estimate, T our-experience the best estimate is nat
reliable datum, and in practce it often is an imprecise mixture of the value
with the highest probability and the mean,

- To find a way to limit the intluence of the best estimate, ler us reconsider
the case of the port of Mogadiscio. The step distribution in Figure 13 shows
that all values between 8 tons per gang-hour and 10 tons per gang-hour have
the same probability. “T'he best estimate (m) could therefore be anything

TABLE 10: Degrees of Freedom of Selected Beta Distributions of Range 0-1
P = probability of getting less than the beit estimate

Degrees ) ' m (hest estimate)
of - m—
P Freedem .55 .60 .65 .70 .75 .80 .85
a 3.0 1.5 1.5 4.0
.50 b 2.5 3.0 2.3 2.0 -
a 4.0 4.0 4,0
.55 b 3.5 3.0 2.5
a 4.0 3.0 3.5 4.5 4.0 4.0
L0 - b 4.0 2.5 2.5 2.5 2.0 1.5 -—
Coca 4.0 4,0 4.0 3.5 RIS
.65 b — 3.5 3.0 2.5 2.0 1.5 —
a 3.0 4.5 4.5 4.3 L.5 4.0
.70 b 3.0 3.5 3.0 2.8 2.0 “1.5
a 4.0 4.0 4.0 3.5
.75 b — — 3.0 2.5 2.0 1.5
a 4.5 4.5
.80 b — — 2.5 2.0
a 4.0
.85 b - 2.0

The Beta distribution given in this table s such thar:

1 ™
= —— a=~1 — )1
. P Bl /; 2=t (] — )1y
1 .
with B(a,p) = A =1 (1= )1 deg accuracy on P = +£0.02,

2. The standard deviation is between Y6 and 1.
3. ‘The mode falls within the range m — 0,10 to m + 0,05,
4. "The degress of freedom @ and 4 ar¢ such that 2a and 24 are integors.
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between the value we originally chose (10 tons per gang-hour) and a vaiue
inferior to this by-almost 30 percent of the range. From Table 10 it will now
be seen that if we try 1o keep the standard deviation of the Beta distribution be-
tween Y4 and Yo of the range, a small shift in the mode will result in a substin-
tial mocificatior of the shape of the distribution, For example, let us look at the
eolumn #e = 0,70, Lt indic ue; that there exist five different Beta distributions
of range 0-1 with a standard deviation between % and Yo and a mode between
.6 and .75, The first column shows that for these five distributions the prob-
ability o1 exceeding .70 (ar 1 — P) varies froni 30 percent to 2% percent. T'hese
five distributions are, therefore, quite different. If we had secided to use a Beta
distribution defined in this way for the productivity of fabor in the Mogadiscio
case, this aistribution would have given a probability for exceding 10 tons per
gang-hour of anywhere from 25 to 30 percent, depeading on where we had
decided to place the mode, _

T'his led to he idea of making the choice of the degrees of freedom of the
Beta distribution depen:d not only on estimates of the standard deviation aml
the mode of the distribution, but also on an estimate of the probability that
this made will be exceeded. 'Table 10 1s designed for this purpose. Given i best
estimate ar and the probability (I — ) of exceeding m, it gives the degrees
of freedom of a leta distribution over the 0-1 range such that its mode will
be between m 4+ G.05 and m — 0,10 and the standard deviation between !5
aad s, In introducing this form of estimation, he appraisal team’s idea was
uot only to limit the impostance of the best estimate but alsn to v " ¢ use of
information on the probahibity of exceeding the best estimate, whre'v is often
available. Figure 13, curve C. shows the result of introducing this informa-
tion; it is clearly closer t, the basic sample than the previous Beta distribution
{curve .\).

The Trapezoida! Nictribution

This distribution is shown in Figure 14 below. It owes its apnearance here
to the cxpericnce of the lack of reliability of the best estimate, eferred to in
the previous section, and to the observation that it is often he.pful 1o distin-
gu'sh a smaller range around the best vstimate within the toral range. This
smailer ranze witl often correspond to what may happen under normal cir-
cumstances as oppased to what mayv happen under extr_rac circumstances. For

ample under normal circ.imstances a project may .ost between —3 percent
and +10 pcrcent af the estimated cost. Under urusual zircumstances it may
cost betwween —23 percent and 4100 percent of the estimaied cost. While the
appraiser may not he able to say that it is more likely that the project will
exceed 1tz cost by |0 pereent than by 5 percent, he probably knows that +100
perceny is Iess likely than +25 percent, Therefore, while within the inner range
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Figure 14. Trapezoidal Distribution

all values have the same probability, cutside of this range and toward the outer
limit these probabilities decrease. Use ot this dist-ibution indicawes that it fits
weil a large class of subjective judgments. :

The Triangular Distribution

.This distribution, illustrated in Figure 15 below, is a particular case of the
trapezoidal distribution and requires little comment. 1t simply reflects the fact
that onc is tempted to assign to a value ciose to the extreme of a range a lower
probability than to a value close to the best estimate. It is only a convenicent
guess that this probability vadies linearly from the value of the best estimate
tc the extreme value of the range—a guess which makes random number
gencration very easy. Surprisingly, especially if we consider the high sensitivity
of this variable in the Mogidiscio analysis, curve T in Figure 13 shows that if
we had substituted a triangular distribution for the basic sample distribution of
labor productivity, we would have obtained a result remarkably close to our
original result.

The Normal Distribution

In our admittedly limited experience, the normal distribution (sce Figure
16) secms to be of little use with risk analvsis vartables.? Qutside of its appear-
ance in the Mogadiscio rase as the result of a portrait approach, we have now
abandoned it. VWWe have used it only o one occasion when the availability of an

© bution.

5 However, normality may be a good assumption about tLe final rate of return distri-
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F-igure 16. Normal Distribution

exceptional amount of data permitted a statistical analysis, and it turned out in
the analysis that a normal distribution was an appropriate choice. But, except in
rare cases, there is probably no justification for expressing a subjective judg-
ment by a normal distribution. The variations we are trying to anticipate are
the result of neither statistical errors nor random disturbances. Take the dis-
tribution of the value of an average ton of cargo in the port of Mogadiscio.
Only -2 minor part of the uncertainty on this variable originated from the
specificity of the sample of merchandise from which the mean was computed.
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Figure 17. ‘Telecommunications Project: Cumulative Distribution of the Rate of Return
under Different Distribution and Correlation [1ypotheses '

T'he bulk of the uncertainty we wanted to represent resulted from three facts:
(a) in 1966, Somalia imposcd restrictions on its imports; thus their composition
was likely to change over tite; (b) by the time the port was constructed, live-
stock exports were likely to represent a greater share of the traffic; (¢} the data
on which the analysis was based were taken from customs statistics aind were
likely to be biased. There was nothing about these uncertaintics which pointed
to a normal istribution. They represented subjective doubts about the course
of cvents, which may happen to be best represented by a skewed distribution, a
bimodal onc, or anythinz else. -

The Comparative Importance of Correlations
and Probability Distributions

We have emphasized the impertance of correlation and pointed out that it
constitutes a much more serious problem than the choice of the probability
distributions. As an example, Figure 17 shows what would have happened in
the case of another project* if we had: :

a) replaced the distributions of uncertain variables with uniform distribu-
tions (curve B);

* The telecommunications project in Malaysia,
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b) ‘replaced all the distributions with normal distributions of the same
mode® and same standard  deviation as. the original distributions,
(curve C); o

¢) replaced all the distributions by triangular distributions of the s:mlc\

mode® and same range as the original distributions (curve E);

d) kept the same distributions but considered all the variables independent
(Cufvc DY; ad-

¢) kept the same distributions for revenues ind assumed that the operating
expenses were {ully correlated with the operating revenues (curve IF),

The cffect of a different assumption abeat the correlations (curve D) is as
great as the greatest effect from changing the shape of the variable distribu-
tions (curve B, all distributions uniferm). "Fhat curve B is so much less steep
than the basic “stribution is to be expected, because the umform distribution
exagger s tho ;. Nabilities of the extremes, Using normal distributions for all
variab sy curve less close to the basic- distribution than using triangular -
distrid utiors. ! s result confirmed experience in the Mogadiscio case, when
the r o « dis cibution was used for the profile approach ; the use of the normal

dist' ou ¢ n does not appear appropriate when subjective judgment is involved.

Cu ¢ - (operating expenses fully correlated to operating revenues) shows
the ac ing a full correlation assumption need not flatten the distribution
curve, s it did far vehicle operating costs in the Great East Road case, and in
th ca ¢ for the corrvelation of port capacity and gang productivity in the port
of M zadiscio, as shown in Figure 4 (curve 2). Adding a correlation assump-
ti air the case we arc now looking at has resulted in a curve steeper than the
ot:ginl or true distribution, because the two variables assumed to be correlated
—operating expenses and operating revenues—pull on the rate of return in
opposite directions, Correlation of their variation logically tends to increase the
likelihood that the internal rate of return will fall close to its mode and to
decrease the likelihood it will fall in the tails of the distribution. thus tipping
the cumulative distribution curve to the vertical. [n the case of port capacity
and gang productivity in Mogadiscio, the two correlated variables pull the
same way on the rate of return; correlation tends to increase the weight of the
more extreme probabilities, thus {lattening the curve. However, even this kind
of reasoning about correlations should be applied with caution, because often
the effect of correlation between two variables will be more complex and not at
all obvious before the data ave analyzed. This is especially true when more than
two variables are correfated. ’

5 \Whenever the mode was undetermined, we chose the value originally given as best
estimile.
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MEANS AND COST OF RISK ANALYSIS

T'he financial cost and the time constraints involved in a risk analysis are
important elements in the decision whether to undertake a isk analysis. “I’here
follow a few comments, which lead us to the conclusion that these constraints
should not be allowed to limit the use of the method.

All the simulations we made have been carried out on a computer. An
important step of our work has, therefore, consisted in the development of
computer programs. In the case of Mogadiscio this took us about six months’
and in the case of the first road project about two months. The lower time
cost in the latter case results partly trom the fact that the model used for roads -
is conceptually simpler and more standard than the one developed for ports.
[t also results from rhe fact that we have been able to use for the roads some
of the programs we had developed in the Mogadiscio case. Development of
computer programs, therefore, appears to be an important capital investment
which can speed up a risk analysis considerably. For example, we can now
carry out a road risk analysis in a maximum of three calendar days, the actual .
programming time spent by the programmer being from one-half day to one
day. Even in the case of the pavement cost analysis made for the Tanzam
highway, which was a completely new cxercise, we were able to use parts of
the existing programs and the whole programming work did not take more
than a calendar week.

[t should be pointed out, however, that while we have tried to standardize
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our programs to the maximum, we found it best to rewrite cach time the part
dealing with probabilites, "T'he appraiser can, therefore, eliminate or introduce
in the probability analysis any variables he wants. He can also use for cach
variable any probability distribution, and have the variables correlated in any
way he wishes, “Uhis, of coursey requires more programming work, but we
think that this is necessary to ensure a good risk analysis. Even thongh a road
“is a road the world aroumd, all road projects are different because the judg-
ments attached to cach of the elements of the project are different. Further-
more, these judgments may take different forms in the minds of different
persons, [f, as we think, a good risk analysis depends essentially on how well
one is able to capture the appraiser’s judgment, a very flexible framework is
needed which can adapt to any judgment and retain its integrity, no matter
what form it may take. There is, therefore, a limit to standardization, “'he
major drawback to a lack of standardization does not seem to be the delay
which may follow in obtaming the results—three days or even a week is still
an acceptable time for a risk analysis—but the greater p()\\lblllt\’ of errors,

A computer program is a delicate tool which, once it is tested, should be
modified as little as possible, \While the computer will not make any error in
the computation, it will not be able to detect any error in the logic of the pro-
gram unless it is instructed to do so, It is difficult enough to detect an error in
a rate of return and nearly impossible to detect an error in the probability
distribution of this rate of return. “I'he best way found so far to overcome this
danger seems to be to present the program in a form which makes its checking
as casy as possible, Towever, this does not scem good enough and we are
now thinking of introducing into our models built-in tests which will detect
possible anomalies in the results.

Outside of the programming work, which requires a programmer’s time as
well as computer time—and the former may be very expensive, about $5,000
in the Mogadiscio case—the risk analysis proper is inexpensive. To give an
iden of the ovder of magnitude of the cost, the Mogadiscio simulation takes
about 7 minutes on an IBN 7090 computer; on the samé computer, the road
simulation takes from 4 to 10 minutes depending upon the number of sections
into which the road is divided. At commercial rates the machine costs about
56 a minute. Exclusive of the program preparation, a risk analysis will cost
from $30 to 3100 of computer time, It may become more expensive when the
models become more sophisticated but, on the other hand, the cost of the
program preparation should become cheaper as a result of more experience,
better organization and the existence of a program ]lhr’lr\ which is already
beginning to accumulate,!

‘Rnlv(rl S(hllnfu. Irm[y;i: of Decisions Under Uncertainty (New York: MceGraw-

i, 1969) 5 and “Computer Programe for a First Course Decision Under Uncertainty,”
Boston, Division of Research, Harvard Business School.
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A last observation is that risk analysis does not séem to require any particu-
lar mathematical skill, Points which require some knowledge of mathematics
or statistics, such as the sampling problem, once resolved for one project, are
resolved for all. Difhiculties might arise in getting a good feeling for the nn-
portance of the problem raised by carrelations. But, here again, the mathe-
matical treatment of correlations does not raise any problem, and as far as find-
ing and quantifying ¢orrelation goes, practical knowledge of a proiect is more
important to those in charge of the appraisal than is theoretical krowledge of
the properties of-correlations.




IX

MISCELLANEOUS TECHNICAL PROBLEMS

Sample Size

The cloice of an appropriate sample size relates to the decision as to how
many times the computer should repeat the computation of the rate of return,
based each time on randomly generated values for the variables. This is a
problem of statistics. The solution essentially focuses on:

a) the mean and standard deviation of the distribution; or
b) the probability of achieving a minimum return; or
¢} the shape of the entire distribution.

More details on the first two approaches can be found in most statistics text-
books, and on the third one.in the article on the subject by Feller.! Although,
in the cases we have dealt with, the rate of return is nearly normally distrib-
uted and thus use of the first approach may be justified,? we were initially
“interested in the entire distribution and therefore based the choice of our
sample size on the third approach, using samples of size 300. Kolmogorov's
theorem then indicates that there is 95 percent probability that the maximum
vertical distance between the true distribution and the distribution we obtain
with this sample will be inferior to 8 percent. "his sample size gives more

1\V, Feller, on the Kolmogorov-Smirnov limit theorems for empirical distributions,
The Annals of Mathematics, volume 19, no. 2, June 1918,
2 8ee {ollowing section.
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According to Sample SIZC s

accuracy than we need for the mean of the dlstnbutlon and an acceptablc
accuracy for the standard deviation,

To illustrate the effect of sample sizes, we cwpcnmentcd \Vlth different
samplc sizes in the Mogadiscio case, Figure 18 shows what may happen to the
mean and standard deviation when the sample size is increased to 1,000. In
this exercise we increased the sample size by 25 at a time and computed, cach
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‘time, the mean and standard deviation of the total sample. iven the smallest
sample (25) gives a mean which differs from the inean for the largest samples
by not more than 0.4 units or + percent, which is accurate enough for project
appraisal. “T'herefore, a sample of size 30 would have yielded an acceptable
estimate of the mean. From the results for the standard deviation, it is more
diflicult to make a similar judgment, but again, a sample of size 25 or 30
_yields a standard deviation less than 7 percent different from the standard
deviation for the largest samples.-I'his is an acceptable result. Figure 19
shows the type of dispersion which can be expected with sampies of size 100.
With the sample of this size we have an 80 percent probability that the
, Kolmogorov’s distance between sample distribution and the true distribution’
il not exceed 11 percent. “T'his result seems to be confirmed by Figure 19
‘ which—assuming that the distribution we obtained with a sample of size 1,000
is very close to the true distribution—indicates that only two out of the ten-
observed distributions of sample size 100 differ from the true distribution by
morc than 10 percent. The reader will of course realize that this'is only a
“simplistic illustration of a complex statistical problem.

100

901

Original distribution,
Sample size -~ 1,000 (heavy Ime)

Cumulative probability

10 a2 VIR 18
Rate of return ~ ' ’

Figure 19. \fﬂ{.,dlh\l io Port ijtﬂ Tcn Cumulative Dlslnhulmm of the Rate of
Return
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where § is such that

f'" F(X) dX =25
m-3

o ~df(X)
and m is ’suc‘h that: T = 0

Normality b/ Rate o[ Return

T'heoretical considerations mdlcate that undcr certain condmons thc rate
~ of return should follow a normal distribution.® 1f this were alw ays thc C:lse,,
“the distribution would be entirely defined by its mean and standard dcvutlon,f B
and our work would be somewhat simplified. In practice, we did obtain normal - .
distributions in the cases we undertook. However, the conditions of applica-
bility of the central limits theorem (sufficient in proving a distribution normal)
were only partially fulfilled. The following table shows for the Mogadiscio.
case that the distribution obtained was very close to a normal distribution, with
the mean standard deviation equal to the sample mican and standard deviation:

3 F. S. Ilillier, “The Derivation of Probabilistic Information for lhc Evaluation of
Risky Investments,” Mazagement Science, April 1963,
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Figute 21, Mogndlscxo Port Project: Effect of a Quartile Sluft of Vannblc Dlsmbunons
on Distribution of the Rate of Return o o

Cumulative probability of rate of
return R being less or more
than the rate shown

Nornml L Actual
Du‘tnbulmrz . Results

Prob. (R= 6%)
Prob. (R= 8%)
Prob. (R=10%)
Prob. (R=12%)
Prob. (R 14%)

We have made the same ‘observation in the othcr cases of risk: analySIs and,:
though the divergences were greater than in the \Iogadnscxo case, thcy were'ﬂ
never great enough to change the conclusion of the analysis. T hough it cannot
be demonstrated by the central limits theorem, normahty may be a good
:lssumptlon after all.* ‘

4 This apphec, however, to the rate of return, not to the individual varjables, as we
explained earlier in Chapter VII.
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Sch:iliv.'ily‘lq Quartile Shifts

In order to discover the effect on the distribution of the -rate of return of
any possible variations in the’ dlstrlblmnn of the variables, we performed a”
quartile shift as defined. in Flgurc 20 on each of the variable distributions
used in the Mogadiscio port pro;cct (ktcpmg the other variables unchangcd)"”'

and compared the rcsultmg rate of return
results are shown in Flgures 21 ax’d 27 G

The: additional information d nse’ of répéatilig thé
' s-mulatlon for each v:mab[e. Howcvcr, wc bche\e that'it n ay'be nossible to
carry out this shift sensitivity anal\m \nthout aclually repcatlntr the sunula—
tion, just by extracting from the original sunple a sub-iamp.e in which one of .
the variables is distributed according to the modified mambunon "This may "
lead to using somewhat bigger samples (say 5(0), but would make it powble'
to make the shift sensitivicy analysis without using any extra computer time.

<trlbutluns with the or',-;nml The =

5 This exercise was suggested by Mr, David llerz of McKinsey Inc.
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S . Distribution of the Rate of Return .

Ellmidatian of Low ¢ psitivity Variables

. To simplify the simulations it was - . .- z general rule that low sensitivity -
variabies shanh! be kept constant. as in the Mog: liscio case. The computer
timesaving is negligible, hur we think that this rule helped the appraiser focus
" on_the fiportant distriburions of the mlysm. In order to test the legitimacy
- of this appreach, in the Mogadiscio' ase we made a elmulatlon in which fiftcen
“of the variabies which: were c'lgmally L pt cons‘ant ‘were _vsried mndomly ;.

23 show- that the result i very similar to our o'lgmal result” and indicates
"t} a; chis simplificatio. is probatly justified. .

. 1cco.dm”r to-speciiied dxsm'btmons ‘a8 were the seven basic vanahles. Figure . -




THE USEFULNESS OF RISK ANALYSIS

The ridjor advantage of risk analysis is that it enables us to attack problems -
that we would otherwise avoid and to make decisions we would not otherwise
feel competent to nake. In cases like the Tanzam highway and the Mogadiscio
port project, where uncertainty is high, the appraisers would usuzlly follow
the procedure of calculating several rates of return under different assump-
tions, basing their overall decision about the project on these few calculations
and their best jadz nent, and presenting that unique and final rate of return
which most accurately reflects the sum tutal ot their knowledge of the project.

Without probability analysis, this is the best they can do: the best estimate
technique confines them to packing all the complexities of their undersianding .~

into a single number and then defending it as well as they can. With prob-
abilizy analysis, not only are the conclusions presented by the appraisers less
limited, but the supporting material has all been quantified in easily comprehen-
sible, standardized form. T'his means that, whereas previously it might have
been recognized tat some further intormatior was nceded in a particular .
area, with this kind of presentation it is usually possible ta sp=cify what kind
of information is needed and how rmuch difference it will make—that is, prob-
lems can be attacked which might otherwise have had to be passed over.

Special ddvantages: Four Cases in which Risk is a Nl ajor Factor

Among the projects to which we have applied risk analysis there seem to
be four distinct kinds of problems in which uncertainty plays an important

.
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role: whether to undertake a marginal project, how to handle a project with
unusual uncertaintics, how to settle on the best combination of specifications
in a single project, and how to identify a project with only minimal :nforma-
tion. ' :

1. Merginal Projects. For some orojects, like Mogadiscio port or the tele-
commmunications project, the rate of return computed on the basis of the best
estimate for cach variable is very close to the estimated opportunity cost of

capital. Then normal kinds of ‘uncertainties ubout the value of the input
variables are enough to turn a satisfactory rate of return into an unsatisfactory
one. The decision to accept such a project implies fudgments on the likelihood
that the project will carn a satisfactory rate of return nonctheless and on the
extreme ranges of possible results,

2. Unusunal Urccrtaintics. For other projects like the T'anzam highway,
despite a satisfactory rate of return based on che best estimate of cach variable

(say 13 percent to 18 percent), the uncertainty on some of the variables is so

great that there is a distinct possibility that the project may not earn a satisfac-
tory return, This kind of uncertainty is built into the project and cannot be
eliminated or even reduced by any amount of additional study.

3. Optimization of Project Specifications. In many cases, the overall justifi-

cation of the project has already been established at the identification or pre-
appraisal stage, But the analysis of design standards, project timing, project
phasing, and project size can ouly be done at the appraisal stage, and such
“analyses may leasd to saving millions of dollars in project cost, as the Tanzam
highway case has suggested. Specification analysis is basic to most Bank project
work. In both the Great East Road case and the Mogadiscio case there were
problems of timing and scale, though we have not described them explicitly
here. Choice amnong altcrn'\n\cs ont such specific issues is made partxcularl)
difficulr by uncvrt:unty

In the cnice between alternatives A and B shown in Figure 24, for ex-
ample, uncertainty about data is not critical to the decision whether te go

ahead with the project, for either alternative will return an adequate yield.
But it may still be critical to the choice between alternatives.

In the neighborhood of S*. alternative A should be preferred altcrnatne
B because it would yield a much higher return. On the other hand, in the
neighborhood ~f §** I should be preferred to A. The choice between A aad
B will therefuse invel e some estimation of the probability distribution of
S, and if this choice also invelves other uncertain variables it will very likely
require a_probability analysis.

4. Project Fdrrtification. The best example of project identification zmong
our four examples is the Great Fast Road (Chapter V). Here no detailed
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Figure 24, Choice between Two :\lu;rnnlives, Both with Adequate Rates of Return

study had been made; only rough data estimates were available. Yet a decision
had to be made to go ahead with the project, to postpone it, or discard it. The
uncertainty is less elusive than that ussociated with marginal projects, since
most of it could be eliminated through study. However, studies are expensive,
take time, and even the decision to undertake a study requires careful analysis
and involves a judgment on the posrible outcome of the stady.

The frequency of such cascs

It is for these four classes of problems that risk analysis scems best designed,
They scem also to represent the essential cases in which uncertainty has to
be dealt with in one way or another, "'he first two classes, marginal projects

“and projects with unusual uncertainties, while they are not frequent, particu-
larly among transportation projects, often raise critical issues because they
involve important decisions. The third case (optimization) is much more
frequent but less critical because in practice it is casy to bypass the issue by
falling back on rules-of-thumb. [t is hard enough to conceive a workable
project under the usual uncertainties without also trying to optimize. But if,
as our experiences suggest, risk analysis provides ‘an efficient ool to handle
the difficulties of optimization under uncertainty, we may be able to do it more
often. Finally; in project identification, risk analysis can increase the scope for
action. The more sophisttcated project planning becomes, the longer in advance




decisions must be made imd the more clements—all uncertain—intervene in
these decisions. The present need to improve decision-making processes at the
identification stage may be reflected in the present overwhelming number of
project studies, 1n turn, more and better decisions at the project idertification
stage should have the efiect of decreasing the number of studlcs and focusing
them on the most important issues.

Risk analysis might well find its major application in the optimization ficld.
Consequently it may become a tool for the consultants even more than for the
Bank. Ouce a project has been fully designed, it is often too late to optimize,
but if, at the Bank's request, the optimization were to be made by the con-
sultants or by the pro;ctt ngncr many improvements could probably be
achieved at that stage.

General Addvantages

Risk analysis requires only one set of computations, cither by mental caicula-
tion or by computer, to obtain a complete picture of the project. T'o obtain a
similarly adequate picture of the project using the conventional method and
the identical computational aids,! one must repeat the entire computational
process at |east once. “[herefore, even though a single rate of return can be
calculated more quickly by the conventional method, in practice appraisers
at the Bank scldom stop at the first rate of return obtained by conventional
analysis. "I'he final ringe of altermatives from which a decision is made can
be calculated more quickly by using risk analysis. In the case of the Great
‘East Road in Zambiz, we obtained a result from the risk analysis no later than
three days after the return of the mission from. the ficld. By the usual Bank
miethod, it would probably have taken two full working days to figure out
the traflic, the cost of the project, the savings in vehicle operating cost, the
savings in maintenance cost and. finally, the rate of return. Then we would
have found that this rate of return was too low and did not correspond to the
opinion we had of the project. We would then have repeated the operation,
changing the value used for, say, the traffic level, savings in vehicle operating
cost, or the cost of the project. In this particular case, it would have been easy
to pick second and third values just as good as our first, because of the great
uncertainty about most of the variables. This unsystematic sensitivity analysis
might have required another twa to five days. In the same time, using risk
analysis, the final report on the project was already finished. Tn addition, it
took only about one programmer-hour to rerun the program six months after

! Naturally, developing computer programs takes time and using them speeds up
calculations, but these facts are true for any method and do not affect the validity of
the argument here. See also Chapter VIII
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the original decision, when we received new information ‘on the cost estimate,
\Vith faster computer turnaround time, the time to get the computer results
could be reduced from three days to one dav, which is the time it takes thc
programmer to prepare the prob.'llnllty part of thc ‘computer progrmn. )

Clarity of presentation

Another benefit of risk analysis is that it results in greater report clarity.

and thereby permits rore people to make useful contributions to project ap- .

praisal~. Qur appraisal reports give the values of the clements used in the
evaluation of a project. However, they very seldom give the judgment lying
behind these values and when they do, it is always in qualitative form. As a
consequence it is very difficult for anyoue to discuss these judgments, and - -
comments often focus more on the presentation than on the substance of a -
report. In some cases, a high degree of technicality creates a natural barrier to
wide discussion. But often, as with the Tanzam h\ghway, a dxscussmn of the
assumptions is both possible aud desirable. ‘ )

This transparency of the anmalysis, while serving to make dlscussnon more |
cffective, also seems to facilitate the adoption of recommendations, However,
our experience is limited and it would be interesting to investigate this point :
further, in particular in connection with negotiations relating to technical
questions, : ‘

Convenience

Because of its compactness, a probability distribution not only communicates
information well, but also is very convenient to work with. It was surprising

to find that after even a very little experience with risk analysis, it became -

easier and more natural to express a judgment in prodabilistic terms than in
terms of a best estimate or, indeed, of any other king of estimate. We found -
that an expert consultant may be unwilling to commit himself to a single cost -
estimate before the completion of lis study, but he may quite readily proffer a °
ran, - of cost estimates and a full probability distribution over that range.

Rigor in analysis

Risk analysis both demands and permits the use of greater rigor in analysis.
Risk analysis demands. more ‘rigor simply because it is a more sy.tematic
method. It permits more rigor than the single-estimate approach because even :
ina <1mp|e nml) sis it allows for morc than one course of action. Paradomcally,
it is always casier to be rigorous than to approximate. .
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Present Horth versus Rates of Return

I concluding this chapter it may be suggested that, for the purposes of
risk analysis, in many cases present worth may be a better eriterion than the
internal rate of return, One dithiculty in decision-making is the estimation of
the opportunity cost of capital. This is often cited in the Bank as an argu-
ment in favor of using an internal rate of return rather than a present value,
We need ot know the opportunity cost of capital to compute the internal
rate of retur; it is used only at the last stage to decide whether the caleulated
rate of retura is acceptable or not. Since in practice the rates of return obtained
are often higher than the highest likely value of the opportunity cast of capital,
the need to caleulste the Tatter in detail does not then arise, However, if risk
analysis is to be applied to marginal projects or to marginal components of a
project, the decision as to the aceeptability of the project will no longer be so
abvious, Mogadisein™s port project, for exmuple; implies the comparison of an
internal rate of returng varying over a wide range, to an estimated opportunity
cost of capital, also varying over it wide range. This is not casy. Under these
circuinstiances it seems possible to consider the opportunity cost of capital as
an uncertain variable similar in all respects 1o the other variables of our
aniysis, and to use a present worth approach. The probability of failure of
the project would thus simply appear as the probability that the project has
negative net present worth, and the decision as to its acceptability would be
made very simple, '

Sunimary and Conclnsions

The overall conclusions are numerows, amd many are, of course, still tenta-
tive. Thev can be summarized in the following four points:

(@) Risk analyvsis is a powerful techaique which permits the use of a great
deal of information which would otherwise be lost. It enables us to handle
uncertainty ot only about the viability of a marginal project, but also about
the most appropriate design or phasing or size of a clearly aceeptable project.

(b Perhaps even more imporvtantly, the entive framework of risk analysis
provides o highly ethicient medium of communication, a focus for evaluation
ami discussion, whether between one person and his superior, among the
various metubers of a team, or possibly (looking toward the future) between
consultants and the Bank or a barrower and the Bank,

(o) Risk analysis is in no sense a technique «vhich replaces skilled judgment.
On the vontrary, it often requires the use of far more judgment than the tradi-
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rional analvsis. “T'he technique cannot provide correct answers on the basis of
false assumptions, :

() Despite the niethod’s value, the treatment of correlations between vari-
ables remains a major problem. [t is clear that results can be completely mis-
teading if these correlations are not properly handled. This danger is not
merely theoretical s there s apparently a systematic tendency to overlook corre-
fations. 1t follows that risk analyvsis should be undertaken only with great
caution,
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