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1. Introduction

Risk analysis has become increasingly popular ceneyears.
Therefore identify some of the main areas of difficulty apassible
confusion and to suggest more theoretically souodcepts and
practicable methods.

Accounting for risk in the analysis of farming ssts is much
harder than pretending it doesn't exist. In thetptse difficulties
have been compounded by confusion over just w$lais and how
it can be measured.

Risk analysis in agriculture has faltered in thetg@ecause of
difficulties in estimate and categorizing farmexgtitudes to risk. It is
argued that risk aversion may not be as importamnédme choices as
commonly believed; there are some rough and readyswo
estimate the relevant range of the risk for sonrgetagroup.
Methods of stochastic efficiency analysis then wall@at least
something to be said about better and worse sakitio

Some risk analyses that have been based on thenptssos
about the degree of risk aversion has overlookeaesof the
complexity in making the move from utility of welalto utility of
gains and losses or the utility of income. Moreeowary few such
analyses have recognized that risk aversion fangeent income is
likely to be much more important than is risk al@nsfor temporary
income.

Risk analysis has also been avoided in the pasiusecso
many would-be analysts were afraid to tackle thauation of risky
choices when too few hard data were available tokwaut the
required probability distributions. Too many of seowho braved the
waters of risk analysis left untold or under-emjred the dubious
relevance to the problem at hand of the data tlseg o represent
uncertainty. It seems that the task of finding dretvays to deduce
the probability distributions that describe theksighat farmers face
has been relatively neglected by agricultural ecusts.

2. Background

Risk is a fundamental component of agriculturaddoaiion and
various studies of farmers’ attitudes to risk hgeeerally found that
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farmers are risk averse (Chavas and Holt 1990 apk Rnd Just
1991).Risk analysis is quite a young disciplitiee base of which
was established by Knighin 1933. After some decades the structure
of risk analysis was very similar in the books diffa (1968) and
Schlaifer (1959 1969). Risk analysis started to improve dinamycall
in the end of the 70s which can be noticed in tbekb of the 80s
with the main principles of the field (Barry (1984)indley (1985)
Robison and Barry (1987)lletve Gregory (1988)). In some works
the risk of agriculture is considered with highenednce (Halter and
Dean (1971) Dillon (1971)).Risk analysis is surveyed with deep
mathematical tools in Spetzler and von Holstein 789 Smith
(1988) Smith and Mandac (1995) and Pratt et al. (199%) Gdok of
Anderson et al. (1977) is mighty comprehensive wséveral
agricultural applications and the operation redeaaspects are
considered as well.In Clemen (1996) a general gegor of modern
risk analysis with data management and decisionysisacan be
found.Just (2003) gives an outlook to the possilierovements in
the following 25 yearsespecially with respect of agricultural risk.
The book of Hardaker et al. (2004) is an excell@anograph in
which there is a special emphasis on agricultus&l r

3. Defining the Risk

Many definitions of ‘risk’ exist (Kelman 2003; Thyssen
2006). Risk is defined by the risk management stahdAS/NZS
4360:2004 as (p. 4):

‘The chance of something happening that will hanerapact
on objectives. A risk is often specified in termk an event or
circumstance and the consequences that may flomw ftoRisk is
measured in terms of a combination of the consemgseaf an event
and their likelihood.’

‘Likelihood’ describes how often a hazard is likely occur
and is commonly referred to as the probability mgéiency of an
event. ‘Consequence’ describes the effect or impheathazard on a
community. Both likelihood and consequence may kpressed
using either descriptive words (i.e. qualitative asigres) or
numerical values (i.e. quantitative measures) tornanicate the
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magnitude of the potential impact (AS/NZS 4360:2004

In Agriculture. According to White (1994)agronomists and
engineers (for instance Nash and Nak¥05) tend to define risk as a
loss while economists tend to use the word as a synoonym
“probability of occurrence of a damaging event”.

Even supposed experts use the term ‘risk’ in séwbfferent
ways these differences cause considerable confusiomcisly
when systematic efforts are made to measure ridk@mevaluate it.
Among the many usages of the wottdree common interpretations
are:

1. The chance of a bad outcome;

2. The variability of outcomes; and

3. Uncertainty of outcomes.

Although seemingly similarthese three definitions imply quite
different ways of measuring risk. Moreovevhen formally defined
they can be seen to be mutually inconsistent. lithve argued here
that while the first two meanings are in common usagarity is
best served by defining riskat least for formal analysess the
uncertainty of outcomes.

4. Decision criteria

By using a discount rate that allows for riskivestment
decision criteria normally used in deterministicalgsis maintain
their validity and comparability. The expected \aalwf the
probability distribution of NPV (see Measures ofkri below)
generated using the same discount rate as the ged n
conventional appraisal is a summary indicator @f phoject worth
which is directly comparable (and should indeedsimeilar to) the
NPV figure arrived at in the deterministic appraisé the same
project. Through the expected value of the NPV rithgtion
therefore the decision criteria of investment agalastill maintain
their applicability.

However because risk analysis presents the decision maker
with an additional aspect of the project — the/rekirn profile — the
investment decision may be revised accordingly. firke decision is
therefore subjective and rests to a large extentheninvestor’s
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attitudes towards risk.

The general rule is to choose the project with ghabability
distribution of return that best suits one’s own rspeal
predisposition towards risk. The “risk-lover” withost likely choose
of invest in projects with relatively high returshowing less concern
in the risk involved. The “risk-averter” will modikely choose to
invest in projects with relatively modest but ratkafe returns.

However assuming “rational” behavior on behalf of the
decision maker the following cases may be exami@edes 42 and
3 involve the decision criterion to invest in ageproject. Cases 4
and 5 relate to investment decision criteria fooaging between
alternative (mutually exclusive) projects.

In every case examined both the cumulative and non-
cumulative probability distributions are illustrdtdor comparison
purposes. The cumulative probability distributioh tbhe project
returns is more useful for decisions involving altgive projects
while the non-cumulative distribution is better fordicating the
mode of the distribution and for understanding emts related to
expected value.

Case 1: The minimum point of the probability distition of
project return is higher than Zero NPV (Figure 1).

Cumulative probabily Probability

0 + - 0 +
NPV NPV
DECISION: ACCEPT

Figure 1Case 1: Probability of negative NPV=0

Since the project shows a positive NPV even unuerworst”
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of cases then clearly the project should be acdepte

Case 2: The maximum point of the probability disition of
project return is lower than zero NPV (Figure 2)c® the project
shows a negative NPV even under the “best” of caseprobability
for positive return) then clearly the project shibhe rejected.

Cumulative probability Probability

- 0 + - 0 +
NPV NPV
DECISION: REJECT
Figure 2 Case 2: Probability of positive NPV=0

Case 3: The maximum point of the probability disition of
project return is higher and the minimum pointowér than zero Net
Present Value (the curve intersects the point af XV — Figure 3).

Cumulative probability Probability
0 . ] 0 .
NPV NPV

DESION: ACCEPT
DECISION: INDETEMINATE
Figure 3 Case 3: Probability of zero NPV greatantf and less than 1
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Case 4: Non-intersecting cumulative probabilitytriiitions of
project return for mutually exclusive projects (kg 4).

Cumulative probability Probability

- 0 + - 0 +
NPV NPV
DECISION: CHOOSE PROJECT B
Figure 4 Case 4: Mutually exclusive projects
(Given the same probabilityne project always shows a higher return)

Given the same probabilitythe return of project B is always
higher than the return of project A. Alternativelgiven one
particular returnthe probability that it will be achieved or excedd
is always higher by project B than it is by projéctTherefore we
can deduce the first rule for choosing betweenrradtere projects
with risk analysis as:

Rule 1: If the cumulative probability distribution$ the return
of two mutually exclusive projects do not intersatany point then
always choose the project whose probability distidn curve is
further to the right.

Case 5: Intersecting cumulative probability disitibns of
project return for mutually exclusive projects (g 5).

Risk “lovers” will be attracted by the possibilityf higher
return and therefore will be inclined to choosejgrb A. Risk
“averters” will be attracted by the possibility tww loss and will
therefore be inclined to choose project B.

Rule 2: If the cumulative probability distribution$ the return
of two mutually exclusive projects intersect at gmint then the
decision rests on the risk predisposition of thesgtor.
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. . Probability
Cumulative probability
Project A Projegt A
project B .
Project
0 + - 0 +
NPV NPV

DECINOINDETERMINATE
Figure 5 DECISIONS: INDETERMINATE

(Note: With non-cumulative probability distributisna true
intersection is harder to detect because probgphksitrepresented
spatially by the total area under each curve.)

5. Measuring risk

Let’s look at each of the above definitions in tiaonsee how
risk might be measured for each. ‘The chance oh@& dutcome’
implies the probability of some defined unsatisbagt outcome
happening. Assume for simplicity that there is gk measure of
outcome X¢ more of which is always preferred to less. This
definition of risk might be represented by the @ity P* = P(X <
X*)« where P is probabilityX is the uncertain outcomeand X* is
some cut-off or minimally acceptable outcome lelselow which
outcomes are regarded as ‘bad’. In some catbes value of X*
might reflect some disaster level such as ‘stapvabr ‘bankruptcy:
but in most cases it may be a less clear-cut nosiorthat application
of this measure of risk requires specification tué two parameters
P* and X*.

Risk as variability may be measured by some siatist
dispersion of the distribution of outcomesuch as the variance or
standard deviation of XV = V[X] or SD:¢ equal to the positive
square root of V. Obviousiyneither statistic alone tells anything
about the location of the distribution of outconeesthe X axis. So it

30 REVUE Des économies
nord Africaines N6



Risk Analysis in Agricultural Enterprises
|. CHADDAD: M. AL-HUSN¥ Prof. B.F. Chen

is common for those who think of risk as dispersidroutcomes to
link V or SD with the mean or expected value E =XJE[Then
variance may be described as the risk around tkeifsggdd mean.
Building on this notionsome authorssuch as Newbery and Stiglitz
(1981} have found it convenient to reflect risk using toefficient
of variation of X CV = SD/E.

Finallye adopting the definition of risk as the distributiof
outcomes requires the whole distribution of X to $mecified.
Complete specification requires the probability sign function
f(X)« or equivalently and often more convenientlige cumulative
distribution function F(X). Howeversummary statistics including
moments are commonly used to describe the probaditribution
implying some similarity with the measurements blase the
definition of risk as dispersion. For a few spedates such as the
normat the distribution of outcomes is fully defined byly the
mean and variance. Other distributions might ber@pmated in
terms of these first two momentkiough higher order moments may
be needed to tell more about the shape of theldistyn. For some
arbitrary distribution however description by moments will be an
approximation the adequacy of which is not easitiged.

The weakness of the first two definitions of risk defined
previously with their associated measures is tlathar 'tells the
whole story' when a choice has to be faced amargist alternatives.
In regard to the first definitionit is clear from observing behavior
that not all risks with bad outcomes are rejeckamt. example most
people will travel by car for sightseeeny activity that certainly
increases the probability of death or serious injara road accident.
Evidently choices with chances of very bad outcomes (e athder
serious injury) are sometimes acceptguesumably because the
benefits of the up-side consequences (e.g. septagesting sights)
are sufficiently appealing to offset the relativébyv chances of the
bad outcome. It follows that to evaluate or assassk we need to be
able to consider the whole range of outcongsod and badand
their associated probabilities. Descriptions df espressed in terms
of only the probability in the lower tail of the dfiibution of
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outcomes do not provide full information for propesk assessment
and so may be seriously misleading.

A similar argument shows the limitation of variaralene as a
measure for risk evaluation. Consider two normalritiutions of
outcomes of say and net income with identical variances but
different means. Everyone will prefer the one vitie higher mean.
Moreover many would describe the distribution located fartho
the right as the less risky of the two since thancie of getting less
than any specified level of X is lower for thistdisution than for the
one with the lower mean2. On the other hamsing variance as the
measure of risk suggests that the two distributemesequally risky.
Clearly we could avoid such confusion by interpreting niees of
dispersion or stability simply as what they «aemd not regarding
them as 'stand alone' measures of risk.

If risk is defined as variance but is always intetpd in
conjunction with the mearthis definition might seem to be similar
to defining risk as the distribution of outcomegd then using an EV
approximation of the distribution. But the problemherent in
defining risk as variance already noted still remaiNot all shifts in
E<V space that reduce variance will lead to more gretl EV
combinations for a risk-averse decision maker (Dippth E and V
are reducedthe effect on preference is indeterminate unléss t
degree of risk aversion is known. Hendé seems unwise and
potentially confusing to describe every prospe¢hvwower variance
as ‘less risky’'.

Adopting the third option of defining risk as theullf
distribution of outcomes means that here is nosiagstic that can
be used to measure risko that it becomes impossible to compare
distributions in terms of their ‘riskiness’. Whithis might seem to
make the notion of risk elusivén fact the absence of such a single
measure proves to be no impediment to the comparassessment
of alternative risky prospectsas discussed below. What this third
view of risk implies is that notions of ‘more’ otess’ risk (‘more
risky’ versus ‘less risky’ prospects) are unsatisfay and careful
analysts will confine themselves to describing yigkospects as
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‘preferred’ versus ‘not preferredor as ‘risk efficient’ versus ‘not
risk efficient’.

As a stochastic variableisk can be measured by measures
such as the Expected Value (EMhe Standard Deviation (SD) or
Numerical Value of risk and the risk Coefficient w@hriability
described as follows.

5.1. Expected value (EV)
The EV is also called the mean or average. Itpsagented as E(x)
or u. The equations of EV are as follows:

E(X)zipixi (1)
For discrete variables
E(X) = [xf(d(x) 2)

For continuous variables
Where: X is stochastic variable
Xiis the numerical value of number i
I?is the probability of the stochastic variab!e X

n is the number of stochastic variable

The EV is the objective (unbiased) value to repreagnbbability
distribution. An EV of a risk event represents the@sinlikely
outcome of the risk event under certain expectatiai the
underlying probabilities distribution. If a develphas sufficient
historical datathe actual loss of the eventiz. the loss occurrence
of the risk event will approach the EV of loss ietbvent were to
occur many times. Otherwise the reliability of 8¢ of loss gained
according to the theory will be lower.

The expected value statistic summaries the infoonati
contained within a probability distribution. It & weighted average
of the values of all the probable outcomes. The ksigre the
probabilities attached to each possible outcomeisk analysis as
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applied in project appraisal the expected valu¢hes sum of the
products of the generated project returns and thespective
probabilities. This is illustrated in the simple exale of a project
with four possible returns and probabilities:

Table 1 calculating the EV

Return(R) Probability (P) Expected value (EV)
-20 0.1 -2
-10 0.2 -2
-5 0.2 -1
10 0.3 3
20 0.2 4
total 2

The expected value of the above project is 2.0. iBhderived
by multiplying each return by its respective prabgband summing
the results. The total of all the negative returmes their respective
probability is the expected loss from the projelet. the above
example this amounts to -5 (which is the sum of ‘{@bability
weighted” negative returns). The total of all thesifige returns times
their respective probability is the expected gaont the project. In
the above example this amounts to 7 (which is the ®f the
"probability weighted" positive returns).

The expected value«isf course the total of expected gain and
expected loss. The expected value statistic aggregdato a single
number all the information that is depicted in a ltrealued
probability distribution. Being a summary measwgdhierefore only
a gross indicator of a project's worth. Measuresisif that employ
expected value concepts are the "cost of unceytaitite “expected
loss ratio” and the “coefficient of variation”; s also used to
analyses risk under conditions of limited liability

Riskness in particular project or the company pddf risk
usually can be analyzed by running three commorhoast of risk
analysis: method of probability distribution; methof simulation;
and method of sensitivity analysis.
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5.2. Method of probability distribution

Risk is associated with variability of returns ecigel. Se the
more variable are the expected future returthe riskier is the
investment or projeetand vice versa.

However it is useful to define risk more precisely. In ttese
of any investment decision or any kind of busingssision it has to
be done forecast of future events. Probability etqi®n could be
defined or measured from the point views of a mtognalyst or as
an expectation of each possibly outcome. In itspkst form a
probability distribution could consists of an opistice pessimistic
and most likely estimate or alternativelyhigh (boomy low
(recession) and a "best guess” (hormal market tond) estimates.
Such examples could be illustrated as it is showlovp table 2
(example 1):

Table 2: Pay-off matrix for Project X and Project Y

item annual cash flow
project X project Y
boob (high) 2400 4000
normal (most likely) 2000 2000
recession (low) 1600 0

The probability expectation in the example is: isecaf boom
is 0.2 in normal conditions is O<@&nd probability of recession is 0.2.
Given the annual cash flows under the three passtdtes of the
future market and their probability of occurringeighted average
projected cash flows can be calculated by multqgyeach cash flow
by its probability of occurrence. This is shown lie example below
table 3 (example 2):
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Table 3: Calculation of expected values

Appraisal CF | P | EV
Project X

boob (high) 2400 0.2 480
normal (most likely) 2000 0.6 1200
recession (low) 1600 0.2 320
Project Y

boob (high) 4000 0.2 800
normal (most likely) 2000 0.6 1200
recession (low) 0 0.2 0

Calculated average value is defined as expectate \@fl cash
flow in particular investment or any business opera of the
agricultural enterprise. Alsat could be stated as a basic result in
comparison with the values created through altermabusiness
decisions. Business risk is existing always dueth® particular
investment and could be presented in graphical torobtain a clear
picture of variability of actual outcomes (Graph 1)

s ™
probability cash fl ow
0.8
> 1
= 0.6 N
) 0.4 \
S
5 0.2 1 4 b
0 i
-4000 -2000 0 2000 4000 6000
annual cash flow
N )

Looking at the net cash flow (which is equal intboases); one
is temped to rank both investments equally. Butck lat the graph

36 REVUE Des économies
nord Africaines N6




Risk Analysis in Agricultural Enterprises
|. CHADDAD: M. AL-HUSN¥ Prof. B.F. Chen

above shows that the variability of cash flows Ryris greater than
of Px and therefore the project Py is Riskier prbje

5.3 Sandard Deviation (SD) or Numerical Value of Risk
SD is the square root of another statistic calleel ariance
(c2). Variance ¢2) is the EV of the squared difference between

possible outcomes and the mean

5 =3 px ~p) “ZE(% —4) ]
®)

For discrete distribution

Where E () is a common representation for the EWludtever
is inside the parentheses.

The variability of distribution is normally measurieyg standard
deviation. The earlier example is used to calculaie standard
deviation as presented below table 4 (example 3).

Columns 1 2 and 3 are taken directly from previous example.
In column 4 that expected value from each possible outcome is
subtracted to derive the deviations about the drdewalue. In
column 5 deviations are squared. In columnsguared deviation is
multiplied by associated probability and the praduare summed to
obtain that variance of the probability distributio

The calculation provide outcomes for Px = 252.98 Biyd=
264.91 Se it could be stated that the project Py is morkyrithan
project Px.
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Table 4: Calculation of standard deviation andarare

P CF EV D sD V 1*5
1 2 3 4 5 6
Project A
0.2 2400 480 400 160000 32000
0.6 2000 1200 0 0 0
0.2 1600 320 -400 160000 32000
EV 2000 variance 64000
SD 252.98
Projet B
0.2 4000 800 2000 4000000 80000
0.6 2000 1200 0 0 0
0.2 0 0 4000000 800000
EV 2000 variance 1600000
SD 1264.91
5.4 Risk Degree or Coefficient of Variability
The equation of Risk Degree (RDg) is as follows:
RDg=—2— (4)
E(x)
Where RDg is RDg/ coefficient of variabilityis SD and
E(x) is EV

Applying the last equation:

RDg (A)=252.98/2000=0.126
RDg (B) = 1264.91/2000=0.632

RDg or coefficient of variability is a very good amure for
comparing when the EVs of different schemes areapptoximately
the same. It will be used to represent the degreerisk of RD. The
larger the RDg of variability isthe greater the risk«iso RDg (B)>
RDg (A) then project B is more risky than project A asvshavhen
it measured buy the SD conception.
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5.5 Cost of uncertainty

The cost of uncertaintyor the value of information as it is
sometimes calledis a useful concept that helps determine the
maximum amount of money one should be preparecyadg obtain
information in order to reduce project uncertainthis may be
defined as the expected value of the possible géinegone
following a decision to reject a projeair the expected value of the
losses that may be incurred following a decisiomadoept a project.
The expected gain forgone from rejecting a projedtlustrated in
the right-hand diagram of Figure 6 by the sum o thossible
positive NPVs weighted by their respective prokaed. Similarly
the expected loss from accepting a projeudicated in the left-hand
diagram is the sum of all the possible negative NPVs weidhy
their respective probabilities.

By being able to estimate the expected benefitithékely to
result from the purchase of more informatiame can decide on
whether it is worthwhile to postpone a decisiorataept or reject a
project and seek further information or whethemiake the decision
immediately. As a general rule one should postpbeeinvestment
decision if the possible reduction in the cost otertainty is greater
than the cost of securing more information (inchgdiforegone
profits if the project is delayed).
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Probability Probability
- 0 + - +
NPV N
Expected value of Expected vatiie
possible loss gain foregone
From accepting project from rejecting project

Figure 6Expected value possible loss and gain foregone

5.6 Expected loss ratio

The expected loss ratio (el) is a measure indicatimg
magnitude of expected loss relative to the prgemterall expected
NPV. This is expressed in the formula absolute value expected
loss divided by the sum of expected gain and absohalue of
expected loss:

ol
el= +‘e| |
= (5)

It can vary from © meaning no expected les® 1¢ which
means no expected gain. Diagrammaticathis is the probability
weighted return derived from the shaded area tdetth@f zero NPV
divided by the probability weighted return derivddm the total
distribution whereby the negative returns are ta&grpositive (see
figure 7).

A project with a probability distribution of retusrotally above
the zero NPV mark would compute an el value «ah@aning that the
project is completely unexposed to risk. On theeptiand a project
with a probability distribution of returns complitéelow the zero
NPV mark would result in an el ofc Ineaning that the project is
totally exposed to risk. The ratio does not themefdistinguish
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between levels of risk for totally positive or tilya negative
distributions. Howeverwithin these two extreme boundaries the el
ratio could be a useful measure for summarizingleéfel of risk to
which a project may be subjected. In the above ek@anfFrom

el

‘ | - - 0415/

equation (5)the expected loss ratielis =
eg+‘e| | 5+7

(5+7) .

Other methods for determining the risk exposura pfoject's
probability distribution of returns are possiblewc8 measures would
vary depending on how one defines risk and on thphasis one
places on its major components. The el ratio iseffas an example
of how one can use the results of risk analysisassess and
summaries the risk inherent in a project. The &b rdéfines risk to
be a factor of both the shape and the positionhef grobability
distribution of returns in relation to the “cut-bffhiark of zero NPV.

Probability
- 0 + NPV
-5 +7
Expected value of Expectelieaf
Possible loss gain foregone
From _acceptin@ project from rejectirsgproject

Figure 7 Expected value possible loss and gairgtore
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5.6 Coefficient of variation

The coefficient of variation is also a useful sumynareasure
of project risk. It is the standard deviation oé throjected returns
divided by the expected value. Assuming a poskixpected value
the lower the coefficient of variation the less tpheoject risk.
Conditions of limited liability the extent of maxium loss possible
under conditions of limited liability is usually fied by the legal
agreements entered into by the various partiedvedon a project.
Looking at the investment in terms of present valbe equity
holders cannot lose more than the present valuéhaf equity
capitat the debt holders can only lose the present vdidleeir loan
capitat the creditors the present value of the extendeditcand so
on. Consider the probability distribution of theuma of a project as
depicted in Figure 8.

Probability

- Equity 0 Ev(0) Ev(l) NPV +
Liability
Limit
Figure 8. Risk under conditions of limited liabyli

From the equity holders' point of view the tailtbé
distribution which is beyond their maximum liability limit as
defined by the present value of equity capital gted in the projeet
is not relevant. The probability of the project fmnerating a return
lower than their maximum liability limit is theraf® reassigned to
the point of equity liability limit as shown in tltegagram. This
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adjustment also has the effect of raising the evgolecalue of the
project from the point of view of the equity holdefrom Ev(0) to
Ev(1).

6. SENSITIVITY ANALYSES
6.1 The Purpose of Sensitivity Analysis

Sensitivity of NPV to the project lifetime is mospecifically
because there is not linear function between NRY/paject lifetime.
We only could estimate NPV assuming the presumptiodelay of
the project’s implementation.

Sensitivity of NPV to the project discount rateeiimated as a
difference between IRR and WACC. The higher is tifeergénce
between IRR and the cost of capitdile less sensitive is the NPV to
the discount rateand the less risky is the project

Sensitivity analysis is a technique for invesiiggtthe impact
of changes in project variables on the base-casest(mprobable
outcome scenario). Typicallpnly adverse changes are considered in
sensitivity analysis. The purpose of sensitivitylgsia is:

(i) To help identify the key variables which infee the
project cost and benefit streamis this empirical example key
variables to be normally included in sensitivityabssis include
investment cost financial revenueseconomic benefitsfinancial
benefits and discount rates.

(i) To investigate the consequences of likely adegechanges
in these key variables;

(i) To assess whether project decisions are likelpe affected
by such changes; and

(iv)To identify actions that could mitigate possbhdverse
effects on the project.

6.2 Performance of Sensitivity Analysis
Sensitivity analysis needs to be carried out inystesnatic
manner. To meet the above purpesdse following steps are
suggested:
identify key variables to which the project decrsimay be
sensitive;

43 REVUE Des économies
nord Africaines N6



Risk Analysis in Agricultural Enterprises
|. CHADDAD: M. AL-HUSN¥ Prof. B.F. Chen

(i) Calculate the effect of likely changes in thegriables on
the base-case IRR or NP\And calculate a sensitivity indicator
and/or switching value;

(i) Consider possible combinations of variabldsatt may
change simultaneously in an adverse direction;

(iv) Analyze the direction and scale of likely clgas for the
key variables identifiedinvolving identification of the sources of
change.

6.2.1 Step 1: IdentifyingtheKey Variables

The base case project economic analysis incorporates/
variables: quantities and their inter-relationshimsces or economic
values and the timing of project effects. Someheke variables will
be predictable or relatively small in value in fiv@ject context. It is
not necessary to investigate the sensitivity ofrtieasures of project
worth to such variables. Other variables may be fgedictable or
larger in value. Variables related to sectoral @oland capacity
building may also be important. As they are moréiadilt to
guantify they are not further considered hereafter but Ishie
assessed in a qualitative manner.

As a result of analysis of the project cortextpreliminary
set of likely key variables can be chosen on thieviong basis:

(i) Variables which are numerically large. For exden
investment costprojected water demand;

(i) Essential variableswhich may be smallbut the value of
which is very important for the design of the pobje-or example:
assumed population growth and water tariffs;

(i) Variables occurring early in the project lifEor example:
investment costs and initial fixed operating cosidich will be
relatively unaffected by discounting;

(iv) Variables affected by economic changssch aschanges
in real income.

6.2.2 Step 2 and 3: Calculation of Effects of Changing
Variables

The values of the basic indicators of project viabi(EIRR
and ENPV should be recalculated for different valuds key
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variables. This is preferably

done by calculatingenstivity

indicators” and “switching values”. The meaning loése concepts is
presented in table 5 and a sample calculation inatedy follows.

Sensitivity indicators and switch

ing values canchi&ulated for the

IRR and NPV as in the next table

table 5 Use of Sensitivity Indicators and Switching Values

Sensitivity Indicator

Switching Value

1. Towards the Net Present Val
Compares percentage change
NPV with percentage change in
variable or Combination 0
variables.

2. Towards the Internal Rate

Return Compares percenta
change in IRR above the cut-g
rate with percentage change in
variable or combination O
variables

Definition

ud. Towards the Net Present Value T
ipercentage change in a variable

a&ombination of variables to reduce t
f NPV to zero (0).

2. Towards the Internal Rate

pfReturn The percentage change in
g&ariable or combination of variables
freduce the IRR to the cut-off ra
g=discount rate).

f

he
or
he

Df
a
[0
e

1.Towards the Net Present Value
(NPVb - NPV1) / NPVb
Sl =

(Xb-X1)/Xb
where: Xb - value of variable i
the base case;X1 - value of t
variable in the sensitivity
test;NPVb - value of NPV in th
base case;NPV1 - value of tk
variable in the sensitivity test
2. Towards the Internal Rate of
Return

(IRRDb - IRR1) / (IRRb — d)

Sl =

Expression

(Xb-X1)/Xb
where: Xb - value of variable i
the base case;X1 - value of t
variable in the; sensitivity tes
IRRb - value of IRR in the bas
case ;IRR1Value of the variable
the sensitivity test
d - discount rate

1. Towards the Net Present Value
(100 x NPVb) (Xb — X1)
SV =

X
(NPVb - NPV1) Xb
hwhere: Xb - value of variable in th
hdase case; X1 - value of the variable
the sensitivity test;NPVb — value
e NPV in the base case;NPV1 — value
nehe variable in the sensitivity test
2. Towards the Internal Rate of Retur
(100 x (IRRb —d) (Xb-X1)
SV = X

(IRRDb - IRR1) Xb
where: Xb - value of variable in th
base case; X1 - value of the variable

hthe sensitivity test; IRRb - value of IR

tvariable in the sensitivity test
ed - discount rate
n

in
pf
of

=

—. D

n
R

hén the base case IRR1 — value of the
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1. Towards the Net Present Value| 1. Towards the Net Present Value
Base Case: Base Case:
Price = 300 Price = Pb = 300
NPVb = 26912 NPVb = 20912
Scenario 1: Scenario 1
% P1 =270 (10% change) P1 =270 (10% change)
S NPV1 = 6895 NPV1 = 6895
) (20912 — 6895) / 20912 (100 x 2012)  (300-270)
o | SI= = SV = X =
c (300 - 270) / 300 (20912 - 6895) 300
oS | 6.70 14.9%
® | 2. Towards the Internal Rate of | 2. Towards the Internal Rate of Retur
3 Return Base Case: Base Case:
© | Price = Pb =300RRb = 15.87% | Price = Pb = 300RRb = 15.87%
O Scenario 1: Scenario 1:
P1 =270 (10% change) P1 =270 (10% change)
IRR1 =13.31% IRR1 =13.31%
d=12% d=12%
(0.1587-0.1331)/ (0.1587- 0.12) (100x(0.1587-0.12))(300-270)
Sl = Sv= X
(300 - 270) / 300 (0.1587 - 0.1331) 300
=6.61
c (i) percentage change in NPVA change of approximately 15 % in the
2 respectively price variable is necessary before
% (i) Percentage change inNPV becomes zero or before the IR
5 | IRR above the cut-off rate (12%) jsequals the cut-off rate.
5 larger than percentage change|in
c variable: price is a key variable for
~ | the project.
o Indicates to which variables theMeasures extent of change for
o project result is or is not sensitivevariable which will leave the proje
o Suggests further examination pfecision unchanged.
8 change in variable.
3
e
O

—

The switching value isby definition the reciprocal of the

sensitivity indicator. Sensitivity
calculated towards the IRR

indicators andvighing values
yield slightly differemésults if

compared to Sls and SVs calculated towards the NRNSs is
because the IRR approach discounts all future erfiis at the IRR
value and the NPV approach at the discount rated.
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6.2.3 Step 4: Analysis of Effects of Changes in Key Variables

In the case of an increase in investment aufs9 percent
the sensitivity indicator is 13.34. This means ttit change of 20
percent in the variable (investment cost) resulta change of (13.3
x 20 percent) = 266 percent in the ENPV. It follothat the higher
the St the more sensitive the NPV is to the change inctireerned
variable.

In the same examplgéhe switching value is 7.5 percent
which is the reciprocal value of the Sl x 100. Thigans that a
change (increase) of 7.5 percent in the key vagi@iblvestment cost)
will cause the ENPV to become zero. The lower the B¢ more
sensitive the NPV is to the change in the variaiolecerned and the
higher the risk with the project

6.2.4 Limitation of Sensitivity Analysis

The main limitation of the use of sensitivity anadyfor risk
appraisal of an investment project is that it doetsallow changes of
more than one parameter at the same time.

7. Conclusions

The investment appraisal is concerned with how tmtidly:
analyze and interpret the expected variability in projeatcomes; it
enhances decision-making on marginal projects. djept whose
single-value NPV is small may still be acceptedioiwing risk
analysis as shown previouslpn the grounds that its overall chances
for yielding satisfactory return are greater tharthe probability of
making an unacceptable loss. Likewisemarginally positive project
could be rejected on the basis of being excessinglty: or one with
a lower NPV may be preferred to another with a @ighPV because
of a better risk/return profile. Overlooking sigodnt inter-
relationships among the projected variables catodithe results of
risk analysis and may lead to misleading conclusidtisk analysis
amplifies the predictive ability of sound models wdality. The
accuracy of its prediction can only be as good hes gredictive
capacity of the model employed.
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So risk is an essential component in decision-ntakim all
businesses but is even more important in agricellbgcause of the
exposure to institutional and production risk. hmfi@ation from
deterministic projections based on the assumptiqromt estimates
of uncertain variables may not tell the full stdoy the purpose of
developing future planting decisions since the philty
distributions of certain outcomes are not considlere

Another relevant aspect of the same problem oftioigdhe
profit and enabling the agricultural enterprisevgiln In that sense
they must be better educated.c o the paper the methods of risk
analysis are discussed to help the managers andrgwi the firm
for its better management and better decision ngakin that
process one can identify the level of riskiness but alse tertainty
and possibility of creating the cash flow in theiagitural enterprise.
It was the main task of the paper.
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