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1 \ '

The objeqtive\of this paper is to examine the problem of ehgineering

investnent declsions underjconditions of inflation. The text is divided

i

into four chapters: " an analysis of the nature and causes of' inflation;

a discussion of the significance of inflation throughout the life of

i '

engineering projects; the development of a methodology for the appraisal of

!

«a project in an inflationary environment; and a number of conclusions and '

recommendations for further study.
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CHAPTER 1 : ' -

INTRODUCTION

1.1 Introduction:

There are a number of people who say that 1nflation, a man:iade condition,

is similar to weather, a natural phenomenon. There is little that can be

i
{

done to stop or change either one. Mankind, however, is able to control

dnd minimize the impatt of both problems on his activities. Lo

\, ’ :
Inflation and the economic system which causes 1t. are part of a system for

.

the production, distribution, and consumption of goods and services. It
has become a topic of paramouAt importance in modern economics. Since the
public produce§ and consumes the goods and the services of an economy,
inflat;on is a problem tPht concerns not only economists, but every member
of society. This paper is councerned witﬁ’the problefi associated with
inflation and engineering investment decisions., Engineering investment
decisions involve several important groups in our society and these
decisions frequently result in major technolog;cal advances and ecopomic‘
undertakings. They form the basis for the allocation of many of the
resources of the economy. The continued healthy growth of.the economy,
"especially with respect-to industrial, civil and building projects, 1is

determined by these decisions.

The point of view taken in the text is generally thdt of the investor,

developer, project manager, architect, or engineer. These are the persons

o

\
v e AV 6 YRt R BTN d bk e Y TR e A P I A

‘

§
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~ who usually have the planning and control functions in a project.

Engineering investment decisions, however, often involve, rely  onm, or are -

affected by contractors, suppliers, government agencies, and labour. These ‘

groups have a significant influence on a project as they can cause infla- ‘]
tionary pressures at several stages during the life of an investment. This

N

paper is therefore written with these groups 1in mind as well. . ‘\\\//

L4
/

The major aspects of the inflation problem and enéineering investquf/}

decisions are: — -

.
= .

- how to mi}:mize the impact of inflation on gapital costs and
’ AY

future costs;

\ Y ,
A2 _ r ,
- how to predict, manage, and control future revenues and expenses \

. under conditions of inflation; and

.

/ ‘ : 3 ' A
- how to incorporate inflation into the selection process for

) investment alternatives.

\:é‘ " o * o
In order to accomplish these objectives the magnitude, significance, and

causes of inflation must first be understood and appreciated. Then, L,

techniques and pelicies to control, minimize, and eliminate the effects of

-

inflation must be developed and implemented. This paper a%gresses these

"objectives in the ‘following manner: " ‘ - .

/

’
- an analysis of the nature and causes of inflation in Chapter 2;




L

.- a discussion of the significance of inflation in‘engineering

- projects, with respect to all the phases and partiélpants in the

7

life of a project, in Chapter 3;

a
- -

- the development of a methodology for the appraisal of a project

in an inflationary environment in Chapter 4; and

'y ‘& ;

- a sumary of the conélﬂsions and recommendations of this paper in

/

e 1

Chapter 5. .
v » o . "

This paper does not propose a comprehensive solution to the problem of
inflation. 1Its main intent 18 to provide the readér with a good review of
the problem of inflation with respect to engineering investment decisions

‘and to provoke further discussion 3?d investigation into this area.

14

» R ? -




RN

v

CHAPTER 2 -

INFLATION AND ITS CAUSES
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L oceaptER 2 0 T
) . - .
PO ' INFLATION AND ITS GAUSES /

4 . N -

2.1 Introduction .

2 '
Inflation may be defined as a general rise in prices for commodities and h

(1 -

factors of production (goods and sérvices) that occurs in an economy.’

These price increases should not be in the form of a sudden spurt, but, a

series of sustained price inéfgases lasting at least a year. Although all .
J
N
such price increases, no matter how small, are by definition inflationm,
they are not all necessarlly considered inflationary. The term inflation

(
is employed to describe price increases that are considered detrimental to

- the economy or are a consequence of an unhealthy and unstable economic

e

environment. The Western nations experienced low inflation rates in the
g

years after the Korean War during the time of their most healthy economic oo
’ »

growth. These price increases are not generally considered infiationary;

i

they are believed to be %rrt of the economic system by which consumers . . .

elicit from producers expanded and better goods and services, and aée

willing to pay more for it. These small price rises are called the 'normal v
- - J
rate of price increase’ and are usually a sign of arhealthy economy » 1 {
‘ responding to the forces of supply and demand. ) ? \

A large Increase in the price of a commodity or factor of production is
l . &
\ frequently offset by a corresponding decline in the price of another.
Although the price of one‘item increases, inflation does not occur since .

the general price level remains constant due to the decrease in price of

g " the other item. The second item costs less in response to a shift in its /////

\



demand and supply function caused by the:price change in the first item.

This chapter discusses the inflation problem with a deécription of the
e

Elad

various types of inflation, a brief outline of the Western world's ; -

experiences with inflation, the present inflation situation in Canada and a ’ Lo

.detailled examination of several theories- concerning the causes of infla-
, N

tion. If the problem and the causes of inflation gre understood, then the
persons involved in engineering investment decisfons will be able to better
forecast the inflation which may occur Huring the 1life of a particular

’

investment.

2.2 Types of Inflation ‘ -

The term inflation is employed when the detrimental effects of price

increases are under consideration. Very low rates of price increase in a
'

healthy economy are therefore not viewed as inflationary. Economists thave

recognized several types of harmful price increases [35, 38, 54,66].

2.2.1 Creeping Inflation : *

Creeping inflation i3 a condition that occurs when the level of pricPs

-

rise at a relatively constant rate for a number of yedrs above what 1is

considered a normal rate of price incregse.

e type of
_ inflation that most Western countries are presently experiencing and
the type with which this paper is primarily concerned. The rate of .:>

increase does not necessarily remain constant for more tnan several

/
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™

AN }

+ i years. Often there 18 an upward or downward adjustment in this

%verage iﬁflation rate as econo?ic conditions change. ' An examination
q‘ Canada's inflation performance over the la§t twenty-five years
indicates that there have been three distinct levels of inflatién*[S,
59, 60). Figure 2.1 which presents Canada;s inflation rates for thig ‘
peripd, divides the past quarter century into three groups. There was
a.iong period in the fifties and early sixties when inf}atiop averaged
only 1.5 percent. This is an extremely low rate of price increase and
is considered aecepfaﬁle in a healthy, growing economy. It 1is not
céincidéhtal that this was also the time of Canada's best economic
performance during the past twen%y—five‘years. from ghe mid-sixties
to the early seventies the average inflation rate increased to 4.8
percent. \Tﬁis was mainly due to the spillover into Canada from the

American defiEit.financing of the Vietndm war. Since 1973 grain crop

failures in the Eastern countries and phenomenal increases in energy

\
3

costs have'resuited in anasher upward shift in the average inflation

rate to about 8.§\percent.

§

Canad; is therefore\ subject to a prog;essively worsenig:’problem‘of
-

greeping inflation.‘fThis éituation results in the attraction of the

resources of the econgmy away from the sectors producing real goods

and services toward mo>e speculative activities. Investors feel that

these investments provide a better yield or hedge in an inflationary

3
environment. Domestic savings are discouraged as even the small
}

~. .

investor places his investﬁents in commodities, collectibles, real
. . '
estate, and gold. As capitdl flows to such non-productive areas there

is a reduction in an economy“s/abiﬂity to respond to price increases

4 y
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with an expansion of output. Inventory accumulation and hoarding can
further exacerbate the situation and further reduce the supply of \

goods and services in the market.

2.2.2 Cﬁronic Inflation -

Chronic 1Aflation 1s a condition where high increases in the level of
prices occur over a period of miPy years or decades. Inflation of
more than'ZO percent per year é; to about 100 percent per year has
drastic effects on an economy. Chronic inflation, however, 1is similar
to creeping inflation since the rate of change remains relatively
Eonstant for extended periods. Hvardihg is a ~home ownership and
material possessions are the most valued of’i:j:j:t\;:hey is lent and
borrowed at astronomical interest rates and capital formation and
investment decisions are modified to reflect this type of eco;omy.
Conditions of chronic inffation are presently occurring in several

countries including Argentina, Brazil, and Israel [19].

—

TN —————

2.2.3 Hyper-Inflation

Hyper-inflation is a situation where prices rise so rapidly as to
destroy the efficiency of money; first as a store of value and finally
as a standard of value and a medium of exchange. 1In a hyper-inflation

- gituation, continuous rising prices set up the expectation of still
further rises in the nelr future; so that, a scramble for goods sets
in which results in a complgte collapse of the currency. The main

\

I

e
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2.3

difference between hyper—inflation and the other types of inflation is

J

that in a creeping or chronic inflation prices are subject to high

rates of increases, but at relatively constant rates; while in‘a -
hype;—inflation the rates of increase themselves are subject to

cumulative increagses. Thus hyper-inflations are a chain reaction

which are usually over quickly with drastic results. Hyper—-inflation

is usually a consequ;nce of aar, or the aftermath of war or ‘
revolution. Examples of hyper—inflations occurred in Germany after
the First World War, in China just before the nationalist governmedt

was defeated and in Hungary after the Second World War.

Historical Background of Inflation

2.3.1 Before the Second World War

i
Inflation prior to the Second World War tended to occur during and

immediately after wars, or revolutions, as governments financed war or
l -
revolution by resort to the printing press. These were often cases of

hyper-inflation. Examples of such inflations include the inflation

1

that occurred in France during the 1790's when the paper assignat fell
to about one five~hundredth of iﬁs previous value and the inflation
that followed the Revolutionary War in the United States when the
paper con;inental-éurrency fell to one-hundredth of its former valPe.
Inflations resulted during periods when gold discoveries of a

~~gignificant kind were made as when Spanish gold redched Europe from

the New World. In other instances weak governments attempted to buy

B
i

1




]
their way out of economic crisis by printing vast sunls of money as .

happened in Germany in 1923 when prices increased 1,000,000,060,000
’ ‘
fold. In general these inflatlions had two important characteristics:

1. They occurred in response to a particular event, such as a wag,k

revolution, gold discovery or an unmanageable economic crisis.

2. They lasfed only as long as the event with which they were
assoclated which was normally not very long. This is because
these inflations were often examples of hyper—inflation which are

quickly over with disastrous results.

2.3.2 After the Second World War

The Second World War was accompanied by a rapid world inflation.

Wartime inflation continued into the post-war period, as part of the

process of post-war reconstruction. Before this post-war inf1§tion
~had time to unwind itself, the Korean War broke out anﬁ another war—"

generated inflation was precipitated. War and post-war pressures were

2

“ over by 1953 and a new period of economic expansion began in which

*# 7 persistent inflation was not generally anticipated or feared.

01.19—9
J 2.3.3 53-5 . p) ‘

Governments in the 4;dustr1a11zed countries were committed to policies

of rapid growth and full employment. 'THese policles were quite

L L

10



successful. Most European countrles steadily approached full

employment during the 1950's, and many achieved this objective by the
mid-1950's. Meanwhile, ‘growth rates continued at high levels in most
countries; although the British and the American economies grew at
markedly slower rates than the main European industrial countries.
There were however dis;urbing signs that 1nf1at19n was not going to
disappear.” Retail prices in the main industrial countries rose at an
annual average rate of about 2-4% per annum between 1953 and 1959. At
the time this was considered by some to be an above normal rate of .

price increase. Balance of payments problems became an increasing

cause for concern in some countries, .in addition to persistent small
-

inflation.\

2.3.4 _1960-79 o —

Tﬁe pace of inflation quickened in the first half of'the 1960's in
many bf the industrialized countries. Most European c;untries under~ .
went price rises’bet;een 1960 and 1966 at a fate of about 3-5% per
annum. North American inflation proceeded more glowly than in Europe
during the ear1y11960's. The rate of inflation, howe#er, accelerated
in all the main industrial countries starting in 1967. It was :by 1976
clear that a worldwide price and wage explosion was occufring which
Ebntinue& and accelerated. Table 2.1‘presents the inflation rates for
Canada and five major industrial countries for this period. Today we
can only look with envy at the inflation of the fifties which many
econémists view as the normal rate of price increase for the period

o \
and thus, quite acceptable [29, 47, 64].

N

[




A S e o g,

UNITED > . GREAT .
YEAR STATES CANADA BRITAIN JAPAN " GERMANY FRANCE

1960 1.5 - 1.2° 1.0 o .6 1.5 3.6
1961 1.1 0.9 3.4 s T 2.3 3.4
1962 1.1 1.2 05 6.7 4 4.7
1963 12 1.7 2.5 7.7 3.0 4.8
1964 1.4 1.8 3.9 3.9 2.3 3.4 -
1965 1.6 2.4 5.6 6.5 34, . 2.
1966 2.8 3.7 3.7, 6.0 " 3.5 2.7
1967 2.8 3.6 24 4.0 1.5 2.7
1968 b2 4.0 4.8 5.5 1.8 4.5
1969 5.0 4.6 5.2 5.1 2.6 6.4
1970 5.9 3.3 6.5 AL C 3.7 5.5
1971 4.3 2.9 9.5 R 5.3 5.5
1972 3.4 4.8 6.8 4.9 5.4 5.9
1973 - 6.2 s 8.4 £ 12.0 7.0 7.5
1974 10.9 10.9 16.0 ¢ 24.3 7.0 13.7
1975 ‘9.2 10.8 2.2 11.9 5.9 . 11.7
1976 5.8 7.5 16.5 9.3 4.5 9.2
1977 6.5 8.0  15.9 8.1 3.9 9.5
1978 7.5 9.0 8.3 -~ 3.8 2.6 9.7
1979 11.3 9.2 L 13.5 3.6 4.1 10.7

Table 2.1 Rates of Inflation in Six Major Industrial Countries 1960-1979

These rates of inflation are based on changes in the Consumef Price Index for
each country. The Consumer Price Index measures thé percentage change through
time of a constant "basket" of goods and services, characteristic of each
country, representing the purchases made by a particular population group in
a specific time period. It 1s one of the many statistical indexes available
from governments and international organizations and it is the most often
quoted index for the general public. (International Financial Statistics,
International Monetary Fund, Washington, D.C.) !

0 &
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2.4 Current Inflation in Canéda

<

The inflation rates of Table 2.1 are the rates of inflation based 6n the

Congsumer Price Index for each country. These inflation rates represent

%

_—_— J
only one aspect of inflation in an ‘economy. Each area of economic activity
L]

operates under various pressures and influences; various sectors are often
H
subject to different inflationary praessures. The Consumer Price Index
Y
itself 1s constructed with the weighted contribution of” seven major

groups. Figure 2.2 shows the compoments of the Consumer Price Index and

their individual inflation rafés [60]. The countries listed in Table 2.1
. Y

-

periodically publish statistics on their economic performance. Statistics

3

Canada 1is responsible for this task in Carada. Three monthly publicatioms
A . '
by Statistics,Canada are of particular interest since they contaln a
v I4

detalled breakdown of prices and inflation indexes. These publications

A
are: Consumer Prices and Price Indexes, Industry Price Ipdexep, and

&

Construction Price Statistics.

a

—

Two important observations may be made with an examination of a.few
selected indexes. Table 2.2 1lists yhe cost indexes and the inflation
statistics for the Consumer Price Index and five engineering oriented

indexes [60, 61]. The cost data and the inflation rates are then presented

‘graphically in Figures 2.3 an? 2.4 to demonstrate the high degree of

variation dmong the Enéexes. There 1is definitely some degree of
dorreiation betwveen the engineering indexes and the Consumer Price Index,
buE it appears khat there are sgxeral other significant factorsétﬁht
detrermine the real price changes that are observed. It is evident that

these engineering related indexes exhibit a significantly higher average

+
x &
I \ R

13
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rate of increase than the Consumer Price Index and that tpere are.
s;bstantial fluctJation in the annual inflation rates over the years for
certaln cost indexes. This makes the task of relating specific inéexes_to
a general price index even more difficult and results in more uncertainty
in the prediction of future inflation for various cash flows in an

engineering project. It is therefore even more essential for those
involved in engineering investment deci;ions to understand, to consider the
impact of, and to be able to p;edict inflation. The‘general causes of
inflation are described in the nexgﬂsection. Specific engineering related
aspects of inflation are discussed in Cﬁgpter 3.

4

2.5 The Causes of Inflation

/ i

There has been much debate among economists, government leaders and the
public conéerning the cgu;e% and solutions of the inflatiop experienced by
North America, Western Europe anq other industrialized nations. An
understanding of the causes of inflation is essential to first controlling
and then finding a solution to the problem. For the persons engaged in
engineering investment decisions an appreciation of the causes of inflation

is essential since they must predict the future inflation raté; applicable

!

to the various cash flows involved in an investment. When a special
inflation causative mechanism can be identified, the effect of the
particular inflation process can be attributed to the directly affected

cash flows.

/
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The general press often cites various causes for inflation. Although these

. J |
causes are actually just symptoms of various inflation mechanismg it ‘is

I 4
useful

i

to list some [30, 40]:

the growth of the money4suppiy relative to the Gross Natlomal

Produce (G.N.P.);

3

the effects of social welfare policy on the ecomomy and capital

fo}mation;
taxation policies required to support social policies;

the existence of artificial controls on the economy that restrict

market forces, thus causing inflation;

changes in bank interest rates and international exchange rates;

—

the distribution of wealth in soclety;

the relation of unemployment to consumption;

.

the relationﬁgf imports to exports - balance of trade and
payments; N

speculation in the stock market and commodities;

.

the effects of rising prices of imported raw materials and

£

finished goods; ' 5

4
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- low productivity in certain seciors of the economy;
- rising domestic and international energy costs;

- interruptions and interference with industrial outpug by

» legislation, éovarnment policy and labour disputes;

[ 4
- - government spending on nonigroductive programs;
ONE 9 .

I ,
T the failure to replace and modernize outdated industrial

capacity. : ]

Economists have identified several theories concerning the causes of
/-’ ’ .
inflation. Each item of the list just presented can be assoclated with one

+

of the following theories:

1. demand-pull inflation
2.  cost-push inflation ‘ p
3. demand shift inflation

4, expectational inflation
‘ \ ]

" The economy is-subject to all of the above types of inflation to some

{

degree. Thé following discussion concerning these various types of
inflation, taken from several references [6, 20, 35, 38, 54, 58, 65, 66],

discusses each inflation theory in detail. , ‘

2.5.1 Demand-Pull Inflation”

The demand-pull theory states that changes in price levels are to be

accounted for by disequilibria in the market caused by changes in

4 .
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'
aggregate demand for goods and serv?ces. Examples of demand pull

inflation occurred several years ago in the steel industry and more ///

recently in the cement industry.

N

A rise in aggregate demand at existing prices in a situation of near

i

full employment creates an excess demand in many individual markets,

and prices will be bid upward. The rise in demand for goods and :

services causes a rise in demand for factors of production; their
prices are bid upward as well. 1Inflation in the prices of both

- consumer goods and factors or production is therefore caused by a-rise
in aggregate demand. This process of demand pull inflation is shown

in Figure 2.5.

1

When demand increases from D| to Dy the real national income increases
from Y; to Y, because the existence of unemployment and unﬁsed
capacity make possible an increase in supply at existing prices. When
demand increases from Dy to D3 both prices and eutput rise because in
spite of the presence of unemployment and idle capacity in the economy
as a whole, in particular sectors 'bogtlenecks' arisg from shortages,

) imbalances and rising marginal costs. This type of inflation is
sometimes called "bottlenecks” inflation to distinguish it from 'true'
inflation which sets in when effectiv%-démand'éxcéeds full employment,

_ Eull capacity supply, as representedrig tﬂé diagram by a move from D,

.

to Dg at Yg.

21
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There is considerable disagreement among economists concerning the
causes of demand-pull inflation. Two main streams,&?\bﬂéiiggﬂexist
about the economy'and how to deal with the situation of exces;\\\\

demand. The two groups are the Monetarists and the Keynesians.

Monetarists believe that all inflations have monetary causes. An
increase in money supply at a faster rate than the potential -output is
’
expanding is considered the necessary and sufficient condition for F]

inflation. The economy is relatively self-regulating and monetary -

policy 1is the most effective method of reducing inflation.

On the other hand Keynesians believe that excess demand can be
generated th}ough either an ingrease in household expenditure or an
{ncrease in phe money supply, both of which lead to more épending.
Thus non-monetary factors, such as an investment boom caused by the
opening up of new investment opportunities or a rise in consumer
borrowing and spending, can cause substantial inflations. Keynes}ans b
agree with Monetaristé that such inflations cannot continue
indefinitely unless there is also a corresponding monetary expansion.
However they feel that such an inflation can continue for an extended
period even 1if there is no monetary expansion. Furthermore, the
actual monetary expansion often occurs as a response of the banking
system to the heavy monetary demand. Keynesians also believe that the
economy cannot be relied on to produce a full employment situation if
left to itself and that fiscal policy (taxes and expenditures) is a

more effective tool than monetary policy (interest rates and money

supply) in dealing with the problems of inflation and unemployment.

Lo
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The Monetarists base their ideas on the Monetary Theory Model of the

economy while the Keynesians employ the Income-Expenditure Model of

the economy.

Monetary Theory and Inflation

\

A basic principle of the Monetary Theory is that inflation is caused |
by an excess of money in circulation. Modern Monetary Theory has its
roots in the Traditional Quantity Theory of Money. This quantity
theory was developed as part of classical economics which assumes that
the equilibrium level of the national economy always occurs at full
employment and that there is a constant velocity of circulation for
money. The theory states that the monetary value of national produc-—
tion is the product of prices and national production. Changes in the
money value of national 1income are proportional to changes in the
money supply. Since the economy is assumed at full employment,
further increases 1in output are impossible in the short term. There-

fore any increase in the money supply will result in corresponding

price increases as consumers have more money and demand more goods and

services.

Modern Quantity Theory recognizes the frequent occurnrence of

[}

N

N\

unemployment at the equilibrium level and the possible variations in
ploym q 4

the velocity of money. The definitibn of the money supply has been \\

expanded from just demand deposits and the amount of currency in the

hands of the public, to include total privately held bank deposits

<

N
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(savings accounts, term deposiEs, etc.). Changes in the money supPly
and aggregate demand will mainly cause changes in prices in a full
employment economy, and will cause changes in reallincome (output and°
employment) in an economy with unemploymgent and relatively rigid
prices. Monetarists feel that the Central Bank's control of the money
supply is the most effective factor in effecting changes in the

national income to control inflation and unemployment.

[
The Keynesian Income-Expenditure Theory and Inflation

The Keynesian approach differs from the Monetarists approach in that
it focuses attention on changes in the total expenditure flows and on
their effects on income énd prices.. It assumes that for an economy to
be in equilibrium yith no pressure on prices, the total real expendi-
tu;es must equa% the total real income. The terms real expenditures
and Feal income;refer to monetary units as measured in a base year in
constant dollagé; as opposed to nominal or present day inflated

dollars. The monetary value in comstant dollars of the total demand

for goods and services 1is the total real expenditure function.

The components of total real expenditure are; consumption
expenditures (C), investment expenditures (1), government expenditures
(G), and the difference bétween export income and import expenditures
(X'— M). This expenditure function may be expressed as C +VI + G +

(X - M). The function relates the level of desired real expenditures

to the level of real income. The real income is the money value in

25



constant dollars of the total production ofﬂgoods and services in the
economy. When total expenditure exceeds what the economy can supply -
in terms of goods and services an inflationary gap exists as shown in

Figure 2.6 and explained below.

This figure demonstrates how an inflationary gap can occur in the
economy. The part of ‘economic expenditure that is most sensitive to -
income is household consumption as represented by line C. Government
expenditures, investments, exports, and imports are considered not as
sensitive in the Keynesian model and are assumed to be relatively
constant. The total expenditure function can therefore be represented
by the line C + I + G + (X - M). The intersection of the total
expénditure function with the forty-five degree line determines the

/\.\
equilibrium level of real-nationdl income, Yg. When national income

/
is at Yg, the total amodunt of goods and services produced within the
s ' !

econ;my is equal to the total planned ré;l expeﬁditures. However,

Ygp can represent an unfeasible level of output. 1f Y; represents

the absolute maximum level of output obtainable from the available
resources of capital and labour, Yp is the full employment level of
national income. Yy i$ thus an effective ceiling beyond which

output cannot rise. When Yg exceeds Yy expenditures fall short of
theilr real value. This situation exists when consumers desire to, and
have the money to, purchase more goods and services than are avail-
able. The same amount of money is therefére spent on less and there

is a consequent ﬁpward pressure on prices. This results in an infla-

L]
tionary gap in the economy of magnitude AB. The total expenditure

‘ } ’
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function must be shifted downward to a level at which the‘desired real
| » expenditures will meet the possible output. The Keynesians believe

\ that an inflationary gap can be eliminated with the appropriate fiscal

.

and monetary policies more effectively than with just monetary
»” * .
‘measures (54, 65). 4 X . ’

Thelkéynesians*agree tha;/éiriation‘in‘the money gupply exerts its .
,—/ . :

] N
influence mainly through impact on the components of total demand.. Ah -/
increase in the quantity of money causes a fall in interest rates,

stimulates investments, and thereby increases output capacity. This

-

type of action may be appropriate {f a deflationary gap exists. A
' deflationary gap is a condition that exists when the total expenditure ‘
function 1s in equilibrium with the economy in a situation of less V

. than fﬂll employment and output. However, during periods of .

; depreggion\and uncertain times investors take a bleak view of the
13 o, -
i

future. A lower interest rate or increased availability of money is \

unlikely to exert enough of an influence-on investment decisions.

AR Similarly, contraction of'money supply causes the rate of interest to i

rise and thus curtall expenditures. This cure for inflation may“not
T, ) work if‘invest;ent optimism and consumer spending fails to be
restrained enough by tighter money supply and higher interest rates. »
Total expenditures may not decrease and the inflationarg/gaps remain. /
. ) For these re;sons; the Keynesians Place greater emphasis on flscal ‘
" . policy rather than monetary policy. For cxample the Great Depression
of the 1930's failed to.be resolved with monetary measures, whereas

.

- . ‘rhe correct Keynesiang fiscal policies may have revived the economy.

«
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A combination of monetary and fiscal measures are thus appropriadte

when a condition of demand-pull inflation exists. A

2.5.2 Cost=Push Inflation

The situation where prices are being pushed up above the rate of
noraal price increase because of rises in costs not themselves
agsociated with excess demand is defingd as gost-push inflation. The
costs of production consist of wages and salariés, the cost of
imported or local materials, profit, and the cost of capital.
Cost-push {nflation is caused when one or more of these components
'increases independent of the state of demaﬁd; the increased cost is o
then passed on to the cousumer in the form‘of higher prices. The

process of cost-push inflation is shown in Fiff§re 2.7. ' ;

=
There are two types of curves in Figure 2.7. The original supply

curve is S, and the aggregate demand curve is D, yielding‘a full
employment of YF'. An Increase in the price of one of the components
of the cost of production, not counter—balanced,by a corr;spoﬁding
Nincrease in 1ts praductivity, causes the supply surve to rise to Sj.
Price level rises t; P; and output is reduced to Ylt‘ It is possible
that the process will not stop at this point, for the increase in the
price of one of the components could bring about a corre;ponding
increase in the price of other components, thereby setting off a

- .

cumulative increase in prices, causing further reduction of output and

employment. Expansionary monetary and fiscal policy alone, does not

-
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increase employment. If, as a result of expansiongry policies, the
demand rises to Dj, the price level would go up to Py, and theréby—
stimulat; the cﬁ;ulativekprocess of i;creasing/costs- A
contractionary monetary and fiscal policy &9es not arrest the price
increase; it only worsen§ the unehployment situation. When‘the demand
curve shifts to Dp, the output falls to Y, while the price level,

registers only a moderate decline. Futhermore, this type of

inflationary pressufe can result in another upward shift in the supply

curve to 5, and an increased problem at higher prices. The varying

combination of rates of unemployment and inflation have been presented

-

in the form of a series of trade off curves called,Phillfps curves
o~} i

[38, 54, 58, 65]. These curves demonstrate the relation between the

average ungmployment rate and the inflation over particular periods of
yggrs. These curves 'show that substantial increases in unemployment

are required kor‘even small decreases in the inflation r;te. The only
lasting solution to cost-push‘inflation is to remove or counteract the

forces that paralyse the working of the free market.

-

The following tyhes of cost-push inflation have been distinguished:

. a) wage-push inflation

“¥

b) profit-push or price-push inflation \
c) import-price push inflation
d) ignorance push inflation

é) ihefficiency-push‘inflation

31
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a)

Eége-Push Inflation

o
Rises in costs that are associated with social and political
origins, manifested by the power and actions of unions to
1 . s .

increase wages has given rise to wage-push inflation. Powerful

‘

unions demand and obtain wage increases even when there is no

excess demand for labour or increased productivity. In general,

employers are forced to accede to these demands and pass on the
;o .

increased wdge costs to the consumer with higher prices.

The trade”unions are able to resist downward movement of. wages
L ‘ @
even in the presence of substantial unemployment, and to obtain

wagﬁ increases in excess of productivity. There 1is also a

tendéncy for wage increases justified by higher productivity in

»

one sector of the economy, such as the auto industry, to spread
4

to other sectors where no increase in productivity has occurred.

t t
In demand-pull inflation, wages Increase as the result of an

excess demand for labour; the rise in wages i{s the result of

increased demand causing higher prices. The concept of wage-push
inflation is confined to increases Iin wages that are the cause,
and unot the result of higher prices. This type of inflation fs
not possible in an economy in which wage ra re determined by
purely competitive market forces. In the absence of overall
excess demand, the competition among the unemployed laPour would

be sufficient to keep the level down. What makes higher wages

= - = s s ot . . . . ¥
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~ possible in the ahbsence of overall excess demand 1is the existence

’ — -

of large trade unions. The monopoly power possessed by these
unions makes it possible for them to obtain higher wages, even
when unemployment is ﬁresegf, and no increase in productivity hag
occurred. The overwhelming power of construction labour unions

1s a major source of wage-push inflation in the construction

industry. This increases the unit cost of production, raises the

" supply curve, and thereby causes prices to increase. In order

for wage-push inflation to arise it is not necessary that the

L
entire labour force be organized. As long as large trade unions
exist, which are able to obtaln wage increases Iin excess of
productivity gains, these higher wages are likely to spread to
the non-unionized sectors of the economy, and give rise to an

’

economy-wide wage-push inflation.

If'petfect competition prevails in an industry, then labour in a
single firm cannot force the fifm to increase wages without

eventually driving it out of business. Since the firm's demand

" curve will be highly elastic, as it raises prices to offset

e

higher wages, it is likely to lose its sales to its competitors.

On the other hand, 1f all firms in the industry secure higher

wages, all of them will raise prices to cover increased costs

without fear of losing sales. However< in the modern Western

societigs, oligopolies are the norm in many sectors of the

economy. These oligopolies are interdependent and dominate many

industries and provide exceptional opportunities for unions to

33
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b)

secure wage 1ncreases in excess ;f broductivity/gains, with the
minimum loss of Jobs. This is because the demand curves facing
oligopolies are less elastic than those in competitive marketg.
Morgover, oligopolies are able to spend large sums on advertis-
ing, whose purpose 1s as much to make the consumer insensitive to

higher prices\as to make him buy more of a product. '

Profit—-Push or Price-~Push Inflation

’

This type of inflation is also called the administered—price
theory of inflation and it is similiz\fo the wage-push theory

except that enterprises rather than unions are the main cause. ’

The theory says that some firms or organizations, called sellers,
have monopoly power and would like to raise prices but are
restrained by fear of combines laws and adverse public opinion.
Other sellers who operate in competitive conditions are
restrdined from raisi;g prices by their cémpetition. During wage
neéotiations sellers will grant wage increases and use them as ah
excuse to raise prices, often by more than is required to offset
.

the rige in wage costs. This often happens in industries -

controlled by oligopolies.

When competitive conditions prevail in the economy, profit

margins are kept at a level considered normal by the competing
. N
Enterprises. Undeéifhese conditions profit-push is unlikely to

,‘ - (
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be .an element in the inflationary process. If overall demand
increases above the 1e§e1 necessary for full employment,.prices
and profits naturally rise. This éituaﬁion'would belong to ‘the
category of demand-pull inflation. Therefore, when there is a
high degree of c;mpetitibn in the ecdnomy, a Fost—push inflation
cannot arise as a result of increasing profit'margins py the
entrepreneurs. When a complete monopoly exists the entrepreneur
sets a price that maximizes his profits for any given set of
demand and cost conditions. At any other price, his profits
decline. Therefore, the maximum profit motive ensures that
profit-push does not act as a force generating infl@ﬁion with

monopolies.

Thus, an independent role is denied for profits only under
condi;iiip of‘%ure competition and compiete monopoly. This is
not the case under conditions of oligopoly, where industries are
dominated by a few 1arge sellérs: a situation that increasingly
characterizes modern Western economies. In such industries,‘
prices are determined by conventions, gentlemen's agreements,
standard matk—ups and price-le;dership. The goal of the firm is
not so much to maximize profits, as to maximize revegue, to
capture a larger share of the market, to grow and to gain stature
in the industry. The f%pm may try to attain a certain "target”

“
rate of return on invested capital, and if the firm decides to

I

raise this "target” rate, then the profit-push could act as an

autonomous force in generating inflation. The firm may also be

35



using a pfice policy of charging a certain "mark-up” above its
costs - "ma;k-up" being the percentage by which selling price
exceeds variable costs, when the latter is defined to 1ncludé
charges for overhead costs and profits. The use of cost-plus
contracts in engineering project; often contribute to iInflation.
Since, under conditions of oligopoly, competition among firms is
characteristically in non-price terms, the overhead costs of
firms are also likely to go up a3 more and more money islspent on
promotion, selling gimmicks, advertisements, research and devel-
opment,’and product differentiation. This also leads to an

; .

increase in prices, even in the absence of excess overall

effective demand.

-

The mechanics of the prbfit-push inflation are the same as those

of the waée—push inflation. An increase in the mark-up leads to

a rise in the supply curve, as shown in Figure 2.7 and to an

increase in price; and with a given demand, to a redqéﬁion in

ou;put. The reduction in output acts as a deterrent An mark-up ya
inflation. However, as more and more industries are drawn into

the cycle of rising prices, they find their collecéive action -
ratified by the’forces of the market. If one industry alone

raises priges, it might lose its sales to-other industries. When

large segments of the economy resort to increasing prices, the
relative‘prices in the economy remain unchanged. Theré is thus

no change in total demand resulting from such collective action.

3,
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In most {nstances wage~pugh and profit-push inflations occur
simultaneously and they often reinforce each other. This is

sometimes referred to as profit-wage-push inflation.

The existence of oligopolies makes it possible for price
increases to occur often in defiance of the laws qf supply and
demand just as the existence of powerful trade unions makes it
possible‘for wage lncreases to occur even In the presence of

substantial unemployment. It is the struggle between labour and

- business for higher shares of the total national product that

sets off the wage-profit spiral of rising prices. Between them

they want more than 100 percent of the total product. Since this

is 1mpossible{ inflation controls what the actual shares should

be.

4 %
The profit-wage—-push inflation process works as follows: High

profits increase labour's determination to wrest a larger share

from business. If this were an 1solated instance, business would
be unwilling to grant the demanded wage Increase. But if wage
demands were being made {n several sectors of the economy,
business becomes more willing to grant the wage increases. This
i1s because business is more confident of passing the wage
increase to the consumer in the form of higher prices . when such
increases are already taking place all over the economy. The

increased wage payments create enough additional purchasing power
, }

in the economy to buy up the former level of output at higher
/v !
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prices. Business will continue to employ the same iabour force

as before and produce the same rate of output. The increased

prices, after a lag, may generate another round of wage and price
increases. While enough purchasing power may be generated to buy
the actual output at rising prices, there may still not be an

overall excess demand: The primary solution to this kind of

1

inflation must be the design of effective policy to wrest

{

economic influence away from the double monopoly, and for strict
governmental management of wmonetary policy (interest rates and
i A

money supply).

!
c) Import—Price Push Inflation

t

‘e In a world where rising prices are universal, a country's price

slevel would ‘tend to go up simply because of the rise in the costs
of'the imported materials that enter into the production of'
domestic goods. The more dependent a country is on imports, the
more powerful this fagtor is likely to be. Whereas fmports of
goods and services constitute a small percentage of the United
States Gross National Product, they account for twantf—five per-
cent of the Canadian Gross National Product [39]. This factor
could account for the higher price increases often registered by
'Canada in comparison with the United States. The devaluation of
the dollar also contributed substantially to some increases In
'd;mestic prices. High technology equipment which is often
imported from Europe and Jaﬁan has risen in cost as the value of

our dollar drops [34]. Imported oil is much more expensive than

Canadian petrolégm.

\
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Ignorance-Push Inflation T

A cost-push inflation ma& often be the result of consumer
ignorance or insensitivity to high prices.m,Bksiness is able to
employ all the powerful media of communication and influence to

create new wants in consumers as well as to make them insensitive

to high prices.

An example of this kind of inflation 1is when consumers are
convinced by advertising that a national brand nawe product 1s
preferable to an equivalent less expensive non-label product.

N

Thus consumers pay more for the same item.

.
.

The availability of easy credit even at high interest rateé,
which are often concealed from the gullible pu?%ic, encourages
this lack of sensitivity to higﬁ prices. Anothef factor of
considerable importénce is that high incomes have‘? natural
tendency to encourage market imperf;ction. As the incomes of
consumers increase it becomes progressively less Qorthwhile for
them to search out bargains, and to compare prices. A third
factor is the increasing proportion of women who enter the labour
force. Th%s gives them less time for careful shopping. The
modern working-housewife therefore simply‘does not have the time
to compare prices and quality, and make the beét purchase
possible. She alsc demands more services - better packaging,

more processing of the product and so on. Producers offer
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_consumer to higher prices. Practices relafing to promotion of

confusing varieties of products, in not easily comparable sizes

and this further compounds the lack of sensitiveness of the

2 el oyt el

sales such as 'cents-off' labels, over-priced 'large economy

=

sizes', and advertised 'specials' on which no price reductions

are made occur often. Promotional devices such as trading -

L4

stamps, contests, coupons, give-aways, all add to costs and

Tk el s g8,

increase prices. The answer to ignorance-push inflation is

bJ
better consumer education, and prohibition of practices that 5

contribute to consumer deception. Ignorance-push inflation can

~

occur in engineering projects as sales engineers promote various

products and systemskwithout permitting time for a systematic ’

s

evaluation and choice by the project engineers.

.

Inefficiency-Push Inflation

/
The inefficient use of productive resources cause increasing 3

_ 3
prices and is called inefficiency-push inflation. The existence

of large and lethargic oligopolies, the prolongation of the life '

of declining ;nd {nefficlent industfies under governmental

protéction all contribute colinefficiency—push inflation. A good

example of this problem {s the steel industry in Nova Scotia

which 1is kept alive only with extensive government aid.

This factor is of special {fmportance in Canada where a protected

small domestic market encourages the use of outmoded technology

b4
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and the production of small amounts,oifan'infrﬁéte variety of
produogs.‘ The Uniped_§tates has a large domestic market_aﬁd
.therefére‘is able to combine the economies of scale and the
marketing ‘advantages of product“variety. Thi high standard of
,,living in Canada and the exposure of Canadian consumers to
products and aévertising ¥rom the United States, have contriguted

¢

to Canadian‘industries sacrif&cing éhe economies of scale in the
' interests ofuproduct varietyhespecially in the area of cousumer

goods. The many small construction contracéors are often an

éxample of inefficiency-push inflation. This problem ﬂeeds very

careful study in order: to devise schemes of dncouraging the

efficlent use of Canadian resources.

2:5.3 Demand Shift Inflation

=

Demand shift inflation, also called structural rigidity inflation,
exists in a s{tuation where resources do not move quickly from one use
to another and that wages can increase éu% not deérease. Under such
conditions real adjustments occur very slowly when patterns of demand

Qe -

and cost change. Even though there may be no overall excessive demand

in the economy and the cost-push elements are not powgrfui, inflation

mgy occur, due to shifts in demdnd among the sectors of the economy.

—

,Shortages appear Iin a potentially expanding sector’/and prices rise

because the/slow movement of resources prevents the sector from

*

expanding rapidly enough.
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. Wages and prices rise in the sectors where demand increases, but do
qnot fall in sectors where demand declinese. ‘The increase in wages and
priées thgt occurs in the sector where demand has inEreased is likely
to result from increased progits or from the need to attract more
labour. In a market economy, this type of behaviour of prices and

-

P :
wages 1s considered normal. It is the process by which market forces

A

bfing about that allocation of resources which conforms to the desires

this is counter-balanced by the fall in prices and wages that j;;urs

in sectors which have witnessed a decline in demand.

-/

-

However, in an economysuffering from structural rigidity contracting

LY

sectors keep factors of production employed because of their low

mobility. The combination of businéss and trade unions result in a

i

resistance to the dowmward movement of prices and wages. Since both
prices and wages are’ rigid on the déwn side there is no deflation in
the potentially contracting sectors of the economy. In fact often

prices and wages may actually increase in these sectors of falling
"demand.

The high wageé obtained in one sector of the eéonomy lead to demands

for increased wages in other sectors of the economy, regardless of the

-

"\
abilit)-of these secto¥s to absorb higher wages. The process of

ad justment of an.economy with structﬂ;al rigidity therefore causes

inflation to occur.

)

L

and wishes of consumers. In an efficiently functioning market economy
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2.5.4 Expectational Igglation

Expectational inflation or anticipated inflation 1s caused in an

— economy with a general assumption of a set of anticipated price and

wége increases. These expectations can be generated by any of the

above-mentioned causes of inflation. They can provide a Eajor

{nflationary stimulus in themselves. The original causes may have

been eliminated but the inflation psychology continues due to pa

expectations. Wage contracts often contain escalation clauses,
N

st

contracts are made on a cost—plus basls, and :Yterest rates rise in
response to the anticipated inflation. ion persists under these

conditions as each set of price”/increases leads to wage increases and

~ to more.anticipated cost rises.

»
¢ a

2.6 Summary

¢

The nature and the various types of inflation have been described in this

chapter. It has outlined the history of inflationm, Canada's present

I3

inflationary environment, and several theories relating to the causes of .

inflation. Inflation is a serious problem in engineering ‘oriented

¢

-

projects. The pexsons concerned with engineering decislons:therefore have

a vital responsibility to determine, evaluate, control, and minimize

inflation in their projects. The ensuing chapters are an effort to provide

some of the necessary background to complete this task.
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CHAPTER 3 ' ‘

THE SIGﬁiFICANCE OF INFLATION IN ENGINEERING PROJECTS

v

3.1 Introduction

The previous chapter has reviewed the problem of inflation and outlined -
some theories concerning the causes of inflation in our ‘economy. ?

~

Economists have been discussing the causes and solutions of inflation for

-

many years. The Investor, Owner, Project Manager, Architect, Engineer and
b i , «
the Contractor are concerned with the causes and effects of inflation and
how to avoid or minimize its impact. Inflation becomes a major factor in
many decisions. AThe fﬁifrmation presented in Chapter 2 q?monstrated how
inflation in many séctors of t&é construction industry, urban real estate
.devegdpment, industrial plant and other engineering oriented projects has
been' above the general background inflation rate. There are some specilal
reasons for this phenomena due to the particular characteristics of this
sector of the economy. These causes add to the problem of ;nflation. This .
chapter describes how and why there has been sucH)an escalation in costs.

The chapter examines how inflation occurs duriﬁg the life of a project and

discusses the effects of inflation on the cash flow of a typical project.
- .

.

342 The Project Cycle and Inflationary. Pressure ©

!

)
The best method to understand where and how inflationary pressures are °
introduced into a project is to stdﬂ? the different activities and stages

involved during”a project. Inflationary pressures can increase the final
- ) -’
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cast and affect the viability of a project at evégz stage. From the
RN

financial viewpoint, that of the ownmer or~1nvestor, :he.project developnent
. cycle comprises four phgées: the'pre—Investment phase, the investment
phase, the operational phase and the disposal phase. The engineer,
architect, project manéger or contractor view a project differently. It is
usually divided into these stages: conception, feasibility, design,

e ! .
procurement, construction, commissioning, operating and disposal. Some of

these activities may occur inrparallel or overlap. Figure 3.1 shows the
project development cycle. In terms of actual capital expenditures, the
greatest portion occurs during the const;ﬂttion stage. A review of the
activities in the project cycle fllustrates the sensitivify of ezch stage
to inflationary pressures and how inflation can be eféectivelyfdealt‘with
¥ at all times. The most important observation is that the earlier inflati&n

is identified and included, the better the ability to control and minimize

its effects [8, 12, 15, 25, 67].

3.2.1 The Pre~investment Phase

fhe Pre—énvestment Phase - the dbnception stage of a projgct is the
process of identifying investment oppqrtunit}es and project ideas
which are subject to further ;crutiny if the propositions are
provenviable. Market studies analyze proposed projects agalnst the
following basic criteria:

. - the level of demand and supply for the product or service

e

provided by the project;

s 05 <y bz teng
-
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.- the resources and factors of production required and available
for the project, including’natural resources, financial

resources,technology and labour;
the cost of these resources and,factors of production;
- the general investment climate;'
- ‘the investment and fiscal policies of government;
s - the industrial and development policies of govermment; and
- the possibility of utiliz{;g or expanding existing facilities to

produce the same item, to cut costs, attain economies of scale or

-

to provide for easier integration or diversification.

4 LoV

Feasibility studlies are prepared for projects that have been identified as

Y

possibly viable in one or more market studies. They provide a techmical,
(f

economic and comercial base for an investment decison on a particular
project. A feasibility study defines and analyzes the critical elements

that relate to the production of a giyen product, or to the provision of a
A Y

given service,

T

e}her with-alternatéve approaches to obtain the product

or service. For{{industrial projects such as petrochemical, steel, pulp

.and paper, and manﬁfacturing plants a feasibility study provides the

required technica data for a project of a defined production capacity at a

/‘1.-;../—

i

Af—a’.;—:;&'

gelected location

7

iusing a particular technology with a defined set of

materisl inputs and product outputs. The financial data identify the
P

investment andpro Qtion costs and the sales revenue, yielding the return
o )

on investmert. Specifically, the feasibility study examines the possible

’

economic alqernatives of: : ’ '
£

: Ay
a) Mariet and project capacity: demand and market study, sales,gid

|
!

maﬁketing, production programme, and ﬁlanc capacity; ’/

47
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b)
c)
d)

5
b
8)
h)

Material 1npdts;

Location and site;

Project englineering: technologies and equipment, and civil
engineering works; ’ )

Overheads: _ £actbry, and administrative and sales;
Manpower: labour and staff; -
Project implementation;

Financial analysis'techniques: investment costs, project

financing, production costs, and commercial profitability.

A feasibility study for a residential or codhercigl structure will coutain

a similar type of analysis.

Feasibllity studles can be very time consuming, costly and involved. Often

a less\detalled study called a pre-feasibility study is conducted first.

Pre-feagddibility studies, are done to deEermine whether:

ol

l

«

a)

b)

c)

—

"

The investment opportunity is so promising that an investment
decision can be taken on the basis of the information elaborated
at the pre-feasibility atagé;

The project concept justifies a detailed analysis by a.feasibility
Qtudy; :

Any aspects of the project are critical to its feasibility and
neceasicatg in-depth 1nvestigation through functional or support
studies such as market surveys, 1abo£atory test, pilot plant

tests;

48
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d). The information is adequate to decide that the project idea is
neither a viable proposition nor attractive enough for a

particular investor or investor group.

When the feasibility studies are completed the proposed projects are
X M )
evaluated agalnst each other and other criteria set by the investors and

the final decisioné are made.

The impact of inflation on a project is most significant during
.

pre—investﬁent. Although only minimal expenditures occur‘during this phase
v it 1s evident from the description of pre-investment activitles that it is

;hevtime when the key decisions whether to proceed, and how to Sroceed,

with an investment are made. As just described the studies done during

this period establish most of the technical, economicland commercial

;equiremenCS and output for a project. The consequences of these

engineering and investment decisions made during this period will last at

least through the life of the investment and even beyond for the investor.

Pre-investment activitles involve a three stage process: the collection of

relevant informatipn and data, the preparation of projections over the life
of the investmeﬁt, and, the evaluation of this information to arrive at ‘
decisions. Since most of the major investment and engineering decisions
are made during this period, this is the best time to utilize the proper
techniques to evaluate ptoﬁects, alter decisions and examine new 1ideas.

Some of-these techniques are discussed in Chapter 4. It is also the time

when the most serious consequences will- result from the failure to consider

t
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inflation, the underestimation of the effects of inflation or the use of

3\

improper techniques to arrive at engineering investment decisions.

The capital cost estimates and operating cash flow projeétions prepared
during this phase are used as the basis during the design stage for the
selection of materials, equipment, building sYstemé, structural and

architectural components, and all essential cost items of a project. They

X

are then used during the construction stage for the actual committment and
distribution of funds, and during the operational phase for the
measurement, control and ofcash inflows and outfiows. The faulty
estimation of the effects of Inflation will result in erroneous technical
and economic decisions. This can affect the overall project detrimentally

and result in expensive modifications or revenue losses later on.

Most projects are evaluated with either present worth techniques or
internal rate of return criterion during the pre~investment stage. The
entry of inflation into ;he analysis and the consideration of different
inflation rates will often result in the acceptance of different project
alternatives. The proper techniques for doing this will be discussed in
Chapter 4. . |

Since decisions are made during this phase that affect the entire
investment, consideration must be given 92 the forces that different types
of inflation can e;ert on the cash flows. Demand - pull inflation can
affect the viability of a project, since at almost all stages the project

is frequently involved in a scramble for scarce resources such as energy,

50
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raw materials, construction materials, technology, equipment, skilled

TR R T

labbur, and capital. Under such conditions even small changes in demand or

supply can substantlially affect costs. A current example is the energy : ’

gl e

PP

situation. Slight increases in energy consumption or decreases in petroleum

supplies, combined with international oil politics, have caused phenomenal

Poaia >

increases in energy costs. The cost of diesel fuel in the United States
has doubled in\1979 from fifty cents a gallon to over a dollar. In fact
most organizations have underestimated the magnitude and the significance
of energy costs. This results in higher 1nf1ations later on, as investors
try to recover their lost revenue by passing on their mistakes in the form
of increased prices. Since modifications are often involved, the price

increases are usually even higher than if the original prices had included

A\
inflation.

!

Cost - push inflation must also be considered with reference to its
possible effects on cash flow. The prime éxample is Wage - push inflation
caugsed by the powerful construction unions that can escalate the cost of /

)
projects and cause delays if strikes occur. This 1s an especially serious -~

problem during construction and start-up stages when projects are almost at

the mercy of these unions. o

The management and financial administration of a project, in terms of the
overall expenditures and revenues for both.the investor and the contractor, !
can also be {nflationary. Longer construction periods mean higher

financing costs to the owner, and more capital frozen in the form of )

51



retention (holdback), late payments, and in negotiationé-for éontract price

adjustments for the contractor.

'
’

Finally, there are many costs which are eventually passed on to the public
which are not necessarily due to inflation but more the nature of the con-
struction industry and the existing social and economic environment. These
are considered as part of the pre—investment conditions for any proposed
project. éuality control and quality assurance specifications add
considerable time and money during the gesign phase, as well as the
construction and operating phases. Environmental and safety requirements
have resulted in enormous expenditures on non-productive elements. On the

1

other hand, enginéers, project managers, and contractors are frequently
presented with inadequate or unclear ;becifications, work ﬂefinitions, and
drawings. The Involvement of and regulation by governmental bureaucracies
éompounds this problem. Many projects are started, planned, and estimated
with over optimistic and often unrealistic projections of time, cost, and
revenue. The above problems result in uncertainty, delay, repeated work,
conservative and uneconomic design. Contractors and design firms must’
absorb the considerable overheads and the costs of tenders that are not
awarded. The diversity of projects incur additional costs as the necessary
ad justments are mad; for each particular one. The cyclic and seasonal |
nature of the construction indug&sz\creates a major problem in the‘
providing of year round stab;e employment of labo;r'and machines.

‘Consequently the cost of the nonproductive time is absorbed by a future

_project. ' .
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'resistant to inflationary pressures. .
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3.2.2. The Investment Phase : o : .

The Investment Phase - Once the go—ahead is given to a particular project
substantial financial resources start being committed. The investment

phase includes the design, procurement and construction stages.

The design stage includes the preparation of project plans and engineering

designs inéluding scheduling, site testing ‘and surveying, the preparation

R L oW SRR N SN T

of designs and blueprints, detailed engineering and ;rchLCectural work and
the final selection of materialé, technology and equipment. There may also
be a pre-design.period wherein several proposed ideas or layouts are *

‘developed and compared before a particular scheme is finally selected. At

this stage the opportunity exists to design and select systems that are

The procurement stage refers to the negotiating and contracting required to

wcomplete the project financing, the acquisition of materials, supplies,

technology Ahd equipment, the construction of the’building and services and

the obtaining of the necessary government permits. This work continues

L L L L

throughout the project since these activities must be started as early as
the feasibility study. For exdkple the contraﬁts with the architects and
engineer are usually signed dﬁring the pre-investment phase. It includes

the signing of contracts between the investor on the one hand and the or

financial institutioms, contractors, suppliers and government agencles on

the other.

' ¢

The construction stage 1lnvolves site preparation, the construction-of all
7/
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'various gystems and establishment pf procedures and schedules.

. alternatives .which involve the least uncertainty about,

- It has been noted that the investment phase involves the major financial

“ blems, partiéularly during the consgtuc.tion phase, result in higher costs
- ' [ 3 .7

Q*

“ 1

»

the civil works and buildings and the installation an¥ erection of all

mechanical, electrical’or ptocess equipment in accordance with the

_estahlished schedule. This is the most capitai intensive stage of a

project whethqr it is an industrial plant or a commercial building. It 1is

essential that every element of cost 1s included in the planning for this

'

stage.

»

The investment phase provideé the opportunity\for the utilization of both

%

inflation avoidance and‘inirgtidn control -and minimization techniques. The

design_stage involves majnr decigions with regards to the selection of

There

[y

exists, thetefore,ban ideal period to select and design those systems,

; -

procedures and schedules'which.are most resistant to inflationary

pressurds. The most effective approach during this ‘stage is to select the

3

and the most
1 ’

3

control over future congtruction and operating costs. The same inflation

LA et PR L 2T .

avoidance techniques can be used during the procurement stage Iin the

Lag v

dfawing up of the terms and conditions of the various contracts that are

signed.

[

Vil A e

The selection of the type of contract can be an ‘effective tool in
»

this area. / !

A

[l
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commitments for a project. These expenditures occur mainly during con-

&
struction. VSince evety investnent must follow the principle that time

LY .

o

wagted equals .money lost it {s evident that de}ays of productivity pro-

[
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to the investor. These costs can be expected to be passed on in the form
o . B

of higher prices for the products and services. As projects and individual
Casks b;come'more complicated and involved, labour efficiency diminishes.
Site ;roductivity has become a majof area of cancern.' Futhermore, q;rrent
-projects- require a high degree of-interdﬁgfndancy between the client,
engineer, architect, project manager, and'orgauized labour. The schedule

and cost of such projects are highly sensitive to a disruption or delay by

any of these groups. Thus bad scheduling, labour problems, delays in

v construction, deliveries, or startup even in one small area can quickly - g )
. . i
affect the entire project. The major tools avallable to mamhge and control s
these problem areas are proper and effective planning and scheduling. ' The §
, \ perforpance of a project during the construction can only be as ¢ é

satisfai?bry as its engineering and managenment controls. All the various

: inflationary forces such as demand - pull or wage - push can be controlled - i

1, . k|

- and ,minimized [8, 11, 15, 17, 32, 48, 72]. 2

| , B

‘ . i
; 3.2.3. The Operational Phase i o

, ‘ ' . - A %

’ The Operational Phase includes the commissioning and the income producing A é

: ‘ ) : A

TR stages of an investment. By this time the major decisions and capital f

S / :

expenditures have been completed and the scope of change is limited and c . 3

} .

eipensive. A major effort during this phase is directed toward controlling

and minimizing the inflationary pressures now built into the projecdt.

The Start-up stage includes thé commissioning of a project and the training
" of its personnel. It .is normally-a brief but technically cgritical period ‘

i !
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during a project development. In the case of commercial or residential
urban projects start-up usually just involves the training of custodiai and
maintenance staff and adjustments required for heating, véntilating, and
Air conditioning (HYAC) systems and elsewhere. Nonetheless,‘problems in
these areas can result in serious difficulties due to extra costs and
protests from tenants. The start-up stage for real estate developments is
called the absorption period. This period spans the time wﬁen the first

i

tenants move into a development to the time when it 1is considered fully
rented. The training of skili;d persopnel and plant commissioning is much
more critical in inauskrial situations.' The initial period after the
comnencement of production can include broblgms in such matters as the

application of production techniques, operation of equipment, labour and

equipment producfivity, and inexperienced supervisory staff or labour. The

.

’start-up stagé links the construction stage with the operational stage.
¥

~

’ |
The operational stage involves the regular operational, maintenance, and
production activities duringlthe opefating life of an investment. It 14
concerned with the expenditures and revenues from th) ftems produced, .

accommodation provided, or servicés given, and any associated problems.

Energy, maintenance, labour; and materials are the major elements of cost,
: -.

¢
while sales or rent are the sources of révenue during this period.
. h ]

It is hoped that the cash flow projections prepared f?r the operational

phase are accurate and adequately account for the effects of 'inflation.’

.

Since the operational phase extends .over the life of a project these

!
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effects of inflation are both cumulative and compounding. If operating

costs and revenue projections are faulty, the economic justification of the

entire project may be jeopardized. 1If such errors are only identified
during Ebe agtual operational stage the remedial measures are often

imposgible or difficult and costly.

3.2.4 The Disposal Phase

.
Finally the disposal stage 1s concerned with the final disposition of a

project at the end of its useful life. 1Its saltvage value, if any, usually

does not play an important role in the decision process since the dis-

counted value of a cash inflow far into the future will be minimal.

However, the feasibility of some projects of a medium life span, or real

estate investments which usually have' a substantial salvage value -can be
affec éd by this component. The influence of the salvage value will be

enhanced when an Inflated salvage value is considered. J”

3.3 Cash Flow During the Project Cycle and Inflation

It is {important to examine the actual consequences of inflation on a

project before varlous techniques are outlined for dealing with it. The

»

ﬁroject cycle can be expressed as a series of cash flows into and out of

the prpject. The paramount factor that determines the viability of a

.

P

- e o e A p———— . L
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project is its profitability. The assess@ént of the pfofitébility of a
project consists of the determination and evaluation of these cash inflows

and outflows during the life of the investment.

»

3.3.1 Types of Cash Flow During a Project

The cash outflows duriiifzaé,life of an investment are categorized as
follows [52]: /o '
1. investment capital ' >
2. working capital
3. annual fixed costs , /
. 4, variable costs

5. taxes

The cash inflows for a project: are:
1. sales or rental income
-
2. scrap income or salvage value N

3. working capital income

‘

0f course the significance and size of cash flows for industrial projects
are different from real estate developments but the viability of both is

determined from the cash flows.

Investment capital includes all the ‘financial resghrces required as a-
non—recurring‘?ixed investment; the cost of which are allowed against
profits over a period of years before taxation is calculated. They

include:
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1. buildings and civil works
2. mechanical, electrical, process and other moveable or statlonary

machinery or equipment.

The working capital consists of the money required fo bridge the gap
between expenses incurred and income received during the operational life
of the investment. Working capital can be expressed as the current assets
minus ;urrent liabilities or the permanent capital minus the” fixed invest-
ments. Over thellife of a successful investment the aggregate income
exceeds expenses, recovering the working capital. ﬁrequently the actual
money used as starting working capital is recovered early. However,
business operations still require working capital; whether self generated
or externally supplie§. Inflation can result {n an increase in the working
capital required té keep the investment operating. This may create cash

flow problems for an investment. -

Cash flow is especial}y important for industrial projects where raw
materials have to be bought and paid before finighed products are sold and
income received. Considerable amounts of money are usually tied up in
inventory and stockpiles. Thus, for an industrial project the working
capital is often a large part of the permanent capital. It is only

recovered at the end of a project when everything is sold.

The annual fixed costs include all the ‘Yyearly expenses incurred by a

-

project during the operational stage independent of what else happens. It

’

is the major cash flow of an urban development and an important cash flow
ggr industrial projects. These expenses include regular maintenance-costs,

repairs, taxes, insurance, overheads, and salaries.

e

r

RIpY W¥

I AR

v dr et

59

e




Varlable costs involve payments that are directly proportional c6 the
étod;ction rates of an industrial project or occupancy rateé of an wurban
development. It is most significant in Industrial projects where materials
are converted into finished products. These raw material costs are
directly proportional to output. Some manpower and maintenance costs are

also proportional to output and are considered variable costs.

Taxes reﬁresent payments to government and are calculated from the differ-
ence in annual cash inflows minus cash outflows subject to depreciation

allowances on capital investment.
L4

Sales and rental income are the most signif@canb\iash inflows of a
project. Scrap income represents the moneyfreailzed at the time of the
final disposal .of the assets of the project. This income is far off in the

future and is usually relatively insignificant. Of course, the scrap

" income becomes important for investments with a short holding period and,

or substantial salvage value. Working capital income 1is only the recbgery
of mon‘p laid out during the year to finance operations and {s put back

into the working capital for continuing operations.

’

3.3.2., Cash Flows, Profitability and Escalation

The profitability of a project for an investor is the rate of the return on
his equity that the investment brovides. Life cycle flows are projected

and analyzed to determine whether the ptojéct has an acceptable level of
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profitability relative to the degree of risk. The contractors involved in
a project are concerned with maintaining margins on the individual plece of
work’ that is being done ;hd ‘thus their profitability. The main ‘difference
bétween the investor and épe contractor involved in a project is that the
owner 'or investor 'is interésted in both‘Ehe“long term and short term
profitability of his investment and the conéeqﬁences of long and short,
term inflation while the individual contractor is more concerned with the_
effects of cost escalation on his profit during his relatively short term
involvement in tpe project. It is the inflation of project construction

costs during the capital intensive construction stage which is usually

referred to as the cost escalation during a project.

The degree of cost escalation possible in a projectican bé obsgerved with an
examination of increases in expenditurerof a project for a range of
duration and escalation rates [25, 48, 55, 73]: Since the major
expenditure of investment capital occurs durlng the construction phase of a
project, increases during this period wiil seriously affect the
profitability. The duration of most major construction projects is between
one aqd five years. This duration 1s‘in;reasing‘as larger projects are
undertaken. Escalatlon rates ranging between zero and thirty percent have
been observe@ in certain projects. Total expenditure versus time curves,
-«called S curves, can be prepared which indicate the rate of capital
commitments over the duration of the investment phase of a projecf. A

! typical,examéle of an é cu;ve {48] is presentej‘in Figpre 3.2. The =
expenditures reprégented in'Figure 3.2 have been escélated‘at constant

annual rates,ranging between zero and thirty percent, for

—
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durations of one to five yeats.‘ Although the data presented in Chapter 2
y

demonstrates that counstant inflation rates do not exist in reality,

averages can be established for certain cash flows and projects over
several years. For this discussion a constant rate is therefore used to
1llustrate the effects of inflation on project expenditures. The new

expenditures are presented in Ejgure 3.3 as percentage cost increases on

the base date budgeted cost. It is obvious that the longer the duration of

!/a project, the more it is influenced by changes in the rate of inflation.

1 \ .
\_}/ The capital cost of a five year project can be almost double the original

budget. The additional capital investment required to finance this cost

escalation can drastically alter the profitability of the investment.

The impact of inflation on capltal expenditures also depends on the

§
spending patterns over the period that the money is spent. Three possible

’

KN
expenditure curves for a project are shown in Figure 3.4. These

expenditures have been escalated at different inflation rates and different
durations and are presented in Figure 3.3 for A and Figure 3.5 for B. The
escalated expenditure curves for C are so similar to curve A that Figure
3.3 may be used. The expenditure difference between curves A and B under
the longest duration and highest escalation rates 1g about 13.5%. The

expenditure difference for an average project of three years and up to

v

twenty percent inflation' is 4%. This relaaively small difference in
expenditure can make the difference between acceptance or rejection of an
investment. Therefore the pattern of expenditures for a project must be

v

accurately established with regards to the extra risk incurred by

i

inflation.
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It appears that giveé a constant and predictable inflation rate, that
project costs will not differ substantially with the use of different
scheduling and spending patterns, S curves. The use of early start
schedules does allow a greater control over, and an earlier opportunity to
minimize the impact of inflation. Early start schedules are even more

y effective in the case when inflation rates are not con;tant and cannot be

predicted with great confidence, a condition that characterizes the present

situation.

However the main area of concern and risk 1is in accurate prediction of
the inflation rate,proper accounting for inflation in decisions, and in
minimizing and avoilding the impact of inflation. For example referring to
curve A in Figure 3.3 for escalation rates of 15% and 25%7 and five year
duration the increase in expenditure over the base value ;t the start are
487 and 80% respectively, with a net difference of 32% between the two
values. For a project pf three years duration the net difference is 16%.
Thus there is a high degree of uncertainty as to the capital investment
required by the owner and the costs and revenues %or the contractor. This
results in a tendency for projects and ‘contracts of shorter duration to

reduce risk. This also results in a desire for higher profits and

~ protective measures by investors and contractor for longer term projects

-due to the risk.

s

The ceastruction phase involves the capital outlays to build the income

producing facilities of a project. The'previoua section has demonstrated

the effects of inflation on-the cash flow during the construction phase.
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However, since the investor is concerned with the overall performance of a
project, the consequences of inflation on cash flow throughout the life of
a project must be examined from conception, through feasibility, design,

construction and operation. Since this time period extends over many years

the effects of inflation constitute a major risk which must be included in

the appraisal of a project.

Inflation can on occaslon result in making an investment more profitable .
and desirable. If reven;es increase faster than the general inflatiom rate
while expenditures increase at a rate equal to or less than the general
inflation rate then inflation can yield a net benefit to investors. The
net income producing cash flows increase and the payback perio; can
decrease in such a situation. Figure 3.6 shows the cuﬁulative cash flow '
curve for an industrial type project duriag a non-inflationary situation
and during high inflation. During the feasibility,.design and construction
phases the cash flows are negative sin;e the investor does not see any
financial return until the plant is commissioned. Throughout the oper—

ational phase income exceeds expenditures, cash flows are positive and the
. ‘

" cumulative cash flow moves Iinto a surplus. This project has a design -

construction phase of about thrée years followed by ten years of

operation. An examination of the two cash flow curves reveals the counsi-
derable effects of inflation. ' For example an assumption of an inflation
rate of 207 for costs and 18% for revenues,will result in the cumulative

cash flow of $23.98 million increasing to $114.64 million over the ten
years. An investor faced with this situation must first determine 1f he 'is
. B i N

able to provide the-eifra capital required to complete the project [48].

.
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é. éb?topfiate discount rate and in the forecast- of inflation rates for a
v . prﬁject are reviewed. An introduction to cost indices for project | %
J planning, management, and control, 1s}preaented. Finally the important i
fl 2 1mp11cafions of taxation ‘and depreciation afe examined with' respect to thﬁ g
! :, ,problem of 1nflation. ' ) ! «<, , %.
: b2 EQa%uation of Project Peéfbrmanée'ﬂn&er Ipflacibh ‘ ‘ o %
- — — , i
- JThere are several &ethSds ;vailable for the evaiﬁation of & project.. Most . ‘; j :
‘?' ' employ the use of the project caah flows outlined in the previous chapter ‘4" g
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The considerable impact of inflation on engineering projects was demon-—
i N ! N a

s@rated in the previous chapter and must be accepted as a fact of life.

v ¢

P \Tﬁfs chaéter is concerned with some of the techniques and methodology
’

available to include the effects of 1nflation during the appraisal and

>

v G T e
y 2

evaluation stages of a project.l The basic interest formulas for the time
value of money are modified to include inflation. Suitable techniques for
investment analygis are described along with different approaches tﬁat &én

~

« . be uded with these methods. The difficulties in tpe selection of the

in their analysis. These techniques are divided into two types - simple

ralIowing_for the time value of ) R

P

methods which analyz p;ojects withou
q}\ se-the time value of mQney as a basic

money, ‘and discountin méthbds wh
. factor in thé appseisal of ap )
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Simplified methods such as the payback period or return on e
]

account for the time value of money; they are suita$1e ounly in an initial
" .

quity do not

1
v

~

stage for project’ evaluations that involve inflation. Net present worth

and internal rate of return are two acceptable-methods that use discounting
. .

M

i techniques in the evaluation and comparison of project‘alternatives.
¢ A}

!

9

The net present worth method of evaluating project alternatives is consid-

. ‘3 .
ered the most straighi-forward tecé;ique that employs the time value of
money concept. The net present worth (NPW) of a project 1s defined as the

value obtained by discounting, separately for each year, all the cash .

0
. 1inflows and outflows throughout the life of the projeét at a fixed, pre-

detérmined interest rate. This interest rate is called the discount rate

and .is geﬁerally based on the cost of capital. Section 4.5 examines how
.3

the discount rate is affected by inflation. The net present worth does not .
have a Rhysigal significance in terms of a present cash flow, but 1t 1is an
economic measure of the value of a particular project and it may be

compared with the pgésgnt worths of other possible alternatives.

. ,77 > .
© The internal rate of return method uses thé rate of return for .a particular

v ., oy .
_ project as a basis for measuring its econo§£& value. The {internal rate of

h -

"“return (IRR) of a project is the discount rate at which the present worth

I

. of all the cash inflows is equa% to the present worth of all the cash

‘outflows. The internal rate of return of a project 1s calculated with the

same discounting procedure and formulas as the net present worth. This

Y

» internal rate of retﬁtn,is compared with a'pre-detagmined aininun accepE-, ' "

-

able rate of return'for'the)partic:&Ar project.
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Both methods habe the capability to account for inflation and arejexteﬁ—
. ' ~
sively discussed in engineering economics and financial literature W2, 24,

46, 57, 71, 78]. This can be done through the modification of the basic

interest fofﬁblef.
). .
i

4.3 .Development of Interest Formulas with Inflation

¢
The net present worth and the Iinternal rate of return methods both use

interest formulas in discounting future cash flows. These formulas [2¢]

are present‘iﬁin_Table 4-1 and will be modified to include inflation.

Several concepts. must be explained before these inflation adjusted formulas

are derived. First, all cash inflows and outflows must be measured in

consistent units in order to perform an economic analysis. This is no
problem under conditions of no inflation where future dollars are equiva-
lent to presgent dollQrs; Inflation however, results in future dollars
having less value than preyéht dollars; the cash flows in an economic
evaluation must.thergfore be accordingly adjusted. Thus two types éf money

’

must be distinguished. Current dollars refer to the actual cash flows
il

occurring during a specific time period. Cohstant dollars répresent cash

it of monéy as

flows described with respect to the purchasing power’

represented at a specific point in time. (Constant Adollars have e;t;f“v~
- f,‘ L}

purchasing power at all times and are inflation corrected money. The

interest formulas may now be modified to include inflation by catefully

differentiating cash flows expressed in current dollars or constant dollars

M

and developing e}pressions in coqsiscent uits. These expressions are

‘9
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TABLE 4-1

Summary of Compound Interest Formulas without Inflation

*+

Concept

Compound amount of a single payment
y
Present worth of a single payment

Y
Amount of an annuity ’

14

Periodic deposits to accumulate a
future amount

.

Present worth of an é.nnuity S

Capi‘Qal recovery

Discrete Compounding

F = P(1+1)N '

: . ;
P=Fl 1

Q)N
» r PN
F o= Al(+)N-1

| 1

A= F i N
(1+1)N-1

p = Al (H1)N-1]
, i(1+1)N J

"A - P{i(1+i)N .

R Y e

[
£

LM Sl

SN SN S

=

1 ~
YeE e 5

o

Cr e e

\ (1+1)N-1 o
F = future worth of a cash flow or flows :
P = pregsent worth of a cash flow or flows ! X
A = agmount of perfodic cash flows g ‘ i
N = number of periods é
1 = interest rate per period’ ' . 3
. 1
1
- a i ’ { . J
’ ) y T Pl M
¥ - / ] ;
.] ~ a , N
\ L] !
L »
A} ¢ n
. , ’ c - )
5. «
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developed for the case of discrete intervals for compounding or discounting

and at a discrete inflation rate.

‘ | ~ )

First the following variables are defined: ) 4‘

. .
ij = real rate of compounding or discounting in the year j; 1 £ j< N

iy =rnominal rate of interest (market rate)

OJ = discrete inflation rate in year; 1 < j< N

Feu = Cy = actual cash flow in current dollars in iyear j

Foo = future cash flow in counstant dollars

1
Z
P = pregsent worth in coustant dollars

A clear distiaction between real interest rates and nominal or effective
interest rates 1s essential. There is considerable confusion and vagueness
Gin the available literature, especially in respect to the correct usage of

these rates. Regardless of the criteria used to determine the minimum

‘attractive rate of return for an investment, the interest rate {s always

“

quoted in nominal terms, that is actual current rates. This raﬁe is a

combination of three components:

(1) the interest rate for relatively risk~free investment in a non-

inflationary situation;

/

(2) the risk premium to compensate lnvestors for the uncertainty

asgociated with ch§ investment;

' 4
(3) an i{nflation premium that reflects the risk of inflation during the

I

-11fe of the 1investment.

/
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The real rate of interest as defined and utilized herein does not {include
J

this inflation premium. The expressions presented in this section can be

employed with either nominal or real interest rates and inflation. They

-

are appropriate when constant inflation rates are under consideration.

When differential and varying inflation rates are involved the basic

!

expression for the equi&alence between cash flows changes and a slightly

/

different procedure ig rquired.

Given an inflation rate "8" and a discount rate "i" an(equivalence be weeq
cash flows that occur at different timeés can be determined [1l, 19, 22, 27, oy

51, 52, 68, 76].. In Table 4~2, all the cash flows at the start and end of"

each period are equivalent to the initial amount "P". The new amount at ,

the-end of each period has included the effects of the time value of money

]
and inflation. Each cash flow increses the real purchasing power and takes

account of the time value of money and 1nf1atioq.

TABLE 4-2 -

,Equivalent Cash Flows
!

N - ) }

Amt at ‘Start Interest During Inflation During Amt at end of
Period of Period " Perlo 2 Period. Period
1 P 1P 8(P+1P) P(1+1) (149)
2 P(1+1)(14+8) 1P(1+1)Q1+e 8(1+1)P(14+1) (1+8) P(1+1)2(1+9)2
: \
N 4 ,,/ . . ’
. by, R 4
* ' -
v s P y“,‘"'»,"f-“‘?";'"?"‘ I, -

P

PRI LY




At the end of the jth perlod, a cash flow of Cy= P(1+1)31+8)3 is
equivalent to é cash flow of Cy) = P at time O at interest rate 1,
inflation rate 8. The cash flows reflect an investment that ylelds a real

rate of return, i, plus maintaining the purchasing power of money.

Thus the fundamental relationship that expresses a future cash flow Cj,in

current dollars in‘terms of a present cash flow in constant dollars 1is: o

P = ¢y
- . (1+1)3(1+8)3

/ , '

This expression can be modified to determine a “true” effective discount

rate "ig" that combines the real rate of interest and the inflation rate

P as follows: ‘ ,

P = €y 2 - G - O
(+03a+e)d () +e))I  +e+ie)d - (1+1p)d

o T— WA 3 S e

with ig = 1+0+16 ‘ i

[

—

i The effective discount rate, 1y, thus accounts for inflation and may be

agsociated with existing market interest rates. The effective discount

\

/ rate ip can be used directly to find the present worth "P", in terms of a_

&,
base currency.of a future cash flew “F* in curreat dollars:
P ="  Fey - Feu = Feu
1+ eyl (++e+e)d (1+p)d . -
" P

"!

BN 8 s, f
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Bince In most situations it }s the effective (or nominal) interest that is

available, the real rate of return, i, must be determined. This can be

done as follows:

1+ 06+ 18 = 13“ where iy 18 assumed a function of iy

i(}+9) +8 = 1ig ’ in general ip > iy

1(148) = 1-8

;= 1378
1+8

,

The future worth of cash flows can be determined with the same principles.

In terms-of then current dollars the future worth of a single present cash

flow is:

‘

Fy = P(1+ip)]

:The future worth in constant dollars 1s:

F_ = Fou . PQ#p)]
co -

(1+48)]  (148)]

—

oo »
In terms o*he real rate 6f interest, i:

2 = POHE)Y | P(1+1+1648)] _ P{1+(1+1)(1+0)-1]]
co

a+e)d - (1+8)d (1+8) 3" .

_ Fgo = P(1+1)J - ) -

© -

+
%
3
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» These bagic ‘formulas for a single cash flow can be expanded to include all

~
R T T e o RS LS ot ey bt s e i
SR i g T TR T, T S T e T e it R N

. v

L . ‘ .
the expressions in Table 4~-1 and obtain the present worths and future

values of a serfes of cash flows occurring at given intervals.

If a series of "N" uniform end of period cash flows occur, each having a

current dollar value of "A" then future worth in current dollars of these

cash flows 1s equal to the sum of the individual future worths.

Fou = A + A(1+ig) + A1+ )2 + ... + A(L+1p)NL

o

(IHp)N - ‘ .

L

Fey = A

ig

A s g

This future worth in constant dollars ia£

1
. S , \
‘ Feo = Tou - A fa#p¥ - ‘ s : D T
(0¥ (140N 13 " CoL i -
. E i |
In terms of the real interest rate, 1i: ’ ' ¢
. o3
. 1
lg =1+ 18 + 8 = (148)(1+) - 1 !
A +1.)N- N N_ ‘ E
reo = A arpi- | 4 | ase)Na+Na !
N |a gy (140)F | (148) (1+1)-1 '
\~' i

M L

A simple inversion of this formula p;ovides the expression for the size of

uniform end of period cash flows required to yield a féture cash flow with -

a specific value in constant dollars. ) :
: ct

-

v

~
, N




e ol

. simplistic; that is, all cash flows inflate at a rate equal to the general

J—

The present worth of a series of "N" uniform end of period cash flow is: ‘ ,

p= Fou o A (1+1g)N-1 » ', ,

P (1+1g)Y  (1+1p)N ig

or in terms of the real interest rate, {i: '

< ot g
e

P = A’ (1+0)N(1+1)N-1 o \ ) 3
(+DN(L+N | (148)(1+1)-1 ‘ ]

~
=il

0

A list of compbund interest formulas are presented in Table 4-3.

2

The expreésions derived in this section contain one main assumption that is

’

rate of inflation of an economy. The price statistics.presented in Chapter

4 emtat =

2 iqdicate the opposite. Different inflation rates apply to different cash \
flows. In fact, many of the available inflation indexes are composed of
sub-indexes of labour and materials; with each sub—index experigncing'a .

differeat rate of cost increase. A more accurate equivalence of cash flows

may now be expressed as: . \ i
1

cj - Co (1+8+40)J

a+)3 a+e)d  a+1)d (+8)d . ;

'

with 48 equal to the differential inflation rate for the ﬁarticular cash

flow under considerationm. This differential inflation rate is Eargely

LS
N ¢

"independent of the general inflation rate present in the economy; it is :

-

. N o
i > \ ~
. AN
L3 ¥
N

" usually a characteristic of the type of cash flow. Energy costs, for %‘

e
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TABLE 4-3

Sumnary of Compound Interest Formulas with Inflation

Effective Interest Rate

Real Interest Rata

. Concept and Discrete Compounding and Discrete Compounding T
t
‘1. a) Future worth in Feo * P(l+iB)N Feo ™ P(1+i)N
constant dollars
of a single cash
£low (1+a)N
‘ b) Future worth in Foy = B(1¥1g)Y cu ® PLAD)Y(149)B 1
current dollars ' -
of a single cash ,
flow ’ .
2. Present worth of a Eoy Feu .
future single cash P = . P =
flow {n current R ‘
dollars Q+ig)¥ (L+0)¥(L4a)¥
3. Future worth {n A | (rpdia A Jase)Na+nia
constant dollars of Feo ™ Feo *
uniform end of period . .
cash flows (1+8)¥ iy (1+0)N{ (140)(1+1)=1
. 4. Amount of uniform 13(148)¥ (1) (L+1)=1) (14N
ehd of period cash A= TF.o A= Fqo
- flows required to -
accumulate a future (1+14)8-1 . )N+ Ny
worth in constant )
dollars '
5. Preseant worth in A (1+1B)“-1 A (l+9)“(1+1)x—1
constant dollars of P = P =
unifora and of: .
period cash flows gl gy O [ (L) (1401
6. Amount of uniform .| 1pCirtpd¥ ((14+9) (1+0)-1)(1+1)¥(1+0)Y
end of period cash A= A=P
flows required to )
o recover a prasent . (1+1g)8-1 (48)¥(1+1)8-1 .
T , cash flow . i
P = Present worth of a cash flow or flows {n constant dollars
4 \
‘Fop = future worth of a cash flaw or flows in constant dollars '
Foy = future vorth of a cash flow or flows in current dollars
N B ‘
A = amount of periodic cash flows —
o * ! - -
.~ N = guaber of periods
i+= = real "interest rate per period N ¥ .,
i3 = effective ‘interest rate!per period2iy market rate of interest
- ’ 2 , L3 M
i @ = inflation rate per period . .
1
8 o

s 2 oo ok it s
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example, have a high and positive differential inflation rate. The problem
is further complicated when several different average inflation gaCes'apply

at various periods during the life of an investment. | G

e B S

AT

t
- 1

A comprehensive economic evaluation under these circumstances requires that

.8

each cash flow be escalated at its particular inflation rates. Then every’ \

5
2 VK

cash flow is discounted with the appropriate interest rate and inflation

S i K

rate for each period. Although the formulas presented In this section can
¥

be modified, there is a limited scoépe fér this type of analysis. 'The o
. 0

investment analysis‘brocedure is too complex and tedious to undertake

PR

manually. Specially designgd computer programs have made the p;obled more !
manageable and-several different alternatives can be evaluated without much

difficulty. These computer programs are desigﬁed 'to handle complex .cash

flows with varying interest rates, inflation rates, and risk facforsQ The .

input data base required for the above programs can, however, be ‘quite

N

extensive. This type of analysis is most suitable *for long term or complex
invesgtment programs. - 6€Eailed breakdowns and projections of capital costs,

life cycle cash ‘flows, lnterest rates, #nflation rates, and risk analysis .

'
¢

are often necessary [52]% o ;

- ] 3 P . 4
" ™
Many projects do not have the data for such an analysis; norg do they

- ? I3

_demand or have’the rgsohrces for.th;s level of examination. It~i§

£ 1

frequently more convenient and just as useful to procbed with an economic 4

appraisal utilizing the discount formulas presented in this section; with a .
{

uniform average inflation raté and appropriate escalation rates-for the ° -

cash flows. This method }js employed for short term projects%rrelativély o A
)‘ , o L
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S

simple investment decisions, for, projects\with similar typés of cash flo&s,
and as an initial phase of a detailed evaluation. The examples in this -
: [}

. \ .
paper. demonstrate some of the practical applications of the indesgst

?‘

L]
4.4 Practical Application of Inflation Adjusted Compound Interest Formulas

s

As long as the consi%;;?cyhof units is maintained the appraisal of any
x,
project may'bé completkd with the aid of the formulas!|just presented.

There are two-general approaches that are used [13, 78]: -
Y

(1) 'to express all cash flows in terms of current dollars and combine the

) :
inflation rate with the real monetary interest rate to form a single

. , _
effective discount rate for economic calculations, evaluations and

comparison; J

(2) to express all cash flows in terms of constant dollars and use the

‘real monetary interest rate as a discount rate for economic calcula-

—

tions. , ' ¢

- —

‘ o ~
Both approaches will yield the same result for pfe—tax evaluations as is

shown in Table 4~4 which determines the present worth of a $10,000 ,
v -

investment that returns $3,000 at the end of the girst year, $4 000 at the

end of the secgnd year and $5,000 at the end of the third year. The real

monetary interesf rate for this example is 10% per year and the inflation

Apate ié 5% pér year. The constant approach 15 a better method when the/

. . ’ .
investor is unable to determine the effective discount rate under inflation

and when the real discount rate is available. It is not suitable: when

81

-
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. TABLE 4~4 .

Combarison Between Current Dollar and Constant Dollar -

Approaches for Investment Appraisal

Current Dollar Method

Cash Flow in
Current Dollars

i= 10% g =52 °

Present Worth Discount Present
Factor ) ' Worth
1 = 1

(1 +6J™(1 +1)" (L+1p)"

1.0000 ~10,000.0

0. -10,000
1 3,000 .8658 2,597.4
2 4,000 7496 . 2,998.4
3 5,000 .6490 3,245.1
4 6,000 - .5619 - 3,371.5
. - , +2,212.4
Constant Dollar Method
Cash FIOﬁ,in * Present Wofth Discount Present
Constant Dollars Factor Worth
A1/(1 + 9)n 1/(1 + 1)1
0 ~10,000 1.0000 *°- '~10,000.0
1 2,857.1 .9091 o 2,597.4
2 3,628.1 -8264 2,998.4
3 4,319.2 .7513 3,245.1
4 - 4,936.2 .6830 ° 3,371.5
i +2,212.4 .
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* life of}the investment and it completely includes the effects of

frequently used'with various combinations of inflation rates, real discount

"
_tions ,are appropriate. The methods just presented are therefore limited in

, [

{ v . ,
depreciation and taxation must be condidered as is discussed in Sectilon

4.6. The current dollar method, hawever, provides extra information since

e -
it includes in the analysis a projection of the actual cash flows over the

depreciation and taxation on these cash flows. This permits the investor

to determine the actual financial requirements for a project. It is

v

therefore more suitable g?en the effects of inflation on the discéunt rate

are better known. The choice depermys on the circumstances of the
!
-
investment and the preference of the Rasestot. Both approaches are

~

rates, and effective discount rates.

3 . N

Once again, the main assumption implicit in this discussion is that all the

csgh flows are subject to the same uniform inflation rate. The formulas

1

also assume that the'effective discount rate ip Is a direct function of

A

) f
the real rate of interest and the inflation raté;}it may be expressed as

4
i

ig = i + 16 + 8. The previous section has outlined when these assump-—

-
.

their applicability. Investments that require the consideration of non-

uniform and differential inflation rates canndt be e&aluated properly
without some modifications in the methods des&ribed. Since various cash

flows increase at different rates, no true ,equivalence.of. cash flows can be

established using the general inflation rate for the project. Agpure

_congtant dollar amalysis, for this type of investment, does not prdvide a

v N . ,
valid measure of investment performance. This is because the coastant

dollar method assumes uniform inflation rates for all cash flows. The

. [
;o
4 ~---~—‘-~*—n~~~-~"x —<'_

pr— K.
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C) -
current dollar approach does not result- in the correct decision as well.
The purchasing power of current dollars, even when discounted with iy,
cannot-be compared to the purchasing power of constant dollars due to the
involvement of different inflation rates for cash flows and purchasing

power. The ianvestor therefore does not know whether he should postpone

present usage of his money for future dollars of an undetermined valuge

A two stage approach including the current dollar and the coéstant dollar
method and incorporating differential inflation rates is proposed.' Ehe
cash flows are first expressed in cpbnstant dollafs; they are next inflased
at their individual inflation rates)\ The l;;:§§:r now has more valid

brojections of the cash flows for the investment than if one uniform

1

inflation rate 18 used. He can determine if tﬁe investment 1is désirable in
terms'of capi%ﬁl and cash flow requirements: The next step is to discount

these ca;h flows to constant dollar cash flows ug}ng the overall inflation

rate estimated for the period of _the 1nveLtment. Thg constant dollar cash

flows are not the same as would be employed in a pure constant dollar

analyéis.* The constant dollar cash flows are (hen discounted with the

time value of money rate, the real rate of interest appropriate for ‘the

-

@
* In mathematiéai terms for situations where A8 # 0; .
Co (1+6+a8)d | ) )
. e o ~ . 5
(1+48)3 o ' g

/
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? \
investment. This method permits the investor to make comparisons among
3

alternatives without worrying about the value of his units of measure; the
constant dollars all have an equal purchasing power. This method is

, - A
generaf&iLused with computer aided investment analysis programs [52] and it

R )
helps the investor arrive at what he hopes 1is the best decision.

4.5 Selection of the Discount Rate and Inflation Rate

- :

The éelection of the discount rate and the inflation rate used in the
interest formul;s is a major decision In the investment evaluation.
Numerous guidelings and rules of thumb are used to selegt thé discount
rate. In geaeral, the discoqpt rate can be defined as the cost of capital
for a project. For some projects, the cost of c;pital is determined by the
monetary rate of interest of the long term borrowings required to finance

the project. On the other hand there are more sophisticated concepts of

the cost of capital [45] which are frequently used. These include:

(1) “the rate of return required on new investments to maintaln or increase

earnings per share; . .

X

(2) the cost of debt capital minus tax savings;

(3) a weighted average of yleld on debt capital and price to earnings

ratio of the common stock of a company;

(4) the rate of return fequired on new investment in order that the market

-

price of a company's commén stock does not decline, thus enhancing or

at least maintaining investors interest in the company.

i

85
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However, regardless of how the discount rate is detérmined, it must be’
/

tecognized that since cash flows, interest r{tes and the general outlook of

the financial market 1s expressed in current dollars, that the cost of

A L3

‘cabital will include an inflation omponent to compensate for the

decrease in the value of money. Th the di?ﬁbunt rate is composed of a

constant dollar Interest rate which remains relatively constant and an .
[ 4

'

{dflation responsive component. There is considerable controversy among
economists concerning the relationship of inflation.to interest rates and

retyfns on inv?stments.

Y

.

The general assumption is that interest rates (market or effective) can be

expressed as (1 +1)(1 +8) -1 =1 +1i8 + 8. The value of"iris of course

different for risk free warket investments (government bouds) and for risk

venture capital investment. This is why the cost of.capital or effective \
discount rate, ig, is generally greater than the markgt rate, {iy. The
fo%mu%as presented in this chapter which use the above express?:n for ip :

can be used for risk free investments when ig = 1. It 1s crucial that

i »
the proper rate of Interest is applied with either the constant dollar)or

the current dollar method of project evaluation. The cyfrent ark

N

rate of interest ig is appropriate witn*current dollar? cash flow TN
' ~
G
&nalysis. This i{s because the cash flows are*to be discounted for both

.

|
inflation and the time value of money. The real rate of interest [l4, 36, j
39, 42, 43, 46, 49, 52] must be used as the diseount rate with a constant

dollar analysis since inflated cash flows are not considered. If the
effective or market rate of interest is mistakenly used then the cash flows , |

4

are discounted twice for inflation. ‘ /

¥
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The selection of real and effective discount rates is an arduous task in ¢
e -

the présent environment of high and fluctuating 1nflaéion rates. The reall

7

.rate of {nterest is generally assumed to remain reiatively constant for a
4

9 - i
parficular type of project, while the effective rate oft interest is

supposed to respond closely to inflation. Market interest rates have,
hl * {

however, not risen adequately in response to inflation and real rates of
-r N
interest have declined to low or even negafive values. Table 4-=5 examines
<

this phenomena by adjusting the yield on long term Government of Canada

o .

Bonds for inflation on an annual basis and a five year moving average. The

five year movihg average smooths out very large price movements in any
gilven year. This provides a better basis against which long term real
rates of Interest may be dgterminea. These nominal and effective real
igter?sc rates are presented graphicallxjin Figure 4-1. This makes
meaniﬁgful‘economic‘analyéis and decision extremely difficult. It Qust
tt refore be emphasized that the selection of the appr;priate discount .

rates for an investment {s a critical decision; one which involves the

selection of a real discount rate for an investment, the inflation

anticipated during the life of the investment, and general economic

environment during thé period.

The inflation'rates used in the appraisal, of a project are however jﬁst a

projection ;ﬁd estimates of the future. Sidte the actual inflation rates

can often vary considerably from the projection, the evaluation of a ™

project should be conducted under a range of possible Inflation rates and
Vi .
/

discount rates. The possiglg»outcomﬁs of the invegqtment can be examined

“ith respect to the probability of occurrence and a more reasonable and

rational decision can be made.
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i 4.6 Implications of Inflation for After Tax Investment Evaluation

. 4
Since most investment evaluations myst be conducted on an after tax basis

. )
and with depreciation allowances, it is essential to develop the required
methoddlogy (46, 73, 77}. The basic tools are the discounting formulas and

the present worth or internal rate of return methods into which are

» introduced taxation, depreciation and inflatioa.

- e

D&pfeciation is the monetary allowance égainst income to account for the
annual deterioration of the income producin; asgets of the investment. It
allows .for the recapture of the initial investment capital. The
depreciation allowance reduces the annual income of an investment subject
to taxes. Thus the larger the depreciation allowed, the less tax is paid
and the more ;}ofitable the inve;tment. Under present tax law, this
depreciation allowance is based on the original cost of the asset. The}/
depreclation allowance does not Increase during an inflationary situation
even though the replacement value of the capital assets and all the other
cash inflows and outflows do increase. The tax benefit from "historical
cost” depreclation 1s received in current dollars but is calculated and
measured in terms of original investment dollars. - The fuil benefit of
depreciation is therefore not realized even though over the project life
the sum of the yearly depreciation equals the original investment capital.

This results in a steady shrinkage igrthe tax benefit of the depreciation

allowance as gross profits inflate while depreciation does not.

The investor must select an appropriate method to evaluate an investment
with depreciation and taxation considerations. Since the depreciation

expense allowed does not change with inflation, the after tax cash flows do

3

Py




not inflate at the same rate as the general inflation rate. The constant | ﬁ
dollar approach is therefore not suitable since it as;umes that all the
cash flows inflate at-a rate equal to the general inflation. The currene ‘
dgilar method provides the correct techniéue for the required analysis.

The current dollar approach expresseé each cash flow in actual current

doillars. The impact of depreciation and taxation can be fully included in f

the net after tax cash flows. The investment analysls 1s first conducted

in current dollars including the depreclation allowances &nd taxatlon
expenses to obtain current dollar after tax cash flows for each year. The

Ky ' -
after tax cash flows are adjusted to constant d8llars and the present worth’

or internal rate of return is determined. The following example employs

the internal rate of return method to measure the worth of an investment.
. ]

e

It outlines the above procedure and demonstrates how after tax coansidera-

tions are especially important under conditions of inflation.

An investment of $10,000 is proposed which will yield an annual positive
cash flow of $3,500 for five years. The investment has no salvage value

and a straight line depreclation of $2,000 per year is used. The corporate

tax rate is 50%. This investment is analyzed assuming no inflation and a

9% inflatfon rate. Table 4-6 provides the cash flows for the case of no

.4
inflation. The internal rate of return may be determined by solving for
the interest rate in the expression for the present worth of the series of

future benefits. . \

p’ = A (DN - where P = $10,000 and A = $3,500
1(1+)N ‘
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+rate of return of 11% for the case of no inflation. °

-solved for the unknown internal rate of return. This is presented in Table

Solving for 1 yields a before tax rate of return of 22% and an after tax . . 2

LAY

..
13

o i

The cash flows for the investment with 9% inflation are presented in Table -~ °* ‘ -

v

pa £

4-7. The before tax rate of return is still 22% since the pre-tax cash i

flows in constant dollars s still 3,500, However, in order to solve for
the after tax rate of return, the after tax current dollar cash flows must

\
be discouanted by theainflation rate to constant dollar cash flows and (

4-8. The possible outcomes of this investment are summarized in Table
4-9. The before tax rate of return for both cases remains constant since
the cash flows are.fully responsive to inflation.‘ However, in the after
tax calculation there is a considerable decrease in the rate og return.
Even though the actual cash flows respond to inflation, the depreciation
allowance remgins constant. - Taxes increase and the real net profit in . e
constant dol}ars decrease. As profit levelé rise to higher taxation levels

.

profits are reduced even further.

Two lmportant conclusions may be observed from this example. The first is

that inflation reduces the profitability of investments éhat involve tax

o
- »

considerations and depreciation. It is not as serious a factor for other

types of investments where all cash flows are directly responsive to the

inflatlion rate. The second conclusion is the obvious necessity of this

type of methodology in an Investment analysis in order to avoid some

unfortunate surprises later.
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. TABLE 4-8 5 5
. U 4
Adjustment of CurrentsDollar Cash Flows to Constant ” Z
Dollar Cash flows and Determination of Internal Rate .l
' of Return N M T
- ' - 5
‘ Equivalent Constant Present Present Present i
Current Dollar Dollar Cash Flow Worth Worth Worth Co
Year "N"  Cash Flow (1 +8)7N, 6=.09 @ 8% @ 97 @ 8.5% :
Q’ - -10,000 '~10,000 - =-10,000 -10,000 =10,000 '
1~ -~ 2,907.5 2,667.4 2,469.7  2,447.2  2,45B.4 . Y
2 3,079.2° 2,591.7 2,221.9 2,181.4 2,201.5 .
3 »3,266.3 2,522.2 2,002.1 1,947.6 1,974.7
4 3,470.2 2,458.4 @ 1,806.9 1,741.6 1,773.9 - '
o 5 3,692.6 0 2,399.9- 1,633.4 1,559.8 1,596.0
N +134 -122.4 +4.5
TABLE 4-9 ¥ .
— } A
' , N \
Before and After Tax Rates of Return for an Investment Subject ! .t
to a Zero Inflation Rate and a 9% Inflation Rate ;
3 !
Before Tax Rate After Tax Rate
Situation . of Return of Return ;

No Ihflatioq

9% Inflatién

222

227

112

8.5%

e
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4.7 Cost Indexes ‘ . , ' oo
) .

Cost escalation indexes have been developed (4, 7, 41, 53] to monitor price

increases of specific components and various sectors of the economy. These \
i \\v—‘\\ indexes are comstructed by government and industry to provide a'historical

record of price changes, and can be utilized to monitor, manage, and

, control cost escalation during the life of a project [23, 26, 31, 48, 56,
6é, 72]. Future\éﬁgh flow;, cost and price escalation and inflation rates
can be’estimated'or forecast with tge ald of these indexes and the statis;-\ ¢

ical techniques outlined in Section 4.6.2. The utilization of the data
provided by the indexes and the application of statistical analysis to them
provide a rational estimate of(@he future cash flows for a project; this

/
/[Sy'_procedure also supplies appropriate inflation and éscalatiogbrates to

incorporate in the project evaluation and planning. ’ N \ R
, :
\

The most often quoted index is the Consumer Price Index which was presented
j in Table 2-1. Although this index 1s not directly related to engineering

activities {t is usually employed when considering the appropriate 1?6}3-
tion rate to be used for an investment. This is because the investment

J .
capital 1s provided by the general public who forego present consumption

1

: e S
for future consumption. Thus the most releii:i/}pdex to the public is one

A
that relates the purchasing power of money over time; that is the Consumer

\ el t

Price Index. Other more engineering-oriefited indexes which are employed

for the analysis of individual cash -flows are presented in Section 2.4 and

c Section 4.7.3. e R ) -

Y el B0 SODEE Y R
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~ 4.7.1 The Development of a Cost Index : ' N,

Each{;ndex is an average of a set of economic or cost factors believed
to represent the wages, fringe benefits, productivity, cost of mater+

ials and genheral economic condifions required to produce a given /

‘

product or service. Since each type of activity, product or sector of ,\\\\/)

the economy differs, each type of index consists of different combi§3:~/)

tions of the above components and assigns different weights to these
components. An index may be constructed in this manner for almost
anything and to any defired level of detail. The index is a number

that relates the average cost of these factors at any given time to a

~

- base reference year when the costs are assigned a base value of 100.

The indexes presented in this paper are generally available only

.
A

\\_”i~>A§gygI§} months after the fact. This 1s because they include a vas%
N
data baée and there are delays in gathering and correlating all the

information. The complexity of the problem is demonstrated“if the

flow of resources for a typical congtruction contract Is examined. It 57
is evident from Figure 4.2 that tbkre are many ievels of activity in

the system where pflce changes are input [11]. The finished product

is often processed at feveral stages with each stage contribuﬂle§ a

cémponent of labour '‘cost and material cost.” The construction of an

accurdte and reliabYe cost index for ;ny item must account for these

v;;ious inputs and assess the degree of cost contribution of each

component toward the final product. The result 1s an Index prepared

at'a gfven time with a set proportion of cost assigned to both labour :

/

4 : ’
,

/ _
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* reflect price aéjustments in the various weighted components of the

- 4

and materiad and a base valuye of 100. Changes in the index over time

index. The value of an index consisting of a materlal and labour ¢

component at any time is given by: -
IV= |FL ~-BL}] L% |FM-BM| M+ 100
BL . BM

“ . ‘ ’

where IV = Index valde at time "t"

w——
won

'FL = labour index valye at final time’ "t
BL = labour indef value at base time

L = percentage of total base pricelfor labour component
FM = material index value at final time "t"

BM = material index value at base tiﬁe”

M = percentage of total base price for material component
}

The indexes presented in this paper include two 'types - input and
output indexes. Input indexes measure the ‘cost performance of a
componeﬁt of a finished product. Statist{cs Canada prepares such
indexes for different skilled labour, materials, goods and ;ervices.

OQutput price indexes measure the cost performance of complete finished

”
products or specified groups of goods and services. These 1ndéxe§ are

prepared for residential and non—residential’éonstrdcpion, consxder

p;iées and many otﬁerq. "Both types of indexes are appropriate 1$\\\ ’ <
specific applications. 1 ‘ o | A /
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Output price indexes are u;efui where the object 1s to ponitor the
price fluctuation of specific finished products in the economy. The
main advantages of output Iindexes are that they are simple to use and ‘ i
that they measure the cost of a finished product. These costs 1
incorporate productivity fluctuations and profit margin changes. The
index formulation just presented is an output index. However, output

. o
indexes are only available for a limited number of products. These

items are frequently not similar to the product béing wounitored. This

may be due to major differences in the components of the product, the

.

" product itgélf or the technology used in production. All these

/

factors are not generally reflected in an output index.

."'—N

- »

Input indexes are employed when detailed cost monitoring is re{uired
for the various lmbour and material cost components of a finished
product. Thus input inde§es can beyPrepared for both portions of the
output index presented above. Monitoring the cost of components is an
impqrtagt and continuous activity during the life of an investment.
Unfortunately input iﬁdexes»do not make allowances for productivity
changes. An attempt to use input indexes to measure price movements

of the output of a sector of the economy will overestimate the extent

that productivity has increased. ' ‘ .

. ‘ {

Therefore, output indexes are more suitable as an overall ‘tool to
monitor, manage, confirm‘an? forecast averall cost escalation for the .
investor while input Ilndexes are more effective as an operative

instrument during bhe investment and operational phases of a project.

—
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4.7.2 Forecasting Escalation Rates with Indexes #

There are several mathematical and s¥atistical férecasting models J
avallable which utilize the historical data contained in an index to ; o

predict future escalation and inflation rata‘t These technlques are

~ extensively discussed [9, 16,, 52, 74, 79f and include: multiple

regression analysis, analysis of moving averages, time series analysis
and exﬁonential smoothing. Statistical forecasting techniques are
useful when the investor 1is unable to employ some other more definite
indicator of the future. These methods can be utilized, with the

historical cost indexes providing input data, in order to obtain

estimates of future inflation.

Some organizatjons are large enough or some projects are so extensive

that specific cost indexes may be constructed and’ a detailed analybis

‘ '
is undertaken for specific areas. Of course the more detailed the
1]
analysTs and the more custom made the index the more accuracy is
expected from the predictions. On the other hand. most projects and
L%

grgaﬂizations do not have the resources to conduct this type of
N » .

analysis. There 1s consequently a strong reliance on prediction of

escalation based on published indexes and governmental and other ///’”'

published predictions. However, it must be recognized that when
dealing with unknown future events the professional judgement and the _[~
experience of those making the forecasts may be the best and most

. i
important source of escalation predictiouns. { .

100
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4.7k3 The Availability of Cost Indexes ’ ;

3 s
Many\ﬂifferent cost indexes are readily available from governmental

-and prilvate organizations. Both the Canadian and Americg;\gbvernments

'
a

regularly publish reports on the performance of their economies. A
few of ﬁPe cost indexes prepared by Statistics Canada were presented
_1n Sectio? 2.4; 'many more are available [59, 60, Al]. These detgiled
indexes measure the changes in the cost of the labour and material
components of differént 1tems'1ncurring cash flows in a project. The
United State§ Department of Commerce publishes a similar set of :
economic performance indexes in the\%tatistical Abstract of the United

States; as do most other countries. Private and semi-private organi-

v
A

zations regularly prepare and publish cost indexes that reflect their ) A

i

i
particular, area of interest. Some of these indexes are very

3 g .
restricted in application and their general availability. Other

A Y

indexes are suitable in diverﬁf situationskr‘Thgse indexes are

1

regularly updated and' are sometimes 1ssued ébgether,with others. For

example, a comprehensive set of construction cost indexes o Sdyted-
‘\ ' . o .
and published quarterly'by the;%ngineering News Recor 181, A recent
1ist of the indexes, with\their source and composition, is presented
3

in Table 4-10. The Americ%: Assoc¢iation of Cost Engineers (AACE)

publishes the Cost Engineers' Notebook [3].. Thgs publication contains
4 ! :
‘a comprehensive list of avallable indexes, publishers, composition,

A
3 .
accessibility, and suitability. Table 4-11 presents the list of 4
! ‘ .

'

lndexes examined im the Cost Eﬂgineers' Notebook. The avajlability of
1 R

. Y
cost indexes is therefore not a problem. However, the selection of- an

P \
\

s
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TABLE 4-11
- _ ' \
List of Indexes in Cost Engineers' Notebook
Baildings ‘

Index of the Cost of Industrial Building o
Austin Building Cost Index (Industrial). !
American Appraisal Company Construction Cost Index (Industrial)
Boeckh Building Cost Index (Industrial, Commercial, Apartments, Hotels,
Residences and Office Buildings) &ﬁj
Marshall & Stevens Building Cost Index (Industrial)
Fruin~-Colnon Building Cost Index (Industrial)
Fuller Building Cost Index (Composite of Industrial Hotels; and Office
Buildings) |
Smith Hinchman & Grylls Building Cost Index (Composite)
Turner Building Cost Index (Composite)
Department of Health, Education and Welfare
Representative Construction Costs of Hill-Burton Hospitals
and Related Heath Facilities o
Dow Historical Local Cost Indexes (Various Types)
Campbell Manufacturing Building Cost Index (Industrial)
Engineering News-Record Builging Cost Index

General Construction

Engineering News-Record Construction Cost Index

Department of Commerce Composite Cost Index

Engineering and Contract Record Cost Indexes (Canada)

Associated Gemeral Contractors Construction Cost Index - Comstructograph
(Wages, Materials & General Comstruction)

U.S. Army Engineer's Contract Unit Price Index (Heavy Construction)

Price Trends for Federal Aid Highway Construction

Plant Construction and Equipment C—~—

Chemical Engineering Plant Cost Index

Nelson Refinery Construction and Equipment Cost Indexes

Weber, Fick and Wilson Cost Indexes for Water Works Property

Handy-Whitman Index of-Public Utility Construction Costs (Building, Gas
Plant & Electric Light and Power)

-Handy—Whitman Index of Water Utilis Construction Costs (Water Works)
Co

Bureau of Reclamation Construction
and Hydropower Construction)
Marshall & Stevens Industrial Equipment Cbst Index

st Trends (Power Plants, Irrigation

!
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TABLE 4-11 (Cont'd)

Construction Materials

{ \
Engineering News—Record Material Prices
(See also E-1.12, page 7, and E-1.21, page 7)

Wages and Employment

Bureau of Labor Statistics Employment andk%arnings Stgtistics for the
United States

Bureau of Labor Statistics Employment and Earnings Statistics for States
and Areas .

Engineering News—-Rec{rd Wage Rate Indexes

Engineering News-Record Wage Rates '

(See also E-1.12, page 7, and E-1.13, page 5)

Construction Equipment

Bureau of Labor Statistics Wholesale Price Index Construction Machinery
and Equipment ’

Assoclated Equipment Distributor's Compilation of Averaged Rental Rates
for Construction Equipment

Commodity Prices

Bureau of Labor Statistics Consumer Price Index (Goods and Services)

Bureau of Labor Statistics Wholesale Price Index (Various Commodities) °

Bureau of Labor Statistics Steel Prices, Unit Costs, Profids and Foreign
Competition

Labor Output, Employment and Wages

Bureau of Labor Statisties Indexes of Output per Manhour for Selected
Industries
(See also E-1.15, page 1 and page 2)
|
Plant Maintenance

McGraw-Hill Factory Cost Indék

Transportation

Department gg\tommercé Schedule of Annual Indexes for Carriers by
Railroad

R
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appropriate index to be used with a particular type of cash flow is an

X
area of “great coancern and significance.

4.8 Summary

The methodology and technlques presented in this chapter coustitute a set

of gl}ﬂ%&i&fﬁ for the apﬁraisal of projects under condition of inflation.

[4

' . ’

An investment that is properly evaluated from {ts inception has a much

better possibility of a successful outcome and no bad surprises.

L
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CHAPTER 5

.CONCLUSIONS AND RECOMMENDATIONS |
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4 ;3}‘
Conclusions and Recommendations &

. 5.
- Over the years countless authors have attempted to address the issue of #
,43
inflation and society. This paper has discussed some aspects of this topic * 4
with a specific audience in mind, the persons doncerned- with engineering i

xe

investment decisions. Engineering decisions have a prominené position 1n

B
decisions r;garding the distribétion of our resources. Anything that
affects the decision-making process or the outcomes must therefore be {
&Aderstood and controlled. The nature and significance of inflation has
been examined with respect to the overall economic situation, engineering
investment and engineering-oriented projects. The %erlousness of both i

problems has been explained and cannot be overstated. A series of steps

o

has been outlined which provides the reader with some of the basic tools

required as part of a comprehensive effort to understand, control, and

minimize inflation.

There are several other areas of activity that nmust be investigated; where

new ideas must be develobed to suit the present situation. The impact of

inflation has been demonstrated to be especlally significagt duriﬁg the_

pre-investment phase and the construction stage of a project.

-

effort i{s required in both research and practical areas, since Che most

Concpntrated

important decisions and the major capital expenditures occur during these
periods. This involves the establishment of infiation avo'idance
techniques, planning and scheduling procedures that properly incorporate
the effect and the risk assoclated with inflation, and effective and

manageable control systems. The accurate forécasting of cost escalation
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io 5 project and inffation in general is a difficult task during even‘the

most stable economic environment. The present situation makes this task

almost impossible unless more\effott is<i%Fected to provide up jto date cbst

information, and bettgr, more sensitive, techniques and guidelines'EOt

forecasting and planning. An improved cost -control systém can be developed

which will monitor, contrél, 'and minimize inflacion during the construction
¥ . .
stage. An overall inflation management program can be developed from this

2

base to extend throdgh all the phases of an investment. There are however

several other areas of activity to be investigated, where¥hew ideas must be ,

developed to suilt the present situation., This involves the establishment
: . ‘
of inflation avoldance teshniques not pnly during the appraisal stage, but

T

also through the desigh, construction and operational phases of an. !

investment. An effective or manageable control system can Be daveloped to

+

Handle the problem of inflation through these'phasés. This préé&am must

- P
. apply to the management functions, accounting procedures, contractual

. arrangements and purchasing matters; as well as englneering functious,

construction activities and operating_proc¢dures.

r
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