
CHAPTER 1

INTRODUCTION

1.1 Background

The underlying economic concept in the appraisal of large-scale

irrigation projects is to promote the efficient allocation of resources.

Investment decisions regarding the use of scarce resources by irrigation

projects should be made only after the range of feasible alternative

investment options has been considered, from which the optimal option is

selected. The selection should be based on maximising total net benefits

to society from the use of its scarce resources. The investment decision

involves an economic evaluation of social benefits and social costs

through benefit-cost analysis (BCA). Three economic criteria are used in

conventional BCA for selecting the optimal project: the net present

value (NPV), the benefit-cost ratio (B/C ratio) and the internal rate of

return (IRR). The BCA technique has wide application in the general and

specific areas of project appraisal. An extensive list of these

applications and the problems encountered is presented in Wong (1979),

including Mishan (1972), Dasgupta and Pearse (1972), Little and Mirrlees

(1974), and Prest and Turvey (1965) as general applications. Project

appraisal methods specific to irrigation projects can be found in

Gittinger (1972), Howe (1972), James and Lee (1971) and Bergman (1973).

Developments in BCA techniques for project appraisal include the

explicit accounting for risk. •The terms 'risk' and 'uncertainty' are

used interchangeably in this study in adopting the views of Borch and

Mosin (1968), Reutlinger (1970), Kohli (1973), Anderson et al. (1977),

Ray (1977) and Pouliquen (1970). Uncertainty surrounds the attainment of

economic goals in irrigation project appraisals because the appraisals
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are usually ex-ante. This uncertainty is aggravated by uncertainties in

estimates of benefits and costs.

When these estimates must be projected into the future, a BCA

requirement, the issue of explicitly taking risk into account becomes

crucial. This issue is recognized by modern decision theorists (e.g.,

Schlaifer 1969, Halter and Dean 1971, Anderson et al. 1977) who suggest

that risk should be accounted for at all levels of planning.

In the appraisal of ongoing projects, two important but relatively

neglected areas are those of monitoring and evaluation. While appraisal

requires projection into the future, monitoring and evaluation require

past information on project performance.

The World Bank (WB) distinction between monitoring and evaluation

highlights the relationship between the two functions of impacts (Casley

and Lury 1981). That is, monitoring is the provision and use of

information to enable management to assess the progress of

implementation. This assessment enables management to take timely

decicions of impacts to ensure that progress is maintained according to
schedule. Monitoring is an essential part of good management practice

and therefore an integral part of day-to-day management. On the other

hand, evaluation involves the assessment of the overall project effects,

both intentional and unintentional. It involves comparisons of impacts

requiring information from outside the project either in time, area, or

population. Evaluation draws on the data generated by the monitoring

system to help explain trends in effects and assess the impacts of the

project. Monitoring data may reveal significant departures from

expectations which may warrant that an on-going evaluation be undertaken

to examine the assumptions and premises on which the project design was

based. Such a review, as also in the case of ex-post evaluation, can be

of great value to sectoral management in its policy formulation role.

While monitoring must be integrated within the project management

structure, evaluation, with its wider horizons requiring comparative

infomation, is not necessarily such an integral component.
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In Australia, and in particular in the Bureau of Agricultural

Economics (BAE), BCAs have been undertaken to assess the economic impacts

of large-scale irrigation projects in Australia from the national

viewpoint. Attempts were made to identify and quantify the major direct

and indirect monetary and non-monetary impacts of the projects on

interest groups and the regions concerned. The basic task in these

evaluations was to obtain estimates in economic terms of the differences

in productivity between the existing situation and the future situation

with and without the proposed irrigation schemes (Wesney and Woolcock

1978).

However, these studies did not explicitly account for risk in the

analysis. Furthermore, the BAE has not published any study of the

controversial Ord River Irrigation Area (ORIA) project. The public

controversy on this project erupted in 1965 when two camps of economists

took opposite stands regarding the future of the cotton industry in the

Ord. Davidson (1965) described the project as follows:

It is pocsible that no settlement in Australian history has beer

commenced cvl f h 	 little chance of economic success.

Davidson's main critic, Patterson (1965) claimed that Davidson

underestimated cotton yields because his data were out of date.

Davidson's pessimism gained support with the collapse of the cotton

industry, as confirmed by the findings of the ORIA Review (1979). The

Review stated that:

The ORIA project has not fulfilled the expectations of the Western

Australian government, or the farmers and businessmen in

Kununurra...in terms of contribution to net increase in national

output, the project has been of no benefit.

In spite of this, in 1979, the project was given a 5-year

development grant by the Commonwealth and Western Australian Governments

due to the expenditures and the 'highly critical' state of the project.

With only about two more years before the grant terminates, an evaluation
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of the project is not premature. An official review is scheduled to be

undertaken to determine the profitability of the project during the five

'crucial' years of the grant.

The main concern with the ORIA project at present is the same as

that expressed in the 1978 Review i.e., whether there is economic

justification for the continued funding for the project beyond 1984.

However, this time, the cotton industry cannot be blamed as the source of

the project's unprofitability. A number of alternative crops have been

grown in the project area. In addition, the prospects of the sugar

industry for ethanol production have been given wide publicity with the

idea being to establish cane sugar as a profitable industry in the

project area. The recent drastic declines in the world price for sugar,

however, have confirmed the uncertainty associated with volatile sugar

prices. This uncertainty, combined with the uncertainties inherent to an

ex-ante appraisal, should be dealt with-explicitly.

1.2 Dealing with and  Quantifying Risk and Uncertainty 

For a public investment project, estimates of the cash flows which

would be generated by the proposed project in each year of its life are,

almost invariably, built up from estimates of other variables which are

uncertain. This gives rise to uncertainty about the cash flow estimates,

which, in turn, makes the calculated value of the performance measure

uncertain.

Various deterministic models for project evaluation have been

developed which involve the calculation of 'dynamic' discounted cash flow

(DCF). These models imply or assume that certainty prevails. Even when

risk is acknowledged to exist, it generally is not explicitly considered.

To implicitly deal with risk, 'partial remedies' or 'rules of thumb' are

used, viz., contingency allowance, conservative cash flow estimates,

incorporation of risk premia in the discount rate, sensitivity analysis,

and other related measures. These measures have several limitations.

Inconsistencies and potential dangers in their application have been well

documented (Dasgupta and Pearse 1972, Little and Mirlees 1974, Kohli

1973, Ray 1977).
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Operational tools for handling risk in project evaluation have been

developed to overcome these limitations. One such technique is risk

analysis, which essentially involves some form of stochastic simulation.

The basic procedure consists of aggregating probability distributions for

variables relating to benefits and costs obtained either on the basis of

past data or from subjective estimates. Each of the distributions is

then sampled from once. This provides a single value for each of the

variables and enables a set of net cash flows, and therefore, a value for

the performance measure to be calculated. This latter value can be

regarded as a pseudo-random sample from the distribution of the

performance measure. The distributions are then sampled from again and a

new value for the performance measure is calculated. The process is

repeated many times until enough different new values for the performance

measure are obtained for a probability distribution of the performance

measure to be drawn.

Since Hertz (1964) argued for the importance of the risk analysis

technique in investment analysis, it has gained wide acceptance among

management scientists and has been applied frequently to large private

investments. The importaDce cf the technique to public investments was

recognised by project analysts such as Reutlinger (1970), Pouliquen

(1970) and Kohli (1973), to name a few, who applied the technique in case

studies,

1.3 Aims of the Study 

The three main aims of the study are:

1. to evaluate the performance of the ORIA project;

2. to appraise the project for economic efficiency using

deterministic criteria, i.e., conventional BCA;

3. to conduct an appraisal similar to (2) using risk analysis to

determine the effect of incorporating risk in project appraisal

and evaluation.
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In the appraisal, the criteria for economic efficiency used are the

NPV and the IRR. The estimates of benefits and costs of the project are

based on the sugar industry proposed by the Western Australian

Government. Risk is incorporated into the appraisal through risk

analysis, following Wong (1979).

1.4 Hypotheses

The hypotheses to be tested in this study are as follows:

1. Crops currently grown in the project do not contribute to the

efficient attainment of the project goals, based on the

evaluation criteria suggested by Carruthers and Clayton (1977)•

2. The sugar industry in the project will result in positive net

benefits to society as determined by the three economic criteria

in BCA; and

3. Incorporating risk in appraising the project will result in a

similar expected value of net benefit to society as

deterfOnistic BCA.

1.5 Outline of the Study 

In Chapter 2, a review of the literature on the economic analysis of

risky projects with emphasis on large-scale irrigation projects is

presented. This is followed by a discussion of the extent and

limitations of project evaluation techniques in Australia. The chapter

ends with a discussion on why risk and uncertainty must be incorporated

in the appraisal of a public investment such as the Ord River Irrigation

project.

Chapter 3 consists of an exposition of risk analysis as a technique

in evaluating and appraising projects. The general concepts and salient

issues in the technique and the framework in which it is to be applied in

the appraisal of a project are discussed.
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Chapter 4 begins with a history of large-scale irrigation projects

in Australia, including studies done. The rest of the chapter presents

the structure and policies that govern the environment of the proposed

sugar industry in the Ord.

Chapter 5 illustrates the model for appraising the proposed sugar

industry in the Ord and, the issues and concepts involved in conducting

the appraisal in a BCA framework.

Risk analysis is applied in appraising the project in Chapter 6.

The simulation framework and the use of time series analysis are the main

features of the technique that are discussed in the chapter.

The results of the appraisal and their implications are presented in

Chapter 7 including the operational difficulties encountered. Chapter 8

ends the study with a summary and conclusion on the applicability of the

technique. Areas for further research - are also enumerated in this final

chapter.



CHAPTER 2

ECONOMIC ANALYSIS OF PROJECTS UNDER UNCERTAINTY: A REVIEW

2.1 Nature of the Problem

A question that should always be addressed by analysts is how to

account for the inherent uncertainties in project analysis, particularly

if these uncertainties are considered important. Techniques to account

for risk have been ad hoc and theoretically naive such that

inconsistencies and limitations with their application have been noted by

Dasgupta and Pearse (1972), Kohli (1973), Little and Mirrlees (1974), and

Ray (1977).

The importance of taking risk into account in inveztment appraisal

is now widely recognised by management scientists and the academic

community (Hull 1980), and is now an integral part of business and

government investment decisions (Hertz 1981). These investment analysts

have applied advances made in decision theory and simulation in

incorporating risk and uncertainty in project appraisal. Economists

specialising in BCA for project appraisal have yet to use these

developments widely,

2.2 Economic. Analysis of Risky Projects 

This section presents a summary of appraisal methods which account

for risk and the extent and areas of application of risk analysis as

reviewed by Wong (1979). This is followed by a discussion on some recent

applications of risk analysis.

Other recent applications of risk analysis include Cassidy and Gates

(1977) who initially selected a number of competing project plans by

applying different decision criteria. These plans were used as input for
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simulation to derive each plan's risk profile of net benefits. They

provide prescriptions for governmental decision-making based on the

quantified uncertainty in the risk profiles concerning a project's social

profitability. The method was applied to a Queensland land utilization

example. Hull (1980) attempts to provide finance specialists in industry

and management students with a comprehensive set of practical procedures

involving sensitivity analysis and stochastic simulation for evaluating

investment risk. Crawford and Milligan (1982) illustrate the use of

experimental design in stochastic simulation. Income growth prospects

for small farms in northern Nigeria were examined under deterministic and

stochastic conditions. A partial factorial design was employed to assess

the impact on growth of resource endowments, stochastic yields and

returns, consumption behaviour and enterprise opportunities. Analyses of

variance were conducted to determine the key determinants of financial

performance.

2.2.1 Appraisal methods using decision theory

Recent advances in decision theory and simulation resulted in the

availabJity of approaches to overcome the limitations of conventicral

techniques for handling risk in BCA. A list of these approaches,

associated references and their extent of application are presented in

Figure 2.1. The merits and limitations of other methods available with

emphasis on utility of present value and multidimensional utility

appraisals of risky cash flows are briefly discussed in justifying the

use of risk analysis in this study. Detailed exposition of the

approaches are presented by Wong (1979).

In the utility of present value approach, the objective function is

to maximise the utility of NPV (or other economic criterion), i.e.,

maximise U = E [U(NPV)J. Approaches to derive this objective function

differ in their assumptions for deriving personal beliefs (subjective

probability distributions) and personal valuations (utility or preference

functions). These approaches include (a) the certainty-equivalent

approach, (b) statistical probabilistic analysis, and (c) stochastic or

Monte Carlo simulation.



Figure 2.1 Major decision analytical approaches for handling risk

Mathematical programming
under risk

Chance-constrained
programming:

e.g. Bernhard (1969)

Utility appraisal of risky present value*

r--Certainty-equ i valent arrfonch:

e.g. Little and Mirriees (1974); Anderson et al.(1977)

Multidimensional utility
appraisal of risky cash

flows

[—Multidimensional or multi-
attribute utility approach:

e.g. Meyer (1970 and 1973)
Nusland	 (1971) Lustig	 (1971)t Anderson et al.	 (1977)
Bryne et al. (1968)

—Statistical probabilistic analysis:

e.g. Hillier (1963 and 1969); Wagle (1967)±

,---Stochastic or Monte Cvrio simulation:

Risk analysis

e.g. Hess and Quigley (1963)
Hertz (1964 and 1973)

Bell (1975)
Keeney and Nair (1975)t
Dillon and Perry (1977)t

'----Time-state preference approach:

e.g. Hirshleifer (1966 and
1970)
Wilson (1969)t
Ang (1974)t

in private
investment

Cassidy et al.(1970)t; Kryzanowski et al.(1972)t
Bussey and Stevens (1972)1; Hayes (1975)t
Cassidy and Harrison (1977)1

Reutlinger (1970)1 • ; Pouliquen (1970)t
Kohli (1973)t; Fairley and Jacoby (1975).1.
Bottomley et al. (1976)±; Ray (1977)+

in public
investment

or other performance criterion - e.g. IRR, payback period and so on

t	 incorporates empirical applications or case study iilustrations of technique

Source: Wong (1979)
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(a) The certainty-equivalent approach involves eliciting directly

from the decision-maker an unconditional certainty equivalent for each

variable. This approach is widely used in decision analysis problems in

conjunction with decision trees (Schlaifer 1969, Raiffa 1974 and Anderson

et al. 1977), but has arguable applicability in the context of complex

problems in public investment (HeSpos and Strassman 1965). Furthermore,

eliciting subjective beliefs from any decision-makers in public

investment can be demanding and tedious, if not impossible (Dillon and

Perry 1977).

(b) The statistical probabilistic analysis is based on the

assumption that NPV is normally distributed, and thus involves deriving

the mean and variance of its distribution. The main limitations of this

approach are its restrictive assumptions about the probability

distributions and computational complexities involved in working with

individual variables and parameters (Reutlinger 1970).

(c) Stochastic or Monte Carlo simulation consists of applying

simulation in deriving graphs of probability distributions of economic

criteria for the investments, using elicited probability distriLutions of

the relevant variables and parameters. A simplified vcrsion of this

approach is risk analysis which in its basic form abstains from

considering the utility function of the decision maker(s) due to the

difficulties involved in its derivation. The extent and areas of

application of this technique are discussed below.

Multidimensional utility appraisal of cash flows aims to consider

uncertainty explicitly, together with other equally important objectives

in project appraisal, adhering strictly to the axioms of Bernoullian

decision theory. It is equivalent to risk analysis applied to

multi-objective BCA and, in addition, the decision maker's preference or

utility function is considered. Although the completeness, and

theoretical and logical appeal of this approach are recognized, due to

the magnitude of problems in its application especially in eliciting the

utility function (Dillon and Perry 1977), this approach is not used in

this study. However, future studies in BCA may benefit from the use of

this technique.
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2.2.2 Extent and areas of application of risk analysis 

The relevant literature illustrating the application of risk

analysis is presented in Table 2.1

2.2.3 Protect evaluation in Australia - state of the art 

Serious deficiencies exist in project evaluation and in monitoring

program implementation in both Federal and State programs in Australia.

This is indicated by the evidence accumulated by Davidson (1969),

McFarlane (1968) and Gates (1971). Equivalent investigations overseas by

Haveman (1972), Krutilla and Self (1970) and others provide supplementary

evidence that cost-effectiveness in the public sector could be markedly

improved, especially in the area of public investment.

When the Coombs Task Force (1973) reported the expenditure policies

of the Federal government in 1974, it noted that one of the objectives of

a special paper issued by the Treasury in 1966 on 'Investment Analysis'

was to effect some consistency in the application of BOA in public

vivestments . According to the Task Force, this consistency had yet to

be a6lieve=d. In some instances, the appraisal techniques it examined

were obscure. Furthermore, there appeared to have been relatively little

interaction among the various departments or statutory authorities

involved in the development of such techniques. Where BCA based on

discounted cash flows was employed, the discount rates applied by

different departments varied from 4 to 10 per cent.

While this report exposed the limitations in methods used in

appraising public investments in Australia, its impact on Federal-State

bureaucratic processes seemingly has been minimal. Although some moves

have been made towards the use of program budgeting and the introduction

of new techniques such as environmental impact statements, ill-assessed

projects continue to materialise as ad hoc policies are pursued ( Davis

1978).



Table 2.1 Risk analysis - extent and areas of application

Public investment 	 Private investment

Transport	 Industry	 Agriculture

Nudds et al. (1976)	 Cassidy et al. (1970)
Fairley and	 Cassidy and Harrison
Jacoby (1975)*	 (1977)

Kohli (1973)	 Eilon and Fowkes (1973)

Pouliquen	 Hayes (1975)
(1970)

	

**	 Ray (1977) a	**	 Hertz (1964 and 1972)

	

***	 ***	 Reutlinger	 Hess and Quigley (1963)
(1970)	 Hull (1976)

Kryzanowski et al. (1972)

Mihalasky (1970)

hydroelectric power project

** cites examples of application in these areas

*** provides the rase study illurtrations in these areas

'Recent applications reported in Ray (1977) include the following
World Bank Reports:

151a - UAR Appraisal of Cotton Ginning Rehabilitation Project
(Egypt) June 1973

569 - IN Appraisal of Sindri Fertiliser Project (India) Nov.
1974

608 - EGT Appraisal of Tourah Cement Expansion Project (Egypt)
Jan. 1975

856 - BR Appraisal of Third Railway Project (Brazil) Sept.
1975

- Appraisal of the Petite Cote Tourism Project (Senegal)
1976 (Yellow Cover).

Source: Wong (1979)

13
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2.3 Risk and Uncertainty in the Appraisal of Public Investments: The 

Case of the Ord 

In this section, the terms 'risk' and 'uncertainty' are defined and

the controversy in accounting for risk in public investments is

discussed. The explicit accounting for risk in the ORIA then is

justified.

While the words risk and uncertainty may have different

connotations, no formal distinction is made between these two terms in

this study. Both words are used interchangeably in referring to

situations where the analysis requires taking into account the

possibility of alternative outcomes and assigning probabilities to

represent the likelihood of each possible outcome.

The controversy surrounding the issue of accounting for risk in

public investments remains unresolved. The debate concerns the notion

that individuals are not indifferent to risk. In general, people do not

in fact value assets with uncertain returns at their expected values.

They do not choose investments in private capital markets based on the

maximum present value of expected returns. Rather, their objective as

investors appears to be to maximise the present value of returns, with

adjustment for risk. The issue thus is whether it is appropriate to

discount public investments in the same way as private investments.

There are several sides to this issue. Some writers suggest the,t

risk can be ignored in public project evaluation because risk is 'pooled'

across the public (Samuelson and Vickrey 1964) and/or 'spread' across the

members of the public (Arrow and Lind 1970). On the other hand, others

like Hirshleifer (1965, 1966) and Hirshleifer et al. (1966) stress the

importance of making allowance for risk. Mishap (1970), McKean and Moore

(1970) and Nichols (1970) criticise Arrow and Lind's 'risk spread'

argument.

The Arrow and Lind theorem is valid, provided that the share of the

public investment by any individual is sufficiently small as to be

insignificant to him. The same reasoning can be applied to large

corporations.	 If managers are acting in the interests of the firm's
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stockholders, they should ignore risk and choose investments with .the

highest expected returns. There are, however, provisos to this

reasoning. Large corporations may behave as risk averters when corporate

managers consider it to their disadvantage to neglect risk. Since their

careers and incomes depend on the firm's performance, negative variations

in the outcome of some corporate action impose real costs on them as

individuals. In considering prospective investments, corporate managers

thus may discount for risk, even when it is not in the interests of the

stockholders to do so. This proviso to the Arrow and Lind argument is

considered in deciding whether risk should be taken into account in the

ORIA, as discussed below.

The most recent development with regard to the ORIA project is the

emergence of a consortium consisting of a South Korean firm, WA farmers

and the WA Government to undertake the financing and establishment of a

sugar industry in the Ord. The presence of individuals as private

investors in the project characterizes the ORIA as a private investment.

The project also may be characterised as a public investment, both by

Arrow and Lind's definition of public investment as 'simply, investment

needed to produce public good' (1970b), and because of the participation

of the WA Government in financing the project. In this case, however,

the Government is not the sole decision maker with regards to the sugar

industry. The presence of the South Korean corporation in the ORIA

implies that risk may not be neglected because some corporate managers

may be unduly risk averse (from the point of view of stockholders). They

may discount for risk when considering the profitability of the sugar

industry, and understandably so, given the volatility of sugar prices.

The public investment aspect of the project may also be a case where

political leaders behave like corporate managers. The project is a

'one-off' event, in that it is not regarded as one of many projects over

which the government can afford to be risk indifferent. If the risks in

the project are neglected, then the decision makers are not supplied with

relevant information, in terms of the probability distributions of the

expected outcomes. For these reasons, it is deemed important to take

explicit account of risk in the appraisal of the ORIA.



CHAPTER 3

RISK ANALYSIS IN THE APPRAISAL OF PROJECTS

This chapter consists of three main sections. The first is a

discussion of the context in which the appraisal of the project is set in

this study, namely, as separate from an evaluation of the project. The

second section is a more detailed description of risk analysis as the

method adopted in this study. The final section deals with the

application of risk analysis in the appraisal of the project.

3.1 Evaluation versus Appraisal 

The evaluation of projects usually connotes an analysis with a view

to the future, i.e., the analysis usually is ex-ante. As projects are

completed, an evaluation can also be performed, but this time, the

analysis will be ex-post. In order to distinguish an evaluation of a

project using ex-ante analysis from an ex-post analysis, the term project

'appraisal' was coined. This refers to ex-ante analysis, while the term

'evaluation' is limited to an ex-post analysis of a project. This

distinction follows the current practice in the WB . More specifically,

Baum (1978) defines project appraisal and evaluation as stages of a

project cycle as follows.

3.1.1 Appraisa

The WB considers that a project is ready for appraisal after it has

been identified as having high priority and has undergone the preparation

stage. The latter entails identifying the technical and institutional

alternatives for achieving the project's goals and comparing these, based

on their respective costs and benefits. The more promising alternatives

are then investigated in more detail and the most satisfactory solution

worked out. The WB considers the appraisal of a project as a critical
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stage in the project cycle because it is the culmination of the

preparatory work, provides a comprehensive review of all aspects of the

project and for its evaluation when complete. Of the four major aspects

of appraisal, the economic appraisal is discussed here, since it is of

most relevance to this study.

In economic appraisal of projects generally, a benefit-cost analysis

of alternative project designs permits selection of that which

contributes most to the development objectives of the country concerned.

Whenever adequate data permits, projects are subjected to a detailed

analysis of their respective costs and benefits, the result of which is

usually expressed as an economic rate of return. Since estimates of

future costs and benefits are subject to substantial margins of error, it

has been suggested that an analysis should always be made of the

sensitivity of the rate of return to variations in some of the key

assumptions; in less frequent cases of major uncertainty, a risk

analysis may also be carried out.

Three more stages in the WB project cycle follow the appraisal viz.,

negotiations between the funding agency and the borrower, implementation

and supervision of the project, and project evaluation.

3.2 Evaluation

All WB-financed projects are at present subjected to an ex-post

audit. In most cases, the audit is based on a desk review of all

materials pertaining to the project, collated towards an audit and

completion report. The report consists of re-estimates of the economic

rate of return, based on actual implementation costs and updated

information regarding operating costs and expected benefits. This

evaluation system provides substantial information, including highlights

of mistakes that should not be repeated. New approaches, policies and

procedures can then be adopted to improve project performance. In turn,

the lessons from inefficiences in the past can be built into the design

and preparation of future projects or, in the case of on-going projects,

can guide the future direction of the project.
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There are two major reasons justifying an ex-post analysis of the

project in this study. First, the analysis will aid replanning, as

judgment can be revised, based on information gained on the past

performance of the project. Second, in the context of the method adopted

in this study, the values for the project costs and benefits in the

evaluation can be used in the project appraisal. More specifically, the

values of the variables in the evaluation are used as one of the sources

of information to derive the parameter values of the distribution of the

variables in the project appraisal using risk analysis. Risk analysis,

as the method adopted in this study, is discussed in the following

section.

3.3 Risk Analysis

3.3.1 General concepts 

Risk analysis is a simulation technique by which the probability

distributions of project or base variables in an investment decision are

elicited and combined to provide a probability distribution of the

performance criterion (or criteria). The basic procedure first involves

deriving subjective probability distributions for the project variables

which are stochastic. Each of these distributions then is sampled, to

provide a single value for each of the variables. This enables a set of

annual net benefits or cash flows to be derived and ultimately, a value

for the performance criterion to be computed. If the initial sample is

random, this computed value of the performance criterion also can be

considered as a random observation from its own distribution.

Accordingly, the initial probability distributions are sampled repeatedly

and the computed values for the performance criterion are used to trace

out a probability distribution as a 'risk profile' for the project. This

risk profile provides far more information than conventional 'rules of

thumb' or sensitivity analysis. The distribution allows moments to be

computed, such as the expected value and variance of the performance

criterion. In addition, other measures of central tendency such as the

median and the mode can be easily ascertained. The more important

information provided by a cumulative distribution function (CDF) is the

probability of the performance criterion being less than or equal to a

particular value.
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3.3.2 Salient issues 

Elicitation of subjective probabilities:

Methods for eliciting subjective probabilities range from simple

direct, visual impact, judgmental fractile, PERT (Program Evaluation and

Review Technique) and ranking procedures through to elaborate Delphi

techniques. Such methods have been described by Anderson, et al.

(1977), Hull (1976a), and Dillon and Perry (1977). Hull (1976a) stresses

that the choice of method and the subsequent time spent on eliciting

subjective probabilities should depend on the relative importance of the

uncertain variables in the overall analysis and on the complexity of the

analysis itself.

Choice of probability distribution:

In this study, subjective probabilities are elicited directly, due

to research funding constraints. The self-elicitation of the subjective

probabilities by the author is based on consultations with several

sources of information, including, historical data and interviews with

agriculturalists irr ,olved with the project. Admittedly, discussions with

farmers and agronomists in the area may not result in a full

representation of the subjective probabilities of the decision makers.

However, considering that the other decision makers are the heads of the

Federal and WA Governments and of an overseas investment firm, and that

great political controversy surrounds the proposed sugar industry,

collection of these data was considered impossible.

Risk analysis is essentially an estimation procedure that attempts

to utilise all or most of the relevant available information concerning

project uncertainty. Any excessive concern about accurate elicitation of

subjective probabilities can only be rewarded with some level of

`spurious accuracy'. This is especially so, considering research

constraints on data availability, funding etc, surrounding the Australian

Sugar Industry.

Theoretically, the subjective probabilities elicited can be fitted

to an infinite array of possible distributions. However, the final

choice of probability distributions must be subjective, reflecting both
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the analyst's statistical background and her perception of the nature of

the variables considered, as noted by Anderson (1974).

These subjective probabilities are represented as triangular

distributions for most variables in the study. The normal distribution

is chosen to represent the price of sugar.

Pouliquen (1970) used the normal distribution in case studies when

the availability of an exceptional amount of data permitted a statistical

analysis. It turned out that the normal distribution was an appropriate

choice. In this study, the substantial amount of data available

regarding world market prices for sugar was considered adequate to permit

time series analysis using an ARIMA framework.

The triangular distribution has been found to be convenient,

representative, simple and easy to elicit and implement in risk analysis

and related areas of work (e.g., Sprow 1967, Cassidy et al. 1970, Hull

1980). In addition, this particular distribution (or its transformation)

lends itself readily to adjustments for statistical dependence.

A triangular distribution is unimodal and is uniquely defined by

estimates of the following parameters of a particular variable, e.g.,

(a) the minimum value or lower limit of its range of probable

outcomes;

(b) the mode or most likely value; and

(c) the maximum value or upper limit of its range.

Once such a probability density function (PDF) f(x) is specified (by

eliciting the corresponding cumulative distribution function parameters),

its corresponding cumulative distribution function (CDF), F(x) is given

by F(x) = f(x)dx.

In this form, a value of the stochastic variable can be easily

generated by random selection of a uniform variate and its application to

the inverse transformation, F- 1 (x). A uniform variate with a range

between zero and one can become a generated variate of a particular

project variable with the corresponding value given by the F-1(x).

Repeating this process for each of the project variables and for each
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year of the project, a set of values for all the project variables can be

sampled. These go into the determination of a possible outcome of the

selected performance measure or variable. Repeated iterations of this

procedure enable an entire distribution of the possible outcomes of the

performance measure to be derived. An outline of the general procedure

for risk analysis is presented in Figure 3.1.

3.4 Risk Analysis in the Appraisal of the ORIA 

The appraisal is geared to assess the inherent risk of an investment

by using simulation and thus requires a view of the project as a system

acted on by stochastic events. These events are introduced into the

system as probability distributions for the variables deemed to

contribute to project risk and considered as being critical to the

appraisal. The critical variables are selected intuitively by the author

from sources of information which include various publications regarding

recent developments affecting critical variables and a visit to the

project site. The critical variables considered in the appraisal are

sugar price, crop yields, and farm production and other costs, viz.,

milling, transport, operating and maintenance costs.

Intuitively, the expected value of a yield should change through

time due to technology, variability in the adoption of technology by

farmers and other factors. Price is considered to be a crucial variable

in the appraisal due to the variability in world sugar prices. Operating

and maintenance cost variables are also expected to vary through time,

largely because of variability in fuel prices affecting a capital

intensive industry.

These variables are derived for crops currently grown in the project

area, viz., rice, sorghum and other coarse grains, sunflower and other

oilseed crops, and other crops such as legumes, as well as for the

proposed sugar industry. Since one of the aims of the appraisal is to

determine the feasibility of the sugar industry in the project, it is

necessary to consider the alternative of a sugar industry combined with

other crops. Following Bond and Wonder (1980), the risk involved to

individual farmers is incorporated into the planning by assuming that

farmers are risk neutral, and as such behave as expected value
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maximisers.

In summary, the main aim of the study is to specify a scenario of a
sugar industry in the ORIA employing a simulation model and risk

analysis.
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