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GENERAL INTRODUCTION

thods of investment appraisal

Cash Flow Rate of Return

the investmen

&llowed and cost

to inflation, and the magn

direction of the response could greatly vary from one element

oject to another.

accounting for inflation.
management reach robust
casl isis faced by many companies

of many, that project evaluation techniques
especially developed for i lationary conditions are necessary.
"Inflation, tight money, ti i i idity crunch,
high interest rates and sh flow problems 1t a set of
interdependent problems which 7 few firm hout the
world have managed to escape" The only way
the manager can cope with the si ion is through "an
adequate early warning system t b him to anticipate

liquidity problems before they become acute, especially while

viable options available to him"




Several works have been reported in the literature that attempt
to adapt traditional project appraisal methods to inflationary
conditions. Unfortunately, & time when the
rate was very low, the existing evaluation techniques were
strongly criticised (Adelson, 13870; Fawthrop, 1971; Bromwich,
1970; Salkin et al, 1973). The main reason for
that these methods are based on assumptions about
the economic environment tha eldom hold. Assumptions
perfect capital market, independence between projects,
and the divisibility of any sum of investment capital between
projects are char isti ! Cash Flow techniques.
is felt ti high inflation i 1 their intricate effects
the economy, have changed the ir 1t environment to such

extent that the use of rules of thumbt is no longer safe.

ional evaluation techniques to inflationary
been made to try to relax any
they are based. As a result,
that are only able to deal with the effects
on a non-existent perfect capital market.
of simplifying assumptions in our complex
economic environment can only increase the risk of taking wrong

decisions.

In order to improve decision making a more realistic analysis is
needed. From the viewpoint of inflation, there are several

actors that must be carefully considered: iquidity, leverage,

taxation, depreciation of fixed investment and working capital

These factors are affected by inflation both

through interactions between each other. Inter-




dependencies between projects are introduced by the
inflation on taxable profit, liquidity and gearing.

-the number of investment opportunities increases, so does t
difficulty in selecting the best portfolio of projects. An

efficient way to handle all these complications is Mixed Integer

Programming. The use of this optimisation technique makes it

possible to take account of all the intervening factors and
reach a decision that maximises the chosen measure of profit.
While a company could have more than one measure of profit and
they could be different frcm those used by other companies,

is possible to find one long term objective common toc most profit

making corporations. Such an objective could be the maximis-
ation of assets value at the pl i I i which is referred
to in this work

investment decisio It i hi stems from the

to tackle

this will

the economic variabl i in the analysis, however,
means of forecasts subject to h
ces of such uncertainty,

he most important one,

account for the uncertainty on the forecast of

rate, Monte Carlo simulation can be used. This requires the




In a sufficient number of runs a frequency of portfolio selection
can be obtained. Further to this, the effect on the portfolio

terminal value of other possible inflation rates must be analysed.

This can be done by constructing a portfolio terminal value histo-

gram by random sampling of annual inflation rates.

The combined use of MIP and a statistical technique like Monte
Carlo simulation can prove to be an invaluable tool for the
decision maker. There seems to be, however, a growing disregard
for mathematical approaches to decision making among industrial-
is argued that it is useless to have a sophisticated
method of analysis if it i be fed with unreliable data.

argument, although val

possible use of the informati
the uncertainty involved.

ike the

mode

It is the purpose of

to the appraisal of investment
conditions.

each other in

most adequate
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of this work, which deals with those more complex cases, for
which it is too risky to expect these.assumptions to hold. The
method developed in the previous stage is then adapted for use
in this more realistic situation. The proposed methodology

precduces a more robust ranking of investment opportunities

affected by different inflation rates; a proper evaluation of

the benefits derived from the use of debt; and a detailed
analysis of the interdependencies introduced by the interactions
between inflation, the taxation system,

and the different sources of finance.

irst chapter, methods of economic evalu

of inflation reported in the literature

into account.

sing simulated data;
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UNDER INFLATIONARY
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INTRODUCTION

The purpose of this chapter is to identify the most adequate o
current approaches to the problem of investment appraisal under
inflation. Existing methods are analysed in relation to each
other and their relative advantages and disadvantages illustrated
with numerical examples. Because most of these techniques are
based on corrections to the same method, Net Present Value (

will be seen that, once the most adequ method is identified,
the others have very little %o contribute urther improvements.
The selected method is used in subsequent chapters as the starting

point for the development of a

traditional NPV
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Finance

Works on this topic address the problem of the negative effects of
inflation on the financial performance of a firm (Williams, 13975;
Hull et al, 1976; Buffet, 1977). This is reflected through over-
stated profits which increase the tax actually paid; higher divi-
dends in real terms which by reducing the amount of funds
reinvested impair the growth of the company; increase in working
capital requirements. Such a situation may result in a cash
crisis. Adequate strategies, however, can offset most of these
et al (1876) propose the use of a
which produces balance sheet-like output with which

strategies could be tested.

concerned with this topic is the question of corporate

and share valuation

Kennedy, 1376; Hguyen, 1976).

is deducted from all later profits. By comparison with this method,
hniques grossly overstate the rate of increase of
In a related g by Kennedy ( 2t
applied to historic cost

commercial companies,

would indicate
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Validity of the current cost accountancy (CCA) method
supported by Sandiland's report (1975) against the approach
using current purchasing power (CCP) (Myddelton, 1976; Scapen,

1376; Reuben, 1976; Buckley, 1976).

Accountancy methods in countries with very high inflation

rates (Buckley, 1976; Eaves, 1976; Thorne, 1978).

Costin

Papers reviewed deal with the change in costs for the
commodities used in the chemical industry, c
construction of cost indices (Forrest,

1975)

Investment Appraisa

£
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Method 3:
Cash flows are projected and the observed market rate
(or its forecast) is used as discount rate (Wilkes, 1372;

Horne, 1971).

Other papers deal mainly with the effects cf different taxation
and depreciation policies on profitability (Benford, 1977;

Landers et al, 1973). The depreciation method allowed and
taxation system in operation are very important factors affecting
the viability of a project. Depreciation allowances are based

on historic costs. inflation occurs over the life of a
project, there is a loss in purchasing power because that portion
of revenue designated as a recovery i has less purchasing
power than was originally invested In real terms, the taxable
income

i

investment on

if the other profits of

this (Watson et

the results of a survey

important




The literature on the subject can be very confusing mainly
because of a lack of convention in the usage of terms, and pocr
definition of values and assumptions. The approach proposed by
Fleischer et al (1367), for example, has been classified here as
being of the type of Method 1; Davidson (1375) agrees with this
classification. Sullivan (1977) however, considers the approach

§

by Fleischer et al to be of the type of Method 2. In the same
paper, Sullivan makes reference to a method in which one has to
"estimate outcomes in terms of constant-worth dollars and

only the cost of capital for comparing altern

method is conceptuall} correct, the cost of capital is

assumed to be expressed in real terms (net of inflation).

is opposite to the usage in most papers in which "cost of

rate (incort

cash flows are

expressed i T i in 3 liscounting

them using i ion; inalls sh flows are

iscounted once again using

presumably expressed
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In general repetition abounds, and a tendency towards newer

developments does not seem to have emerged.

CCMPARATIVE ANALYSIS OF EXISTING METHODS
Before proceeding to explain these methods in more
is necessary to define some of the terms that will

throughout this

Current money uni

cash amounts expressed

costs and price

is forecast, will prevail at

on existir

interest




(2:2)

n ;

NPV = I - .
jzo (1 +a)d(1+i)3

the after tax cash flow for year j. This amount

Qs
J
not projected into the future.

the annual after tax return required on invested

is
capital, expressed in real terms

annual inflation rate

duration of the project (in years).

wo different viewpoints:

from t

criticised
this is

cash flows.

h 4
cash flows.

fails to project the

to introduce a distortion whi in the majority of cases

would understate the current money value of
than the

escalate much faster

value of
1 hat the cost

correction

he

o
ormula

double-discounting

later in this chapter.

cast of the profitability

counted at a high rate

is
method woul

The




l+i)j
the after tax cash flow for year j.

not projected into the future.

the annual after tax return required on i

expressed in real terms

the annual

d from two different viewpoin

cash flows.

which in the majority

money value of

+ha

ts:

current
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j=o (1+a)? (1+1)7

the after tax cash

two cases can be

eneral inflation.
components

before-tax
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The reason for this correction is, according to advocates of the
method, that the cash flows obtained by projecting costs and
prices do not have a common purchasing power. Therefore it is

necessary to express all cash flows in terms of purchasing power

H

at year zero before discounting using a2 real rate of interest.
Alternatively, cash flows expressed in current money units are

discounted using the market rate of interest. Equation (l.u4)

can also be expressed as:

a
1]
(02}
0
]

ts
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represents the maximum amount which could be distributed to
shareholders without reducing the capital value of the firm
the present period. Hence the appropriate rate is that

eflects the consumption pattern of shareholders.

The main defect of this method stems from the correction to
discount rate. According to Wilkes, 1972,
rate which remains
and to evaluate the nominal

the values of




Although the difficulties associated with forecasting can be
equally large, the direct estimation of nominal interest rates
from past behaviour and other factors such as those mentioned

above, is likely to involve less error than the estima+es

obtained from equation (1.4).

This method is conceptually superior to Methods 1 and 2.

Because nominal interest rates embody an element at+tributable

]

to anticipated inflaticn, and cash flows are estimated on the
basis of future prices, this method avoids the type of

ility produced by




e ""i"!f‘llﬂ'ﬁ.rl%mm f}“x y

remain constant at 1l4% over the entire life of the project.

The after tax market rate of interest is 7%. The company uses
an after tax real discount rate of 5%

which is also assumed to be constant.

inherent ! j is here ignored.

cases will be considered:

General inflaticn, where all cash flow items are equally




Table 1,1(b)

Method NEV

747,567
1,719,212

4,254,922

On the basis that Method 3 offers the n appropriate

way of accounting f« i i i : seen from

negative cash flows, Method

the loss.
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Table 1.2(a)

Year 0 1 2 3 - 5
Annual Inflation 16 18 lu 13 12
Rate (%)

Sales Income £M/ 7.8960 8.8u435 9.834C 10.8567 11.8990
year

Operating Costs 5.9600 7.0328 8.21u3 9.4957 10.8631
iM/year

Cash Flow (B.Tax) 1,9360 1.8107 1.8197 1.3610 1.0358
£M/year

Takx Payable, £M/ -1.5320 0.9054 0.8098 0.6805 0.5179
year

Cash Flow (A.Tax) 3.4680 0.9054 0.8098 0.5805 4.3673
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A pessimistic case on the other end of the scale would
assume that project's tax allowances can only be set
against net revenue cash flows from the same project
(Wilkes, 1977). his implies that the project is some-
thing separate from the firm to which it is incremental,
or else, that the firm is at a break-even situation and
the only taxable income is generated by the project.
This case is exemplified

situations would probably

Annual Inflation
Rate (%)

Sales Income £M/

year
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Table 1.4(a)
Year 0 i ) 2 3 B 5
Annual Inflation 16 15 14 13 12
Rate (%)
Sales Income £M/ 7.8960 8.8435 9.8340 10.8567 11.8990
year
Operating Costs 5.9600 7.0328 8.21u43 9.4957 10.8631
iM/year
Cash Flow (B.Tax) 1.9360 1.8107 1.6137 1.3610 1.0358
iM/year
Tax Payable £M/ 0.4680 0.4054 0.3098 0.1805 0.0179
vear
Cash Flow (A.Tax) 1.4680 1.4054 1.3098 1.1805 4.8673

iM/year
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of the firm has to be considered for tax purposes. This
can create interdependencies between investment projects,

as will be seen in a later chapter.

The Program used for the calculations of the above examples is

shown in Appendix A.

ACTUAL PRACTICE

Although a « ehensu survey cf the actual
within the I f this work's coverage, ten
manager ! I ; were carried out.

ignored inflation ir

those in
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from the original paper. The column headed "only'" indicates
that they used only that method; the column headed ''total"
indicates they used that method with one 'or more other methods.
"Although a company may use a combination of methods ...'", say
the authors, "... they do not necessarily use more than one
method on any one project, but may use a combination of methods

on the totality of their projects’.

2 nel $
inrlation

onstruction.

A few companies
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Even if we assume that most companies consider inflation _a
their investment appraisal, the evidence suggests a

poor acceptance of the methods reported

This could be a reflection of their low credibility amongst

industrialists.

It is obvious that using the wrong methodology to account for
inflation can be just as misleading as ignoring it. The
consequences of this state affairs can be underinvestment

on the one hand, or the selection of poor projects on the other.
A strong company with a goo he market would probably
not be too badly affected in the short term. n the long term,
however, u

market.

suggests that

b T
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INTRODUCTION

The applicability of existing methods of evaluation such as
those described in Chapter I, is limited to cases where it is
safe to assume the existence of a perfect capital market,
independence between projects and the divisibility of the

investment capital. Only one kind of capital market imper-

Hh

ection will be considered here, the inequality of borrowing
and lending ratcs of interest. It is shown, however, that

even in this case, inflation can create complications which

cannot be adequately treated by the existing methods. Never-
theless, uncomplicated methods of project appraisal are
necessary in those cases where the amount of money at risk

does not justify the cost of highly sophisticated and more
realistic techniques. An alternative method of evaluation for
This method, called

erminal Value (TV), is similar to Method 3 The more detailed

1own to result in better

contrasting its performance wit:

o
ct
o
1)
.
M
0
-
7]
'™
O
o
%]
ot
5]
L
ot
0
O
[ 4
[
o}
U
(1]

reached using TV.



DEFINITION OF THE TERMINAL VALUE METHOD

This method is designed to estimate the profit or loss generated
by a project at the

investment plus the to make up for the loss

in purchasing power by i Two possible cases are

considered: (a) physical replacement of the productive equip-

ment; and (b) replacement of the investment when the project is

not 1ed hi erminal Value is
itures, interest on loan included. The necess-

calculation of the TV are as

nd prices accordi

-

In the most

are used.

numbers or

smaller and




operations is calculated. Total taxable profit is then
obtained by deducting capital allowances and annual interest
on locan from the taxable profit from operations. The before
tax cash flows are then calculated taking account o

in payments for sales and operating expenses.

after tax cash flows are obtained by deducting the total

payable and the interest on loan from the before tax cash

flows.

Following Watson et al (1277) and Gee (1977), the ''cash flows
This treats debt finance
all other cash flows. This is

low

Assume reinvestment of the annual net inflows at the market

rate




Estimation of the cumulative reinvested cash flows at the

end of the project's life:

The selection of a point in the time horizon is required.

The length of this planning period can be determined by at
least one of the following factors: the duration of th
longest project under analysis, or that point

which fcrecasts are deemed to be too unreliabl

urther contribution to ti nalysis.

termination date does not

is either T i] to the horizon

the initial in

and compared




outlay is projected into the future. This is done, as stated

in step 5 above, using the forecast of the escalation rate for

he initial investment, ignoring the opportunity cost of capital.
In terms of the method being described here, the opportunity cost
of capital is, simply, the TV of the alternative use of the invest-
ment capital. The opportunity cost is, therefore, actually
considered when making comparisons between the different alter-

natives. The advantages of this approach will b

iated later in this chapter, in the analysis of projects affected

by different inflation rates, or projects competing for limited

funds.
Equation (2.1) shows the

i NI
Cl!(ism) ~

where all term

the second term

possibility

equation

2

equation (2.1), explicit
must be made for differences in the initial investment

native proj




THE EVALUATION OF INVESTMENT PROJECTS USING THE TV METHOD

ifferent cases of increasing complexity are analysed using

and NPV (in what follows Method

Equation (2.1) is modified, as

Appraisal of Individual Investment Projects

General Inflation:
simple case EZquation (2.1l) can be used without
alteration. The TV for the project, however, has to

compared with of the standard

j=o (1+m)"

where




Differential Inflation:

The case where the fixed investment escalates at a rate

different from the general inflation rate, is of specia

interest. Comparing the project's TV with the standar

alternative:

is the particular inflation rate affecting.the

initial investment.

-:-v/ - 'v‘v]-\




whether injection of capital will be required. Analysis of
the project using TV, predicts the necessity to inject capital

to renew the project. A positive NPV indicates that the

project is more desirable than the standard alternative, however,

t gives no indication as to whether injection of capital will

be necessary to replace the project.

Treatment of borrowed capital under inflation

Because of long term fixed interest contracts, holding debt
during inflationary periods

investment project.

weighed agains

by the use

a net borrower

to the borrower, because the
as inflation increases.

the opposite occurs and a
Investment proj

4 ‘- -
cO estimate




in increased profitability. To this purpose, the TV for the
case of a mixture of debt and equity is compared with the
corresponding all equity TV. Risk considerations are here
ignored:

n

2

- Pgr) - (T4 - Pgr)t)(1+e)™ 3 - gP - (1-g)(1+i)"p

gP (l+e) - gP(‘n—i):1 >

Cancelling equal terms and rearranging,

market lending r

annual




of purchasing power. gP(l+e)n - g?(l+i)n represents the TV of

the equity capital saved by borrowing, which is lent in the market.
It has been assumed that interest and inflation rates remain
constant over the project's life and that the interest on debt is
independent from the amount of debt used. On this basis,
inequality (2.4) gives the highest interest on loan which would
result in increased profitability if the firm is a net lender

over the planning period concerned. L hat the maximum
value of r in (2.4) is not a function he inflation

t is, however, indirectly affected by

effects of this on the lending rate (which

cost of equity capital).

Projects are fully financed with equity

When Methed

NPV.




Example 2.

mutually exclusive investment

are the same

re given in

year

to the
are analysed us

of project

Project B generates
the particular production equi

smaller escalation rate than




Mutually exclusive projects wi

With common escalation

Assume projects A and ui initial outl

R
C_~ respectively, where C_ nd both
<

ce with the general inflation r

notation in what follows, it will

initial investment takes pl

TVs would be evaluated as

.
I

dividing every term by (l+m)~ we get:




With different escalation
If the fixed investments es
yeneral index, however, the
above can not
are not the same

would be:

are the escalat

Under these

vl

wrong selection

environment.

available for
borrowed.

vestment opportunities are:

investment over the same period of time

overall growth of 50%:

N —

over the period




Using Method

follows:

however, 11 ££ 1t ption

would not affect

10~

is not better than project B alone and therefore

is rejected.

the results




brackets represents

not invested in the project

1

when properly

that part of the

firm has to be protected

both projects, the amount

shareholders without reducin

is maximised. As the number

opportunities increases, so does the difficulty

the possible combinations of projects and a more
cient method of analysis becomes
compli 1 by the in ions introduc

method to deal with




the

the

the corresponding TVs need

-

-
T10¢C

e calculated.

LT o
ADVANTAGES O

inriation

weighted average cost

perform a more realis

1e advantages of the use of borrowed capi

assessment of th

atiom.

TV method evolved as
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+these complications is described in Chapter

because in the example above the positil

two projects already indicate that the bank

better alternative, the corresponding TVs need

ulated.

relative opportunity
effect of inflation
considered.

more appropriate ranking

By treating debt finance ws in the same way as all other cash

2y

flows, the common assumptiorn about equal lending and borrowing

be dropped. This feature avoids some of the diffi-

involved in calculati a weighted average cost of

apital, and makes it possib o perform a more realistic

assessment of the advantages of the use of borrowed capital

The TV method evolved as a result of an analysis of the factors
which were thought likely to introduce most of the complications
in the appraisal of investment projects under inflation, using

NPV, TV is, therefore, no more than an extension of NPV




down into a somewhat more det
that the TV method is
instead equation (2.1) can be modified

case under analysis. Because the eff

all-embracing
method of carrying out the economic 1 i project.
The method chosen should
for which the evaluation

ation and the

TREATMENT OF UNCERTAINTY

The increased uncertainty introduced by inflati

risky to base decisions on point estimates, such as

predicted by a TV or other similar method. No special

to account for this uncertainty is here proposed.

of allowing for risk and uncertainty in economic eval-
are reported in the literature (see for example, Allen,

1980). The selection of any particular method

the level of confidence required and the inf
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INTRODUCTION

acting factors are invols
times within the planning
horizon are likely to be interdependent due to technological

factors and fir

the presence of

diverse

interdependencies

inflation a gain on owing can be realised if
borrower, otherwise a holding or lending 1

to be set against the gain on borrowing. To deal with these

complications a Mixed Integer Programming (MIP) model is used.

The model maximises assets value at the planning horizon, subject
to constraints on cash balance, liquidity, gearing and taxation.
The objective function evolved as an extension of the TV approach
discussed in Chapter II; the selection of this particular set of
constraints is intended to help anticipate some of the effects of
inflation on corporate financial performance, such as increases
on working capital requirements and overstatement

The judicious selection of the investment and financing opportun-

ties will minimise these harmful effects. To facilitate the




understanding of this chapter, a brief description of the
theory and properties of the general mathematical programming
pendix B.

type of problem is given in Ap

STING MODELS FOR CAPITAL BUDGETING USING MATHEMATICAL

MUVL DO nrllAL OLlLlING
RAMMING
models have been proposed in the
his annotated bibliography,
comments
the work

of

The model is based on the maximisation of
some time in 1 i the horizon.
objective i i 1b3j cash balance

or each year before, and including the horizon.

and borrowing without limit take place at some

The model is expressed as a linear programme in the following

way:




=1

subseqguent to the horizon,

rate of

represents

represents the amount available

denotes the amount borrowed in year

is the in year t resulting from acceptance of

project j a,. is positive when it represents an

==

expenditure and negative when it represents revenue

denotes the funds anticipated to be generated by the firm
from operations in year t and which may be attributed to
the resources the firm currently controls

the horizon year

the rate of interest for lending and borrowing




Lending and borrowing are accomplished by means of
""renewable' one year contracts, where all inter

able at the end of the year. (Weingartner, 1967).

The maximisation of the Net Terminal Value has been used by
other authors after Weingartner (Byrne et al, 1963; Struve,
1966 ; e et ; Chambers, 1967,

Harvey, 1967; 01 & ! 1968; Arzac,

1968). Other typical objective functions reported
aximisation of some function of the
dividends of the firm (Unger, 1968; Weingartner, 1966;
Baumo 3 Bernhard, 1969) and the maximisation o
Alexander, 1968; Thompson
Lesso, 1967; Seppdld, 1967;
Cohen et a 1967 ). Con i on cash balance, availability

of funds and mutually exclusive projects are some of the most

commoTrn. ones.

(1969) criticises Weingartner's Net Terminal Value
objective function. His argument is that such
function ignores flows (which Bernhard seems to equate to divi-

dend prior to the horizon. The fact is that the

term in Weingartner's objective function (the net

amount of financial assets accumulated at the horizon) accounts
for flows prior to the horizon reinvested at the rate of inter-
est. The objective function used in the model to be described

rT

TV method of Chapter II.

Some of the most interesting works on the subject, published in

more recent years, include articles by Chambers (




Chambers (1871)

methods of new financing includi

equity. The objective function used

imisation of the cash flows generated

discounted to

jective function reflects the effec

horizon activities. The objective f

into account.

of multiple
issuing new
the ax-

horizon

t at the horizon of pre-
unction is subject to
The gearing constrain
on the gearing posi

The cash

of Weingartne

borrowing activiti included in

alte j ; Vari
Horizon model are, thus,

illustrates the use of duality theory

s (see Appendix

the models. He applies

Horizon model, but

for other discretfe capital budgeting

(1876 and 1879) show that '"rules of t

tolerably approximations to the

unnecessarv. Unger (197&)
for integer programming
economic interpretations of
to Weingartner's Basic
could be
problems. Ashton

"

humb such as NPV, can give

linear programming solution.

The analysis is based on the approximations that rules of thumb

imply to the dual of MP
feasible decision space

complex analytical techni

It is argued tt the
making the u f more

do, nontheless,

ituations of




the discounted stream of dividends

the planning period. He uses a "soft" tyr ; a

ing, where leverage can be increased at increased cost of

ontends

do not

mathematica

sum of tax payments. Only
necessary to determine ti ] taxable income and the
total unrelieved balance of ital allowances in each year.
in an inflationary environ-
by reduced profitability, to over-

statement of taxable income. A judicious selection of investment

can help reduce the inflationary burden, by making

ossible use of tax allowances.

TAL BUDGETING MODEL USING MIP WHICH INCORPORATES INFLATION
ANALYSIS

The advantages of a mathematic

budgeting have been discuss

(Weingartner, 1963; Fawthrop 71 hard, 1969; Bhaskar,




natives, even when projects are not independent.
analysis of investment and financing activities.

Market imperfections, such as different lending and borrowing

rates and a limited availability of investment capital, can

be incorporated i ! ] Other unrealistic assumpt-
sum of investment

become unnecessary in the context

The application ! ‘ particular case provides more

information and a better understanding of the problem, than

would otherwise be achieved.

increases both the importance of
iculties involved. Berry et
have demonstrated that taxation can induce interdepend-
investment appraisal, which can be handled by the use
formulation. One of the causes of these interdepend-
that tax allowances can be taken immediately only if
profits are large enough. This might appear not to be the case
when projects are analysed in isolation, but a mixture of projects

can complement each other to take better advantage of the ca

allowances. This issue attains much greater importance

inflationary conditions, as the value of tax allowances decreases
with time, not only because of opportunity costs but alsoc because

of increasing replacement value of assets. The




the replacement value of assets for different
affected by different escalation rates, altering the
of alternative combinations of projects. As illustrated

in example 2.3.2, the use of debt and equity

environment, can alsc eate interdependencies between projects.

The possible advantages of holding debt under conditions of

overall analysis of the le

inancing

MP

such as
any contin-
The relative advantage ) P need further
he main disadvantage of MIP is i much higher

however, can produce some desirable *

results:

The selection of fractional projects by LP, is accompanied by
the assumption of a linear relationship between amount of
benefit and resources used for i prcject (Bell
1970 is is, precisely, one he unrealistic
assumptions, implicit in traditional project selection
techniques (Adelson, 1870), which we are trying to avoid by
making use of mathematical programming. It is argued that

can be minimised by the presence of alternative

project versions, but these are not always available.

a higher objective function value because the

are better utilised




better utilisation of resources, however, is based on the

assumption of linearity mentioned above. Moreover, the

st frequent case in capital budgeting is that capital
to undertake all the viable o

The most important resource in this problem (money)

fully utilised in the best options expected to be available

It is claimed that ! i i of projects by linear
programming model
conveys more information
is
the inter-
the constraints,
fractional projects should be
however, can alsc be performed
later section of this chapter.

can produce the same type of information as in the continuous

case.

The LP solution the problem will have to be converted into

an integer form. ither rejecting or accepting fractional

projects will oft fail to lead to the optimum integer

solution which, is the objective of the analysis.

Inflation is incorporated in the analysis in two ways:

which measure and control t

3 Yar s
directly, by pro

all the parameters on which inflation has an immediate effect.




Because the forecast of the inflation rate is so uncertain, it

very important to quantify the effects of the whole spectrum

possible values of the ion rate on the selection of

investment projects.
can be performed with MP package

beca: the inflation rate does not

will be discussed

a program in n wt >rimary information about the cash

to define

mming sub-model which uses the processed
information the investment projects and simulate the
lending and erations subject to

constraints.

carried out in part (1) of
investment projects and
at the time the evaluation
A detailed description of it will, therefore be given for the case
study in Chapter IV 'his part of the model will also generate

- -
¥

the input matrix necessary for the MIP sub-model. igure 3.1
illustrates the interconnections between the different parts o

the model.
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sub-model

sub-model maximises lue

an extension o he TV methodology

pplied to the more general case of an imperfect

few simplifying assumptions are necessa

counted

interest.

types of

projects witl fixed starting date;

projects which can be started at

period, provided there is enough

second type of project is of particular interest under

inflationary conditions. While these projects can be postponed
to allow investment in other projec heir profitability and
effect on the company will change with time. Fixed investment
and production costs wil bably ri ith 3 ion; however,
deferment can allow for a

ments resulting in increased overall profitabi




of a project of this

capacity.

are used:

selection of

the harmful effects of inflation on
ance. Cash

ensure

have,
These companies must
high enough to minimise

ut not

have to resort to
rising inflation could be advantageous to
other hand, increased corporate risks
of fluctuating inflation.
of debt in the company is then,
between the liquidity and gearing
clearer at a later stage on this section. The overstate-
taxable income
on investment projects.
help reduce the burden

generates enough profit.




investment opportunities allows the decision maker to tak

advantage

system The set of taxation constraint
the work of Berry et al (187%) c

and taxable profit for each

projects.

The MIP sub-model can be stated
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denotes the

and 1',. are after tax borrowing and lending interest rates

respectively.

are before

total taxable income in year t, after allowance

one year lag between tax becoming payable and date of
is assumed. Tax owed on income at

therefore, paid one year after.

counted back to the horizon at the after tax lending

rate, and subtracted from the objective function.

the corporate tax

the flow in year t resulting from
ositive when it r

negative when it represents revenue.

S.

payment




represents the projection of the cash that will

investment in year t

Il

the total net assets

t and k are time subscripts, j is the project number

.

and T is the horizon year.

It should be noticed that interest rates within the planning period

basis, and those beyond the horizon are after tax

The reason for thi that, within the planning

tax payable by

lows are




model discussed before.

ated at the horizon

The horizon year is defined

are deemed to be

forecasts

to the analysis. Events

time are too uncertain
reason the objective function
hest profits at the horizon, making

to cover all liabilities incurred

will leave the firm

taking place after the horizon.

year T, therefore flows after then are

lending interest rate.

Balance Constraints

set of constraints ensures

year t will be given some use, eg

payment debt, dividends, etc.

of
Ol

be w

in a strong position to

that all

°T

net income accumul-

o .

estimate of the af

the horizon.

beyond which

taking
orthy of detailed analysis:
is designed to achieve the

the firm will be

before or at that year.

deal with events

No borrowing takes place after

discounted at the after tax

the cash avail

investment




The rojects, payment of tax and

ne

debt bank deposit, one year securities

i 3 assumed

or similar short term

borrowing are rried out by means of renewable one

each year
The liquidity i i is defined as

level.

of current assets and curren

model., total current assets are equated with cash balances, and
H] - L]

total current liabilities are equated with outstanding debt

tax payable in The frequency with which

face problems under inflationary conditions, makes it

in the selection of

very important to take account of this factor

investment projects.
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ax payable

mostly on the projects selected and the

rate affe hem For relatively
investment,
As the
L, will increase,

constraint. &1CUl

the two

will move tow

cause these

the value of fixed assets.

Constraints

those terms whicl in given year

balance on




ve (inflow), it will
in order to maintain the
cash balance

investment, and

educing the potential value of

made zero whenever possible.
simultaneously achieve positive

lieved balance from previous years to

budgeting model hel
timal solution, and
the model. An

based on the

section, Balas
is used to obtain
dual formulation, results similar to those obtained by

rtner (1963) are applied to this model.

The dual to problem (3.1) may be stated as:







R are the slack variables associated with

and (3.1.5) respectively

superscript bar denotes a variable's optimal value.

the optimal solution




obtain that

1 and complementary

These two properties have important economic interpretations.

Following Weingartner (19€3), E; represents the yield at the

horizon of an additional pound i . Given

the horizon than cash becomin

If money




has a positiv
invest all the cash remaini

s mi. &
tax. inils

. :) represents the contribution of

> J

(Cy s = Dy :) is the value at year t of
1 v9J v9.J
k=o

loosening the leverage position through its e
>
z

net assets.

investment on project j, after deducing depreciation
The effect of inflation on this quantity depends on the
rate of the fixed assets and the way this
account in calculating depreciation.
fixed assets would make

11d be to reduce the horizon




allowances over the
) indicates that )

However, 1 b iown that ), €

\4
values of A_

"
Ve

provided S,, >

negative values of \_

receives us when ntribu to reduce the
the company: i 3 i 1 the project takes
attains its Y : 1 nd income arises

.| is very
t

imposed on projects x. j m+ 1 n for

one version ] j of n alter-

if none of the versions is chosen, 6§ = O
(see complementary slackness condition, 3.3.4). If constraint
(3.1.5) in the primal problem were relaxed

f the problem set were allowed),

TAKING ACCOUNT OF UNCERTAINTY IN ‘ INFLATION
RATE

The results produced by un he ! sub-model are optimal
with respect to point i f the data involved. Because
s

e}

the high uncertainty in the information required, it is
necessary uanti ] ¢ of the whole range of possikle

the parameters on the optimal solution. It is useful
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The simulation routine randomly selects a value

inflation rate from a histogram, and inputs

of the program that computes coefficients and RHSs.

The value obtained in (1) is e calculate cash
interest rates, depreciatio These parameters are
used for the creation of ti T be input to the MIP

sub-model.

The optimum portfolio

printed out.

If the maximum number

program sStops.

ponding to

+he MTP

variable.




p(x)

The program then works out

CDF) as

computer are then

iquely as follows:

this means that, f any discrete random variable X,

the random deviate assumes the value j if the random number is

such that:

FE lj = 21) <R g F i)

This process is repeated for each yvear within the planning horizon.
P 1 J ) E

The method is based on the fact that '"given any CDF F(x) of the
random variable x, the new random variable y = F(x), is uniformly
distributed over the (0,1) interval" (Taha (1871) provides a proof

of this statement). This applies to any probability dis

of . If a random number, R, on the (0,1) interval is generated,

then the corresponding random deviate x for any probability den

function (pdf) f(x) will be given by:




methods i ] i i nalvsis, random walk processes and
L] ! g

yesian techniques. are based on historic dat and

expectations of the futur £11 these methods are of a probabi-
listic nature and could be used for +he Monte Carlo simulation
routine. Some of them, however, are essentially short-te

methods (Petterson, 1976) and therefore not
use here. The important task of devising forecasting
the medium and long-term is beyond the scopeé of
poses of thi research a very simple heuristic method

correlations between consecutive values

example illustrates this method.




us assume that the pdf's for two consecutive years

ur subjective est

inlflation can

rates, and the values of p(x,)*
<
relation between the magnitude
the value obtaine

the estimate of th

year 2.

the probabilistic nature of the method, the whole
described above has to be repeated a large number of

in order to obtain a reasonable estimate of the effect of 13

future inflation on the project selection process. No precise

figure for the number of iterations required can be given.
°3 : 1

However, it could be said that the number of iterations required

will increase with the number of possible alternative solutions,
could depend on the variance of the stochastic

variables involved. In any case, the larger the number of

iterations, the greater the accuracy obtained. The analyst will

have to base his decision on his understanding of the problem,




estimate of the risk involved,

large number of iterationms.

This methodology can be applied to all uncertain parameter
which a subjective probability forecast may
In this model, only uncertainty in tk

lation rate is considered. However,

actor common to most of the economic

used in the model, is simplification can help give

in the entire model.
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INTRODUCTION

A much better understanding of the model, its
limitations can be gained by the analysis of its
ular case. While the MIP sub-model is flex
to a wide variety of situations without changes,
depends on the processing of the data
(1) of the model and the subsequent
ation of tl i ix Assumptions concerning the
which i ation affects different cash flow elements depend
the particular i i These and other assumptions
determine tI m ] flows used in the MIP sub-

-

model.

The refuszl

lending, borrowing

rom the Financial

(February 1981); the rest of tne information is imaginary,
although wherever possible, resembles the values they could

have in reality.

art (1) of the model is described, for this particular example,

in Section 4.2.1.

DEFINITION OF THE PROBLEM

company is willing to ascertain its best invest-

40V

ment strategy over the next eleven years (the planning period),




ime.
investment and working capital.

lives extend beyond the end of the

on the information about

at the time. seven in

next three years,

a few years hence.

plan

can

provia

of

projects

In selecting the projects, the

best possible use o

the taxation

dependent

the forecasts fixed

sales for each one of the

revenue,

of costs and prices

prevailing at

Initial outlays on Table 4.1 are inclusive of

It can be seen that

planning period.

investment at the outset is

for

vestme

investment,

eleven
the present

fixed

some projects'




xed Investment (




roject
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The company's dividend policy is

a rate equal to that of the inflation.

in the current year will be £50,000.

defined as the ratio of current assets
liabilities is 0.75; the gearing ratio, define

of debt in total net assets is 0.4; the corporation

and matrix generation

ollow and the input matrix generation are

the model. Although these are partic-

case analysed here, they exemplify the procedure to

The i 1 . 1 .3 has to be calculated

in terms of the current costs and prices of the years to which

they refer. The conversion into current money units is carried

out using inflation sensitivity factors. This requires the
forecast of the general inflation rate (ie Retalil Price Index,
PI), from which the forecasts for specific cash flow components
are derived. Forecasts of inflation, both generally and for
specific commodities, are ided by several sources, such as
Phillips and Drew, Londen i School Index, and Central
Statistical Office HMSO (Westwick et al, 1976).

of inflation sensitivity factors, suggests Gee {(1977), may be

carried out by extrapolating the past behaviour of cost components




then modifying t! lts in

ations concerning future inflation. In

only three different sensitivity factors are used.

to the broad categories of fixed investment, sales
total expenses, and are assumed to remain constant
planning period. A greater

sensitivi actors relating to

(eg raw material, labour) would probably improve

accuracy.

or the case of total expenses, the 1 current

money i is carried out by means of the next equation:

the inflation rate (RPI) in year

total expenditure in terms of present time

costs and prices, for project m in year j.

Similar equations are used for fixed investment and sales

revenue.

actors used for the eleven projects

are shown in Table 4.4 below:




Invest-

Revenue

Expenses

and borrowing

interest rates will not be fully
A sensitivity factor
that if the
interest

increase by

is the (lending or borrowing)

year j, and
the inflation rate in year

urther assumed that lending and borrowing interest rates

will not fall below 6% and 8% respectively during the planning
period, and that, beyond the horizon, they will remain constant

-

at the value attained at the horizon year.

Inflation is not necessarily the most important factor in the

forecasting of short-term interest rates. Other factors, such

as Government economic policies, can be of more relevance (Wilkes,

1972). A more rigorous forecasting scheme should therefore,

take account of those factors.




Increases in Working Capital

After start-up, working capital is assumed to grow

the value of annual sales. The next relationship

the working capital required for pro

year i, and

- =
. 3

is the value of sales due to projec

(expressed in current money units)

that the level of

Tax Allowances

lculated using the values

ained above.

allowances in
the total expenditure due to projgct
the fixed investment on project j in
defined as before.

The net value of (V.
. ij ij

to avoid losses to be taken as tax allowances by the MIF

assumed that working capital remaining at the end of a

in

yvear

He-
sub

- E..) is restricted toc non-negative values,

model.

is recovered free from taxation, unless its value




exceeds its hi i the difference is
taxed at the ion pli stock relief

and clawback are ignored.

The procedure suggested by Gee (1977) is followed.

assumed that three months' credit is taken on sales
months' credit on the of total expenses.

a forecast of operating cash flows can be obtained as

- v )\7

where

delay in the payment of sales (in years)

is the delayin the payment of total expenses
years ),

all other terms are as previously defined.

investment cash flows are calculated assuming a six

delay in payments, as follows:

Net annual cash flows are obtained subtracting capital cash flows
and working capital increases from operating cash flows. Working
remaining at the end of a project's life is added on to

a

cash flow of the corresponding year. The following




the net annual cash flow from project j in

are as previously defined.

Fixed Assets

value o©

depreciation over the life
The next

values are assumed.

the amount
year kK

the value of the fixed investment

of operation

duration of project j (in year

start-up year for project

inflation rate in year 1

used in the calculation of the gearing ratio
the planning period. The way the inflation rate
he gearing ratio depends on how the company calculates

-+
|

assets are revalued.

depreciation, and on whether

example, the value of assets is maintained




A prcobabilistic forecast of the

For the purposes of this example, probabilistic forecasts

inflation rate are produced. The subjective probabi

years these distributions
given to lower inflation

ions are symmetri
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he correlations
according to the

"shift"

=

biog) + (3o,

where $sq is the forecast of the
J

year j-1

value (or the mode, if the distri-

mmetrical) of the inflation rate in

represents the change in

in Table 4.5 (subscript j = 1
- o £l

large corporations produce their own probabilistic fore-
: T H
by independ-
R} ._)‘
James Group, can also be If
presented in terms of probability distributions, the trans-
formation can be achieved by taking the point estimates as the

most likely values, and attaching lower subjective probabilitie

to other possible values.

Having calculated the quantities above, the program proceeds to
generate the input matrix in the format required by the partic-

package being used (Honeywell MPS is used in

example). The generated matrix is printed on a computer file




and matrix

matrix

The most frequently selected portfeclio in a
large number of i i is the best chance
of being the optimal one for the i tion i hat
materialises (see Allen et al, 1970). However, an inflation
scenario may occur for which this portfolio is not optimal.
It is important then to determine its sensitivity to inflation.
This is measured in terms of the variability of the portfolio's
Value (the objective function) to changes in the
rate. his is the purpose cf the second
out by producing another

one hundred inflation i vhile )} i the project

selection variables (the xj' ) £ he values corresponding




to the selected portfolioc.

particular portfolio of he most
the face of uncertainty inflation

in

o

native of starting

numbers correspo




selected

¢
=
+
Uy
(@]
~
Q

inflation

more).
and, therefore, excluded E 18’ The differences
in frequency of 1 i j en and portfolics
2 and 3, seem to be large enough to assume that the selection

£

of portfolio 1 as optimal is robust. To reinforce

assumption, further 110 iterations were run.

This
simulation generated 1lu4 portfolios, of which, the top eight
coincide with portfolios selected in the first run, although

not in the same ranking order. The bottom six portfolios

do not appear in the first run. The top three portfolios

are the same ones as in the first run. Some changes in ranking

can be observed in the other portfolios, these changes

more radical as we approach the less frequently selected




ones. This indicates that 100 iterations are just sufficient

to identify the top three portfolios, although some doubt has

now been cast upon the ranking order of the other ones. Because
of the random nature of each iteration, it is valid to combine
the two runs into a single simulation run of 210 iterations (20
excluding unsuccessful ones). The top six portfolios obtained

in this combined run are shown in Table 4.7.

Portfolio
No.

It can be

obtained
un appear
satisfactory evidence of

type of result, however, d« occur.

could aris in whicl ! 11 i requency

are not
- 3

as optimal, is robust. In this cas

ncrease the number of iterations




the values

e s o
iermlinadl

(grea

the lower

can be observed as we move

the two stages of is shown in

study of the selected portfolio can be made

by

the values of the other variables

involved in the

Because of the assumptions the formul-

the model and the uncertainty

ariables, especial attention must b

gearing constraints which are binding or have a small

slack at




~——— ADuonbeaay




in which the

Lencding
g
(x 10°)

Borrowing

(x 10%)

Tax P?yable
(x 107)

ax allowances are expressed as a negative

rates and the fact that inflation has a negative effect o
projects (expenses escalate much faster than sales revenue),
borrowing at a zero-level, except

do not generate enough profit to ji

needed. hi it i ] h




1 I'K
a
e Ke

LS
)




than lending

rojec Therefore, positive
< 2 }

on Terminal Value. None of the

value has been selected. Three

(1, 8 and 10) have been rejected

Although these three projects have larger negative

most of the selected projects,

would absorb the capital which

projects (2,

value of the

even more

value of

horizon

have a negative effect

ith positive y.-

with negative u.'s

J

P
because of budget limitations.
u—-values than
investments

smaller

Terminal

c +32
cectlion







rates and relatively low project profitability make borrowing
not viable. Only the selected version of the investment in

increased plant capacity, 21, has a negative Mg value.

Notice that all the X variables, excepting X,1» have dual values

different from zero, whether they are selected or rejected.
The reason is that none of these wvariables o1
positive values are assigned by the Branch and Bound routine
(see Appendix C). On the other hand, %51

zero 1 ite of bei




CONCLUSIONS

An example has been ¢ the use of the model and the data

processing required he generation of the input matrix.

Although the model is able to select one optimal portfolio in
the light of the best quantitative information available, no
final recommendation is mad Instead, several alternative
sks are given.
to the manager who, based on other
experience and intuition, can

for the company from
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CONCLUSIONS AND FURTHER

An alternative approach of investment opportunitie

under inflationary

method attempts to

xisting techniques, bringing more

e proposed alternative comprise

appraisal of individual projects; and

the joint analysis of the investment and financing

activities of the firm involvin

P mvyaat+ment

7E5




These three shortcomings can, in fact, be reduced to only one:

current methods of investment not properly consider

ffect of inflation on the To overcome

a Terminal Value method was proposed.

a variation on the existing methods, incorporating some

salient features:




The proposed model helps to minimise the erosive effect of

inflation in several ways:

By making the best possible use of

project selection process.

Maximising the level of investment without incurring

amount and the type of debt to

Handling the ! i introduced by the taxation

~AmMD e
compatlly

usefulness




This would, in turn, ensure that corrective measures are taken
while viable options are still available. In the lcng term,
the company's sensitivity to inflation and the

incurring liquidity problems would be minimised. Increased

corporate ity would be the end result from the more

sound investment strategy that a model of this type makes

possible.

The main disadvantages of the model can be summarised a

ocllows:




e final output produced by the model is as shown
in i A more practical report generator could be
created to have tables of portfolio selection frequencies and

histograms of portfolio sensi*ivity to inflation (Table 4.8 and

igure 4.2) directly produced by the model.
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APPENDIX B

Mathematical Programming - A brief description of this technique

Mathematical programming (MP) is concerned with the optimisation
function, called the objective function, subject to

qualities and/or inequalities, called the

including

variabl
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of process C2.

Product %5 requires

5 hours/day of process C2.

set up the

followin

is the maximisation of
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number of
interested i inding the
maximum value of X -

hat by increasing the value of X

X, moves parallel to itself and away from the origi

to satisfy all the constraints, the objective function must

at least one point i ] i i Therefore,

3

maximum value x

optimal solution:

> e
Q ~

is obtained by

traints are

+ha

(e
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Dual Problem

general LP problem can be stated as (Taha, 1971):

Maximise

+ha

Lie
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The maximisation problem has (g¢) constraints, and the

minimisation has (3) constraints.

The variables in both problems are non-negative.

Notice that the primal above has only (g¢) constraints.

the problem we are seeking to solve has equality constraints
(=), the same procedure is followed, Wi

the dual variable corresponding to ti uali constraint

be unrestricted in sign.

n be converted into (g) constraints multip

better understocd

slack variables.
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The dual
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perties (1) and (2) are known as complementary slackness

Pro

conditions.

same numerical

integers.
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Several feasible points satisfy the integrality condition.

By observation it can be deduced that the maximum value X

can attain satisfying the integrality condition lies at

point C, where X, = 0 and Xy = 3. The value of X

point is 15, which is lower than the value obtained for the
continuous case (15.34). The maximum value of the objective
function £ ! inte case is always lower than that on

the continuous c¢ 3 when ! h solutions occur at

same point, in which hei identical.

of the most common
optimal solution are
by Land 1 Deig (1

Gomory
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Maximise

Subject to

Balas' duality concept, th
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APPENDIX C

can be shown that for any set of values

4+~

and St, and th ) T provided S, > O.

Dual constraint (3.2.9) holds as an

M AL

jole




APPENDIX D

Program of the simulation model

This program, written in Fortran, makes u

two library routines and one sub-program.

consecutive values

library routine
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APPENDIX F
it

PROJECT SELECTION USING SHORT- AND MEDIUM-TERM DEBT

A variant of the example in Cha
Appendix to illustrate the

to finance investment.

deemed not viable in

nd relatively low proj




Table F.2

Year

Inflation
Rate
Lending
Rate

Borrowing

Rave .123

Under this inflation scenarioc and the other circumstances outlined

in Chapter IV, the model selected portfolic
with a Terminal Value of

and borrowing

—

For the sensitivity factors shown in

solution obtained in summarised in Tabl




and increased by £173,000, and the total £470,000 are repaid in
year 3. Interest on debt is paid annually. The money borrowed
makes liquidity constraints in years 1 and 2, and the gearing

constraint in year 2 binding. While, theoretically this

optimal situation, binding liquidity and gearing constraints are

indicative of the fact that the company has stretched
Sensitivity analysis
in the

would not cause the company

The situation portrayed in this example

of the general - irms do not always rely entirely

source of external finance.




Lending

um-term

Medi

A

and

e

yea




in year
The combined 1 of short-
repayment year 3.

joint investment

Outlays (£000s)

6, 7, 8 and 10 compete for the limited funds
during the first four years 1 ni period. Projects
and 10 have priority over zal ! ! because of their
higher profitabilities. The projects with lowest contribution
to Terminal Value, in descending order, are 7, 6, 3, 8 and 2.
Projects 7 and 8 are rejected because they require very high
initial investments, which would absorb capital that could be

invested in a set of projects (eg 6 and 2, or 6 and 3) with

higher joint profitability. Thus, projects 6, 3 and 2 compete

for the funds left after investment in 1 and




portrayed in Table F.3, project 2 is preferred to project 6
due to financial constraints. The new form of financing

allows, then, for a I investment strategy. = As

shown in Table F.2, i interest rates fallin

during the planning i Under these circumstances,
contracted at a fixed interest rate for a period of five
would not seem to be
would be ! ! a sl rm ! is only. However,
produces, offsets

ixture of medium- and short-




Value depends on

1

Y
=
A
E
£
L




APPENDIX

input matrix

MIP output

As mentioned
aspects of the solution proce

to the user. The relevant

Matrix Generator.

o -~
iable G4l

of
variables (ie the objective function
the L-VALI \ shows the k value
the value of their dual variables; and the
the right ide values of the constraints.
bottom of Table Gl (a) le | (b) contain the optimal
values of the columns or structural variables (X-VALUE column);
the value of their dual variables (DJ column); and the range

of possible values for the integer variables.

Index of Variables

Objective Function
c

ash Balance

Liquidity Borrowing
Gearing C Allowances
Taxation To-T10 Taxable income

Constraint on projects
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lance of capital allowances up

Before tax b

existing

current money units.
on project § made in year k.
Working capital required for project j in year i.
Net annual cash flow from j j in year 1i.

Delay in the payment of capital investment.

plant and equipment due to project

Total expenditure
in year j.

Delay in the payment
Chapter II only, i




Slack variable associated with the gearing

Gearing ratio. Proportion of debt used to
project.

Corporate tax rate (fractio

~ . -

Capital investm

Cash expected
projects, net
existing at the ou

in e

associated with liquidity constraints.

Slack variable associated with the constraint on
number of project versions that can be accepted.

Liquidity ratio. In. .Chapter II only, r is the
annual interest rate on loan, before tax.

Taxable income in year t.

Start-up year for project j.




Taxable profit from operations in year :
Total t
Fractional tax rate.

Value of ¢ to project j

expressed ir nt money units.

Delay in the payment of sales (in years).

Annual after tax return requi

(in real terms).

variable associated

constraint
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