























































































































Thus the expected cash flow in perind t is

m
E(xt)=z)}E-'eoo-ooo-ooe(l‘s\)
i

and the variance of the cash flow in period t is

L m 2
Var(Xt)=Z 0".+2

L Cov (X . X, .)e (19)
=1 £ i #EJ t) ti

It follows that the expected present value and variance

of the present value are

n

1
E (P) = Z [E(xt)okt] ' where A = ('1—-&-1-) e o (20)
t=0 ~ ‘
n ’ 2t m ’
t4t
Var (P) = t;] [\lar (Xt)"'\ }-r & 2 1-;’ Cov (th,xt'j)‘* +

o o (21)

" The covariances are functions of the correlation co=-
efficients and standard deviations between the variables. The
covariance between different variables within the sams period

is

Cov (th, Xti) = I‘ij G’tj G—;i e o o 0(22)
This topic of correlation and dependency will not be

glaborated here but left to a later section,
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(b} The Variance of a Weighted Sum of Variables.

In some casss the cash flows element th may be the product of
a weight (Aj) and -a random variable (Xj) which has a standard
deviaticn Cfﬁ. It can be shown (Markowitz, 1959, p 94) that

when this occurs the variance of the weighted sum of random

variables is given by
2 2 2 2 2
Var (X)) = A% G % 4 AL 0% + seeeees + A2 G

+2A1A o‘ 6‘ +2A A, 6'3,6;+-~--

ceet2A A G _, & +2A A G

m~1 6—
....(23)
When this situation occurs the weights must be

incorporated into the variance of prasent value equation. On

incorporating the weights equation (21) becomes

m Cn )
Var (P) = 21 F Ky Ohy o
J= t=0
p m 2t
+ % 2} AeiPey O eg T3
m t=n=1 t'=n L+t
o o o o (24)

Murphy (1968) demonstrates the use of this model,
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(c) The Variance of a Product of Two Random Variables,

In many cases the random variable X,_, is itself the product

tJ

of two random variables (x and y), as for example where both

yield end price are random variables, then the mean and
variance of the product is given by

EOGy) A2 g gk L T, T e e e e (25)

2 2 . 2 2 '
Var (X’y)'\’rqu-x oy t 2J“S<}A'ybrxy 0—_xgdy

e e o (26)

These formulae are approximate for both dependent and
independent cases (Springer, et al., 1968). Equation (26)
holds when the coefficient of variation ( ﬁ;) is small, For
example, if (E) is less than 0.1 then the error will be less
than 0,01,

(d) The Variance of the Sum of Products of a Number of

Random Uariables. Frequently, either or both of the variables
'in a product of two random variables will be dependent on
another variable. A case in point wculd be where the gross
income for wool is the product of two random variables = wool
weight and wool price, but the variable cost associated with
wool is dependent on the.total amount of wool,

To handle this sort of situation we must resort to a
genaralisation, as the statistical formulas quickly become very

complex. The generalisation utilizes the first two terms in
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the Taylor Series Expansionqq. Using the Taylor®s series the
mean and variance of a riumber of random variables may be
determined as follous. )

"The mean of a function of n random variables is approximately

equal to the function of the means of the variables if the

function is approximately linear." For exampls

X ooaooao(27)

then

A A A N R

"The variance of the function is derived by differen-—
tiating the equation for/ka. It is approximately equal to the
sum of the vproducts of partial.derivativss squared and the
variance of each variable, plus two times the sum of the
products of partial derivatives, cosfficients of correlation,
and standard deviations for all combinations of p;irs of

variables." (Springer, 1968, p 121-122). This is

2 2 Py 2 2 P 2 2
var ) (3107 o+ G) Pl e )7 &
1 2 . m m

NS e ,
26 Gy) T O T,

e @h v, ¢

¥ ¥ X Xy Fooee
> ¢ 3P —
-850 s
2 (éxmﬂ% (gxm) metan Cx o Tx ol (29)

14 Sese ény calculus text such as Maxwell (1962). An Analytical

Calculus Vol II,.
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Tha total number of combinations of pairs of variables

. . . . . n , -
in the variance covariancs equation above is ( r) which equals
1
n . , .
s E”?“ where n is the number of variables and r is two,
rf?nmr :

To apply Taylor's approximation to the evaluation of
risky or uncertain projects merely replace the Ais of squation

(24) with the partial derivatives (m%%-) of equation (29).

L

Let (~%§}—) equal D; , then the variance of the present
. i :
value of the sum of a number of complex combinations of random

variablss is given by -

0 2 2 2t
Var (P)%Z Z 0.2 (5’,; oA
J=1 t=0 J J
p m n ot
+ Z z 2r13 Z Dys Dt.J O.:cn. O’t\] o
i J =0
ig4
}m: [ t=n=-1 % Jat?) o(t+t'
+ 2 D, D, y:T,ry 0. Ou,
=1 L' 2 1 tj tYy Tttt t) tq

o o o o (30)
The logic of the approach can be considered by the
following simple model of a project.
Let the net benefit in year t he a function 0% five
random variabless?

B, = X, (x?_ae‘x3 - x4) ~Xg e ¢ o o (31)

then the expected present value is given by:
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n

n Tt
E(p) = [X’lt (K % X = Xy ) = XStJ ok

M

e o« (32)
t=0 .

The variance of the present valus cgqibe obtained from
equation (30). This requires ustimatas of the standard
deviations ((Ti) coefficients of correlation (rij) and (rtt')
and the partial derivatives (Di) for all the uncertain
variables.

The partialvderivatives Di are found by differentiating

the formula for P , treating Xi as a variable and all the other

variables as constants, The result is

—

P =X1 (x2* X3 - X4) - X5 ¢ & @ o o o (33)
thus
dp
D = = X, * X
1 d X1 2 3
d P
D, = 7% = X * X
2
3 P
D = = X, % X .}...-.(34)
3 5X3 1 2 )
3P
D = = =X
4 QXA 1
3p -
D = : = =1
5 gxs

The calculated Di for each year are then substituted

straight into equation (30) and the variance calculated,
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This now completes the mathematical model, examples of
the use of the Taylor's'expansiqp may be Found in Canada and
Wadsworth (1968), they assume a o;nstant net annual receipt
or disbursement through the project life. Springer op. cite

and Smith (1969) give examples in the businsss situation,

(o) Project Life. If the project life n is a random

vanriable, then the estimates of the mean and variance of
present value must be combined to give a distribution over n,
for the unconditional mean and variance for the overall present
value (Wagle, 1967, pp 16=17),

Tersine and Rudko (1972) developed a model for a Beta
distributed project lifes. They suggest that the approach
could be applicable where the project life is highly volitile :
for example, the launching of a new product and the associated
consumer acceptance. Van Horne (1972) pfoposed a method for
dealing with uncertainty in the project life by the use of
conditional probabilities. However, Reutlinger (%970, p 39)
notes that "... concern about uncertainty from this source
becomes less important when the discount rate is high and the
earliest date of termination is quite a long time in the future.
If the discount rate is ten percent, for instance, the present
valye of benefits is hardly affected by whether the 1life of the
project is thirty or fifty years."

(r) Evaluating the Proposal. The expectation and

variance of the overall present value provides a basis for
measuring the risk and uncertainty involved in the projesct.
Where no assumptions can bs made about the shape or type of

distribution of the present value then Chebychev's inequality
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gives the probability that the present value will lie within

certain bounds. Chebychev's inaguality states i
prob § 1P = E(P) 1 &k Tp o= oo e s s (39)

where k=3 equation (35) states that the probability of the
present valUé lying within plus or minus three standard
deviations of the expected value is greater than 89 percent.
However a distributidn has to become quite pseculiar before the
probabilities get close to Chebychev'!s bounds,

Where the distribution is known to be normal, the
bounds are reduced and the probability that an observation lies
within plus or minus three standard deviaticns of the expected
value becomes 99,72 psrcents In practice, for distributions
which are nearly normal, it is'highly unlikely that a given
observation will lie outside this range. By an appsal to the
Central Limit Theorem the normality assumption can usually be
made, except for extraordinary situations (Hillier 1969
pp 24=29), Also Hayya and Cunningham (1974) have shouwn that
the Central Limit Tﬁeorem stil) holds where the cash flows are
autocorrelated,

Given the expected present value and variance, plus a
normality assumption, it.is possible to construct a graph
(from the normal tables) which shows the measure of risk and
uncertainty associated with the project.

First it is necessary to standardise the mean (fb) and
standard deviation (g°) of the present value, so that it has
a standard normal distribution Z with mean zero and variance

ONBe



P, - E(P)
S 3, . .
L = s i = 192 seoll s ¢ o @ (JG)

Gp

1 .
Calculate Z for various presant values Piu

Then, by entering the Z tables at Zl it is possible to find
the probability that the expected present value E(P) is less’

than P.e.
1
362 ESTIMATING CASH FLOW ELEMENTS (th).

in Section 2.2(i) a cash flow was defined as a random
variable with finite mean f*%j and variance R
Expressing the variable in this way infers that it has an
underlying probability distribution which must be forecasted,
This section Focuses'attention on the various forecasting
techniques, the way probability distributions are derived

and the types of distribution used by project appraisers,

3471 Forecasting Techniques

Chambers et al. (1971) lists 18 basic forecasting
techniqdas which may be grouped into three main categories:-~
gualitative techniques, time seriesranalysis and projection,

and causal models (see Table 2).
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TABLE 2 Basic Forecasting Techgiquas
A. Qualitative Be Time Seriéé’Analysis Ce. Causal Methods
Mlethods and Projection
1e Delphi Method 1. Moving Average 1. Regression Model
2o Market Research 2. Exponential Smoothing 2. Economstric Modsl
3o Panal Consénsus 3. Box = Jenkins Je Anticipation
4, Visionary be X = 11 ‘ Surveys
Forecasts 5, Trend Projections 4e Input Output Modal
5, Economic 1/0 Model
~6; DiffusioniIndex
7. Leading indicator
8. Life Cycle
Analysis

used primarily when data are scarcee.

(a) Qualitative Techniquas. Qualitative téchniques are

They use human judgment

and rating schemes to turn qualitative information into

quantitative estimates. The objective being to bring together

in a logical, unbiased and systematic way all information and

judgments which relate to the factors being estimated.

(b) Time Scories Analysis and Projection.

Time series

analysis and projection are statistical techniques that are useful

when several years! data are available and when relationships and

trends are both clear and relatively stable.

However, as the

technigues are based solely on historical data they are useful

“~only in the short term.
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{c) Causal Models. Causal models use highly refined

and specific information about relationships between systen

slements., The techniques are powerful enough to take spacial
events into account and are typically revised continually as
more knouwledge about the system. becomes available,

Often final decisions about uncertain future events
are made after ccinbining the information from several of the
above techniques. As Chisholm and Whitaker (1971, p 2) point
outs:= "Forecasting the future rsmains in large measure an art;
lLike any artist, a good forecaster must be a skilled technician
in whose hands the work of art svolves." ’

The forecasting techniques used most in project

appraisal work fall into the gualitative type.

34202 Deriving Subjective Probabilities

Uhichever forecasting technique is chosen there is still
the problem of describing the forescasted variable in an
unambiguous and simple fashion. It is well recogéised that
subjective probability distributions fill this role. The
distributions are termed subjective because of the uncertain
nature of the future environment of which no man has positive
knowledge, Savage (1962, p 11) defines subjective probability
aa the opinion of a person as reflected by his real or potential
behaviour,

Use of subjective probabilities to describe uncertain
future events has received its major stimulus through concern
that traditional methods usually produce strongly biased
estimates (Woods, 1966). One of the major aims of probability

~analysis is to reduce this bias,
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Although there has besn a gradual acdeptanca of the:
subjestive probability distribution by decision makens the
techniques used to derive them have been Flexibie and to many
appeared to have some magical quality. However, Smith (1967)
made an attempt to derive a formal model, His approach was
rather complex but supposedly specific, logical, and consistent,
Smith ccnsidéﬁed most previous attempts at deriving subjective
probability distribution to be characterised as '"hand-waving
techniques. He cites Hertz (1964) as giving perhaps the best
gensral method for ebtaining subjective probabilities but
describes it as being not sufficiently definitive to comprise
a consistently acceptable techniquee

Essentially, Hertz used a series of mestings "to probe
and quection the expsrts" to ascertain the distribution.
Smith's own method is based on a complex five step ranking
procedure. )

Morrison (1967) approached the problem in a different
and simpler way. His method consisted of constructing a
cumulative probability distribution through direct questioning
of the expert., Woods (1966) also described a method essen=
tially similar to that of Morrison,

Green (1967) suggested a simpler alternative to Smith.
His method required the e*pert to distribute 100 points aver
the parameter interval shown on a diagram so that the resulting
picture best reflected the uncertainty of the situation,
However, Green considered the issue of finding subjective

probabilities to be still wide opene.
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Tha increasing importance of Bayesian analysis
(Schlaifex 1961) in decision making has prompted research into
developing a priopi distributions. Winkler (1967, 1968) has
conducted several experiments to evaluate ;oth mathematical
and behavioural approaches to consensus decision making in the
Bayesiarn contexts He concludes that there can be no method
that is more correct than any other.

One well documented method for deriving subjective
probability distributions is the Delphi Method (Dalkey and
Helmsr 1963)s It is widely used in corporate decision making
in America, and'has recently been adabted to technological
forecasting (North and Pyke 1969).

fole (1970) tested three methods Tor deriving subjective
probability distribuﬁionso They were, firstly, the method
sugnested by Morrison as described earlier, and sscondly that
of Hillier (1963). Hillier's method relied on a normality
assumption and required an estimate of the most likely value and
the standard deviation, The third method suggested by Paris
(1967) required the expert to estimate the most likely value,
the maximum and minimum values, and khe probability that ths
actual value would fall between the most likely and the maximume
Cole's results were inconclusive. He suggested that all thrae
methods be used: First cénstruct three subjective cumulative
distributions then check these with the suppliers of data to see

which is best. If nones appearsd correct then the procedure

should be repeatéd until the sxperts are satisfied,



Pouliguen (1970) however, considers that deriving
subjactive probabilities cén eas%ly be done by ths project
appraisers themselves, Initially(Merd Bank appraisal
missions used two methods to arrive at subjective probability
distributions. _The first used was the so=~called portrait
approach (Pogliquan 1970 p 13), hut this method has subsequently
been drnppedsv The sscond approachy and their recommended
procedure, leads to the step rectangular distribution. The
procedure is iterative and leads to interaction between

qualitative and quantitative judgment,

36263 Lhoiece of Distribution

It appears that the actual choics of a probabiligy
distribution is not as critical as has bsen thought by many
people. Several writers, for example, Weibull (1951) has
pointed out that it is not in fact possible to find the correct
distribution anyway., As Pouliquen (1970) has stated: it is
more a matter of finding a distribution which wili make use of
all the information available but not require more, than is,
in fact available. Risk analysis does not attempt to find the
true return, but only the appraiserd best estimate of it

Sprow (1967) outlines several characteristics that would
be desirable in a distribution., Firstly, it should be defined
(uniquely if possible) by parameters which are unambiguous and
easily understood by the estimators. Secondly, it should be
capable of being skewed if desired, and thirdly, it should be
amenable to mathematical analysis and computer manipulatidn.
Sprow suggests that the triangular distribution (see Fig. 2 (c)
- comes clossst to fulfilling these criteriae. It is simple,

uniquely defined by its range and mode and may be sliewed,
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The fermulas for the sxact mean and varlance of the triangular

distribution are as follous (MacCgimmon,and Ryavec, 1964 p 24).

i

/A.;( '1/3(a+m+b) ii.oeacoo(:’)?)

i

G')z( 1/18 [(b—"a)z + (m-a) (m—b)} o e o o o (38)
where x = ths valus of the particular variable
a = the minimum value of x

m the mode or most likely value of x

b = the maximum value of x

Also Cassidy, Rodgers and chérthy (1970) shouw that the
triangular distribution can sasily be sampled by Monte Carlo
computer techniques. The equations below give the value of a
stochastic variable (x) as determined by.random selection of

the ordinate of the cumulative probability distribution F (x).

a+{fw)(me)uh@}% a g x &m oo (39)

X
|\

X
il

b= {(1 -_F(‘x)) (b=a) (b-m)] s m{x&b . . (40)

Another distribution which has Found Qidespread use in
PERT Analysis (see section 20.445) is the PERT - Beta see Fige 2
(b)s It has several drawbacks when compared with the triangular
distribution, nevertheless both Hertz (1964) and Hillier (1969)
used it in their expository articles on Risk Analysis, The
PERT = Beta is actually a special form of the true Beta dis-

tribution,
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It is limited te taking a fat, flat shape, while the tfue Beta
may take forms from quasi=-uniform to quasi=delta. This is
illustrated in Fige 2 (b) where cﬁgﬁe (1) is guasi-delta,
curve (ii) PERT « beta and curve (iii) is quasi=-uniform,

Because the PERT = beta is an approximation of the true
Beta it is subject to errors in estimation. It is also less |
tractable to cdmputer analysis when compared Qith the triangular
ist;ibution becauss it»is not uniqugly defined by its range and
modes Additional assumptions are required., Several authors
have cast doubts on these assumptions, and on the statistics of
the PERT = beta; for example, Grubb (1962) and MacCrimmon and
Ryavec (1964), Moder and Rodgers (1968) have also found that
the original 0-100 percentiles which define the range of the
PERT - beta give biased estimates of the variance. They suggest
that 5-95 percentiles limits be used when estimating the
distribution subjectively, Thsey recommend in this case that the
variance be giVen by:

o’ = (b-a)? / 10.2 N VD

World Bank staff (Pouliquen, 1970) reject both the
triangular and beta distributions in favour.of the step rectangular
distribution., Pouliquen has tested the above three distributions
along with the discrete, uniform, trapezoidal and normal
distributions (see Fige 2). In reviewing them Pouliquen points
out that each distribution is geared to a particular situation and
the choice should be made to make maximum use of available

information.



The choice of distribution is not so important when the
analytical technique isrused.‘ Th}s is because only the first
two moments (the mean and variarce) of each distribution are
Ltaken inte account when calculating the mean and variance of
the present value. Howsver, when simulation techniques are
used, the third moment, which measures the skew of the distribu-
tion can be”faken into account. Some writers, for example,
Kryzanowski,tusztig and Schwab (1972) also conéider the fourth
momenﬁ. This is a measure of kurtosis or the extent of the
rglative steepness of the ascent of the distribution in the
neighbourhood of the mode., This is illustrated in Fig. 2 (b)
wherse curve (i) and curve (ii) both have the same range and
mode but are'obviously quite different distributions.

As stated in section 2.5.1 most of the information about
probability distributions is contained in the first two moments.
Also, it becomes more difficult to subjectively estimate the
higher moments, It is doubtful whether ths fore;aster would
have enough information to estimate the fourth moment in most
cases, although Monte Carlo simulation techniques are able to
incorporate this extra information into the final distribution
of the present valus,

We now turn to the problem of correlation.
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Where some dependency 1s kn;mn to exist between random
variables then the variables can be conceived as being
statistically correlated. Correlation occurs whensver some
underlying factor or factors cause the variables to move
togather in a'éystematic waye It is hard to detecl and evaliuate
but if not taken into account méy'lead to a completely wrong
interpretation in the analysis.

As indicated in section 2,2 there are two types of
correlation -~ auto=-correlation and cross~correlation. In this
section ssveral methods which can be used te evaluate these
relationships are outlined,

3631 Auto-correlation

Auto~correlation can be thought of as the relationship
that occurs between similar cash flow elements from one period
to the next. To determine the variance of auto-co;related
cash flow streams the auto=-correlation coefficients betwesn
periodé must be specifieds The method is described below
(Bussey and Stevens 1972).

be correlated

(a) Formal Approach. Let th and Xt'j

cash flows in periods t and t', Then the covariance between

X, . and X

£ £ is defined by the relationship =

¢ a

= ¢ & o o0 o 4
gry) Qe tj . (42)

Cov (th X ¢
where =1 § e ey § +1 is the simple correlation coefficient
and Cfij and Cr;'j are the standard deviations in periods t and

t! successivelye



The variance ef %Lhe cash flows is given by:t=~

&, T s O, S
V(p) = G mee v 2 TR e e (43)
te (1+1)” tgtt (i)

In the independent case all Elt' = 0 and thus the
second summed term drops out,
Use oF'Bquation (43) requires that ett' must be

specified, To determine the auto~correlation coefficient +t'

it is necessary to find the causative or dependency relatione
ships betuween the two periods for the particular flow. For

is auto-correlated,

example assume that nross revenue Gt

ecel and with G G

i.8. G, is correlated with G ’ Gt—2 t+leee N°

t £

Different mathematical relationships can be derived to explain
this correlation (Box and Jenkins, 1970).
One of the simplest is the first order Markov process.

This merely states that whatever influences G_ in period t

t
originates solely from period t-=1 etce To use this model all
that is required is an estimate of the one-=period lag coefficient
ﬂ% between G_ and G,_, then all other auto-correlation co-

c

efficients can be calculated from the following relationship.1a

()tt"‘ﬂ*l‘t-t" e e )

The one=period lag coefficient is given by

_ 2}
aN N
& (66,) (G, _1) =Gy )
ﬂ'l = n ~ e ¢ o o ¢ o (45)
- (G - 6 )2
]_2 b1 7 Vg
(V=

15 wenrthur (1971) derives this by using the chain rule in the

theory of path coefficients.
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where Gt is the estimate of revenue in year t (obtained from

a prior linear reaqression) and Gt ié the observed .revenue in
year t (analyst's subjective estimates). This is a very
simple model, for more sophisticated ones see Box and Jenkins
(1960),

The above discussion refers to only ohe variable beilng
auto-correlated, but in a more realistic analysis other
variables are likely to be also. As the number of autoe=
correlated variables increases the auto-correlation coefficient
matrix becomes very complex. In order to simplify the
mathematics Bussey and Stevens have developed a hurdling
prqcedure.

(b) Bussey and Stevens! Hurdling Procedure. The

authors state that where the analysis does not justify detailed
research into the underlying phenomena (s.g. correlation among
sales, variable costs, fixed costs, estc.) or detailéd inform—
ation on the cash flow is not available the simplified method
below could be justified. Their procedure is to estimate the
auto=correlation coefficient assuming that the relationship
between the Qariablas is no more complex than first order
Markov, and that subjecfive estimates of the optimistic, most
likely and pessimistic cash.flow increments (dsnoted YO’ Ym
and YP respectively) for each period are available.

The method relies on a normality assumption, It assumes
that the subjective probability distribution chosen is close
enough to the normal distribution to be more reliable than

choosing more subjective estimates (ses section 3¢3.1 (c))s



The maximum likelihgod estimation principle is useds
it maxkes maximum use of the information within the data
(pessimistic, most likely, optimistic)e The aséumption is made
that the Yp, Ym and the Y0 for each period are samples from a

priori multivariate normal populations.

teee (4, (0, v Yo(t)-) ot (i), i) v o (48)

It is also assumed that the samples are extracted
succéssively for t=0,152ye4eyne and that they are correlataed
samples, with the time co~relationship being éirst order
Markovians Under these assumptions the appropriate maximum

likelihood estimator of the population lag coefficient is given

by ¢
n
DI
" N=1 _ t=1
¢= 00000000(47)
1 N=1 5 *
N=2 Mt
t=1
where W, = the first differences in the sampled cash flow

t
stream; i.e. Yp(t) - Yp(t-1), Ym(t) - Ym(t—1),Y0(t)—Y0(t—1)
indexed at time t. W, = the first difference (as above)
indexed at time t-1. N = the number of data sample points,
which equals 3(n=1) when éll three estimates of cash flow are
used, Once @ has been estimated the Qtt' are giﬁen by equation

(44)s Then the variance can be calculated from equations (24)

or (30).
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(¢} Hillier's Approach. (also Ganada (1971) p 184)
Hillier (1969) has a slightly diiferent approach to Bussey
and Stevens, it uses a normality assumption buﬁ raquires the
use of additiornal subjective judgments. Ths approach assumes
a joint bivariate normal distribution (Mood and Graybill

1963 p 202), Given two randem variables X1 and X2 then

G-
E (X, 1%, =X) =E(x) + Q”Eﬁg {x - E(X,‘).‘\. . (48)

after normalising this becomes
y/'/>
E(X, | X, = X) = E(X,) ) Q‘ X = E(X,)

6; \- 6; ¢ ¢ o (49)

Equation {49) states that the expscted values of X,

aiven X, is just Q times the value of X, and it provides the

1 1
basis for deriving subjective estimates for Q .

Given the X1 lies k standard deviations above its mean
then the expected value of X2 will lie Q k standard deviations
above its unconditional mean,

Where the distributions are not normal but skswed, as
could be the case with the triangular or Beta distributions,
the above will not generally hold. Howsver, according to the
principle of least squarés equation (49) is still the bast
estimate of ? .

Using equation (49) values can be inserted from the

subjective probability distributions to obtain estimates of Q .

Hillier suggests that the most meaningful values of X1 are the
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bourids (optimistic, pessimistic). Thus, they should be used

to select the conditiohai value ofX2 to derive a value for e .

Hillier further suggests that an unweighted average of the two

values of Q should be used as the final composite estimatee.
This method can be used for the estimation of both auto=

correlation and cross=correlation coefficients.

. s i . A
(d) Tests for Significance. The lag coefficients ({)

can be tested for significance by using Normal Tablese. One -
test would be to see whether % is significantly different from
zero at the 95 percent confidence level (i.e. Z = 1.96). Box
and Jenkins (1970, p 281) show that the variance of the lag

coefficient is approximately
A 1 2,
Uar(ﬂ)%"‘ﬁ"'(']"ﬁ/ Oiooooéoo(SO)

Therefore the standard error is

s.s.w/—g—- (185 evvnunnas (D)

".Z1=_gL_E...D_ 000.00000(52)
olo
1 21 is greater than Z (Z = 1.96) then it would be

accepted that the lag coefficient is different from zero and

that auto-correlation exists and should be taken into accounts
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303¢2 Crossecorrelation

At times when general economic factors affect the

activities of a project in the same period then the net cash flouw

of these activilies will bs cruss-covrelatede That is, when
dependency exists between two cash flouws th and Xti in the
same poeriod then the covariance between them must be specified.
This was given in equation (19) section 3.1.2 (a). The

covariance can be stated as &=

Cov (Xyg 9 X)) = By 65 6 ov e u o (59)
where =1 § ()ij £+ . If ei‘j = 0 for all variables
then the covariance term drops dut, otherwise the problem is
to estimate the cross-correlation coefficient G&j'

(a) Estimation by Reqgression. Bussey and Stevens set

out assumptions and methodology which make this a practical
approaches They make three major assumptions,

Firstly, the correlation between two cash flouw
increments X, . and th (4 % j) in tﬁe same period is the only
relationship between the two variables. (This is the usual
practical situation.when underlying economic factors tend to
push activities either up or down together).

Secondly the partial correlation coeffipient (gj(t)
is constant over all time periods t=0, 1, 2, 3yeeey N
(This a;lows—the regression of one activity X, ., against

another, th, for t=0, 1, 2, 3,e4sy N to obtain an estimate

of the correlatlon coefficient relating the two activities.
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The regression sguation is

N N "=
xtj = E(xtj) o+ ?{fti - E(xtiil e o o s o o o (54)

o . .2 > h .
where th is the estimate of th and @ is the slope of the

linear regression functione.

The third assumption is that the two cash flous be
considered normally distributed. (If Xpq or th are estimated
- using triangular or Beta functions Ehen the model would not
normally apply. However, equation (54) still provides the best

linear estimate of X, , via the method uf least squares).

tj
If equation (54) is acceptable then the Pearsonian

sample correlation coefficient rij given by i~

T,, = /\[—.S_tﬂ:. - z(th_z) (Xti-Z) i,
ij 6 LStj Y?Z(xtj - 2)2 (Xti _ 2)2} T

o o o (55)

where S, ., and S, , are the sample standard deviationé, r,. is
tj ti 1J
the best linear estimator of the correlation coefficient and
— — A
7= (Xi + xj)/z then Qij =T

(b) Tests for Significance. The estimate of the cross

N :

correlation coefficient Qij may be tested for significance by
n

using the T teste. One test would be to see whether Qij is

significantly different from zero at the 95 percent confidence

level, The test performed {Johnston, 1963, p 33) is

T

t-¢

t = - .00010000(56)



If the {t] is ogreater than t.05 with (n=2) degrees of
freedom then it may be infsrred that there is a significant
correlation between Xi and Xj and therefore the covariance

between them should be taken into account.

(c) Subjective Estimates. Where the past cannot be

taken as a reliable guide to the future, as is assumed above,
then a subjective estimation procedure as outlined in section

3e3s1 (c) may be the only solution.
34 SUMMARY

In this chapter the analytical method for handling risk
and uncertainty has been developed through the use of
probability calculus. We have seen houw the techniques have
evolved from being able to calculate the variancse of simple
summad random variables te handling complex combinations of
products of random variables. Recourse to the Ceﬁfral Limit
Theorem has alloued probability statements to bs made about the
overall distribution of the combined variables.

Establishing the actual probability distribution of the
random variables has attracted much attention in the business
world., Forecasting techniques range from intelligent gusssing
to tﬁe'use of complex ecohometric modsls, but as vel there seems
to be no universally agreed method for deriving the subjective
probability distributions of the variables. One point does
seam clear howsver. This is that the resultant shape of the

distribution is not nearly as important as the way in which the
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variables relate to each other within and between periods.
It is this aspect of inter-dependencies hetween variables

that is most important to establishing useful estimates of
the decision variables, :

The analytical technique incorporating Taylor's
approximatiun'does offer considerable advances over the
traditional methods. The earlier criticisms advanced in
section 2.4.4 have been met. Judgment is now applied to the
underlying assumpticns in the ﬁroject father than to the
results of the analysis. The variability of Eﬁe pro ject
is measured by a single overall indicator (the variance), not
by a number of criteriae The technidue allows for inter=-
action hetwsen the variables whibh make up the project. A
guantitative assessmént of risk is made rather than qualitative
stztements and lastly the basic framework is laid for
consistent analysis project to project and analyst to analyst.

There are, however, two further important aspects of
risk and uncertainty which cannot be handled by analytical
means., The next chapter on simulation looks into these aspects

along with the methodology and problems of technique.



CHARTER IV

STMULATION
4¢1  INTRODUCTION

It has been shown that the analytical techniques
outlined in chapter three can overcome most of the
- deficiencies of traditional methods for handling risk ahd
uncertainty. There are however, -two further refinements
that cannot be handled by this techniguz. These are as
follows:

(i) UWhen skew and perhaps higher moments of the
probability distfibutions deviate substantially from the
normal, the overall distribution of the present value may
also be non-normal, Alsc combining the products of random
variables may cause abnormality. Where this affects
projects differently then choices on the basis of normality
could give incorrect decisionse

(ii) Capital investments usually involve dynamic
decisions over time., For example, high revenues in year t-1
could well be reflected in higher on=farm investment in year
t which would appear as increased revenue in year t 41 etc.

| Both of these aspects can be handled by using
simulation techniquas incorporating Monte Carlo Methods.,
Naylor (1971) defines simulation as a numerical technique for

conducting experimants with certain types of mathematical
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models which describe the behaviour o

o)
|

a complex system on a

digital compubter over extonded periods of time. Simulation

has become increasingly popular among economists and manage~
ment scientists as a tool for amalysing céaﬁlex systems and
has been applied to a number of areas in agricultural ressarch
(Dent and Andersony 1971). Authoritative reviews on the
ralevance, meﬁhodology, application and prospects for thse use

of system simulation in agriculture may be found in Charlton

and Thompson (1970) and Anderson (1974),
4,2 SIMULATION IN PERSPECTIVE

System simulation is hardly a practical operational
procedure especially when compared with other mathematical
techniques such as linsar programminge. Simulation modelling
has been restricted almost exclusively to academics and
researcherss The methodology is far from being séétled and
there are many difficulties to be overcome., The most real of
these being the difficulties in identifying and quantifying
relationships, in defining the bounds of the system to be
studied, in collecting data in the correct form and in valid-
ating, analysing and interpreting the results. The justific-
ation for proceeding with simulation in this thesis is that by
intreducing the stochastic and dynamic aspects outlined above
it is possiblé to represent the real world in & more telling
manner. Whether the extra time and expense invalved in

obtaining this extra information is worthwhile will be discussed

latere.



The evaluation of Qapital projects in agriculture by
systems analysis has not received much attention, but the
potential use of system simulation for this purﬁose could be
great for very large projectss. Complex models of specific
agricultural systems have been developed which could be
applied to the capital budgeting probleme For esxample, Flinn
(1971) has déueloped a model of a crop-irrigation system
designed to integrate the economic aspects of both the demand
and supply of irrigation water with the physical and institu-
tional constraints found in water resource systems. His
model consists of three major components as follouws:

(i) those factors determining the level of atmospheric
“demand for moisture;

(ii) those concerned with the availability of moistﬁre
for the cropj and

(iii) the interaction between the supply of, and demand
for water on economic yield,.

The model involves dependencies between the components
and time dspendent causal relationships bstween the prior
environment and the current growth state of the crops. This is
a very sophisticated model of which Flinn states =~ possibly one
of the most exciting uses may be in evaluating the expected
agricultural benefits frém a proposed irrigation development,

However,.it is my view that this type of model is so far
removed from presently used techniques that it would not be
practical to institute it as a technique to evaluate capital
projects in the short term. Even in the light of the current

problem of allocating water for irrigation on the relatively
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large Canterbury Plains Schemesy to which Fiinn's type of model
would be well suited; the difficulties of implementation would
be too greats |

Rather, it is suggested that a much higher level of
aggregabion of a project would be appropriate. Flinn geté
down to ths detail of simulation such components as soil
moisture tehéion, transpiration, and moisture stress severity
on the plant to obtain the quality and quantity of crop yields
from the system. Here it is proposed that the major components
of the model would be the financial budgets which represent the
various possible activities in a project, sudﬁ as sheep, cattle,
wheat, white clover stce

Thus we have withdrauwn frbm the position of carrying out
a Tull systems analysis involving many components to simulation
a very simple system with few components using Monte Carlo

methods,.
4,3 MONTE CARLO METHODS

Monte Carlo Methods arse used %Yo handle those variables
which are subject to uncertainty. The method is discussed
fully in Hamersley and Handscomb (1964). In essence it consists
of specifying the class af probability distribution for each
stochastic variable together with its parameters. Sample
values of the variable are then drawn from the distribution,
The techniqus uses random sampling where numbers uniformiy
distributed from 0,0 to 1.0 are assigned to the alternative

values of the stochastic variable in accordance with the specified
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probability distribution. Random sampling is usually carried
out in the computer by system!s -supplied eub=-programs which
ganerate pseudcmréndom numbers. A number of different tech-
nigues can be used to gensrate pseudo-random numbers and

- these are discussed fully in Ralston and Wilf (1967).

4o4 THE STRUCTURE AND PROPERTIES OF A SIMULATED

AGRICULTURAL PROJECT

The Monte Carlo Simulation technique is a way of
representing a proposed agricultural project as o mathematical
model on a computer. Ths model uouid have the following
types of properties and structufe.

It is made up of a number of interrelated time dependent
componehts which represent the various possible activities in
the projecte The behaviour of the components within the
system are described by the functional relationshipse. Thase
are represented within the computer program as arithmetic
statements, function subprograms and subroutinss,

Inputs into the components may be stochastic, non-
stochastic or policy variables or parameterss For sxample, in
the sheep component, the input wool price would be independent,
exogenous and stochastic; as it is generated outside the
system and is subject to a large degree of uncertainty. 0On ths
other hand, the planning horizon which may be known with more
certainty would bs termed an independent, non-stochastic input
variable., The poliéy of running N sheep, that is thes flock

size, would be a policy variable and thus be subject to



704

experimentation by the analyst. Parameters are values uwhich

are constant for one simulation, They are required for the

functional relationships and for the gsneration of stochastic
variablese For instance, the process of sampling from a
probability distribution of wool price may require such
paramaters as its mean and standard deviation.

Variables that are derived within the system are called
endogesnous. Thus, wool income would be an endngenous
dependent variable and if a function of input stochastic
variables it too would be stochastice

The sheep component has an output or response variable
of revenue from sheep. This is simply a function of wool
weight times price, plus lambs sold times value, less variable
costs, all times thernumber of sheep, Thus, the frequency
outcome of sheep revenue is derived from the functional
relationship between the input and output variables of the
sheep component, "

Once the output has bsen genefated for all the components
in a particular year they are combined to give the net cash
flow for that year. The procedure is then repeated until the
cash flows have been generated for the full project life.

The net cash flow is then used to calculaté the decision
variables (present value or internal rate of return) for that
particular run, These values are stored and the model run
another several hundred times to establish tﬁe overall distribuy=
tion of the decision variables,

Although the model as described above may appear to be

relatively straight forward to implement there are sevsral
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major problems associated with it. The most important of
these are stochastic specification, dependency relationships,
dynamic consideration, and verifying and validating the model.
In the next section these problems will beWAiscussed, but
first it is shown how the basic Monte Carlo Model has been

developed and applied to capital budgeting decisions,
4.5 THE APPLICATION OF STIMULATION TO CAPITAL INVESTMENTS

The stimulus to use simulation to svaluats uncertain
capital investments came about through the failure of simpler
techniques to give satisfactory results. By using Monte
Carlo Simulation it is possible to extract the maximum amount
of information from fhe avallable dala and forccasts of the
future. The aim being to give as clear a picture of the
relative risk and the likelihood of obtaining a positive
present value in the light of the uncertain future. The basic
technique is relatively simple but requires access ito a digital
computer to be practicables The basic model will now be out-
lined and then the methods used to ;Qercome the problsesms of
dependencies, subjective probabilities, dynamic considerations
aqd model checking will be discussed.

4451 The Basic Modsl

One of the earliest attempts at Monte Carlo Simulation
(Hess and Quigley, 1963) was not computer orientated., The model
is based on sampling from the normal distribution where the

value of the sampled variable (V) is given by:
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Vo= /HJ -+ Gc-\; (RN) e ¢ 6 ¢ e & o o (57)

where /Azu equals the mean value of ths ngiable, 5; equals
its standard deviation and RN is a random normal deviate
drawn from the random normal tables.

It was Hertz (1964, 1968) however, who gave the greatest
impetus to ﬁﬁe acceptance of risk analysise. His method
consists of the following thrse steps. |

(a) Estimaté the range of values for each of the
uncertain variables and the likelihood of occurrence of each
value within the renge. That is, derive the subjective
probability distribution for each variable.

(b) Select at random onerparticular value at each of the
variables, Then combine the selected valuss of the variablss
taking into account any dependencies. This will give the
presé;t value (or IRR) of that particular run,

(c) carry out step (b) over and over again to define and
evaluate the odds of occurrence of sach possible present value
or IRR, UWhen completed this procedure gives the distribution
of the present value or IRR and therefore ths expected present
value and the variability of the present valua,

This three-~step procedure can be carried out‘to evaluate
all the alternative investments open to the decision maker.

It is then possible to evaluate different combinations of
investments to see how they perform in meeting the objectives
of the decision maker,

Hertz emphasises that the less certainty there is about

an estimate the more important it is to consider its possible
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variatione The amount of .knowledge, or lack of it, must play
an important role in deciding betwaen different.investments.
The simulation spproach is designed to take account of the

type of information which has in previous methbds besn ignored,
mainly because of its highly uncertain nature,

Kryzanowski, Lusztig and Schwab (1972) outline a
computer algérithm which is based on the Hertz model. The
algorithm sets out clearly how to implement the procedure.

' Figure 3 represents a slightly modified vérsion16 of it
presented in flow chart forme

4,52 Probability Distributions

One major advantage of Monte tarlo Simulation is that it
allows full use of all the infofmation obtained in the probabil-
ity distribution of the simulated variable. For example
Kryzanowski, Lusztig and Schwab (1972) outline a procedure to
derive what could be called an empirical distribuytion. It is
estimated subjectively and specifically takes into account the
first four moments of ths distribution: ths mean, standard
deviation, skew and kurtosis. Their model also allows for
growth to be a stochastic variable itvself, as well as for the
growth of the stochastic variable over time. The effect of
positive growth on a stochastic variable can be seén in Fige 4.
It is their contention thalt over time the entire distribution

shifts to the right and its dispsersion increases,

6 . s . .
L As this thesis is concerned uwith project evaluation from

the National point of view the original tax considerations have

been omitted,
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Figure 4  Time Growth in a Probability Distribution
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As was outlined earlier in section 3.2,3 many
theoretical distributions have been used in simulation. The

actual choice of distribution must lie finally with the amount

of information available to specify it.
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4.5.3 A Special Case = The Multivariate Normal Distribution

One of the most widely uaed:probability distributions
is the normal distribution. Along with the lognormal it
shares a major advantage over other types é; distributions for
simulation. This is that it may be simulated directly from
standard norma} numbers once the means, standard deviations
and correlation coefficients have been given. The simulation
of other distributions is more difficult because standard
numbers are not available. Whereas random normal variates can
be simulated by a simple transformation (see equation 57) the
simulation of non-normal distributions requires more complex
proéedures such as outlined by Kryzanowski, Luszitig and Schwab
(ibid.).

Also simulatioﬁs from the multivariate normal
distributions (Naylor, 1966, pp 97=99) can be used as a check
against Taylor's approximation for estimating the variance of
the present value., The procedure is now outlined,

The multivariate normal distribution is defined for a
vector of random variables X where each component of the
vector is a random normal variable x; with given mean /uﬁ
and variance é&io Assuming the components of the vector are
correlated then the variance -~ covariance matrix V, is required

to generate the random normal vector.

V is given by &=
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" where {f;i denotes the variance of the ith component and
cf;j denétéé the covariance of the i tn and jth components,

“Generation of the random normal vector utilizes a
theorem which states that if Z is a standérd normal vector
(with mean zero and standard deviation ons) there exists a

unique lowser triangle matrix C such that

\X=[;Z+vf/\/ | ....90.0(59)

That is

,x r.ﬁ"-'-C ".‘ h zr‘- +/d/rqﬂ
P - U e ¢ o (60)
LGJ La . . ;‘ _‘J L.,

The lower triangular matrix C is ob%ained from V by

using the square root method. This method relies on the

relationship of =

v = C C ” S (D)
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Equation (59) generates all the multivariate normal
variables within a period, subject to the within ﬁeriod
dependency relationships specified by the cross correlation
coefficientse To generate auto-borrelatad variables, as well,
an addition relationship is required. This may be stated as
follows:

A
X

g T T (xt-1j"le) P e o o o o o (B3)

[

A
where xtj is the auto-correlated variable j in period t,

rj ls the auto-correlation coefficient, /Aﬁ is the mean of the
variable and Xt—1j is the random normal variable in period
t-1. Thus within period t auto-correlated uariableé are
generated subject to the value of the variable in period t-1.
Then equation (59) is used to generate the random normal
variables within that psriod,

The logic of the computer programme that generatas

random normal variables for risk analysis is shown in flcw

chart form (see Fige 5).
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Fige 5 Monte Carlo.Simulation Using The

Multivariate Normal Distribution
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4,5.4 Dependencies

The problem of dependencie§ (or correlation) is tied to
the level of aggregation of the cash flows. The level of
aggregation refers to the detail encompasé;h in the analysis,
For example, in the benefits to agriculture there could be
returns for sheep, cattle and crops. The returns to sheep can
further be subdivided into returns from wool and meat, Then
the returns to wool may be further subdivided into price and
gquantity. The problem is to decide at what level to stop sub-
dividinge Clearly thers is a practical limit., The advantages
of disaggregation are that when the components are broken down
it is easier to specify the parts and put estimates on them,
then build back up to a distribution of the whole. The dis-
advantage is that thé correlation or interrelationships betuween
variables and over time become more difficult to specify.
There is a trade~off between the advantage of clarity of
judgment and of avoiding the problems of disaggreéation.

As Pouliquen (1970) asserts - correlation is more important
than the shape of the distribution. Thus he opts for a rathsr
high lesvel of aggregation. On the Bther hand the major
advantage of risk analysis is that it permits disaggregation,

Specifying correlations quantitatively is usually
found»to be quite hard to do on a subjective basis, Thus,
Pouliquen suggests that where the underlying relationships
ara hard to ;pecify the analysis should be run at optimistic

and pessimistic levels of correlation. This will test the

sensitivity of the result to changes in these coefficients.



Kryzanowski et al, (1972) take a more rigorous view
by spmpling forrcorrelatioh on ajsgbjective basise That is,
rather than asking the fourecaster for specific Qalues of the
correlavion cecefficients, ask for ranges wherein they are
likely to lis. These can then be simulated. The authors
found it necessary to be quite specific when identifying
dapendenciesrahd the degree of intensity of association,

Their computer program will incorporate or ignore dependenciss
during a particular period. This is done through keying. |
One variable is keyed to another - called the bhase variable,

Two types of dependsncy are distinguished : difect and indirect,
When dirsect, if the base variable is low then the keyed variable
will be low., UWhen indirect, if the base variable is low then
the keyed variable will be highe.

Also threse levels of intensity of association are
alloweds These are slight, moderate and high. Where the random
number (which becomes the cumulative probability f;r the
variable) generated for the base variable is & 0,50 then if the
intensity is i~

(a) slight = then the probability that the cumulative

£ 0,50 is 0,60 for direct

~

probability of the keyed variable is
and 0,40 for indirect dependency.
(b) moderate - then the probability that the cumulative
probability of the keyed variable is & 0,50 is 0,75 for the
direct and 0.25 for the indirect dependency.
(c) high = then the probability that the cumulative
probability of the keyed variable is £0:50 is 0,9C for direct

" and 0410 for indirect dependency.



(&)
3
z

\The procedure works correspondingly if the base variable
is » 0,50, The above procedure gepresents a considerable
degree of sophistication and requi;es a grealt deal of emphasis
during the system analysis phase of tie simulation.

When simulation is used to evaluate uncertain investments
it is critical thal special care be taken to specify dependencies
it probability.statements are to be made about the resultant
present values. Failure to do this will result in a meaningless

probahility statement.

44545 Dynamic Considerations

Investment over time is dynamic in naturse. The system
is subject to non~controllable stochastic influences such as
market prices, feed supply and animal productivity. When
allowances are made in the model for these dynamic considera=-
tions then use of analyticél techniques énd recourse to the
Central Limit Theorem is no longer possible. An example of this
is given by Cassidy, Rodgers and McCarthy (1970), "In their
example the authors have allowed the possibility of 'poor
strikes" in the case of pasture establishment, thus retarding
project output. They state that this constitutes divergencs
of paths and negates use of the Central Limit Theorem.

Although analytical techniques are fuled out when
dynamics are introduced Monte Carlo Simulation is able to
incorporate it and offers a practical solution to the problem.

44,546 Checking the Model

Once the computer program has been written the model
must be checked. In systems simulation this is a major problem

and invelves many practical, theoretical,statistical and
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philosophical complexitie§a It is now proposed to briefly
review thase problems then seé how they relate to checking
Monte Carlo Simulation Models,

Anderson (1974) suggests that model checking involves
two distinct activities namely verification and validation,

(a) Verification. Verification consists of testing

the inherent'accuracy and internal consistencies of the modsl.
At the lowsst level this involves debugging the program and
testing the stochastic gensrators.

Conway (1963) identifies two major problems in
verifying computer simulation programs, Boﬁﬁ are concerned
with the efficiency of execution. The first problem involves
measuring the performance of the model at equilibrium,
Generally simulation models require '"warm up" periods before
the performance of the model can be assessed, The second
problem identified by Conway is the variability in results
due to sample size and the estimation of the precision of the
results. Naylor (1971) points out that precision increases
at a slowser rate than increases in sample size, that is
stochastic convergence is slow, For example, to reduce the
random error in a sample by a factor of 10 the sample size
must be increased by a factor of 100, Gordon (1969) suggests
that it may require up to 2000 runs to find the real frequency
distribution of the response variables, although this is
likely to be an extreme view., Most simulations are carried

out with 200 to 500 runse.



(b) Validation. The second activity in checking the
model is validation., Here the aim is to test uhéther the model
is a reelistic proxy for the real>ﬁorld@

Naylor and Finger (1967) approach the preblem of
_validating computer simulation models in three stages,

(i) The first stage is to look at the rationals or
a priori assumbtions underlying the modal.

(ii) Secondly, attempts should be made to verify,
empirically, one or more of the assumptions underlying the
model, if data are available. (Under Anderson's classification
these two stages would come under verification),

(i3i) The third stage consists of testing the model
against actual or historical values and also its psrformance
in forecasting or predicting the future., Naylor and Finger
stress this last stage as being the most important, but
consider the three stage approach to be most useful under the
following conditions: Firstly, whers it is extremély costly
or impossible to observe real world processes and secondly
where the system is so complex that analytical techniquss
cannot provide solutions,

(c) Checking Monte Carlo Models. Efforts to validate

capital projescts under stages two and three of the Naylor
Finger procedure are very difficult. Firstly, testing the
simulated endogenous variables against historical data is
inappropriate. It should be clear that in ax ante evaluations
each new project is unique and cannot be compared with the
performance of previous projects. Secondly, it.is impossible

to compare the results of the computer model with that of the
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actual situation as capital projects gensrally take.a number
of years to reach éguilibrium, .This.negatss efforts to
validate the model through Forec;;tinge

From a practical point of view agencies rarely hava
the resources aveilabls to carry out ax post studies. Also
the lack of sophistication in the original ex ante studies
make valid coﬁparisons difficult. The data requirements,
techniques and documentation of earlier reports is generally
not as rigorous as is accepted as normal today.

In Monte Carlo Methods the basis of verification lies
in checking the logical relationships that underly the model,
Validation becomes unnecessary except where endogenous
stochastic input variables are generated. If these dynamic
aspects are eliminated then validation by empirical means is
no longer necessary.

Perhaps the only useful test appropriate is to compare
the output of the simulation model with that of a; analytical
model, In this way the simulation can be tested for internal
consistencies at least.

The above test combined with stage one of the Naylor
Finger zpproach will form the basis of the validation to be

carried out on the model in this thesis.
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4e6 SUMMARY

Monte Carlo Simulation offers two major advantages
gver analytical methods. These are firsﬁi;, all the
characteristics of the probability distribution of the
variablnas can bs simulated and secondly the dynamic aspects
of project development can be incorpurated into the analysise

While being a theoretically better method of calcu-
lating risk and uncerfainty there are certain drawbacks to
implementation. The major disadvantage is the time required
to build a simulation modsl. Assuming a general program
package is not available then a new program must be written
for each new project. The task of developing a2 general
package was found to be beyond the scope of this thesis,
Further, only a very simple and basic attsmpt at Monte Carlo
Simulation of a particular project was possible m%thin the
time available, The main problem encountered was in defining
and incorporating the dependency relationships betwsen
variables and over tima.

This now completes the review of simulation. In the
next chapter a particular project is analysed to compére
in practice the mathematical programming technique of
chapters three and four with the traditional methods of

chapter two,
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CHAPTER

COMPARISON OF THE MODELS
5.1 INTRODUCTION

This ﬁhapter outlines and presents results for five
basic models of risk analysis-in project evaluation. They
are as follows: 1, Multiple Casese 2, The Analytical
Technique incorporating Taylor's Approximation,
3+ Simulation by Monte Carlo Methods using the’Mulkivariate
Normal Distribution, and 4. Simulatiﬁn by Monte Carlo Methods
“using the Hertz Type Model.

In the initial comparison only the product prices aré
assumed to be stochastic, all other variables are assumed to
be knouwn with certaintys This is followed up by a mors
rigorous analysis using the Analytical Technigue to explors
the effect on the variance of introducing uncertainty into
per animal performance and total stock increases,

A simple project of a stock water supply scheme is used
as an example, The original economic report (8ell, 1971) is
presented in Appendix (I). Briefly, the scheme involves a
proposal to reticulate f&r stock water approximately 32,800
hectares (82,000 acres) of rolling to broken farmland in South
Otago. Ninety-six properties are involved in the scheme,

The major benefits are aésessed to be the extra revenue due

to extra carrying capacity because of the better water supply.
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The costs are due to the installation of the system énd the
capital and associated costs of the increased stock numbers.
Details of the costs and benefitg:are given in the report
cited ahovee.

Although a weighting for overseas funds was introduced
in the original analysis this will be ignored in the risk

analysis,
5,2 THE MODELS

Be2e1 Multiple Cases Analysis

This model evaluatss the project at three levels of
prices: optimistic, most likely and pessimistic, These prices
represent subjective estimates of "medium term" price ranges
at about the 5 and 95 percentile limits. They are generally
skewed to the right (i.e. the mean is to the right of the mode).
The results are presented using the following three criterias
Present Value, Benefit Cost Ratio, and Internal Rate of Return,
A sensitivity analysis of the discount rate is included in the
analysis,

Multiple Case Analysis is the approach used in the
original report and the detailed results may be found in
Appendix 1 o The results of the project at the ten percent

discount rate are shown below in Table 3.
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Table (3) Results of Multiple Cass Analysis at

10% Discount Rate

Low Modal High

Present Value $304,4253 $1,042,774 $2,006,807
Benefit Cost Ratio 1409 1624 138
Internal Rate of Return 14,11% 1411% 26489%

56202 PERT =~ Beta Analysis

This is the method suggested by Shepherd (1970) and out-
lined in section 2.4.5. The results are presented as the
expectad presant value and standard aeviation. These are
derived directly From the results of the multinle case analysis

using equations 1 and 2 ,

304253 4 4(1042774) + 2006807

E (py) = =
_ $1,080,360
50 (pU) = 2,006,807 = 304,253

6

$283,759
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52,3 The Analybtical Technique Yncorporating Taylor's

Appraximation. (ANWA),

a

Being a mors rigorous anai;sis than previous methods
the analytical technique requires additional data and
assumptions to be made. The following information is
required.

(a) The Number of Stochastic Varviables to be Included,

A decision must first be made on which variables in the

analysis are to be treated stochastically.- Initially only
product prices will be dealt with so that a comparison may

be made with other techniques. Later this will be progressively
expanded to include per animal performance and total stock
increases. As a gensral rule the variables chosen for stoch—
astic analysis would be determined by a previous sensitivity
analysis. Those having a minor effect on present value being
ignored,

(b) Probability Distributions. Each uncertain variable

is described by a subjective probability distribution. All
prices are assumed to have triangular distributions. As
indicated in section 3.2,3 the triangular distribution Has
desirable characteristics, in that it is uniquely defined by
its range and mode, can be skewed, and is mathematically tract-
able. The prices used in this analysis are subjsctively
derived taking into account such information as historical
trends, present conditions, and medium term projections. They

are detailed in Appendix II ,
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(c) Depsndencies. ‘The relationships between the
stociiastic variables within and between periods ars very
difficult to detect and place estimates one Inlthis thesis
the correlation coefficients are derived by time series
analysise

The auto=-correlation coefficients are derived using

the rslationship

Pipr = ﬂ1't»- g e o e oo oo s (64)
and the first difference equation (45). Crosé/correlation
coefficients are derived from equation (55) which gives the
Pearsonian simple correlation coefficients.

The data used to derive the coefficients comes from
National Statistics over the years 1956/57 to 1972/73., A
computer program was written to derive the corrslation co-
efficients. This program along with the input data and the
output coefficients may be found in Appendix III.

(d) The Partial Derivatives. UWhen the cash flows are

made up of complex combinations of random variables (or the
variables are weighted by deterministic variables) then the
partial derivative associated with each stochastic variablg
must be determined. The method used to derive partial
derivatives has been outlined in section 3.1.2 (d).
Appendix IV shouws in detail how the first derivatives ars

derived for the example project.



(e) Jhe Mean Cash Flows. Having obtained the means of

the stochastic variables these must be combined with the
deterministic variables to derive the mean cash flows. The
aggregate mean cash flows of benefits, associaled costs and
capital costs can then be discounted to find the mean present
value and internal rate of return. These aggregate flows are
also used to find the benefit cosl ratios of total benefits to
total cosls and benefits net of associated costs to capital
costse

(f) Deriving the Overall Probability Distribution of

the Present Value and IRR. Having outained the cxpscted nst

cash flow, the standand deviatiqns and first derivatives of the
stochastic cash flows, and the correLation coefficients (within
periods énd between periods) the variance of the expected
present value can be calculateds This is done using equation
(30). The probability distribution of the IRR is calculated
using the technigue outlined in section 3.1.1 (c).

The layout of the computer cards for input into the program

is given in Appendix VI.

(g) Resultse. Tha ANWA computer program along with the
input data may be found in Appendix V. The resultes are
summarised in Table (4).. ‘

The program also calculates and graphs the cumulative
probability distribution of the IRR. This graphical presenta-
tion can be used to highlight different assumptions as to the
interrelationships between the stochastic variables.

Figure (6) illustrates the effect of assuming full dependence
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and independence on the cumulative probability distribution
of the IRR. The standard deviation of the present value is
$139,639  if all the stochastié'aariables are assumcd to be
independent, however, if all the variables are assumed to be
fully dependent then the standard deviation is $325,650.
This highlights the inadequacies of techniques which ignore

or assume away dependency relationships.

Table (4) Results of a Risk Analysis Using ANWA and

Assuming Product Prices Stochastic

i Discount Rate 10%
ii  Expected Present Value $1, 250,753
iii Internal Rate of Return 2245%
iv Benefit cost ratios
- Benefits to total costs 1428

~ Benefits net of associated

costs to total costs, ) 1.46
v Standard Deviation of P.V, $138,238
vi Percentiles =5% $979,786
-95% - $1,521,678

vii Probability of P.V. «GT « Zero 100%

5¢2¢4 Monte Carle Simulation Using the Multiveariate Normal

Distribution (MVSM)

The method used to simulate samples from the multivariats
normal distribution has been outlined in section 4.,5.,3 and the .
flow chart which outlines the logic of the computer propgram is

presented in figure (5). The program, input data and cutput of



the modsl may be found in Appendix VII. The results of the

analysis are presented in Table (5).

Table (6) Results of a Risk Apalysis Using Simulated Samples

from the Multivariate Normal Distribution Assuming

Product Prices Stochastic

i Discount Rats | 10%

ii Number of Simulations 100

iii Expected Present Value 1,248,740
iv Standard Deviation 171,849

v ToReRe ' 2243%

Although it is possible to incorporate more complex
combinations of stochastic variables into this type of analysis
nthe program must be changed in order to do soc. Apart from the
extra computing time required for simulation modelsuthis is ths
major drawback to their implementation on a general basis.
This is not so Qith the analytical techniques.

54245 Monte Carlo Simulation (after Hertz) (TUAP)

Unfortunately the time limitation has not allowsd a full
exploration of the advantages offered by the fMonte Carloc approach.
However, this initial attempt has at least highlighted the
problems asscciated with it. The main featureé of the model

are as follows,
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(a) Probability Distribytions. Triangular density

functions ars used to represent the distributions of the
product pricese

(b) Dependency Relationships. Where the variables are

assumed to move together within a period then the dependency
or correlation is handled by manipulating the seeds to the
stochastic geherators. For example, in the model it is
assumed that all the cattle prices within a particular period
move together. To achieve this in the program, thé seeds to
the stochastic generators for cattle prices are the same within
a years This means that the generated prices are Hrawn from
the same position in each distributioﬁ. The effect is that if
steer prices are low then weanar ﬁricea will be low along with
all other cattle prices within the periocds This procedure is
similar to the concept of keying as outlined by Kryzanowski
et ale., op. cit.

All variables are considered to be independent except for
the following cases,

(i) The capital cost of sheep is assumed to be dependent
on the value of wool and lambs in that period.

(ii) The sheep meat prices of lamb and mutton are assumed
to move togethsr,

(iii) A1l cattle priées are assumed toc move together,

This is a very simple and basic model. The literature
on Monte Carlo Simulation tends to under-estimate the difficul-
ties of incorporating complex interrelationships into the models,.
For example, it is difficult to incorporate dynamic time

dependent relationships into a general model. Ffor instance, it
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could be hypothesised that the development rate is a function
of" revenues=~ if prices in year t are high then more revenue
is available for investment in year t-1, uhich will be
rewarded by increased benofits in year t 42 etc. Complex
procedures are necessary to incorporate thase types of relation~
ships when there are a number of products being produced in the
scheme,

Also the experience here has shown that a general Monte
Carlo Risk package such as has been developed using analytical
techniques would be very large and expensive. This is caused
by the nature of the method where the functional relationships
between variables must be inserted difeotly inte the model.
As each new project generally has.differeht functional
relationships between variables this means that the basic
program must be rewritten for each new project. A general
package would have to be sophisticated enough to incorporate all
the possible combinations of functional reiationships between
variables. This was found to be beyond the scope of this
thesis,

(c) Results. The program aloné with input data and an
example output run of 500 simulations may be found in Appendix
VIIi. A summary of the results for 500 simulation runs is

given in Table (6).
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Table (6) Results of a Monte Carlg Risk Analysis

(i) Discount Rate 10%

(ii) Number of Simulations ) 500

(iii) Expected Present Value $1,262,435
(iv) ‘Standard Deviation $ 67,328
(v)  I.R.R. 22472

75.3 THE MODELS COMPARED

5.3.7 Results

A summary of the results is presented in Table (7) below.

Table (7) Summary of Results

PERT ANWA MYSH TUAP
Present Value 1,080,360 1,250,732 1,251,765 1,262,435
Standard Deviation 283,759 138,238 171,849 764328

From a theoretical point of vié@ the MVSM model is the
most sound, being based on samples from normal distributions.
We would therefcre place the most confidence on the results
produced by this model,. wﬁen compared with the results of the
other models there are large differences among the standard
deviations, ANUA returns a standard deviation which is 19 per-
cent less than that of MVSM while TUAP is 56 percent less and

the PERT standand deviation is 66 percent higher,
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The difference between the results of MVSM and ANWA is
dus to thae fact that ANMA uses an- approximation to derive the
standard deviation. It was pointed out in section 3¢1+2. (c)
that the variance of a multiple of random variables is an
approximation where the relative error depends on the coefficient
of variation of the variablese For the product prices these
coefficients fange from 0,10 to 0,22, Thus the error in
individual products will be around two percent. However, with
a number of products over many years the errors have tended to
accumulate rather than cancel each other out thus producing a
lower result.

As expected the standard deviatibn returned by the Hertz
model is very low. This is explaihed bty the difficulties of
incorporating realistic dependency relationships.

The results of the multiple cases analysis and the PERT =
Beta are not strictly comparable with those of ANWA_and MVSM,
This is because of the skew introduced into the distribution of
total stock increasss for the analytical and simulation studies
(see Appendix II (c)). However, tiiis has the effect of reducing
the difference between the standard deviations of the two types
of models, Assuming the skew had not been introduced into the
distributions of total stock increases, then the standard
deviations would be furthef apart still, From the theoretical
background of section 3.2.3 we would have expected a vexry high
standard deviation in the PERT model. This has been borne out
by the results and providss analytical evidence for rejecting

the PERT approach to risk analysis°
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5.302 The Relative Difficulties Associated with Implementing

the Modals

(a) Data Requirements. As the models become more

sophistinated the time and cost of preparing data increases,.
However, there are certain data rsquirements common to all
modelse These arse the values for all the deterministic
variables over‘all years and the estimates of the parameters
which define the probability distributions of the stochastic
variables. The Multiple Case and PERT ~ Beta require no
additional information, )

Both ANWA and MVSM require in addition éo the above,
estimates of the correlation coefficiehts for dependencies
batween and within periods, At thé most sophisticated levels
Hertz type models require the analyst to bLe explicit about

dynamic aspects of the project.

(b) Data Processinge. The time required to prepare and

code the input for the computer is roughly equivalent for all
the models except for the Hertz model, The Multiple case and
PERT-Beta Analysis require the deterministic cash Floms, and
the uncertain cash flows to be calculated at three levels -
high, modal and low, On the other hand ANWA only requires the
cash flows to be estimated at their expected levels,'but it
also requires the flouws of.standard deviations and the correla=~
tion coefficientss MVUSM requirss the means and standard
deviations of the uncsertain variables rather than the actual
cash flows, However, when the random variables form products

with deterministic variables these must be coded as flows.
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After an initial period of development and testing most
of the above information could be standardised and usad
universally in all projects. The type of information would
include the parameters of the probability distributions of the
prices and the correlation coefficients.

The Hertz model presents more of a problem, The model
is built up of components which interact by the functional
relationships including dynamic aspects. The advantage of
simulation is that these components etc are'often unique to a
particular project thus highlighting its particulér character-
istics. Howevsr, this means that the computer/pfogram must be
rewritten for each project = a costly and time consuming business,
From the experience built up in this study it is my conviction
that the extra effort is not justified by the results,

(c) Computer Time. Table (8) below sets out the relative

times required by each model in the Central Processing Unit
(cPU) of the B6700 computer. These figures highlight a major
disadvantage of the simulation techniques = the cost of

computation.

Table (8) Computer Time Required by each Model

B6700 Computer

Seconds
i Multiple Case 4
ii ANWA « uwithout graph of IRR 6
"= with graph of IRR 372
iii MySsM ) 688

iv TUAP (Hertz) 360
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The above results are taken using 100 simulation runs

for the Monte Carlo Models ~ a barely adequate number of runse
5¢4 CONCLUSIONS

Although the Analytical Technique incorporating Taylor's
Theorem gives an approximation of the standard deviation the
advantages of the technique outweigh this deficiency. Also,
when compared with the other models the analytical metﬁod does
not have the practical problems of implementation,

Monte Carlo simulation models sgffer generaily because
of the considerable amount of compyter time required to obtain
resultse Peculiar to the multivariate normal simulation tech=
nigue is the problem of size of matrix. It is theoretically
possible to incorporate both cross correlation and auto-
correlation into the generating procedure. 1In practice the size
of the matrix becomes too large. For example, the price
analysis carried out hsre has 10 stochastic variables with a
project 1life of 36 years, This would require a matrix of 360 by'
360, If all 25 variables are included, the matrix size is 900
by 900, 1In terms of computer storage this occupies 1462 mnillion
words of space. Another problem with this method is that
reprogramming is necessary when different types of variablss
(products versus sums) are included in the analysis,

The major problem with the Hertz type Monte Carlo Model
is incorporating the dynamic dependency relationships into a
program which is general enough to handle the normal variations

between different projects.
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A major problem of all probabilistic models is obtaining
the pavameters of means, standard deviations and correlation

coafficients. Howevery once derived they can and should be
used on a national basis for consistency ogranalysisa

The advantageéof using probabilistic models has already
bean outlined (see section 3.4)., The specific advantages of
ANWA over the'éther nmodels are as follous:

(a) The program is general and can handle any complex
combinations of variables with up to 30 stochastic flows of up
to 50 years without changing the program,

(b) Once the basic parameters have been decided on the
time required to set up the input is about the same as the
Multiple Case Analysis.

(e) The prograh is relatively cheap on computer time,
requiring only several seconds if a graph of the cumulative
probability distribution of the IRR is not required. Where
a graph is required CPU time ranges from 375 to 700 seconds
vhere the number of stochastic variables range from 10 to 25,

The fact that ANWA may under or over estimate the
standard deviation is not critical as long as all the projects
are analysed under the same set of assumptions and technigues.
Risk analysis promotes consistency of analysis and it is this

point which is most critical to making good decisions on the

allocation of scarce resources.



5.5 IN DEPTH ANALYSIS USING ANWA

Apart from produclt prices there are two other major
sources of uncertainty in agricultural type projects. These
are the productivity levels of the introduced activities and
also the absolute levels reached by thé activities. ANUA is
able to incorparate both these aspects to gauge the effect on
the variance of the present value. The results of the analysis
are presented in Table (9) and the details éf the probability
distributions of ths productivity levels and total stock
increases are presented.in Appendix IT., A Coméarison is also
made between the assumptions of all uafiables being independent

and all variables dependenta

Table (9) The Effect on the Standard Deviation of Increasing

the Number of Variables Within the Risk- Analysis

Dependency Relationship Independent Calculated Fully
level of Dependent
Dependency :
(a) Product Prices Stochastic $139,639 $138,238 $325,650

(b) Prices and Quantities -
Stochastic 164,365 140,359 528,068

(c) Prices, Quantities and
Stock Increases Stochastic 185,590 208,310 597,090

In the initial evaluation of product prices there are 10
stochastic variables, with productivity levels stochastic there

““are 19 variables and with total stock increases stochastic as
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wall there are 25 variablegs

From Table (9) it can be sBen that as the number of
variables in the analysis increases the standard deviation also
increasess This is as would be expected., Unexpectedly, perhaps,
the effect of altering the dependency relationships within the
analysis is not quite as straight forward. In both the price
analysis and the price quantily analysis, moving from the
situation of full independence to the calculated level of
depsndency actually causes the standard deviation to fall,

This is generally quite unusuale. 0One possible explanation is the
fact that a number of the calculated Correlation coefficients are
negative (see Appendix III). UWhere this occurs the effect is to
reduce the standard deviation.

An obvious conclusion from these results is the over-
riding influence of the level of assumed or calculated correla-
tion between variables on the standard deviation. For this
reason the analysis of dependency between variables should
recéive a very high priority if the technique is to be of any

value,
5.6 POSSIBLE IMPROVEMENTS TO THE ANWA PROGRAM

Several improvemenfs to the present ANWA model are
possible to reduce the number of calculations required to obtain
the data for input.

(1) At present the model uses as input the net flouws
of expected benefits, associated costs, and capital costs,

This requires the analyst to aggreqate the various cash flous



by hand. To overcome this it would be worthwbile binding ANWA
to the present discountiﬁg routine used by the Division which
has the facility of feeding in the disaggregated flouws,

(ii) The weights or first derivatives required to
calculate the standard deviation must also be calculated by
hands This is one area where extra computation is necessary
and is therefore an area where human errors could DCCcure To
overcome this problem the different weights could be derived
within the program using a series of transformations, Trans-—
formation procedures are a feature of most multiple regression
packages; see for example AJOLS (Rodgers, 1973) or AWERI and
AWER2 (Woods, 1973).

(iii) As the basic data requirements are the same for
deriving both the expected net cash flows and the weights
points (i) and (ii) above could be incorporated into the program
together much reducing the initial computational bgrden to

obtain input data to the program.
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-CHARTER VI
CONCLUSIONS AND RECOMMENDATIONS
6o THE PROBLEMS OF IMPLEMENTING RISK ANALYSIS

Just as discounting gained acceptance as a technique in
the mid 1960!'s risk analysis is now gaining acoeptance_in the
mid 1970's, Although operations researchers tend to simplify
the implementation of the technigue several writers have pointed
out that it may not be so straightforward,

Bourke (1969) points out that the major difficulties in
implementing risk analysis are psychological rather than
mathematical, It is in the data evaluation stages that most
of the difficulties occur. These are in delineating the
alternative possibilities and then estimating the probability
of their occurrence. Brown (1970) surveyed 20 companies in the
United States to assess their experiences as practitionsers of
risk analysis, He found that the technical problems of
implementation are not the most serious or the limiting factors,
It is the promotion of the concepts, the way the techniques are
presented and the role or- importance of risk analysis in the
overall decision making area which requires ths most emphasis
for the maximum advantagés to be gained, Carter (1972) looked
at the conditions which helped or hindered implemsentation of
risk analysis in four major oil companies, He found several

inherent problems; the most important are as follows:
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The relevance of risk analysis must be made clear to those
involved at all stagess There are problems of obtaining data
assessments. People must be educated to tﬁ}nk in terms of
probabilities., Decision makers had problems in trading off

the risk and return. [lanagers wanted the analysts to give a
lead on defining utility functions instead of making their own
tradeoffss Oﬁher problems identified by Carter include the
gvaluation of ex post studies, aligning problems with models

and the human and ofganisational problems of introducing a neu
technique. Pouliquen (1970) concludes that risk analysis should
only be undertaken with the greatest caution. His major concern
is the completely misleading results ﬁhat can occur if

correlations between variables are not handled correctly,
6e2 THE ADVANTAGES OF RISK ANALYSIS

Notwithstanding the problems above, risk analysis using
the analytical technique incorporating Taylor's approximation
is a feasible and desirable alternative to traditional methods,
The advantages may be summarised as follows:

(i) The Technique utilizes a great deal of information
which would otherwise be lost.

(ii) The framework of analysis offers a medium of
communicatioq‘as a focus for discussion among involved partiese.

(iii) Attention is focused on the expected present value
rather than modal estimates.

(iv) The technigue provides an explicit statement of

the uncertainty rather than an implicit one,
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(v) The variability of the project is measured by a
simples criteclong the stan&ard dey?ation rather than a number
of different criteria.

(vi) Judoment is applied to the underlying assumptions
rather than to the results.

(vii) Allowance is made for interaction between the
variablec in thé project thus promoting a more rigorous analysis,

(viii)Most importantly the method provides a framework
for analysing projscts in a consistent way, analyst to analyst
and project to project thus allowing valid comparisons between

projects for decisions on the allocation of scarce capital

resourcese.
6e3 IMPLEMENTATION

Before implementing the suggested risk analysis technique
several considerations should be taken into accounts The first
and major task which should be undertaken is to look more closely
at the parameters which form the basis of the analysis., These
are the estimates of the means, standard deviations and
correlation coefficlentses In the time available it has been only
possible to have a perfunctory look into these factors yet the
whole credibility of the ahalysis rests on theme The most
critical are the correlation coefficients. As was shown in
section 5.5 they exhibit an over=-riding effect on the standard
deviations In section 3,3 several techniques are outlined which

could bs further developed, Also the data used in the correlation
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analysis is of a very gross forme Further rasearch would be
desirable into such avenugs as régionél differences.

Obviously, the technigue requires testing on a series
of typical projects to iron out any difficult arsas, Before
this could be done it would be essential to gather together
the technical information related to implementing the analysis
into a user manual,

Another important aspect of implementation is the
training of analysts (and those they consult for infofmation)
in the concepts of subjective probabilities., This is an area
which is still in flux (see section 3.2). Only exbarience will
sort out a consistent workable method,

Lastly, it would be desirable for other sectors of the
economy, such as Forestry and Works, which compste for the
same resources to co-operats in evaluating joint proposals,

The risk analysis technique provides a forum for such discussions
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INTRODUCT ION

SEOTION I

(1) Description of the Proposed Scheme

The proposed Tuapeka Rural Water Supply Scheme
has been designed to reticulate an area of approximately
82,000 acres of férmland in South Otago. The area is
roughly triangular and is boinded to the north by -
Beaumont to the south by Tuapcka Mouth and to the east
by Waituhuna.

The sources of water are the Tuapeka aﬁd Waitahuna
fivers.

Water will be delivered to cach consumer's tank
or tanks.on his rroperty at a coastant flow rate over
24 hours each day, so that each consumer receives a
predetermined number of units of water, each unit being
approximately 400 gallons per day. It will be"the
farmer's responsibility to reticulate his property
from the tank position, and to provide the necessary
troughs andlfittings.

Details concerning the engineering aspects of
the scheme may be found in &« report pre?ared by -

G.T. Gillies Limited, Electrical, Hydraulic and
'Meéhanical Ingineers.

A list of farmers subscribing to the scheﬁe was
provided by the Tuapeka County Council, 96 properties
are involved. FPhysical data was obtained by an interview
' surQéy of a random sample of.these properties. The sample 

contained 40 properties.
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Those farmers who did not apply for water are not

considered in this analysis.

(2) Summary of Results

At the medium or expected level of costs and prices

the results of the Tuapeka Rural Water Scheme are as

follows:—-

TARLE 1 : SUMMARY OF RESULTS

A, Unweighted

Interest Rate  Present Worth Benefit/Cost Ratio
N 9% $1, 256,247 1427
10% $1,042,774 1024
11% $863,142 1422

Internal Rate of Return 20,92

B. Weighted for Overseas Funds Ccntent

Interest Rate Present Wortn Benefit/Cost Ratio

S | $1,568952 1444
10% $1,317,864 1442
11% $1,1064210 1631
Internal Rate of Return 23410
(3) Prices Used : On-Farm
Pipe 3" alkathene 2.715 per chain
%n 1" A 4.30 n "
’]I' 1] 5‘/]9 t 11

Troughs 85 gal. $15.40 + 54,50 for fittings

200 gal. 3$23.00 + 34,50 for
Tanks 600 gal. $77.00

3,000 gal.3229.00 (includes 40 miles travel at 50z)

5,000 g2l.$358.00 (includes 40 miles travel at 75¢)

fittings
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-

Fehoing -~ Cyclone toundary netting with 1 barb $12.50 éhain
Seven wire 12% gauge.with 1 barb $12.00
Fertiliser - Superphosphate $30 per ton --spread.
Capital Stock |
| Per Heai
Sheep . Lowest ; $ 4
expected $ 6.
highest $ 10
Beef Breeding $ 60
$100
$140
$ 35
$ 70
$110

Beef HFattening

I I I R R
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SHCTION 1T

FCOROMIC ARATLYSTS

(1) Merhod
The method used in this analysis has been to compare
the agricultural potential of the arca with and without
the scheme. Any'differences which océur in the value of
produétion or in on-farm physical inputs are translaied
into menetary terms, for the appropriate years, and tien
the cash flows are derived for the benefits and costs.
Off-farm capital and running costs are treated in a similar
way . -Finally; all cost and benefit streams are discounted.
The cost and benefit flows can be found on pages 17 to 20.
The results are preéented using three criteria:
Fresent Worth.
Benefit Cost Ratib,
Internal Rate of Return.
Separate results are presented showing the effect
of a 10% premium on the overseas funds content of costs
and Uenefits on the above criteria.*
Finally, three levels of prices and costs were
uséd to show how seusitive the results are for prices
and costs: A medium or eipected level, which is-the'best
estimwace of the forseeable future and a high and low
estimate of what could possibly happen,

The scheme life has beer estimated to be 36 years.

* Cost Benefit Analysis s.d Overseas Zarnings by the
Resource Economics Section, Xconomics Division,

Department of Agriculture, Palmerston North.
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- (2) Costs
(a) Capital Costs -~ off-farw and on-farm costs
incurred in capital construction of the
scheme. -
(b) Associated Costs - off-farm and oun-~farm
costs incurred in operatingland maintaining
' the sdhemea
(5) Benefits

(a) Tangible Benefits

Those benefits to the scheme that can be
measuréd in monetary terms.
(1) Production Benefits -

The extra moﬁetary retﬁrns from the expected
extra stock carried because of the scheme. It
is =xpected that, with the scheﬁe, stock numbers
will increase from 3.9 to 4.7 S.U. per acre.
Without the écheme the expected increase is‘to

4,2 S.U. Thus there is an expected increase of

0.£ S.U., per acre due to the scheme,

TABLE TT

EXTRA STOCK CARRIED DUE

T0 THE SCHEWE (S.U,)
(Samﬁled Farms)

B Beef Beef Cumulative
Year Sheep Breeding Fattening Increase
2 3525 1580 1334 64239
) 2820 1053 890 11202
4 705 1053 890 13850
5 1053 890 15793
6 528 44y 16765
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(ii) Saved On-farm Costs -

These are the savings in cbsts that would have
to be incurred to provide a water supplyrif the
proposed schéme is not implemented. See Appendix 3
for details. |

(b) Intangible Benefits

Those benefits which are indeterminate or foo
difficult to measure in economic terms.

The main benefits will be improved stock and
grazing management through the summer period and
the ability to water cattle with safefy;

4, Results and Conclusions

The results of the scheme are detailed in Table IIT.

It can be seen that under all combinatioﬁs of price
levels and discount rates the project is profitable to
the nabtion when measured by any of the three criteria
used *n analysis, i.e., Present Worth, Benefit/Cost

Ratio on Internal Rate of Return.
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(A) Unweighted

Present Worth (P.W,)
Benefit Cost Ratio (B/C)
Internal Rate of Return
(I.ReR.)

Medium Level

Pells

B/C

I.R.R.

High Leval
Paelie

B/C
IOR.R.

(B) Weighted for Overseas funds Content

=

'RESULTS

1310
_ Interest Rate
9% 10% 11%

$ 415,863
1411
14411

$1,256,247
1027
20,92

$2, 350,865
1441
26489

Low Level
p.m.
B/C

T+R.Re

Medium Level
Poll,

B/C

I.R«Re

High Level
P.w.

B/C
I.R.R.

$ 592,807
1617
16412

$1,568,952
1644
23,10

$2,760,107
1450
28,75

$ 304,253
1409

$1,042,774
1024

$2,006,807
1.38

$ 454,363
1416

© $1,317,861

1442

42,366,396
1447

$ 210,613
1.06

$ 863,142
1422

$1,716,876
1435

$§ 335,599

112

$1, 106,210
1031

$2,034,419
1444



SECTION 1IX

AGRICULTURE TN THE AREA

(i) Geperal
- The present pattern of farming in the area is mainly
shez2p with supporbiing beef cattle and a very limited amount
of cash cropping;
The country varles in contour from easy rolling to

steep. It is often broken by deep gullies. The rainfall

is from 25-40" and is fairly well distributed although

a summer dry period does occur. However, the natural water
supply is poor with few permarent ét:eams. |
(13) Soils |

Soils vary _rom yellow-grey earths through to lowland
yellow-brown earths. The main soil types are: Kononi
soil (silt loam), Waitahuna soils (silt loams), Waitahuna
Hill Soils (silt loams and stony silt loams), Tuapeka
Steepland Soils (silt loams and stony loams), and Tuapeka
Hill Soils (silt loams to stony loams).

(iii,;Water Supply

(a) Farm
At the moment water supply is probably the

limitiug factor to increased production. Water shortage

in the summer causes maunageicat problems. Gates must be
left open to give stock access to water, and existing

water becomes stagnant or dirty as dams and streams dry

up.. Approximately half the farmers thouzht that water
quality was poor for stock and on average farmers were shortd
of stock water for ten weeks during the summer. In a normal

season little stock water is purchased.
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TABLE IV S

WATER SUPPLY (Sampled Farms)

Dams : : 33
Streams | ' 29
y Springs ' 25
Bores A 2
Wells 1
Community Scheme | 1

N.B. $ome farms have more than one of the above sources.
(b) Doxastic |
The majority of domestic water supply comes
from stored rain water. Approximately £0% those
questioned thought that the supply was inadequate but

only 18% purchased water in a normal year.
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(iv) Production Data

TABLE V
LIVESTOCK WINTERED <971
(Sampled Farms)
Sheep | No. S.U, TCTAL S,.Y.
Ewes | 89645 1.0 89645
EWe hoggets _ 25126 0,6 15076
Rams o 2433 0.8 1946
Wetkher hoggets 2411 0.6 1447
Wethers ' 2091 0.8 _1673
POTAL, 121706 109787
Cattle | |
Breeding cows | 1424 6,0 8544
Replacement heifers 252 4,0 1008
Rsg 1 yr cattle 869 4.0 3476
Rsg 2 yr cattle 5441 4.0 2104
Bulls : 56 5.0 _ 280
TOTAL | 3142 S 5472
Totzl Stock Units 125259
2.U.5. per Effective Acre: ' 3.9

Sheep to Cattle Ratio: 39 to 1
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TABLE VI

—raner

LAND UTILISATION JANUARY 1971

(Sampled Farms)

5rea %

_ 4cres - -
New Grass 1233 ' 2.8
.Good Pasture 24378 i 55,4
~ Poor Dasture youn 10.8
Turnips 432 1.0
Swedes 421 | 1.0
Rape | 267 0.6
Chou'ﬁoelli:r 171 ' _ O.4
Kale 124 ' 0.3
Wheat 74 - 0.2
Ryegrass 200 ) 0.5
Unimproved Area 11698 26.6
Waste * a7 _é&i
43913 100.0

* Waste includes yards, plantations, buildings, etc.

Effective acreage: 32,044,



SECTION TV

ot s At

Costs Used

~1%-

APP“NDTCES

(1)
)

Of {~Farm Costs

Capital

* cost of

Associated

(B)

Pipelines

Rising Main VWaitahuna

Waitalhuna Pumping Station

Treatment Station

Pipe Fittings, etc

Break Tanks

Contingencies 10%

\
B

Escalation of Costs

Engineering Fees 5.3%

Voluntary Labour

TOTAL CAPITAL TOST

Electric Power
Chemicals

Maintenance

$21, 540
$24,000

$24-,700
$80, 240

Pump and Treatmeunt Plant Replacement

TOTAL ASSCOCTIATED CCITS

On-t'arm Costs

The prices used are shown on page 2.

$110,678

$ 40,120
$ 64,400
$ 1,600
$216,793
$ 21,679
$258 477
$ 11,900
$250,377
$ 15,700
$266,077
$ 12,000
$278,077

$ 3,903
$ 1,300
$ 1,500

$ 1,200

$ 7,903



GROSS REVENUE AND COSTS (T0 SCHEVE) OF SHEEP PER 1,000 EVES (Showing weightings for Overseas Funds)

‘r;

sumptions: 105% lambing ewes tupped to sale age, 3% =2we deaths. 1% e¢wes culled, 1 ram to 4" ewes

(Cvelseas Overseas Funds Content

Funds VWeighted by 0%
Content ’
RATVENUE TO F.O0.B. low expected high ) low expected high
1. Wool - eves 970 at10 1b) . . 44c/x1¢o zOB 2,420
- c¢we lambs 219 at 3 1112126 1b at 55¢ " 3, 025 ’
- boggets 217 at 7 1b)(5500 kilo) 8% " 4,895
~ rams 25 at10 1b) v
2. Meat - fat lambs 831 at 19¢/1b FOB 4,737
201b carcass *wt -
. - 250 ” " 6’235 .
. 58c " " ' 9,473
- cull for age ewes 187 at ,
50 1b carcasswt at 10.5" " 082
’15 " n 1,2‘[6 <
| ) 18.5" " 1 ,'759 )
Totul Revenue to F.O.B. 8,139 10,474 16,098  100% 8,953 11,521 17,708
3GSTS FARL GATE TO F.O.B.
- 1. Wool — processing 5500 kilo at 10.5¢c/kilo 578 oy
11 T u 605
! A2 " . 660
2. leat -~ lamb processipg at 6c/1b 1,496 1,496 1,486
~ cull ewe processing at 5¢/1b : 468 468 468
‘otal Off-Farm Co3ts | 7,580 2,568 TP.e0% 9.1% 2,565 2,592 2,548
Ticoze to rarm Gate _ 5,615 7,805 13,474 6,288 8,929 15,060
TI-BARN VARITABLE COSE§ . _ '
Shearing and Crutching at 60c per ewe . ' 600 9.2 096
Shed expenses cartage ‘ 152 9.2% 153
Apimal Health z*% 48 cents per ewe _ 480 ,2% 34
Rams - , 300 - 1005 303
“CTAL ON-FARL VARIABLE COSTS T,5%32 1,532 ~T,E33 3,556 1,5%9 ‘giib
12053 MARGIN per 1000 ewes (1150  ee) $4,065 $5,373 311,042 i Ty 1o
per 1000 ewe equivalents $3,535 35,542 $10,384 2 ’ -



RCSS RZVENUE ARD COST3 (TO SCH:ME) OF BEZT BREEDT

assumptions: 3% caw deaths, 3% heifer deaths, 905 calves to weaning.

RIVENUE TO F.C.B.
45 zteer weaners at

82 "
122 ¢
25 heifer weaners at 32 "
6'7 "
, 1c7 "
15 cull cows 400 1b carcass wt at . 13.50
23.50
37 .50
0.6 bulls 750 1b carcass wt at 22.50
' 33.20
44,50
TODAL REVEITIE 70 P.0.B.
CCoTs AW GATE TO F 0.B.
Scdra value of weauers at $12 per weaner
Added value of processing cull cows at
56 per 1CO 1lb carcass wt
Added value of processing bulls at
%6 ver 1CO 1lb carcass wt )
TOTAL OFFr-FARN CCSTS
Income to rarm Gate
Gl FA™. VARIABLE CCSTS
0.5 bulls at $200
300
400

Animwal Eealth at $3 per-cow
Wr ight on sales

ntbr Feed 29 bales per cow at 30 cents per bale

rucel‘oalg
Prl ON-Fi30 VARIABIE CCST3
CHUSS WERGLn per 4CC0 breeding cows (684.5 ee)
per 1000 ewe eguivalents

low expected high
347 FCB ualue 2,115
3%,6S0 ,
" 5,490
" 800
" 1 ,675
" 2,675
per 1CC 1b
0B value 1,170
" mo 1,710
" " " ) 2 , 250
1y n " /'IO/I
" 1 " /‘ 5/‘
" n "- 200
4,180 7,220 10,675
840
260
1,227 1,227 1,227
321959 3999 9)388
120
180
240
300
105
870
45
f73458 1,498 3)58
'3521 47501 7 830
2,222 6,576 1,439

Overssas
Fund
Content

1005

NG per 100 cows (showing weighting for Over:

Oveursezs

Weighted by 10%

[

funds

Contient

~FEng

low exypected high
4,605 7,959 677
1,238 1,238 1,233
3,267 £,717 1C,439
]
172
198
258
505
104
' 878
.;%jEE S
, 462 1,52 byoun
1,934 5,212 8,87
2,825 7,874 12,954

-
~
i

o
p=

b



GROSZ REVERUZ AND COSTS {(T0O SCHEME) OF BEEF FATTENING per 100 weaners

Assumptions: 1% deaths, selling 18-20 months

Cverseas
Funds '
. Content
REVEIUE 70 F.0.B, low e€xpected high
99 beasts 450 1b carcase at $21 per 100 1b 9,356
.3;51 " " 13 15’81'] :
$41 " " " 18’266
Less F.0.B. value &ttributable )
to weaners at €35 + 312  ¢47 er beast 4,700
(Price Tarm Gate plus processing
charge) » $70 + 312 s82 non 8,200
3110 + 312 3122 12,200
Total Reverue to F.C.B. $4,656  $5,611 36.066  100%
CCITS FAR.L GATE TO F.C.bBe
Added value to beef carcase at $6 per 100 1b 2,673
Less added value attributable to weaner at $12 per weaner 1,200
TOTAL OFF -FARL CCSTS ' 1,473 7,473 1,473 9.1%
Income to Farm Gate 3,185 4,128 4,593
ON-RPARN VARIABLE COSTS
Animal Health at $1.50 perhead 150
Wiinter Feed at 124 bales per head at 30c/bale 375
Freight on Sales 268
TOTAL ORN-FAR VARTARLE COST§ 793 793 - 793 S.2%
GROSS MARGIN per 100 wearers (400 ee) $2,390 $3,345 33,800
par 1000 ewe equivalents 35,975 %$3,363 $9,500

{showing weighting for Overseas

Overseas
Veighted

low

", 486
3,636

;
i
t

800
32,836

‘ .
Funds)

Funds Contert

by 1C%
expected high
6,172 5,675
1,486 1,486
4,686 5,187
800. 800
$5,886 4,387

$7,090 ° $£9.715 $10,968

“GEL



ol
YEAR 0 g 2 3 4 5 o . 24 b}

~Jh

55

.E- ' CASH FIOW. FARM CO3TS (%) UNWEIGHTED (Sampled farms; expected level of costs)—

Pipe 1" 105 26 26 11 11 0

i 12,229 1,746 1,746 873 873 0

3" ‘ 675 29 99 47 47 0
Troughs 55 gal. 1,831 259 259 139 139 0

200 gal, 5,115 745 742 358 358 0

Tanks 4CO gal. 77

3CC0 gal, 2 748 458 458 229

000 gal. 8,950 1,432 1,432 716
Fences - mesh 3,750 3,750 3,750

-~ 123 gauge 6,048 6,048 6,024
Stock - sheen 18,400 14,720 3,680 v

- beef breeding 23,084 15,384 15,384 15,384 7,74 0

Total Capital Costs 41,528 | 56,045 44,4641 21,437 16,812 8,000 0
ASSCCIATED COSTS )
Repairs and maintenance 2,070 2,804 3,531 3,650 3,721—3,721 O
Fertiliser : 7,500 - 75, 500 O
Sheep 12,566 22,620 25,134 ' 25,134
Beef Breeding 6,285 10,474 14,663 18,852 20,952 ———— 20,852
Beef Fattening ' 7,558 12,6071 17.644 22,087 25,202 —— 25,202
Total Associated Costs . 7,500 35,965 55,999 &8,472 77,823 8z,509—82,509 71,288 .

QO OO0

oL .
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QEAR 0 2 4 5 6 34 5. __ 35
|
Stock Benefits a
Sheep 52,099 57,778 64,7197 . —— 64,157 ¢
Beef Rreeding 16,669 27,778 38,887 49,996 55,567 55,567 0
Beaf Fattening 18,712 31,196 43,680 56,164 62,392 52,392 o
Cn-Farm Saved Costs
Capital - dams 5,400 5,400 5,400 0 0
- pumps 1,038 1,028 519 519 519 0 0
Associated - power 435 485 510 535 535 0
- maintenance 180 200 210 220 220 O 0
' 0
- dam maintenance o950 950 O o
— water rurchase - stock 200 - 200 O
- domestic 280~ 28C 0
- labour 2,500 2,500 C .
3alvage | @
Pumps 390 0 ' {
Sheep 36,801 0
Beef Breeding 76,957 0
Beef Fattening \ 77,840 -0
TOTAL BENEFITS 6,828 78,463 127,286 151,933 175,561 186,841-186,841 377,263 0



L e o AN e P A VL ey N Wk A A A e s A \r\.xg.:u.)_./-. R I St S S L B A (RS [ A
YZAR 0 1 > 3 4 5 s 34 35
APTITAL COSTS
ipe A" 106 26 26 11 11 o -
2w 12,34 1,762 1,762 881 881 0
" 681 100 100 47 47 0
'roughs 85 gzl 1,848 267 261 140 140 0
200 gal 5,162 750 750 367 361
'anxs 600 gal 78 @)
3000 gal ’ 2,773 462 462 2% 0
5000 gal 9,032 1,445 1,445 723 0
‘ences kMesh -3,785 3,785 3.785 0
127 gauge 6,704 6,104 6,104 0
stock Sheep 20,240 16,192 4,048 0
Beef Breeding 25,392 16,922 16,922 16.922 8,485 0 |
d\
, ]
IWOTAL CAPITAL CO3TS 414911 60,327 _47,809 23,364 18,362 8,485 8] :;‘
;' 3
WSSOCTATED COLTS
lepairs and maintenance 2,095 2,830 3,563 3,684 3,755 —3%,721 0
fertiliser 7,569 — 7,569 o , :
sheep ) 12,655 22,779 25,310 : : 25.310 0
3eef Breeding 6,379 10,632 14,884 19,163 21,268 ——— 21,268 0
3eef Fattering 7,624 12,710 17,797 22,883 25,421 25,421 0
ASSOCIATED COSTS 0 97,569 36,322 56,5200 69,123 78,609 0

YOTAL

8%,323—83%,%23 71,999

Zyl



YIAR 0 1 2 5 4 5, ) 2 g
stock Benefits t
sheep 35,310 63,558 70,620 70,620 O
3gef Breeding 18,337 30.5%59 42,780 55,001 61,129 61,122 O
leef Fattening 20,58% 24,316 48,049 61,781 68533 68,6353 O
Jn-farm Saved Coasts
Japital - dams , 5,450 5,450 5,450 0 0
- pumps - 1,048 1,048 524 524 524 0 o)
Associated - power 439 489 515 540 sS40 G
-~ ma’ntenance 182 202 212 222 222 C ¢
- dam maintenance 959 a5a 0 0
- water purchase - stock 202 202 O
- domestic 283% 28% 0
- labour 2,525 2,523 G
salvage
Pumps i 394 0 y
Sheep v40, 481 ¢
Beef Breeding 84, 646 o
Beef Iattening _ 35,624 O
TOTAL BENEFITS ' 0O 6,892 85,316 139,065 166,667 192,655 205,111 205,111 414,681 0

L

Co
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APPENDIX TI
PROBABILITY DISTRIBUTIONS OF

THE STOCHASTIC VARIABLES

In the analysis three levels of uncertainty are assumed.

(i) ALl product prices.

(ii) Product prices and productivity levels,

(iii) Product prices, productivity levels and total stock
increases.

The probability distributicns of the abové variables are
derived as follous:

(a) Product Prices. All prices are assumed to have

triangular distributions where the range is given by the 5
and 95 percentile limits. Table (10) gives the parameters of
the distributions (low, modal, and high estimates)‘toge£her
with the code used to identify the variables in the analysis
and the derived means (/&O and standard deviations (67).

(b) Productivity Levels, The productivity variables are

assumed to be normally distributed wiih 5 and 95 percentiles
equal to £ 20 percent from the mean. The variables and

distributions are given in Table (11).
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APPENDIX LI
PROBABILITY DISTRIBUTIONS OF

THE STOCHASTIC VARIABLES

In the analysis thres levels of uncertainty are assumed.

(i) ALl product prices,

(ii) Product prices and productivity levels.

(iii) Product prices, productivity levels and total stock
increasess

The probability distributions of the abové variables are
derived as followss

(a) Product Prices. All prices are assumed to have

triangular distributions where the range is given by the 5
and 95 percentile limits. Table (10) gives the parameters of
the distributions (low, modal, and high estimates)"toge£her
with the code used te identify the variables in the analysis
and the derived means (/&) and standard deviations (67).

(b) Productivity Levels., The productivity variables are

assumed to be normally distributed with 5 and 95 percentiles
aqual to ¥ 20 percent from the mean. The variables and

distributions are given in Tabla (11).



APPENDIX 11X

PROBABILITY DISTRIBUTIONS OF

THE STOCHASTIC VARIABLES

In the analysis three levels of uncertainty are assumed.

(i) ALl product prices.

(ii) Product prices and productivity levels,

(iii) Product prices, productivity levéls and total stock
increases.

The probability distributions of the abové variables are
derived as follows:

(a) Product Prices. All prices are assumed to have

triangular distributions where the range is given by the 5
and 95 percentile limits. Table (10) gives the parameters of
the distributions (low, modal, and high estimates) togeﬁher
with the code used to identify the variables in the analysis
and the derived means (f;) and standard deviations ( 67).

(b) Productivity Levels, The productivity variables are

assumed to be normally distributed with 5 and 95 percentiles
equal to X 20 percent from the mean. The variables and

distributions are given in Table (11).
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Table (10)

Product, Price Di

Te Sheep

| capital stock/SU
wool/kilo
lamb/kilo
cull ewe/kilo

2. Deof

Weaner heifer/
kilo

cull cow/kilo
bull,/kilo

fat steer/kilo
breediny cow/SU

weaner/kilo

11

13

18

20°

22

24

Flow No. Code

st 5 5 e T L

PHF

PCL

PBL

P8

PWN

Lributions

Low  Modal High Y ?f
$4,00 $6.,00 $10.00 $6.65 $1.25
e «95 «89 002 409
4?2 000 «84 60 .08
«23 e29 41 30,03
«39 «82 1431 83 .18
043 «63 «83 62  ,08
«50 o 74 099 o4 »10
47 «69 «91 .68 L09
10,00 16667 23,30 16467 2612
52 «90 1.34 «91 «16



Table (11)

e T e =

Disteibutions of Productivity Levels

147,

Flow .
Noe Cods Low Madal High s B
wool kilo/SU 12 Qu 3,78 4,78 5,78 4.78 0.61
lambs kilos/su 14 QL 786  9.83 11.80 9.83 1,19
mutton kilos/su 16 QM 2495 3,69 4,43 3,69 445
2+ Breeding Cattle
weaners kilos/su 17 QUNB 4,78 5,98 7,18 5,98 0,73
heifers kilos/su 19 QHF 2440 3,00 3.60 3,00 .36
cull cows kilos/su 21 QCL 318 3,87 4,76 3,97 .48
bull kilos/su 23 QBL 024 »30 36 W30 N4
3. Fattening Cattle
steers kilos/su 25 QST 40439 50449 60¢59 50449 6412
weanars kilos/su 7 QUNF 18420 22,75 27430 22,75

2,76
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(c) Siuck Tnoresses. On page 129 off Appendix I are given
the stock increases due to the scheme Trom thy sampled fanms
at their modal levels. From these base estimates the means
and standard deviations of the extra stock carried are derived,
Given the total increase as a modal value then the range is

assumed to be given by the mode less 20 percent and plus 40 per-

cent (see Table (12)).

Table (12) Total Stock Increases. (s.ues)

l.ow Modal High

Sheep - 13540 16920 23690
Breeding Cattle 10110 12640 17700
Fattening Cattle 8540 10680 14950

The means and standard deviations of the extra stock
carried in sach year aré calculated assuming a triangular
distribution, with the standard deviations of the cumulative

increases calculated by:=
2 3
GA-’.B - (6;_2\ + G-B + 2 O/A (B) e o o (58)

The total increases are expected to take three years for
sheep and five years for cattle. The percentage increases in

each ysar aré~given in Table (13).
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. o RN P ' . 3 )
Tabie (13) Percentage Distribution of Total Stock

Tncreases Over Time

Percentage of Total Increase

Year 1 2 3 4 5
Sheep 52 42 6 - -
Breeding Cattle 34 24 15 14 13
Fattening Cattle 34 24 15 14 13

Given ﬁﬁe information in Tables (12) and (13), the
relationship in equation (58) and the assumption of a
triangular distribution then the means and standard deviation
of the stock increases per year and cumulative increases for
the total stock numbsrs can be calculated, These are giﬁen

in Table (14).



Tabile (14).

Stock Increases. (stock units)

1500

2e

Year
Code 1 2 3 4 5 6
1« Increasses per Yean
Sheep 2 NsT 9368 7573 1082
g 1106 990 127
Breeding /U/ NB; 4580 3233 2020 1886 1751
Cattle G 538 380 237 222 206
Fattening NFO 3860 6600 8307 9900 11378
Cattle & 455 776 977 ',1164 1338
Cumulative Increases
Sheep ans® 9368 16941 18023
< 1106 1996 2123
Brooding s NNB 4580 7813 9833 11719 13470
Cattle & 538 918 1155 1377 1583
Fattening Y nnF 1O 3869 6600 8307 9900 11379
Cattle O 455 776 917 1164

1338
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APPENDEX 11X

THE CORRELATION ANALYSI1S

The correlation coefficients are derived by time series

analysise

The program and listing of output follows. Data is

from national statisticsq7 over the years 1958/59 to 1972/73

and the flow numbers given in the output identify the following

information:

Flow 1. is the total number of sheep (¥107)

Flow 2. is the total number of beef cattle (¥10%)

Flow 6, is Fhe average wool price in cents per kilo un a greasy
basis (*101)

Flow 7, is the wool per sheep in kiles., This was obtained by
dividing total wool production by flow 1.

Flow 84 is lamb and mutton production per sheep in kilos and is
obtained by dividing total lamb and mutton production
by flow 1.

Flow 9« is the production of beef and veal per beast in kilos
(*101) and is obtained by dividing total beef and veal
production by flow 2.

Flow 10, is the lamb price in $ per tonns F.U.B.v(*10?)

Flow 11. is the mutéon price in $ per tonne F.0.B. (*102)

Flow 12. is beef and veal prices in § per tonne F.0.B. (*102)

17

1973/74,

Service,

Source: Annual Review of the Sheep Industry 1965/66 and

published by New Zealand Meat and Wool Boards! Economic



Flow 13¢ represents the capital cost of sheep in § per heado.
It is obtained by taking a weighted averege of the
pravious year¥s approximate revenqgrfrom meat. and
wiole That is Tlow 6 times flow 7 plus flow 8 times
flow 104

Flow 14. represents the capital cost of besf stock.e It is
based on the Beef price (flow 12) lagged by ons year.

The derived coefficients are then used in the risk programs

ANWA and MVSM as shown in Table (16).

Table (16) Correlation Coefficients
Correlation Associated Variables which
Flow Noe use the derived coefficient,
1 © nst, wns®
2 ne®, we, wne?, nnr'C,
6 put?,
7 au'?,
8 a'*, an'®,
9 aune’, quus'?, aur'®, qoL??, aeL?3, ast?,
10 13, B
11 2,
12 prF e, pcL?0, paL??, psT?,
13 B2,

14 ‘PB4, pun®,
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APPENDTX TV

DISAGGREGATION OF THE CASH FLEWS

TO OBTAIN THE FIRST DERIVATIVES,

The ANWA computer model requires the analyst to
disaggregate the project into its stochastic and deterministic
variables so that the flows representing the standard
derivations and first derivatives of the stochastic
variables can be read into the model. The Tuapeka scheme may
be disaggFegated as follows: Deterministic variables are
denoted by a bar. Stochastic variables have been allocated
a code to simplify the sguations. These codes have already
been introduced in Appendix II. The actual program uses
numbers to recognise the flows and these are given in the
notation as superscripts above the code for each variable.
For example, the extra sheep carried each year is denoted
by NS1. Thus the functional relationships may be written as

follows: _

(i) Capital Costs =

scheme capital + on=farm capital + NS1 * P52

y |
- + NB° # pat 4+ NF° (PuN6 * uwNF7) e« o s s (59)



-
[y}
N
-

(ii) AResociated Costs =

B R L e e = = N ]
=1

Scheme assoclated costs 4 on=Tarm associated costs

AT 7 sk e,

0 oreeee - - e
4 NNS~ % variable cost/s.ue -k NNBJ * yariable

costfzti. 4 NNF10 % yariable cost/secu.

e » o (60)
(iii) Benefits =
on farm saved costs and plant salvage
+ uns® (Pw11 #* Qw12 + L1 QL14 + pm15 * QM16)

18

+ wne? (pun® * quusl’ + prF'® % quel®

+ peL?® % qo?! 4 peL?? # gaL®)
+ NFT0 (psT?4 % gsT2) e oo (61)
+ nNs® % ps?
+ nng® * pg’

Given that the costs and benefits due to the scheme can

be written as above in equations 59, 60 and 61, then the

expected present value (PV) is

n ' ' t
E (PV) =5 | Benefits_.~ (Capital Costs, + Associated Costs,_){oA
5 t t t/| %
0000(62)
.
with o = 7

and whare the benmefits and costs are taken at their expected

levels,



The method used to ovbtain the partiel derivalbives
from the present volue equeation has bzen outlined in section
3¢102 (d)e These derivatives (or weights) for the price

analysis are as follows:

Table (15) The First Derivatives of the Price Analysis

Flow Noe Coda Derivative

2 dPV/ 3PS = =NS + NNS

4 /@ PB -NB + NNB

6 / o PUN ~NF * ouN.F + NNB * QUNG
11 / dPu NNS * Qu

13 / dPL NNS * QL

15 / d PN NNS * QM

18 / dPHR NNB * QHF

20 , ~/ apBL NNB * (BL

24 / 3 PST NNF * QST

The first derivatives for the additional variables

may be easily derived in a similar manner.
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APPENDIX VX

ANWA = LAYOUT FOR CARD INPUT

Card Type
(1) Read in operators name (ONAME), the projects

name (PNAME) and the date (NDATE).

ONAME ) . PNAME NDATE
S RS B2} i L

‘

L i1 LY ™ - )

(ii) Read in the No. of uncertain cash flows (IFLT),
project 1ife (JYRS), weighting code (IWGT), (IWGT -~ 1 for
the weighted flows, IWGT = 0 for unweighted flows), intersst
rates (RINT) any three rates between 1 and 40, 1,09 = 9%,

Finally INDEX = 40 and ISCAL = 1.

IFLT JYRS IuWGY ‘RINT INDEX ISCAL
[ 3 ¥ ("] 4 W £ LA 1y 1¢ 14 1L 173
p| 1 jmm) TEL) ORI I L MR A8 ]

(maximum IFLT = 30, JYRS = 50)

(iii) Read in the Benefit Flow (1), Associated Cost
Flow (2) and Capital Cost Flow (3) at their expected levels,

in the above order.

KFL NGBK KYR DCT . KYR DCT
45 67 8 10 11 18 = = = = == - | 175
=3 [on o | i v ——— | ‘ - o—_————
| Yom ot o § ju! il ) 13 | 3 S, W
- 1 to 6
where KFL = flow No, 1,2, or 3
NOBK = No. of observations in the flow
KYR = period particular flow occurs in _

DCT = value of flow



179

(iv) Read in the weights (if anv) that correspond

to the uncertain cash flows,

JFL NO3S NYR WGT NYR WGT
45 €7 810 M 18 75
juw j 90 0 O S Y VOO 1Y (e el B G I L T | 0 P
0 VA S VS Y0 S B S N W i | O A N
1 to 6
where JFL = Flow Noe
NOBS = No, of observations in the flow
NYR = period observation falls
WGT = wuweighting associated with an uncertain cash flow.

(v) Read in the standard deviations associated with

the unrertain cash flow.

ICB IFL NOB MYR  AMTS MYR
1 45 67 810 11 18
O m oM oo Too—m - - — - -0
1 to

where ICB 1 for a Benefit fld@

1l

= 2 for a Cost flow

AMTS

IFL = flow No., IFL = 3FL for the SD assbciated with

the weight for the uncertain cash flow,

NOB = No. of observations in the flouw

MYR

1

period observation falls

AMTS valus of obssrvations

Il



(vi)

ead the Criss Correlations Coefficients. (Note -

only the lower triangular matrix must be specified).

JCCR

H

where

NACR

3 4

where

NCCR ACCR

34 5 9 10 14

) | XTIy (AT vy - - — - — = s TEIATROT

i v, v e ae e . WA YL DO Y
1 . to 14

JCCR = flow No.

NCCR = No, of observations

XCCR = vyalue of observations

(vii) Read the Auto-correlations Coefficients

ACR
9
A O YL Y T8y Ty - - - = = = = xR YT
YT - — — — — —_ f e — YTy
1 to 14
NACR = No. of observations -

value of coefficients
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THE MEANS AND STANDARD DEVIATIONS OF THE STUCHASTIC VARIABLES ARE ===

©5465
1425

1,00
D:24
Ci2s
0538
6s23
Ge27
0.12
0.12
.12
062

=020

={6e867

CROSS CORHELATION CCEFFICIENTS

Oe¢24
1.00
100
0420
0.87
0:85
0.6
0:98
0:96
096

2¢72

Ce24 0434
1400 0420
1400 0.20
0220 1:00
0¢87 Q409
0e85=0401¢
0e96 Culeo
0896 0:l0
0:96 Culd
0e96 0ale

=0.91

0,16

0423 0.27
0.87 0.85
0.87 0,85
0,09%0,01
1400 0.90
0:90 1.00
0492 0.89
0s92 0,89
0492 0,89

0492 0,89

0:62

0.09

AELES! YEARS OF PROJECT LIFE

060

G.08

CelZ 0622 0ai2

0e96
0e90
0416
0492
0489
1400
1600
1400
100

AUTOCGRRELATION COEFFIENTS

0335 0035 0019 0421320418 0640

01986
0e56
0«10
0+92
0.89
1.00
1600
1400
1400

0eb6

096
0s96
0416
0e92
0.89
1+00
1400
1400
1400

0446

0s12
0«90
0496
0s16
0e92
Ce89
1400
100
1:00
1400

0146

0483 0462 0474
0418 0.08 0410

0468
0:09
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THE VARIANCE COVARIANCE MATRIX

1056250 0:816G0 0.04800 04034825 0402200 0.01013 002700 0401200 0401500 0401350

0481600 7039840 Qs43520 0-04596 0018931 0.06938 0447002 0420890 Oe26ll2 23501
80204800 Ce43320 0002560 0:50286 - 0903114 0400408 0402765 0+01229 0:0153¢ 0.01382
0:03825 0404896 0000288 0.00810 0400065 =0400003 0+00259 04003115 0400144 = 0400130

002300 04318931 0.01114 0400065 0400640 0sC0216 0.01325 0.00589 0¢00730 6000662
N:0101%3 0406936 0:00408 =0,00003 0+00216 0400090 0.&0#61 0400214 0400267 000240
002700 Ca47002 0402765 0.00259 0401325 0400481 0403240 0401440 0(01800 0401620
OuOIZOb 0+20890 001229 0«00115 0400569 0400214 0401440 0400640 0400800 . 0Qs0U720

0¢01500 Gs26112 0.,0133¢ 0400144 0200736 0400267 0«01800 0400800 0401000 0400900

0501350 023501 0s02382 0+00130 0400662 0;00240 0601620 0:00720 0400900 0400810
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0.000C00

0:G60C0C

0:00000

0500000

hl

1.56250

0s818CQ

0026800

6.03825

0.,02300

C.01013

002700

0.01200

0.C1500

001330

THE SQUARE RUOOT MATRIX C-

0265280
2064050
0.00000
0.0C000
0:00000
0000060
0;00000
0:00000
0«00000

V00000

THIS

081600
7039840
0243520
G:04896
0018931
0606936
0447002
0420890

0e261i2

Ce23501

0:03840
bu15532
0400000
0:00000
0400000
0+00000
0:0C000
0400000
0400060

0.00000

004800
0443520
0402560
0.00288
001114
0+00408
0402765
0401229
Q.01536

0.01382

0:03060°

0.C1l098

0,000600

0.08392

0,00Cc00

0400000

0400000

0400000

0.00000

0400000

0:01840

0406715

0400000

=0+00777

003863

0:00000

0400000

0400000

0400000

000000

0400810

0a02427

0400000

=0:00045

0400458

0401142

0400000

0400000

0+00000

0400000

0402160
04l72066
0,00000
0400043
0,03262
0.,01438
0402916
0,00000
0.00000

0400000

L THE VARIANCE COVARIANCE MATRIX

0+03825

0s04896

0400288

0400610

0400065

20400003
0;00259
0400115
0000144

*0000130

0402300
0:168931
0s01114
0400065
0400640
0400210

0s01325

0400569

00736

0200662

0001913‘
0006936
0400408
=0400003
0400216
0400090
0400431
0400214
0400267

0400240
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0e47002
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0401325
0400481
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0401440
0401800

0401620

0400960
0:07674
0400000
0400019
0401450
0400639
0401296
0400000
0400000

0400000

0401200
0420890
0401229
0,00115
0400589
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0e01440
04000640

0400800

" 0400720

0+0i200

0109592

0400000
0000024
0s01812
6000799
0s01620
0400000
0000000

0400000

0!0}500
0026112
0015306
0400144

0400736

" 0400267
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000800

- 0001000
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0+01080
0:08633
0400000
0.000?1
0401631
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.Oiolﬁsa
;0000000
=0+00000

0400000
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0423501
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CUMJLATIVE PROBABILITY DISTRIBUTION OF THE
THTERNAL RATE OF RETURN
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THIS

SCHEM
OF TH
OF RE
THE P
DISTR

THE D

AQO
FL
FLC
OF SC
PVC
PVR
ROR
SCAC
SFF
SOF
SUB
sSUBCB
SUF
SUFCB
SUS
SUsCB
TCAC
SVS
SVSKB
SVSKF
SVSKS
TCC
TGR

OTHER

o
D
mx

UPrmAm—~mr
ZTZ2—2Z

w
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APPENDIX VITT

TUAP - LISTING OF PROGHAM, LINPUT DATA AND OUTPUT

TE CARLO SIMULATION OF THEL TUAPEKA RURAL WATER SUPPLY SCHEME

PROGRAM 1S A SIMULATION MODEL OF A STOCK WATER SUPPLY

£ e 1T CALCULATES THE EARPECTED VALUES AND S1AQDAQU DEVIATIO
£ NET PRESENT VALUEs BENEFIT COST RATIOs AND INTERNAL RATE
TURN FOR THE SCHEME.

ROGRAM ALSO PRINTS OUT A GRAFH OF THE CUMMULATIVE PROBABILIT
ABUTION OF THE IRR.

IMENSTONED VARIABLES ARE ===
ASSOCIATED COSTS ON=FARM

NET BENEFIT FLOW ) _
CAPITAL COSTS PLWSS ASSOCIATED COSTS

1 il

= ON=FARM_ SAVED COSTS

= DISCOUNTED COST FLOW

= DISCOUNTED BENEFIT FLOW . _

= ARRAY OF SIMULATEL INTERNAL RATES OF RETURN

= SCHEME ASSCCIATLEDL COSTS

= CAPITAL COSTS OFF=FARM_

= COST OF STRUCTURES ON=FARM

= EXTRA BREEDING COwWS (SU)

=  ACCUMULATIVE BREECING CATTLE (SU)

= EXTRA FATTENING CATTLE 2U)

= ACCUMULATIVE FATTENING CATTLE (SU)

=  EXTRA SHEEP (SU) X

= ACCUMULATIVE SHEEP NUMBERS (SU)

=  ASSOCIATED COSTS

=  SALVAGE OF STRUCTURES .

= BREEDING CATTLE NUMBERS (SU) SALVAGED

= FATTENING CATTLE NUMBERS (SU) SALVAGED

= SHEEP NUMBERS (SU) SALVAGED AT END OF SCHEME

= CAPITAL COSTS

=  GROSS REVENUE

INPUT VARIABLES

= LBS OF LAMB MEAT PER (SU)

= LLAMB PROCESSING COST PER (SU)

= MUTTON PROCESSING COST PER (SU)

= LBS OF BEEF PER BULL

= LBS OF BEEF PER_CULL COW -

= BULL REPLACEMENT PER (SU) BEEF BREEDING

= OTHER ASSOCIATED COSTS BEEF BREEDING

= BEEF BREEDING PROCLSSING COST PER (SU)

=  ON-FARM BEEF FATTENING ASSOCIATED COSTS

= LBS OF BEEF PER HILFER

= NUMBER OF SIMULATIONS

= YEARS OF PROJECT LIFE

= ON-FARM SHEEP ASSOCIATED COSTS

=  KILOS OF WQOL PER (SU)

= KILOS OF WOOL PER (SU)

= LBS OF BEEF PER WEANER _

= WEIGHTING FACTOR TO BRING SAMPLE UP TO TOTAL POPULATION
MNPV ‘ .
SION FLL100)sTGR(100)»TCC(100)sTCAC(L100)»SUS(100)9SUB(100),
001 sSUSCBIIU0) «SUFCB(100)2SVS(100)s0FSCI100)5SUBCB(100)
STON SCAC(I00)sA001100)sSOF1L00) ySVSKS(100) s SVSKB(100) s
(100) s SFF(L100) sFLCLL100) sPVCL200) sPVRILOO0) -
SION FREQ(20)sPCT(20)3STATS12) sUBOI3) 2»CFREQ(20) sROR(L004
UBO/1asl7asla/aTPVsTRPV2/2%04/
?%{/O./aBCTZ/O./,PVCT’PVRT/Z*O./
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C
C READ IN SCHEMLE LIFEZs NOeo QOF SIMULATIORS AND GTHER PARAMETERS

C

FNYIRG s NOsWT s Wh s AL s Ao WR sHR s CCoBL s WLP s ALP s AMP s BRP o BF P 5
PUP“FOF
23F4e2 s TF10:6/78F10.6/F1066)
03} .
Y77/ 7720Xs Y SCHEME PARAMETERS'///3Xs ' NYRS NO Wl WL
R HR CC BLY/3X»' WLP ALP AMP BRP BFP BLS BOFt/ 33Xt

S5O3INYRSaNQsWT s WL s ALsAMsWReHR sCCyBL s WLP s ALP s AMP o BRP sBF P 5
bl F,FOF

DATA FOR CASH FLOWS.

JUSUS(T) «SUB(T) s SUF (]
CACHT) sAOO(T ) 9SOF (1)

) 1315930
503 FORMA

103 FORM

@
~
™
>
o)

~C
o
-0

(ve
—
——~
U\v
<~'

MU

)9
SV

w
o
-

As! SCHEME FLOWS'///3Xs!' SUS SUB SUF  SUSCB  sU

S OFSC  SCAC AGCO'/3Xs!' SOF  SVSKS SVSKB  SVSKF &
S

1

AV A~

~ O T~ O e

HOOOOOOMPVV’

(T)sSUBUT) s SUF(T)sSUSCBLT) sSUBCB(T) »SUFCBI(T)
)9 AOO(CTI ) sSOF (1) sSVOKS(T)9sSVSKBII)sSVSKF (1) sSF

5F104,0)

R N—=NOA—2 0
"r\o

x
—_
e

i lalP i dd '
= =N O ~N—— O EZ—NT

OHRDBHUNUODeNT TD>MIre ——~

OTTOTHO TN e TN N
ONN<<TTOO ~O BN OXC

NOCSCOOOO0 - W— —~

=

1sNO
I=1sNYRS

CALCULATE NET REVENUE OF SCHEME.
GROSS REVENUE FOR SHEEP ENTERPRISE YEAR(I)

O
C
o)
(@)

[alalalalalal

CALL TRICR(IX’.44go559c89,0859RN)
RNW=RN

WOOL=WL*0BS

OT =1IX

L TRICR(IX35¢199e¢255¢3890BSsRN)

0
RIAN(IX32410594135018550BS)
=AM#0ORS

WOOL+ALAB+AMUT
SPB=GRS*SUSCB( )

GROSS REVENUE FOR BEEF BREEDING ENTERPRISE. YEAR(I)
=1X

ADZIDB>XCZ>W0
mcr >nr-

(alale]
[k JalaP el al
n—crlimu

>m
—oO
=
-

bl

g(IX,47.y82.’122.9085)

—

Y
C
ﬂO

IAN(IXs32.»67.o107.’OBS)
S

— T
X N—HDL—~T

AN({IXs78e3114e9150690BS)

OBS

AN(IX 3169432524933 4490BS)

BUL=BL *0BS

GRB=WNR+HFR+CULC+BUL"

BRB=GRB*SUBCB () . ' -
CONTINUE -

GROSS REVENUE FOR BEEF FATTENING ENTLRPRISE YEAR(I)

IX =180T °
CALL TRIAN(IX994¢535139491644590851)

=N\~ T ==
— 1l

TXCXNI>=Z
~ Fr Xxr X
Rl Xalad A Nl )
VONDC %0
—— R e O

@

[alaTa)
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NN

a0

80

905

400

. 194 ¢

3
GRE=0BS1#e2475
BFB=GRF#SUFCB T )
SALVAGE OF STOlK
RNC= (RNSHRNwW) /724
CALL TRICR(=134a9663810esCRSsRNC)
SEV=SVYSKSE (T )#0BS

IX=180T
CALL TRIAN(IXs10e¢316069236350135)
BSV=SVSKB(1)*0BS

IX=18B0OT
CALL TRIAN(IX38e7517a5:27.5:0858
F5V35V5KF(I)WOB§

TGREI ) =(SPB+BRB4+BFB+SVSTTI)I+0OFSCI 1 ) +S5SV+HBSV+FSV Y #WT
CARPITAL COSTS  YEAR(I)
CALL TRICR(~134436¢91020BSsRNC)
CS=5US (1 1+0BS

IX =1B80T
CALL TRIAN(IX410e916e69233+908BS5)
CB=5uUB(1)#0BS

IX =16807
CALL TRIAN(IXs47e¢982a912290BS21
CF=SUF (1 )#0RBS2%42475
OFC=(CS+CB+CF+SOF (1)) *WT
TCC(I)=0FC+SFF (1)
ASSOCIATED COSTS OFF FARM YEARI(I)
CALL TRIAN(IX9¢10594119¢1250BS)
WP=WLP#*0BS
ACS=(WP+ALP+AMP)#SUSCB (1)
ACB=BRP*#SUBCB (1)
ACF=BFP*SUFCB (1)
TACF=(ACS+ACB+ACF ) ®WT
TFFA=TAQF+SCAC(1])
ASSOCIATED COSTS ON FARM YEARI(I)
IX =80T .
CALL TRIAN(IX52006¢3300e¢9400490BS8)

2
BAC=BLS*OBS

AOB= (BAC+BOF ) ¥SUBCB( 1) -

A0S =SPOF #SUSCBT 1 )

AOF =FOF #SUFCB (1 )
TOFA=(AOB+AUS+AOF +A00( 1) ) %W T
TOTAL ASSOCIATED COSTS YEAR (1)
TCAC(I)=TFFA+TOFA

TOTAL COSTS YEAR (1)

FLC TCC(L) 4 TCAC(I)
R{T)=FLC(I)

[ON OF NPV

-
-
— o~
o~
—

— O

el)¥R(I=1))

#*F
OF BENEFIT COST RATIO

NYRS
%{((1.1)**(1-1))
z ((lel)¥®([=1))

~

CALCULATION OF IRR
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SCHEME PARAMETERS

NYRS NO WT wL AL AM WR HR <CC BL
\5 WP ALP AMP BRP BFP BLS BOF
b FOF -
[
—

361002040 44782610 21c¢678260 8+130441 04062700
4782610 1300700 04406530 1792550 324682500
l.982500

\
SCHEME FLCWS
SUS  sSUB SUF  SUSCHB  SUHCB  SUFCB VS  UWFSC
SOF  SVSKS SVs3KB  SVOSKF SFF
Qe Oe Ue Qe O
41528, Oe O Q. 278077
3903, 1908, 1612 O O
14561, Qe 0a Qs O
3155, 1347, 2750 3903. lS08.
14537, [OF Oe O Oe
Loh4b B4l 346]1. 7053 3255,
2373, Us Oe O« Oe
O« 786 4125. 75094 4097,
1428, Ue Qe O Oe
Qo 730, 4741 . 7509. 4H83,
Oa Oa Oe Oe 3 Oe
Qe Oe 4741 7509. 5613
(o) O Qe Qe O
Ooe O 474) . 7509 5613,
O. o. O° OO . ().
O Qo 474]) 7509« 5613
Do Qe O O Oe
De O 4761, 7509 5613
O O Ca ’ O Oa
Ce Oe 4741 « 7509 ! 5613,
O« Qe Qe Qe U
O Qe 474]) 7509, 56113,
O "Oe O . 0. Oa
Cs Q. 4T76) T509. 5613,
Ue Oe Da O [
Us Qs 4741 7509 5613
Oe Oe O O Qe
Oe Os 474l 7509 5613,
Oa Ose O O O
O Qe 474]) 7509 5613,
O O O [ O
()\) L)O 47141. 7509. Sbla‘
Co Oe Oe . Ce .
Qe O 4761 7509 56173
Uo Oe _ 0o N De _ Ve
G Ca 4741 « 7509 5613,
O' U. O. O. 0.
Qe O 4741, . 7509. 5613,
)% Qs O Ce .
O Oa 4741 7509 5613
Qs De Qe . Qe Ua
Os Oe 474 7509 5613
O‘ O. 0° o. °
O Oe 474]) 7509 5613,
Oo Qe O Qo Os
Ue Qe 4741 7509 5613,
O. 0. 0. O. O.
Oe 0. 474]1 . 7509 5613. .

SCAC  ADO

O

Ce
lé6l2.
2750.
3461
4125,
4741
GT61e
4741
4741
4741
4741
4741
4741
4761
4741
4741
4741
G741
4741,
4741
4741
47410
4Tale
4741

Oe
390.
O
O
Oe
Oe
O
-Oe
Oe
O

Ce
Qe
Qe
Ce
Qs
O
O

Qe

O.
Qe
Qe

0o

Qe
Oe

Qe
6438,
10983,
10534,
5169
5204,
46854
4685
4685
4685,
4685
4685,
4685
4685
4685
4685,
4685,
4685
4bb5e
4685,
4685,
4685,
4685
4685,
4685,

Oe
5203,
7903,
7903,
7903,
7903,
7903,
7903,
7903,
7903,
79034
7903,
7903,
79034
7903,
7903,
7903,
7903,
7903,
7903,

7903,

7903
7903,
7903,
7903

[¢2)
75004
$576

10304,

11031,

111504
11221,
11221,
11221,
11221.
11221,
11221,
11221,
11221
11221,
11221,
11221
11221
11221,
11221,
11221,

‘11221

11221.
11221
11221
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QCOOOCOOCOOCCDOCCCOOODCCC

O« 0

0: 474" 7508. © 5613c | 4T4le 0. 4685, 7903, 112214
o: 47410 7509, 56130 47410 Os 4685, 7903. 11221
8: 4745 " 7509: © se13: 4741, O 4685, 7903, 11221
g 4749 7509 56130 4741, Oe 4685, - 7903 11221,
§; 47425 750%5 56133 4741, Oe 4685, 7903, 11221,
0 474l 7509 5613 47414 Oe 4685, 7903, 11221,
¢ 47410 7505 56132 4741 0. 4685, 7903 11221,
0. 47414 75094 5613, 47414 Oe 4685, 7903, 11221,
%E 47425 750%5 561%5 4741, 0o 4685, 7903 11221,
o, 47414 7509. .  5613. 4741 Oe 46654 7903, 11221,
750%2 561§E 75085 561%5‘ 4741, 0e 3515, 5203, Oe
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CUMULATIVE PROBABILITY DISTRIBUTION OF THE
INTERNAL RATE UF RETURN-

U.00 0002 0.07 0e07 0410 0Osls 0408 V08 ©Uel0 0410 0408 0402 0e07 0603 0401

CCcoCcocOoCcccoooDoCcoC

oo

YOOOOCCOS O

L
X * 1 * »*

CSCC T OO0 ——r~MNNANVLWWLLED LDV U R N~ D@ REACE OO T
O WA\ WU I W =G U IO 2 = O e O - 0 = W~ W N S -y o

© 8 0 A G L B & © €O 60 6 b O & E U S S &G OO 6 W T ELDLLC COCD O LS S GO E B U SO SO D LS

OOoOCCOoOOCTOoOCCCGoooonCo

X

e T e e e e e T e S e s e e e s D o s 0 o O D e e Ot o 0 o e ‘ ....--

J 1t £t ot Bt et Bt ot et Bt 8010 € 4 g e 5 Pt Bt B B e bt Tt et bt Pt Bt Bt bl Bt Gt Bt Bt e bt Bt B Bt Bt b bt et et Bt Bt Bt et e B

2046 2049 21l 2104 2106 21e9 220l 2204 2246 2209 234l 2344 23e6 2369 246l 240k 2446 2449 2501

INTERNAL RATE OF RETURN

GRAPH UF INTERNAL RATE OF RETURN WHERE THE CUMULATIVE
SHOBABILITY LDISTRABUTION IS SHUWN BY ocew
ARND THL DENSITY FUNCTION BY s¥x
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EXPLCTLD
STANDARD

RANGE

EXPECTED
STANDAKD
CAPE
STA

()

TeD
ARD

mn

o)

IRR
DEVIATION

Pv
DEVIATION

2/7C RATIO
DEVIATION

22461
D84
208

1254013450
67585407
1.39

0.01

TO 2445

FREUUENCY DISTRIBUTIUN OF
[NTERINAL RATE OF RETURN

CLAS FREQUENCY CUMULATIVE
MEAN PROBAGILITY
2045 2 0,02
Zlel 2 DeDb
Siek 7 Uel0
216 7 0.18
21a9 10 0.28
2261 14 Uel?
2244 .8 0e50
2206 8 Geb8
22.9 10 0.67
251 10 0.77
2344 8 Ue85
2346 2 0.87
2349 7 0.94
2441 3 0.97
26444 1 V.98
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D BY THE VARIOUS PROGRAMS

APPENDIX 1X
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SUBROUTINE GAUSSC/IX/»S»AMs/V/)
GENERATES RANDOM NORMAL NUMBERS

COMMON SEED

MV<> <TE>
<M u o n
O~ O

Cr»+ >U‘o

0
N
Y
-
R
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Do

6
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SEED)
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SUBROUTINE ABVCO(NPUsSDPQ,RINYR,R)
| CKECULATES THE VAR=COVARIANCE MATRIX
PQC10)sRINYR(10,10),RC10010)

Q
Q
(

[50)+SDPQCII=SDPQCY)

V

R

2036

BY SOQUARE RUOOT METHUD

THIS SHOULD EQUAL THE VARIA
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Lo N o]

ODOOD

205,

BEDUCE AX THTEGER Ah0 CUNTLNUE FUR NYAXS TINES
ARk ) -
61 LONTINYE
RITE(3sa2)
[l? !D('\H!"(\,lx qr-'.nvﬁ“(-i PR3 G4 B € EE s Gr 1 €0 K3 £A 5 & B9 L D £3 o 62 5 48 €3 ob B3 gy &5 WD oy 0% B €0 G o £l G 03 4D (L 0
ln‘l.l'Ampr:m.?Gu&\m e O bl A gk e B KN g 65 6 (0 G g (B A BE (3 p C2 suur:.umnm.}.ummn.g.mu',/)
START=5TRT )
DO_600 I=1s19
QUTCI)=START
600 START=START+AND
 WRITE(3,520)G41
520 FORMATOL2Xa19CFS6 1)/ /)
U UWRITE(3,521) _
G521 FORMAT(S50X,' INTERMAL RATE OF RETURN'Y)
. WRITE(3s759) (Y (IJ)esl=1an0)
759 FORMATCL19F6.2//7)
RETURN
END

SUBRQUTINE TRIANCIX,PESS,AVER,OPT,0RS)
SIMULATFS SAMPLES FROM A TRIANGULAR DISTRIBUTION

CALL RANDUCIX,TY,RN)
IX=1Y
AN=RN*(OPT=PESS) +PESS
LF(AN=AVER) 2,2,4
2 0BS=PESS+SQART(RN*(OPT=PESS) * (AVFR=PESS))
60 T0 5
4 OBS=OPT=SQRT((1-RN)*(OPT=PESS)*(OPT=AVER))
5 RETURN
END

SUBROUTINE TRICRCIX,PESS,AVER,OPT,0BS,RN)

SIMULATES SAMPLES FROM A TRIANGULAR DISTRABUTION
WITH ALLOWANCE FOR CORRFLATION

1FCIX)10,10,20

20 CALL RANDUCIX,1Y,(RN)

IX=1Y
10 AN=RN*(OPT~PESS)+PESS
TFCAN=AVER) 2,2.4
2 OBS=PESS+SQRT(RN*(OPTfPFSS)*(AVER-PESS))
60 10 %
4 0BS=CPT=SQRT((1~-RN)*(OPT~PESS)*(OPT=AVER))
5 RETURN _ -
END _



