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ABSTRACT 

This study is concerned with the problem of capital 

equipment analysis of the Saudi Arabian manufacturing firms. 

The study as" .vnes that a replacement decision is under con

sideration. Hence, when such a decision is contemplated, 

the firm should decide at what level of capacity replacement 

should occur. Underlying a decision of this sort is a 

study of the expansion possibilities depending on how the 

firm's share of the market is projected. Accordingly, the 

framework of effective equipment replacement analysis should 

encompass the general economic outlook, expectation of 

demand for the firm's products during the period the invest

ment is in operation, the needed capacity to meet the antic

ipated demand, and analysis of both business and financial 

risk. 

Based on the responses to the questionnaire that 

was constructed for the purpose of this study, 8nd a library 

research, two hypotheses were advanced: (1) demand and 

capacity must be incorporated as the basic variables in the 

equation of equipment replacement analysis, (2) "capital 

intensive" practices are recommended for Saudi Arabia to 

follow to industrialization. The first hypothesis was 

theoretically analyzed. Bayes' theorem was used to revise 

the probabilities of the state (i.e., demand) of the system. 

ix 
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With a new influx of information, the probability of the 

various states' occurrences are up-dated and the condi

tional probability of the decision variable is attained. 

To obtain an optimal policy, a two-states dynamic program 

was formulated to test the viability of one of two alterna

tives—replace with equivalent capacity system, or replace 

with greater capacity system. 

The second hypothesis was empirically established 

in conjunction with studying and projecting the state of 

the economy and the nature of the manufacturing industry. 

Moreover, demand was approximated at 70 percent of GNP and 

growing at 19 percent per annum. The rate of capacity 

utilization was found rather low due to labor, management, 

and competitive influences. Synchronized with this was 

the fact that presently Saudi Arabia is a capital surplus, 

labor short, and free market economy. 

Risk analysis forecasts that during the next five 

years percent of the firms expected to expand their out

put and 50 percent expected to add new products. In addi

tion, it was found that the manufacturing industry has an 

average of 31 percent of debt to capital with a cost of 

capital of 10.57 percent and return to equity of about 13 

percent. 

It was recommended that some consolidation take place 

in the manufacturing sector, further research in the area of 



capital expenditure should be undertaken, and more effort 

should be expended in projecting demand for the purpose of 

replacement analysis. 



CHAPTER I 

INTRODUCTION 

The Problem Under Consideration 

Why Capital Equipment? 

The necessity of a good equipment policy became 

apparent in the 1920's when theorists ascertained that 

capital equipment has an economic vis-a-vis physical life 

after which new investment ought to be envisaged. This 

was brought sharply into focus in Britain during and after 

the second world war when industrialists found thot the 

English machinery and plants were becoming out of date. 

In searching for reasons of inefficiencies, and in seeking 

alternative ways of raising productivity, they found that 

one of the most important shortcomings was the lack of a 

sound equipment replacement policy. 

Immediately thereafter George Terborgh conducted 

his first of its kind comparative research on the American 

and British equipment policy. He ascertained that most of 

the European industries "have been allowed to sink into 

obsolescence and discrepitude, with the inevitable penalty 

of high costs They must modernize voluntarily 

1 
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or they will eventually be modernized by the state.11"'' Con-

trarywise, in the United States the situation is far better 

because the American firms have been keeping their equipment 

up to date. Terborgh introduced obsolescence and deteriora

tion as the fact of life in equipment analysis. 

The significance of equipment policy stems from the 

long-run obligations firms make in undertaking capital 

expenditures, and the implied commitment to a certain level 

of technology throughout the period. The consequences of 

inadequate replacement policy for the firm are potentially 

disastrous; especially if the replacement is postponed, the 

firm's production cost rises, whereas the cost of its com-

2 petitors, who are using modern equipment, are declining. 

On the macro level the impact of equipment policy on 

the economy as a whole has a more important effect in that 

a dynamic equipment policy incorporates a dynamic economy. 

George Terborgh makes the point that "it means si more rapid 

increase in the standard of living and in national well 

being.By the same token, Frederick Hammer maintains 

"^George Terborgh, Dynamic Equipment Policy (Wash
ington, D. C.: Machinery and Allied Products Institute, 
195-9), p. v. 

O 
W. T. Morris, Engineering Economy (Homewood, 111.: 

Richard D. Irwin, I960V, p. 15&. 

^Terborgh, Dynamic . . ., p. vi. 
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that the concern about expenditures on plant and equipment 

by private business emanates from three prime sources: (1) 

the importance of capital expenditures in initiating 8nd/or 

amplifying fluctuation in the general level of economic 

activity; (2) their importance in the process of economic 

growth, an issue which has taken on added significance in 

recent years; and (3) the implications of capital expendi

tures for long-term changes in productivity, and thus their 

effect on standards of living, wage rates, and work habits. 

The Importance of the Study for Saudi Arabia 

1. The Saudi Arabian economy was, until recently, 

characterized as closed and agrarian. However, the dis

covery and then the commercial exportation of oil has been 

converting Saudi Arabia into an open and progressing econ

omy. All research indicates that oil deposits are so 

abundant that if the rate of present production continued 

(Saudi Arabia ranges between fourth and fifth in the world's 

oil production) there will still be reserves that could last 

for several decades. Consequently, the national income has 

been increasing rapidly which is revealed in the increase 

in the government budget from two billion Riyals to more 

than thirteen billion within the last ten years. 

^Frederick S. Hammer, The Demand for Physical 
Capital; Application of a Wealth Model (Englewood Cliffs. 
N. J.: Prentice-Hall, Inc., 1961+), p. 2. 



2. The abundance of capital in Saudi Arabia gives 

the impetus for a study on capital expenditures of the Saudi 

Arabian business firms. Due to the increase in oil revenues 

savings are high and do not comprise a constraint on invest

ment. This is a significant advantage when compared to a 

similar developing economy in which the first obstacle is 

to increase savings and then channel these savings into 

investments. In Saudi Arabia the problem is in finding 

investment opportunities so that the available capital can 

be attracted to finance the developing industries. 

3. There is need for diversification. So far the 

Saudi Arabian economy has been a mono-product (i.e., oil) 

economy. Thus, diversification has become a major target 

£ 
of the decision makers.p The diversification processes were 

further complicated by en infant private sector; therefore, 

the first step has been to establish a well grounded and 

industrialized manufacturing sector. This necessitates 

research on equipment policy if the goal is to be realized. 

If. To pinpoint the needs of the private sector, a 

government agency has conducted a fact-finding effort to 

assemble data on industrial structure and operational con

ditions. It was one of the first steps taken by the 

£ 
-'Central Planning Organization, Development Plan 

1390 (Riyadh, Saudi Arabia, 1970), p. 1. 



Industrial Studies and Development Center towards a scien

tific approach in the field of industrial development.^ By 

the same token, the said study reveals that 65 percent of 

all surveyed establishments expect to add new equipment 

within the next five years. Also, 58 percent expect to 

expand production, and 52 percent of all the industrial 

establishments are on the verge of undertaking equipment 

replacement decisions. Thus, these firms' decisions could 

commit the majority of industry to a certain level of tech

nology for many years to come. It could place the national 

well-being at an expensive and/or irreversible level. This 

is mainly due to: (1) the high costs involved in employing 

equipment which is difficult to dispose of before a certain 

span of time has elapsed, and (2) their employment will 

commit the firms to certain techniques for as long as this 

equipment is used which will be reflected in the costs and 

revenues of the firms. Consequently, it seems worthwhile 

to study the modus operandi of these firms' capital expendi

tures and the factors affecting their behavior. 

5» Demand for consumer goods is increasing rapidly. 

This is in line with rate of increase in national income of 

about 22 percent as reflected in the government-estimated 

budget of 1972-1973. 

^Industrial Studies and Development Center, Survey 
of Industrial Establishments in Saudi Arabia (Riyadh, Saudi 
Arabia, 1970), Vol. II, p. 1. 
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Design of the Study and Data Gathering 

In general the project will attempt to shed some 

light on the practices of Saudi Arabian business firm3 as 

far as their capital expenditures decisions are concerned. 

_Specifically, the interest is in exploring the aspects of 

and obstacles encountered in determining the pattern of 

capital equipment policy. In this regard the impact of 

equipment policy on the economy as a whole may be envisaged 

as having its impact first on the firm as a single entity. 

Thus, equipment replacement policy will be considered as an 

essential policy variable in the firm's chain of decisions. 

To accomplish this task, the following observations are 

noted: 

1. Investigating the capital structure of the Saudi 

firms can depict the course of their financial policies 

and indicates that: 

a. Almost all firms have capital structures 

comprising a noticeable excess of equity over debt; 

b. The absence of long-term bank loans until 

recently have hindered effective capital investment 

and contributed to a malallocation of capital; 

c. The absence of bond issuance to finance 

investment projects. 

2. The manufacturing sector has not only been 

expanding, but it is planned that total investment in this 

sector be doubled during the economic plan period of 
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1970-1975. Moreover, capacity utilization has not been at 

a very encouraging level mainly due to: 

a. high costs of production, 

b. competition from abroad, 

c. insufficient supply of skilled lebor, 

d. inadequate level of higher management. 

3. Saudi Arabia may be classified as: 

a. a capital surplus economy, 

b. total demand is rising rapidly. This 

demand, as consisting of consumption and investment, 

approximates 70 percent of GNP; 

c. a labor-short economy. 

Hence, we hypothesize that: 

1. When considering equipment replacement, not 

maintenance replacement, demand consideration should be a 

variable to attain an optimum replacement policy. In other 

words, any anticipated expansion should reflect any antici

pated increases in demand. This is based on Vernon Smith's 

proposition that equipment replacement policy should be 

formulated in conjunction with output and price policies; 

but, a wider application than this will be illustrated in 

the model of Chapter IV. ̂ 

?Ve rnon Smith, Investment and Production (Cambridge, 
Mass.: Harvard University Press, 1966), pp. 33*2-133. 
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2. "Capital intensive" will be the approach recom

mended for Saudi Arabia to follow to industrialize the 

manufacturing sector. 

Sources of Data 

The main sources of data are the following: 

1. General library research concerning the state 

of art with regard to the theory of capital expenditures, 

its development and its significance. 

2. Available, to the writer, literature on Saudi 

Arabia. This includes United States publications, re

searches and information published by some branches of the 

Saudi Arabian government, and some of the relevant disser

tations. 

3. Questionnaire (Appendix) through which informa

tion has been supplied to obtain some insights into aspects 

and obstacles of capital spending of the Saudi firms. This 

questionnaire provided important and essential information 

upon which many parts of this work have depended. The 

questionnaire was divided into three main parts. The ques

tion of the first part attempted to obtain some insights as 

to how businessmen contemplated the future with regard to 

expected consumer demand, company's expected production and, 

prices and costs of production. Questions of the second part 

are designed to furnish some information on the mix of fi

nancing, methods of depreciation, interest rate, and capital 
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allocated to equipment investment. The questions of the 

third part were concerned with the operating costs of the 

manufacturing firms. 

Thirty manufacturing firms were selected to represent 

the manufacturing sector. These firms employ machinery in 

manufacturing or transforming consumer goods from one state 

to another and command more than SR100,000 in assets. 

Actually, these firms represent most of the largest non-

petroleum manufacturers in the country. Hence, the finan

cial position of the manufacturing sector may be ascertained. 

The aim was threefold. First, to bring into focus the 

anticipated state of consumer demand and, consequently, to 

test in the case of Saudi Arabia, how much demand considera

tion should be regarded in considering equipment replacement. 

Second, to compare expected consumer demand with expected 

expansion in capacity to ascertain whether future capacity 

will be capable of meeting future demand, and thus future 

needs of investment. Third, to provide an analysis on the 

business and financial risks in the manufacturing sector. 

Methodology 

An adequate level of equipment replacement analysis 

entails two seemingly different but synchronous surveys— 

macro and micro. Therefore, Chapter II provides a concise 

exposition on the functioning of the economy. The chapter 

explores the moneyflow among some of the major sectors of 
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the economy (note that the sectors incorporated are those 

important to this study. If a wider perspective is desired, 

other sectors can be easily added to the matrix of money-

flow), Thereafter consumer goods industries and their 

capital structure are illustrated. 

Chapter III furnishes the development of capital 

equipment theory. Aside from the mathematical difficulty 

necessary for the comprehension of the theory, the chapter 

discusses chronologically the major works in this field. 

Chapter IV depicts a model for capital equipment 

replacement. The model envisages Terborgh's technological 

change, Vernon Smith's concept of capacity and demand con

sideration, and Richard Bellman's development of dynamic 

programming. Moreover, the information obtained from the 

questionnaire articulated the basic variables of the model. 

Actually, the model is an analysis of the first hypothesis. 

Chapter V elaborates on the concepts of capacity and 

demand, the essential ingredients of the model delineated 

in Chapter IV. Then the chapter examines the second hypoth

esis, i.e, the capital intensity. 

Chapter VI analyzes parts of the questionnaire in 

the form of an analysis of the business and financial risks 

of the manufacturing sector in Saudi Arabia. This is 

essential in the decisionmaking process of capital expendi

tures . 



CHAPTER II 

THE ECONOMIC MILEU OP BUSINESS IN SAUDI ARABIA 

The Economy: An Outline 

The Economic Objectives 

The economic objective of Saudi Arabia is to main

tain a balanced growth in all sectors of the economy.^ Prom 

a theoretical viewpoint balanced growth may be defined as 

that growth gestalt at which all factor inputs and output 

grow at the same constant rate as that of the economy with 

2 the ratios among all real variables remaining constant. 

According to Professor B. J. Moore, to understand 

the dimensions of the balanced growth concept, net invest

ment and saving should always be positive. Maintenance of 

full employment equilibrim requires that aggregate demand 

for current output grows at the balanced growth rate. More

over, an important aspect of this concept is the maintenance 

of price stability in financial assets market, i.e., the 

demand for and the stocks of financial assets outstanding 

^Central Planning Organization, Development Plan 
1390 (Riyadh, Saudi Arabia, 1970), p. 213. 

J. Moore, An Introduction to the Theory of 
Finance (New York: The Free Press, 1965), p. 229. 

11 



should be compatible with the balanced growth rate. Hence, 

continuous sectorial deficits and surpluses are a necessary 

condition for maintaining a certain price level in the 

moving equilibrium of balanced growth. 

The reasons for adopting the balanced growth approach 

may be suggested by the following factors:^ 

1. The Saudi economy may be classified as a dual 

economy.^ The commercial exploitation of oil toward 

the end of World War II invited some of the most 

sophisticated technology utilized by the oil companies; 

hence, the oil industry became the advanced sector, 

whereas the other sectors still were primitive. The 

revenues from oil encouraged adopting a plan of spread

ing progress on the widest possible front. 

3Ibid., p. 229. 

^Benjamin Higgins, Economic Development (New York: 
W. W. Norton & Company, 19&tJ), p. 3^4-1. Although it is 
beyond the scope of this research, the question has been 
raised of the usefulness and validity of the balanced 
growth concept. Professor Higgins has made the argument 
that "On the whole it is unfortunate that the concept of 
balanced growth was ever introduced into the literature of 
economic development." 

M̂. A. Jamjoom, "International Trade and Balance of 
Payments in a Mono-Product" (unpublished P,h.D.. dissertation, 
University of Southern California, 1970), p. 11. 



2. A sound allocation of resources should not only 

cover the establishment of financial, industrial, and 

agricultural infrastructures, but wield and shift 

resources among industries until they reach competi

tiveness. When product and factor markets are less 

than perfect, efficiency in the total economy declines 

because production may be either too low or too high.^ 

3. Undertaking economic development is futile 

unless it is synchronized with heavy investment in 

human capital which constitutes the real source of 

development.7 

An Overview of Moneyflows 

There are four major sectors that comprise the econ

omy of Saudi Arabia* the government sector, the private 

sector, the financial sector, and the monetary sector. 

Depicting the moneyflow among these sectors provides a good 

perspective of the functioning of the economy. This expo

sition can reveal several characteristics that are peculiar 

to the Saudi economy. 

^Robert Averitt, The Dual Economy (New York: W. W. 
Norton and Company, Inc., i96ti), pp. 190-191. 

7T. W. Schultz, "Reflections on Investment in Man,11 
Journal of Political Economy (October, 1962), pp. 2-3. 



1. There is a unique relationship among these four 

sectors. This relationship may be envisaged as follows: 

In the United States, government intervention in 

enforcing policies of industrial promotion or participation 

in commercial activity is virtually nonexistent. Further

more, private businesses have the advantage of deciding on 

the sources to be utilized for raising funds. Naturally 

such a decision recognizes the internal and external con

straints pertaining to the individual entrepreneur.® 

In Saudi Arabia, financial intermediaries hardly 

exist if the commercial banks are not counted. Moreover, 

despite the abundance of capital — relative to like econ

omies such as Mexico, India, and others — long-term debt 

is hardly utilized and the capital market has not come 

into being as yet.9 Synchronized with this is the lack of 

managerial competency and skilled labor which affect the 

level of technology and hence, business investment. These 

factors, together with others, contributed to retarding the 

process of a sound allocation of capital. When these factors 

are coupled with the vast resources of petroleum and 

^Robert Aubey, Nacional Financiera and Mexican 
Industry (Los Angeles: University of California, 1966)> 
P. 13. 

^Ibid., p. 92; Yusuf Nimatallah, "Monetary and Fiscal 
Policies in Saudi Arabia" (unpublished Ph.D. disserta
tion, University of Massachusetts, 1967), p. l£l. 
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minerals, the role of the government in enforcing a unique 

infrastructure becomes extremely important. 

The quest toward diversifying the economy from being 

a single product economy necessitated fostering a peculiar 

financial structure in the private sector."1"^ In other 

words, the goal is to increase the demand for the financial 

assets so that it will be synchronized with the growth rate 

of the stock of financial assets, actual and potential. 

The key to articulating this process calls for obtaining 

and maintaining a well rounded private sector. Hitherto, 

this was one of the most difficult problems encountered by 

the Saudi Arabian decision makers. 

Usually, in a less developed economy, the financial 

intermediaries are handicapped in terms of numbers and 

functions. Raymond Goldsmith noted that in underdeveloped 

countries financial institutions are not only less in number 

but command a less relative size; i.e., the ratio of their 

assets to national product or wealth is smaller in less 

developed than in developed countries.^ Consequently, the 

task of industrialization becomes highly intricate. As far 

as Saudi Arabia is concerned, the crux is how to channel 

^Central Planning Organization, p. 21$, 

^Raymond Goldsmith, Financial Structure and De
velopment (New Haven: Yale University Press, 1969}, pp". 
344-3i|.6. 
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the abundant private capital to be committed in private and 

semi-private industrial projects. 

2. The economy of Saudi Arabia can be characterized 

as an open economy. Essentially, reliance on foreign 

exchange constitutes more than 90 percent of the national 

revenue (about 86 percent from oil, and about Ij. percent from 
- l  p  

pilgrimage; all these receipts are in foreign exchange). 

Further, the central bank can influence the supply of money 

through manipulating open market operations in the foreign 

exchange.^ Such manipulation can produce discernible 

effect on the private sector. 

Sector's Interactions 

The interdependence among these factors may be 

displayed in a simplified illustration showing the flow of 

funds as follows: 

Govern- Private Central Commercial 
ment Sector Bank Bank 

Government -- T B 

Private Sector L 

Central Bank Y — — R 

Commercial Bank Ig D Pg 

•^Saudi Arabian Monetary Agency, Annual Report 1970 
(Riyadh, Saudi Arabia, 1971)* p. 78. 

•^Ahmed Malik, "The Money Supply Process in Saudi 
Arabia11 (unpublished Ph.D. dissertation, Indiana University, 
1970), p. 257. 
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To understand the working of the simplified model, 

and following Professor R. Stone, if the transaction 

matrix is represented by W with elements W^r . Js; i, 

j = 1, 2, . . ., n; r, s = 1, 2, . . N. This element 

denotes the value of all transactions which are outgoing 

from the Jth account of sector S and incoming into the ith 

account of sector r.^ Moreover, the conventional prac

tice is to place the outflow of a transactor in a column 

and the inflows of the seme transactor in the corresponding 

row. 

The matrix coefficients denote the following: 

Y = national revenue 

T = taxes 

D = demand and time deposits 

B = government spending 

F^ and Pg = foreign exchange 

L = bank loans to private sector 

R = reserve deposits 

1^ = aid to the private sector 

12 = government deposits with commercial banks 

This simple method depicts a situation in which the 

monetary authority receives the national revenue (Y) on 

^Richard Stone, "Simple Transaction Models, Informa
tion and Computing," The Review of Economic Studies (195>l-5>2), 
pp. 68-69. 

•^Jacob Cohen, "Integrating the Real and Financial 
via the Linkage of Financial Flow," The Journal of Finance 
(March, 1968), p. 5. 



behalf of the government and allocates it among the various 

governmental bodies in terms of government spending and 

budget appropriation (B) and foreign exchange (F^ and P2) 

to the private sector and the commercial banks sector, and 

government aid to the private sector (I^) and government 

deposits with commercial banks for maintenance and policy 

purposes.*^ In the meantime, the private sector pays taxes 

(T) to the government sector and also deposits some of its 

revenue (D) with the commercial banks. Further, the com

mercial banks advance loans (L) to the private sector and 

also maintain reserves (R) with the central bank. 

One sector expenditures (uses) may be contemplated 

as a function of: 

1. The sector available funds (i.e., the real source 

of funds which depends on profits or surpluses and re

tained earnings). This source usually is not enough to 

cover the spendings of the sector, so the sector resorts 

to the second source. 

2. Borrow funds through the available channels and 

from sector(s) ready for such a transaction. 

3. A third method by which a sector can finance 

expenditures—through the sale of assets whether these 

assets are financial or physical. 

l6Malik, pp. 188-189, 
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The aforementioned interdependence shows that many 

managerial decisions should be undertaken in "a system 

approach" environment. Moreover, Sune Carlson cognizes 

the forces that influence the enterpreneur in his decision 

on what to produce and the method of production to be util

ized into the following four factors: (a) the demand con

ditions for finished goods and services existing on the 

market; (b) the technical knowledge, (c) the supply condi

tions of productive services, and (d) the supply of capital 

17 funds. 1 In fact, firms as well as individuals as soon as 

they become investors, and no matter how small their port

folios are, they soon discover that the future of their 

financial assets (and possibly their physical assets as 

well) are related to the future of the economy.^-® By the 

same token, changes in money balances and increases in 

money stock, operating through relative price mechanism, can 

cause: (a) changes in flow variables, (b) changes in level 

and composition of production, and (c) changes in supply and 

demand for productive factors.^ 

l?Sune Carlson, The Study on the Pure Theory of Pro
duction (New York: Kelley and Mellman, Inc., 196-6), pp. 5-6. 

^Melvin Greenhunt, Full Employment, Inflation aiid Com 
mon Stock (Washington, D.C.I Public Affairs Press, 1961), 
p. v. 

"^K. E. Phillips, "The Short Run Stability of Velocity 
and the Autonomous Spending Multiplier," Journal of Political 
Economy (May, 1969), p. 1|28. 



The value use of the above argument is that if the 

elements of the matrix can be known with accuracy, quanti

tative economic analysis and prediction would be so satis

f y i n g  t h a t  b u s i n e s s  d e c i s i o n s  c a n  b e  r e l i a b l y  t a k e n . O n  

the other hand, expenditures no longer represent an equiva

lent amount of borrowing and/or financing dissavings. Hence, 

explanations of "shift variables" which by explaining finan

cial flows and providing financial market analysis, furnish 

21 a link between expenditures and external financing. 

Balance of Payments 

In Saudi Arabia the main implication of the continu

ous increase in oil production and exportation is the avail

ability of foreign exchange in the country. Availability 

of foreign exchange and easy access to foreign exchange mar

kets are the sine qua non of economic development in the 

twentieth century. In this context, Pearson's report submits, 

"the major external constraints may be summed up as the 

22 availability of foreign exchange." 

^®Cohen, pp. 1-2. 

^Stone, p. 67. 

^Lester Pearson,Chairman, Partners in Development, 
Report of the Commission on International Development, United 
Nations (New York: Praeger Publishers, 1969), p. 69. 



21 

The obtainable foreign exchange, by public and non

public institutions, have been contributing to increasing 

average and marginal propensity to import. Table 1 reveals 

that Saudi Arabia spent about one-fourth of its gross 

national product on imports in 1970. Furthermore, when the 

average 8nd marginal propensity to import are considered in 

conjunction with income, then "if income elasticity is 

interpreted as percentage change in imports associated with 

change in income, then Saudi Arabia imports are increasing 

faster than the income."^ 

Table 1. Total Imports of Saudi Arabia for the Last Five 
Years (SR 000) 

Year GNP Imports 
Percentage of 
Imports to GNP 

1966 11766 2255 .3-9 

1967 13079 2538 .19 

1968 W 2806 .19 

1969 15810 3189 .20 

1970 17826 3531 .26 

Source: Saudi Arabian Monetary Agency, Annual 
Reports, 1969-1970. (Riyadh, Saudi Arabia, 1970). 

^Faisal Bashir, "Marginal Propensity to Consume as 
an Indicator of Income Distribution in Saudi Arabia" 
(research paper, Department of Economics, The University of 
Arizona, 1971), p. 7. 
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The Seudi exportations are mostly in the form of oil, 

making the country a good example of a mono-product economy. 

Hence, it can be argued that the satisfactory positive level 

of the balance of payment and the distribution of income 

will be adversely affected unless the process of industrial

ization is carried on persistently. 

Examining the Saudi balance of trade, it can be seen 

that this balance is favorable in general. "Saudi Arabia 

has a favorable balance of trade, with the value of exports 

more than doubling that of imports in recent years. 

Mr. Jamjoom indicates that among the favorable 

aspects of having surpluses in the Saudi balance of trade, 

are: ̂  

1. The surpluses enabled the Saudi government to 

pay off its foreign debts. 

2. The government became able to accumulate gold 

and foreign exchange and, hence, maintained,100 percent 

cover of gold and foreign balances convertible into 

gold to the currency in circulation. 

3. The surpluses resulted in maintaining a free 

trade policy and free capital transfers. 

2iHj.S ., Department of Commerce, "Basic Data on the 
Economy of Saudi Arabia," Overseas Business Reports 
(December, 1967), p. 6. 

2*3 
^Jamjoom, p. 155. 
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Ij.. The gold and foreign exchange cover could hedge 

against sudden drop in the volume or the price of oil. 

The increasing surpluses in the balance of trade 

made it possible for Saudi Arabia to finance all the 

desired imports, which range from consumer goods to 

capital goods. 

By the same token, the balance of payments like the 

balance of trade is in general favorable. The lowest sur

plus of $53 million occurred in 1962 when the government 

paid out about $100 million to write off its foreign debts. 

However, the greatest surplus was realized in the following 

year when the government received a special payment from 

the Arabian-American Oil Company after the settlement of 

disputes over the profits from the Trans-Arabian Pipeline, 

resulting in a surplus of $3214. million. Thereafter sur

pluses in the balance of payments maintained an average of 

$166 million.2^ 

Increasing the investment opportunities in the King

dom could be a factor on the positive side which would 

absorb a large part of the extra funds for investment pro

jects. On the negative side, the Saudi government's contri

butions to other Arab countries, especially those affected 

by the 1967 war, is expected to continue in the future with 

2-6Ibid., p. 1^7. 
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its adverse effect on the balance of payments or until a 

solution to the Middle East problem is reached.^ 

The last agreement arrived at between the oil export

ing countries and the oil companies regarding oil prices to 

the companies concerned, in the spring of 1971» resulted in 

a remarkable increase in these countries' revenues. For 

Saudi Arabia the said increase approximated more than 1*0 

percent in national income. Clearly the repercussions will 

be expected to be highly favorable with regard to the bal

ance of payments, increasing power of capital goods impor

tation, and increasing the already available investment 

opportunities to the private sector. 

It seems plausible to conclude that the corollary 

of the above analysis is the evidence of a considerable 

ability to import technology and expertise and a pressing 

need to do so. This is because "the Kingdom, unlike many 

countries engaged in costly development programs, has a 

favorable balance of trade. This circumstance is providing 
pO 

a financially firm basis for economic growth." 

2?Ibid., p. 162. 
pO 

U.S., Department of Commerce, Saudi Arabia; A 
Market for U. S. Products (Washington, D. C.: U. S. Govern-
ment Printing Office, 1962), p. 3. 
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Industry and Capital 

Consumer's Goods Industry 

Data on national income usually are collected and 

prepared by the Ministry of Finance and National Economy 

and published by the Monetary Agency (Central Bank) in a 

rather aggregate form that does not include sufficient data 

on sector and industry breakdown. However, these data could 

depict the share of the major industries in national income 

as Table 2 reveals. Displaying how the resources are allo

cated, the table shows that the oil industry makes about 

two-thirds of the national income leaving one-third to 

the rest of the other industries. Analyzing this one-third, 

it can be found thet manufacturing contributes the largest 

percentage of about 33 percent, or about 11 percent, to the 

national income. Transportation and communications par

ticipate with a little less than one-third, or.about 10 

percent to the national income. Services (i.e., education 

and health) constitute about 8 percent of the national in

come; whereas, construction contributes about 7.20 percent 

of the total. 

Table 2 shows how the resources are being ineffi

ciently allocated. Saudi Arabia has been lacking the neces

sary financial and industrial facilities, and it is the oil 

sector that can make it possible to develop these badly 

needed infrastructures. 



Table 2. Percentages of Sector's Share of National Income 

Sector 1961}. 1965 1966 1967 1968 1969 1970 

Oil .6938 .6229 .6218 .66I4.6 .6687 .6639 .6982 

Manuf ac turing .1161+ .1172 .1133 .1069 .1112 .llii-2 .1235 

Construction .0563 .0692 .0787 .0776 .0786 .0752 .0689 

Electricity, Gas and 
Water .0173 .0177 .0187 .0183 .0179 .0177 .0169 

Transportation and 
C ommunic at ion .0976 .1019 .1061}. .1072 .10^7 .1057 .0982 

Services .0778 .0786 .0807 . O8I4.9 .0852 .0801}. .0788 

Source: Saudi Arabian Monetary Agency, Annual Report, 1969-1970 
(Riyadh, Saudi Arabia, 1970). 

ro 
o 
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The oil industry has had far-reaching effects on 
the consiimption pattern of Saudi Arabia since 
World War II. The small urban middle-class has 
been augmented by a growing number of prosperous 
merchants, professionals, skilled and semi-skilled 
workers, and civil servants.29 

The relative newness of development may be sufficient 

evidence for explaining the low percentage of contribution 

of the non-oil sectors. However, these percentages should 

be strenuously improved otherwise the Saudi decision makers 

will find themselves caught in a cul-de-sac. To attempt to 

avoid such a trap, the establishment of PETROMIN to effect 

industrialization of the petroleum and mineral resources, 

the Industrial Studies and Development Center, the agri

cultural and industrial banks, some vocational institutions, 

and others, was undertaken. Although this shows that the 

country still is far from commanding a sound and appropriate 

allocation of resources, it also denotes some of the efforts 

put forth in augmenting development. "The primary aim of 

the Saudi economy is the expansion of domestic production."30 

Saudi Arabia adheres to the free market and free 

enterprise concepts which on a^ priori ground provides the 

traditional aspect of trade and market mechanism in the 

29Ibid., p. 1. 

^°U.S., Department of Commerce, "Foreign Trade Regu
lations of Saudi Arabia," Overseas Business Reports 
(September, 1966), p. 6. 



Arabian peninsula. "Except for a requirement for prior 

licensing of hunting arras, Saudi Arabia imposes no quanti

tative restrictions or licensing controls on commercial 

imports."31 Naturally such "openness" should be debated 

so that it can be synchronous with the process of indus

trialization. This does not imply a tendency toward inter

fering in the market mechanism; it only indicates the neces

sity for harmonizing such mechanism so that efficiency may 

be achieved. The framework of such a mechanism actually 

is drawn from the Islamic concept of trade. Ausaf Ali's 

explanation of the process correctly depicts the situation 

in Ssudi Arabia: ". . .(T)he social process for economic 

coordination will be that of market price based on the 

operational mechanism of demand and supply. This would 

certainly be the case with consumers' goods and services."32 

Actually, durable and non-durable consumer goods in 

Saudi Arabia constitute a high percentage of all imported 

and/or manufactured goods in the country. This manufacturing 

industry, which is next to the oil in domestic and foreign 

investment attraction, enjoys free entrance and exit by the 

investors in the market. It follows that this sector, which 

^U.S., Department of Commerce, "Basic Data . . .,11 
p. 6. 

3^Ausaf Ali, "The Political Economy of the Islamic 
State" (unpublished Ph.D. dissertation, The University of 
Southern California, 1970), p. 107. 
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approaches perfect competition, makes the country an inter

national market for consumer goods. The implication of such 

modus operandi is that investments in these industries have 

become mostly market determined policies. These policies 

are further mromulgated by the fact that "the composition of 

Saudi trade is determined more by the growing and varied 

consumer demands which have been satisfied by liberal poli

cies than by stringent official regulations and quota re

strictions ."33 The efficacy of "liberal policies" may come 

into conflict with the processes of industrialization and 

hence great care must be accorded to such regulations. The 

ten percent tariff imposed by the United States in the summer 

of 1971 to provide domestic protection is such a case. 

This does not mean an advocation of stiff regulations; it 

only envisages the delicacy of the situation. The growing 

number of manufacturers and their relative newness may require 

some protection under the "infant industry argument." 

According to the Industrial Studies and Development Center 

Department, there were 283 plants in operation in 1969. This 

number does not include: (1) oil and refinery companies, 

(2) all kinds of body shops, and (3) metallurgical industries, 

^U.S., Department of Commerce, A Market for .... 
p. 26. 
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except cement and gypsum."^" Seven industries make up the 

majority of these plants, namely:3** 

Construction industry 
Electricity generation industry . . 
Furniture industry 
Publishing and paper industry . . . 
Metallic, except capital equipment. 
Pood industry . . . . 
Confectionery industry . 

plants 
iil plants 
30 plants 
27 plants 
25 plants 
18 plants 
ll|. plants 

Synchronized with the above argument are two impor

tant factors. The first is the Foreign Investment Code 

of 19614- which lowered the minimum percentage of Saudi capital 

participation from 51 percent to 25 percent, and a five-year 

tax exemption once the project is in operation.^ The Code 

provides encouragement for the needed joint venture, espe

cially in the more sophisticated industries. "Autonomous 

public body (PETROMIN—General Petroleum and Mineral Organ

ization) encourages joint investment in refinery and other 

large-scale industries. 

-^Mahsoon Jalal, Industry in Saudi Arabia (Riyadh, 
Saudi Arabia: Industrial Studies and Development Center, 
1969), p. 1. 

3^Ibid.. p. 2. 

3&s^di Arabian Monetary Agency, "Foreign Investment 
Low" (February 2J+, 196i|.), p. 1. 

3^U.S., Department of Commerce, "Market Profiles 
for the Near East and South Asia," Overseas Business Reports 
(June, 1968), p. 26. 
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The second is the government-induced national indus

trial policy for the period 1970-1975. Some of the objec-

38 
tives of the plan are as follows: 

1. Replace imports through local production and 
thus conserve foreign exchange earnings. 

2. Encourage fuller utilization of capacity in 
the private manufacturing sector. 

3. Imported equipment and raw material will 
continue to be duty free.39 

Furthermore, the availability of natural gas in sufficient 

quantities provides the needed power for some industries, 

and raw materials for others (Petrochemicals). The huge 

deposits of petroleum and minerals not only make expansion 

in industry possible and profitable, but provide a unique 

advantage which many underdeveloped states lack. Especial

ly, there is a steadily increasing demand in the world for 

products of the extractive industries, the petrochemical 

and fertilizer industries, and the iron and stell basic 

industries. 

Growth in per capita income, diversification, indus

trialization of the economy, and growth in service industries 

are creating expanding demands for industrial products which 

are now mainly supplied by 5.mports. Hence, the raw materials 

3®Central Planning Organization, p. 217. 

39Ibid.. p. 239. 
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and market situations both favor prospects of development 

of all forms of industry. If the main constraints on such 

development can be overcome, it will occur naturally. 

The question is how these companies will finance 

the expected expansion in equipment, production, and prod

ucts. The past reveals that early expansion was financed 

through the individual entrepreneur's own equity. Actually, 

early expansion was insignificant and constituted the 

formalization of the firms. This is due to the fact that 

the process of industrialization is very recent; hence, most 

of the organizations did not encounter the need for replacing 

equipment or adding new products. Accordingly, the antici

pated expansion may be crucial to the industry in the King

dom for, if it did not take place, the development in the 

private sector will be greatly hindered and the investment 

will cease. According to Professor Solow, Professor Arrow 

maintains that when there is no gross investment there is no 

accumulation of knowledge. That is, if investment stops for 

some time, whenever it starts up again it will start at the 

same technological level because nothing will have been 

learned in the meanwhile. On the other hand, Dr. Solow 

contends that knowledge will continue to accumulate.^ 

^Robert Solow, Capital Theory and the Rate of Re
turn (Chicago: Rand, McNally & Company, 1965), p. 66. The 
argument of Arrow, as expressed here, is Solow's interpreta
tion. 
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Even if Arrow's view is rather extreme, when investment stops 

for some time, especially in an infant state, technological 

"know-how" may lag, thus producing undesirable repercussions 

on the economy. Actually, this notion highlights the impor

tance of business equipment policies. 

Now the important question of how the business is 

financed, i.e., who owns the business, will be examined. 

Corporations1 Sources of Capital 

The Industrial Studies and Development Center issued 

a series of three volumes surveying the industrial organi

zations in the Kingdom in November 1969, June 1970* end 

Sssh volume covers a province (central, western 

and eastern) and are identical in their structure. The pur

pose of the study is to "assemble information on the struc

ture and operation of industry and to provide data for 

programming and development policies."^ 

Table 3 shows the various sources of funds contrib

uted to financing business organizations in all three provin

ces. Note that the table provides consolidated data since 

each volume of the study is concerned with studying existing 

organizations in a province. The table shows that in the 

^•Industrial Studies and Development Center, Survey 
of Industrial Establishments in Saudi Arabia. Vol. I 
(Riyadh, Saudi Arabia, 1969), p. 1. . 
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Table 3. Corporations' Sources of Funds (SR 000) 

Sources 

Western® 
% to 

Total Total 

Central 
% to 

Total Total 

Eastern0 
% to 

Total Total 

A. Paid Up 

Own 
Others 
Foreign 

63,87l|. 
31,715 

915 

51.5 
25.6 
.8 

13,068 
lj.1,71+0 
lu 61J.7 

21,906 
14.1,880 

U57 

28.8 
55.1 
.6 

Sub-total 96,514-0 77.9 59,104-7 61)., 214.3 814.. 5 

B. Borrowing 

Banks 
Institu
tions 

Individ
uals 

22,391 

1^,1511-

885 

18.1 

3.3 

.7 

Not 
Avail
able 

8,14-21 

956 

2,397 

11.1 

1.3 

3.1 

Sub-total 27,430 22.1 11,7714- 15.5 

Total Available 
Funds 123,970 100.0 76,017 100.0 

Source: aIndustriel Studies and Development Center, 
Survey of Industrial Establishments in Saudi Arabia; Vol. 
II: Western (Riyadh, Saudi Arabia, 1970.), p. I4.9. 

bIbid., Vol. I, Central (1969), p. IJ4.. 

cIbid., Vol, III, Eastern (1970), p. i|5. 



western province the cement company with a capital of SR 

31.25 million accounts for the bulk of the "local" capital 

which is subscribed by 1,200 shareholders. On the other 

hand, the entire capital of the steel rolling mill (SR 30.80 

million) is shown as "own" which has been contributed by 

PETROMIN. Furthermore, organizations in which foreign 

capital was invested were engaged in manufacture of foam 

plastic, aluminum kitchen ware, soft drinks, furniture and 

fixtures, and other hardware. The table shows that in this 

region the ratio of debt to capital approximated 22.1 per

cent of total available funds. The commercial banks con

tributed about 82 percent of total borrowing, i.e., about 

18.1 percent of total available funds. 

In the central province, capital contributed by 

"others," especially locally, comprised a major source of 

finance in the province. A detailed data reveals that only 

four groups of manufacturing industries received foreign 

capital. These are: furniture, structural clay products, 

cement, and motor vehicles (body building). 

In the eastern province the high percentages of 

locally contributed capital is due to the joint stock cement 

manufacturing company. The foreign capital constituted a 

lower percentage than the central province. The two organi

zations reporting foreign capital were engaged in manufac

ture of miscellaneous food preparations and of articles of 

pulp, paper, and paperboerd. The ratio of debt to capital 



approximated 15.5 percent with commercial banks making about 

72 percent of the total debt, i.e., about 11.1 percent of 

total available funds. 

Table ij. displays the sources of borrowed funds util

ized by the organizations. In the western province 25 out 

of 69 organizations obtained funds by borrowing. Of this 

25, four did not disclose and six did not pay any cost for 

their borrowings. Moreover, one organization paid only 0.5 

percent annually. Two establishments paid 6 percent, and 

seven paid between 6 and 7 percent. The remaining six 

organizations paid 8 percent. The table shows that for the 

25 firms, the percentage of borrowing to paid-up capital 

approximated 38 percent. 

In the eastern area, of the 23 reporting organiza

tions, 15 reported borrowing. Twelve, or 80 percent of 

these entities, obtained bank loans. One firm did not re

port, and four did not pay any charge at all. Only one 

firm paid a little more than 8 percent, two paid a little 

less than 3 percent, and the rest paid a varying amount 

between these two levels. For the 15 firms reported 

borrowing, the ratio of debt was reported at lj.0.2 percent. 

In the central area firms did not reveal data which 

can be depended upon for analytical purposes. However, only 

two firms indicated that they paid 7 and 8 percent interest. 



Table I4.. Sources of Borrowing (SR 000) 

Number Number of Borrowing From Percent 
of Organ- Borrowing Banks Institu- Individ- of Bor-
izations Organiza- tions uals Total rowings 

Location tions No. Amount No. Amount No. Amount Total Funds to Total 
. Funds 

Western 
Provincea 69 25 19 22,391 5 6 885 27,1+30 71,573 

Central 
Province** 39 I4- 1 - 1 

Eastern 
Province® 23 15 12 8,14.21 3 956 6 2,397 H,17k 29,259 lj.0.2$ 

Total 137 kb 13 

Source: industrial Studies and Development Center, Survey of Industrial 
Establishments in Saudi Arabia, Vol. II: Western (Riyadh, Saudi Arabia,1970), 
P. 51. 

bIbid.. Vol. I: Central (1969)", p. 1]+. 

eIbid.. Vol. Ill: Eastern (1970), P. 1+6. 
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To recapitulate, two points can be stressed: 

(1) The grand average rate of debt to capital in all the 

manufacturing firms approximates 16 percent. However, for 

those firms who utilized debt, the rate is about 39 percent. 

(2) We show in Chapter VE that a more recent study, namely 

my questionnaire, displayed that during the last two years 

the grand ratio of debt increased to about 28 percent, 

i.e., an increase of about 12 percent. 

In general, the statistical summary issued by the 

Saudi Arabian Monetary Agency (SAMA) indicates that com

pared to the second quarter of 1388, commercial banks ex

panded credit in the second quarter of 1389 (1969-1970) by 

9 percent.^ This is in line with the average of 9 percent 

growth in gross national product. Furthermore, the com

mercial banks portfolios show that loans and advances to 

the private sector have doubled within the last five years. 

The amount rose from SR 737 million in mid-138Ij. (196i|.) to 

SR II4.78 million in mid-1389 (1969).^ These loans largely 

are in the form of short- and intermediate-term advances. 

This situation is similar to Professor James Wert's findings 

about small business firms in the United States* "Banks 

failed to contribute anything to the total sum of long-term 

^Saudi Arabian Monetary Agency, Statistical Sum
mary (Riyadh, Saudi Arabia, December 1969 - January ±9/0), 
P e 51 

^Saudi Arabian Monetary Agency, Annual Report 1388-
1389 (Riyadh, Saudi Arabia, 1969), p. 19. 



funds; this means that the capital needs of business are 

met largely by the owner's capital, a few loans extended 

by other businesses, and fewer still friendship loans. 

Table 5 shows that from 195^ to I96I4. private 

domestic capital was about SR 2014., 151+ million; whereas, 

the joint ventures capital was SR fs2.9l± million. During 

the second half of the 1960fs both capitals increased by 

about 130 percent, i.e., the domestic capital increased by 

about SR 263 million and the mixed capital by about SR 9.3 

million. Notably, up to 19614. there were only 20 firms 

with mixed capital, but at the end of 1970 the joint 

ventures increased to 36. Furthermore, of the 55 firms 

that were given industrial licenses in 1970, foreign 

capital was involved in 20 of the 55 licenses.^ 

^"James E. Wert, "An Investigation of the Sources 
of Long Term Capital for Small Business" (unpublished Ph. 
D. dissertation, Ohio State University, 19514-)* p. 135. 

^Industrial Studies and Development Center, Guide 
for Industrial Investments in Saudi Arabia (Riyadh, Saudi 
Arabia, 1972), p. 21. 

*J-6Ibid. 



ko 

Table jj>. Private and Foreign Capital Investment in 
Saudi Arabia (SR 000) 

Year 
Private Industrial 
Domestic Capital 

Mixed Foreign and 
Domestic Capital 

19^1.-1961}* 7,2914-

1965-1970b 467,000 16,006 

1970-1975b 709,000 9 • 

Source: aErwin S. Penn, To Accelerate the Indus
trial Growth in Saudi Arabia {Riyadh, Saudi Arabia: 
Ministry of Commerce and Industry, 1965). 

^Industrial Studies and Development Center, Guide 
for Industrial Investment in Saudi Arabia (Riyadh, S^udi 
Arabia, 1972), pp. lti-21. 



CHAPTER III 

THE THEORETICAL DEVELOPMENT OP EQUIPMENT 
REPLACEMENT 

Prom the Industrial Revolution to the second decade 

of the twentieth century, capital equipment was thought 

indestructible. During this period the literature con

fined itself to the display of the benefits accruing from 

the use of machinery. In l83£, Charles Babbage envisaged 

19 principal advantages of machinery; these benefits were 

further subdivided into a multitude of gains. In Babbage's 

opinion the advantages derived from machinery and manu

facturers arise principally from three sources 

1. The addition which they make to human power 
(such as the forces drived from wind, water, and 
steam are additions to human power). 

2. The economy they produce of human time. 

3. The conversion of substances apparently common 
and worthless into valuable products. 

With the advent of the so-called second Industrial 

Revolution, superior machines appeared on the market in a 

manner that was rendering the old ones obsolete. 

Productive equipment will in the future have much 
greater administrative attention. . . . Admini
strators are further discovering that new 

Charles Babbage, On the Economy of Machinery and 
Manuf acturers (I|.th ed.; New York: A. M. Kelley, 1963), 
p. 6. 



lj-2 

equipment need not show considerable profits 
over old in order to justify purchase. New 
equipment frequently offers additional econo
mies . . .2 

This "new" development was articulated by the 

simultaneous writings in 1923 of Gustaf Akerman in Sweden 

and Robert Taylor in the United States, and in 1925 by 

Professor Harold Hotelling. The prime interest of these 

models was to determine the economic life of the capital 

goods being employed. Thereafter, determination of this 

optimum life became the common denomenator in almost all 

models dealing with replacement. These models assumed 

stationary technology and were concerned with replacement 

by machines of identical type. However, "the important 

contribution of extending the theory to account for equip

ment obsolescence wes provided by George Terborgh."^ 

Taking technological change into consideration, most of 

the models assumed that price, salvage, and costs or 

profits are functions of equipment age. The optimum policy 

is, then, the one that maximizes profits or minimizes costs 

over the life of the system. 

o 
Erwin Schell, The Future of Production, in Percy 

Brown, The Second Industrial Revolution (The American 
Academy of Political and Social Science, 1930), p. 29. 

3vernon Smith, Investment and Production (Cam
bridge, Mass.: Harvard University Press, 1966)', p. 130. 
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The above mentioned models treated the lifetime of 

equipment as purely deterministic.^- Richard Bellman's con

tribution of dynamic programming gave impetus to the theory 

of replacement. The power of the said programming is 

evidenced by its ability to optimize whether the proces

ses are deterministic or stochastic. 

In sum, hitherto, three stages encompassed the 

theoretical development of replacement: (1) the finding 

and enunciation of the theory; (2) incorporating techno

logical change, and hence synthesizing the theory; (3) the 

development of dynamic programming optimization principle. 

These stages will be delineated hereinafter by displaying 

the major contributions to each stage. 

The Birth of Replacement Theory 

The Unit Cost Plus Approach 

One of the first works in replacement can be found 

in J. Taylor's theory of depreciation. Taylor's objective 

is to provide a correct formula for depreciating a machine. 

In doing so, he discusses: (1) the useful life of the 

machine, and (2) distributing depreciation charges over the 

said asset. 

Taylor criticizes the conventional method of determin

ing the useful life of equipment by comparison with the 

^"D. W. Jorgenson, J. J. McCall, and R. Radner, 
Optimal Replacement Policy (Santa Monica: The Rand Corpora
tion, 1967). P. 5. 



average machine of a given type that can be efficiently 

used. Depreciation charges are then distributed over the 

determined life in a manner that makes the unit cost of 

production the same as it would with a new machine. This 

unit cost is obtained by the equation: 
C 

0 + R + Ci + S>T 
A = 2. 

Y 

where: 

0 = average operating expenses/year 

R = average repair cost/year 

C = coat of a new machine 

Y = average number of units/year 

1 = current interest rate 

N = years of useful life 

A = average unit cost of production 

Sjj = (3- + i)^ - l = salvage value 

C/Sn equals the annual rent of an N year of annuity that 

will equal C at the end of the N years. 

Taylor's point is that this method is incorrect if 

it is to be used as a means of comparing the old with the 

new machine because it impairs the invested capital. Por 

instance, if we would obtain a C value for a machine that 

had been one year in operation, we should make our depre

ciation charges for each of the N-l years; i.e., c 

SN - 1 * 
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Hence, "unless C/S^ - 1 accidentally equals C/SJJ at the end 

of each of the N years, we shall not have C dollars at the 

time machine is discarded.The Ci interest charges 

will also be in error since the value G is incorrectly 

obtained. In the final analysis, the basis of comparison 

is invalid. Taylor postulates that, depending on existing 

economic conditions, the book value of a machine should be 

determined in a manner so that the unit cost will be the 

same as that for a new machine. Accordingly, 

r-1 
Br = 0 " S Dm 

0 

- book value during the rth year' 

where, 

D equals depreciation charges for the rth year. 

The unit cost of output Xr for the rth year is; 

X = (0 + D ) / Y 
r r r r 

Taylor suggests that when interest is omitted, Xr is 

called unit cost; but when interest is included, it is 

called unit cost plus. The latter is more accurate and it 

is the one that should be minimized because this would 

mean minimizing the theoretical selling price of the machine 

~\T. S. Taylor, "A Statistical Theory of Depreciation," 
Journal of American Statistical Association (December, 1923)i 
p. 1011. 
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output. Moreover, if the machine is used r years, the 

average unit cost is: 

°1 + °2 + • • • + °n + Wn 
X = —- s (1) 

YI + Y2 + . . . + YN 

where; 

- C - = wearing value if machine is used r years. 

Taylor's rule of thumb is to "compute X at the 

end of each year for the total time the machine has been 

used up to that date and discard the machine when X ceases 

to decrease and begins to increase, provided labor costs 

and the like have remained constant.When economic con

ditions change, computation of the annual unit cost and 

the estimated unit cost for a new machine under the new 

conditions should again take place. 

_ _ °1 + H + Di = 02 + 12 + D2 + . . . ^ On + In + Dn (2) 

Y1 Y2 Yh " 

and 

X - °r + l r  +  Dr 
r y 

xr 

Di + D2 + . . . + Dn = Wn (3) 

where: 

Ir = iBr = interest charges for rth year 

and 

Dr = Yr | 01 + 11 + Dl | " Or - Ir = YrX - 0r - I, 
Yl 

6Ibid., pp. 1013-1011|.. 



The problem is then to determine n so that X is a minimum. 

In so doing, the main formula is: 
n 

Y _ Wn + Ci Sn • + Z (1 + i)n"r 0r 

" n ^ W 
£ (1 + i) Yr 
1 

The Profit Approach 

The first repercussion to Taylor's "theory" is found 

in Hotelling's criticisms of Taylor. He criticizes Taylor 

on the ground that the unit cost plus method of deprecia

tion does not reduce cost.? The unit cost may be made 

minimum by affecting the machine itself and not by adjust

ing entries in the book. This line of argument lead Hotel-

ling to doubt the validity of Taylor's minimization. In 

contrast, "considerations of profit lead him (the business

man) to scrap the machine at some different time from that 
Q 

which makes unit cost a minimum." Hence, the aim is to 

maximize the present value of the machine. The underlying 

assumption is that "the value of a machine and that of a 

unit of its output are interrelated, each affecting the 

other.The said value is arrived at by first finding the 

profit equation in terms of revenue and operating costs; 

^Harold Hotelling, "A General Mathematical Theory 
of Depreciation," Journal of the American Statistical 
Association, Vol. 20 (1925), p. 3i|0. 

6Ibid. , p. 3i|.l. 

9Ibid., p. 353. 
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R(t) = XY (t) - 0 (t) 

Slimming and discounting the annual profit, the value V(t) 

of the machine is derived as follows: 

V(t) 

where: 

) -0(t)]e-r<5 Cv)dv dT+Sne-Jt5^^ 

e 
-J 6 •+o 

(v)dv represents a discount factor, 

f c ~ u(v)dv is the discounted salvage value and 
(h) 6 

S is the rate of increase of invested sum. 

If Y, 0, S, and (5 sre known, the task, then, is to 

determine n, the useful life of the machine, and X the 

selling price of the output which is a market determined 

price being constant in the case of a static economy. 

Depicting X as a function of time, there may be a 

point at which the output of the equipment ceases to be 

worth the operating expense. Therefore, if this point in 

time is assumed to be m, then: 

XY (m) - 0(M) =0 

which can be written as: 

R (m) = o 

r m  

J R(T)vT"tdt 

This integral value of the machine decreases until it 

reaches the salvage value: 
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R(T)vT-tdt = S(n) 

and the solution is the one that makes V(t) maximum. 
r 

The Internal Rate of Return Approach 

In 1923, Gustaf Akerman wrote his startling work on 

the relation between capital goods and national income. 

Professor Wicksell, after reading Akerman's manuscript, 

researched the problem and appended it to his review of 

Akerman's work.^0 The optimum life of a machine, accord

ing to Wicksell, is as follows: 

b . At 

(1 + r)15 

This equation expresses the value of the revenue (b) dis

counted at r interest rate. If £) is defined as the 

"instantaneous rate of interest for a moment of time11"^ 

which is equal to loge (1 + r), the above equation can be 

written as: 

h .-P* 
b e ̂  At 

I 

The present value of benefits, with t continuously variable, 

is 
J,,11 e'Pt dt = b ( 1 ' 

10, K. Wicksell, Lectures on Political Economy, Vol. I 
(New York: Macmillan Hook Co., pp'i, ^-270. 

11Ibid., p. 275. 



The internal rate of return is given by: 

.n 

I - - "  
b I e r tdt = aL 

where a is the labor, L wages, and n is the life time of 

the machine 

a = k n v or alternatively a = f (n). 

Hence, 

b J* e P^dt - Lf (n) = o 

t 

This last equation expresses the internal rate of 

return as an implicit function of the life of the machine. 

Moreover, if the businessman maximizes this return, then 

= o and be"Pn = L f1 (n) (6) 

Solving (5) (6) will determine the return P , and the 

life of the equipment. Accordingly, the optimum life is 

determined when the cost is equal to the discounted bene

fit of a particular year. 

On the other hand, when the market interest rate is 

incorporated instead of the internal rate of return, the 

aim will then be to maximize the present worth of the 

equipment w. 
f n 

W = b Jo e~rtdt - Lf (n) 

dw - b e"rn - Lf' (n) = 0 ^ 
dn 

or 



b e"rn = Lf« (n) 

Since r is the market interest rate, in the case of free 

competition and stationary equilibrium w = 0 only if 

r =P.12 

Further Development of Replacement 
Theory 

Effect of Technological Change 

The second development in the theory of replacement, 

the recognition of the importance of technological change, 

was enunciated by Terborgh in 191+-9. After his fundamental 

theoretical contribution, he devoted his activity to pro

viding an applicable approach to replacement. 

Terborgh argues that capital goods degeneration may 

be either quantitative or qualitative, or both. Quantita

tive deterioration can be easily measured as the machine is 

shifted with age to lower continuity and density jobs. The 

decline of service intensity is, actually, a reflection "of 

the growing qualitative superiority of the service offered 

by available substitutes or alternatives for the existing 

assets.Naturally the said superiority could be the 

12 S. K. Bhattachoryya, Capital Longevity and Eco
nomic Growth (Calcutta, Pakistan: Bookland Private Ltd.. 
i9t>5), p. 10. 

"^George Terborgh, Dynamic Equipment Policy (Wash
ington, D. C.: Machinery and Allied Products Institute, 
19^9), p. 5k* 



result of either an actual degeneration or an improvement 

in available alternatives. Obsolescence, thus, measures 

the relation between the machine and its job, and it is 

not in terms of age or an attribute of the equipment 

itself. 

Terborgh separates replacement analysis into two 

distinct operations. The first is the selection of the 

best available unit, "the challenger," to replace the in

cumbent, "the defender." The second is the determination 

of whether or not the defender i3 replaceable. A neces

sary ingredient for this analysis is forecasting a series 

of machines that are not in existence yet; i.e., "when 

there is no future challenger worth waiting for. 

The two important concepts developed by Terborgh 

for the purpose of comparison between the defender and the 

challenger are the operating inferiority and the adverse 

minimum concepts. The operating inferiority, or inferi

ority gradient, is a measure of deterioration and obsoles

cence as reflected in the decline in the defender's 

operating performance relative to the performance of the 

challenger. Hence, obsolescence is the growth of operating 

inferiority in the existing system. 

Since the operating inferiority varies directly with 

age, the time adjusted average of such inferiority also 

•^Ibid., p. 55. 
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varies directly with machine age. Clearly, then, "the 

longer the period of service over which capital recovery 

is spread, the lower is the average capital cost (i.e., 

initial cost of replacement) for the period."^ Since 

one average varies directly, and the other inversely, with 

age, the sum of these two have different values for dif

ferent periods of service. The lowest of these values is 

the adverse minimum (i.e., "It is the lowest combined time-

ad justed average of capital cost and operating inferiority 

obtainable from the machine.")1^ Replacement analysis is 

then a comparison of the adverse minimum of the challenger 

and the defender. 

The general formulas for computing the average of 

inferiority and capital costs, and the adverse minimum, 

are provided by Terborgh as follows: 

Life-average of operating . . v ~ 
inferiority and capital cost = S^n " *•) + C - 5 + i(C +S) 

2 ""n— 2 

The adverse minimum 
(no salvage) = "V2 C g + iC - g 

'2̂ -

g = the annual inferiority gradient 

C = the acquisition cost 

S = salvage value 

^Ibid.. p. 63. 

i^Ibid.. p. 61^.. 
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n = number of years in the period of service 

i = interest rate 

In the no salvage case, the service life is deter

mined by the relation between the cost of the equipment and 

its inferiority gradient.^ 

, Vernon Smith is a pioneer in articulating replace

ment theory and synthesizing it with production theory. 

Moreover, he makes some assumptions that were not realized 

before; yet, they are essential for the development of a 

theory of replacement. He is the first who distinguished 

between replacement and expansion, saying that replacement 

with equivalent capacity may not involve output nor price 

decisions and, hence, can be made on relevant cost con

siderations. However, "The problem of expansion, whether 

it be found up with the replacement of particular machines 

or not, is a problem of scale which cannot be solved with

out introducing demand considerations. However, Smith 

or 

g = 2 C / n2 

Articulation and Synthesis 

17Ibid., p. 261. 

^Vernon Smith, p. 132. .• . 
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realizes that in some instances "replacement policy cannot 

be formulated independently of output and price policy. 

With this assumption in mind, he displays the relationship 

between the total cost function and the current cost of 

the equipment. Replacement with equivalent machine capac

ity is then the policy that minimizes the current cost of 

equipment, bearing in mind that obsolescence and deterio

ration influence only the operating cost per unit of 

equipment. 

It was mentioned in the opening of this chapter 

that a main task of replacement theory is the determina

tion of the optimum machine age. By the same token, 

Smith's task is to obtain a concave operating cost curve 

as a function of equipment age W = W(L). The utilization 

rate of the equipment will determine the operating ex

penses which is, in turn, an unvarying increasing function 

of the life of the machine. This function is of the form 

0O <uo> 

where UQ is the average annual utilization rate and t the 

machine remaining life in years. If t is set equal to Lo» 

replacement policy can be expressed in terms of machine 

life. Hence, if Lo = Of immediate replacement is recom

mended; if L0 = 1, replacement should take place after 

one year, and so on. 

19Ibid., p. 133. 



In. «ase of a chain of replacements, the incum

bent's life is determined in relation to the performance 

and economic life, of the replacing machine, and recog

nizing technological advancement, the operating cost for 

the first replacement is a function of utilization rate, 

time of end the age of the equipment; i.e., 

0 (Ui.-'Lo, t) 

The economic replacement policy is the one that 

ntitiistizes vr, cperating cost of the equipment: 

w = r 

,Li 

( <Uo> t] e"rt<it " So(Ib) e~rL°) + re"rLo 

| •£' 0 (Vlf Llf t) e"rtdt + Wx - Sx (L-l) e~rLl] 

+ re-r(Lo + Ll) j j£ 20 (xj2f. Lq + Lx, t) "e~rtdt 

+ W2 - S2 (L2) e"rI*lJ + 
Lr+1 

+ re~r^L° + + . . . + LK) ( J . 0 (%+!, Lp + 

+ • • • + Lr, t) e r^dt + Wj^+i -

(%+l) e-'^+i) 

where: 

r is the continuous rate of discount 

WK is the initial cost of investment 

SK 13 the salvage value 

Under an equidistant replacement policy, and assum

ing a constant rate of utilization and investment cost, 



Smith provides the following equation that forms, with 

some variance, "the substructure of all contemporary 

20 
approaches to applied replacement analysis." 

»L0 

>o w = r J^0O (t) e~rtdt - So (Lo) e~rL°l 

CO 
re"rL° f e-rKL 

j^0 (Lo + KL, t) e'^dt + W - S (L) e~rL 

The function 0O and 0 are, following Terborgh, 

linearly approximated as follows: 

<*o (t> = E0 +J30t 

Eo> 0 

0 (L0 + KL, t) = E - a (Lo + KL) + ft t 

K = o, 1, 2, . . E,a >J3=^ 0 

where: 

Eq is the initial operating expense rate of existing equip

ment 

E is the initial operating expense rate of a challenger 

A> is the incumbert's rate of deterioration 

J3 is the expected challenger's rate of deterioration 
CX is the rate of technological change 

Accordingly, the optimal service life of of the 

equipment can be determined: 

O wi - E0 - rSo + CX /r . 
L0 

A 

20Ibid.. p. 11|2. 
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where: 

WQ is the discounted annual cost of installing 
and maintaining new equipment and applying an 
optimal policy. 

Smith shows that his analysis incorporates, and is 

synchronized with, that of Terborgh by revealing that 

( CX + J2 ) is Terborgh's inferiority gradient and K 

the adverse minimum. 

The Dynamic Programming Development 

Dynamic programming is a powerful tool for approach

ing optimization. Its application is being widely employed 

in sophisticated models of the economy and the firm. Its 

importance stems from its nature and smooth applicability 

in "the analysis of multistage decision in the sequential 

mode."21 

The Optimization Principle 

It is Bellman who originated the essential concepts 

of dynamic programming, incorporated the important idea 

of optimality, and developed many of the present applica

tions of this tool. 

Bellman may be the first who approached the equip

ment replacement via the functional equation of dynamic 

programming. In a concise paper he mainly discusses two 

21Martin Beckman, Dynamic Programming of Economic 
Decisions (New York: Springer Verlag, Inc., I960), p. 
vii. 
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cases: (1) the simple case which involves no techno

logical improvement, and (2) the difficult case that 

accounts for such changes. In both cases Bellman's objec

tive is to maximize the overall discounted returns from 

the machine. Two alternatives are considered—keep the 

machine or buy a new one. 

Let: 

f (t) = overall returns from a machine of age t 

fj£(t) = keep decision 

fp(t) = purchase decision 

For the no technology case, the functional equation 

for f(t) is: 

f(t) = max pK : r(t) - u(t) + a f(t +1) "I 

[p : S(t) - P + C(o) - u(o) + af (1)J 

where: 

r(t) and S(t) represents a revenue function 

u(t) represents a maintenance function 

a represents a discount factor 

f(t +1) represents next year's return of a new equipment 

P represents replacement price 

The optimal course of action is to keep the machine 

until it is T years old and then buy a new one. Hence, a 

^Richard Bellman, "Equipment Replacement policy," 
Journal of the Society for the Industrial and Applied 
Mathematics (September, 1955)* PP» 133-136* 
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system of equations must be developed as follows: 

f(o) = n(o) + af(l) 

f(l) = n(l) + af (2) 

f(T-1) = n(T-l) + af (T) 

f(T) = S(T) = P + n(o) + af(1) 

where: 

n(t) = r(t) - (u(t) 

T ^ 0 and P S(o) 

solving for f(l): 

f(l) = [[n(l) + an(2) + . . . + aT 2 n(T-l) + n(o) aT 1] 

+ a"1 [ S(T) - p] " aT) 

Considering the case of technical change, two state 

variables are considered: t, the age of the machine; and 

T, absolute time. 

f(T,t) = overall return from a machine of age t at time T. 

The functional equation is: 

f(T,t) = K : r(T,t) - u{T,t) + af(T + 1, t + 1) 

_P : S(T,t) - P + r(T,o) - u{T,o) + af(T + 1,1) 

Stuart Dreyfus is the first who utilized Bellman's 

functional equation technique of dynamic programming, dis 

playing its numeric applicability. His optimal solution 

is a replacement policy that maximizes the present value 
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of all future returns based upon a given set of predic-

23 
tions. Following Bellman, his dynamic programming 

formulation centers around finding the overall return 

ffl(t) in year N from a t year's old machine, and maximizing 

this return. 

The decision to purchase a new equipment or keep the 

old one depends upon the year N and the age to of the ma

chine. When technological improvement is incorporated, the 

revenue, upkeep, and replacement functions exhibit exponen

tial curves with the revenue being a decreasing function^ 

whereas the other two are increasing functions depending 

on the year of manufacture and age of the machine. 

In case of technological change, the revenue accru

ing from a machine takes the form of an exponential func

tion and depends on the year of manufacture rather than on 

machine age. "Since the year of manufacture is the abso

lute year N minus the age of the machine t, we write: 

-St 
•H^' = [ P + Q (1 - e~g^N-t*) e 

A new machine will produce revenue greater than P 

by the amount of increase Q discounted at (1 - e~®^~^). 

^Stuart Dreyfus, "A Generalized Equipment Replace
ment, " Journal of the Society for Industrial and Applied 
Mathematics (September, 1960)* P. 1039. 

2^4-ibid., p. lOl+l. 



If operating cost will tend to zero as technology 

improves, and if the upkeep increases, as the machine ages 

by a factor u each year, we can write: 

uN(t) = Ae~^(N~^) + B(1 - e W^) uN ^ 

The optimal decision is arrived at by determining 

the return function one year in advance, i.e., at the end 

of one year period; hence, attains the main objective of 

the model which is finding the economic life of the in

cumbent. Since discounting is incorporated, the method is 

in a way, equivalent to marginal revenue—marginal cost 

analys is. 

Stochastic Processes 

As a good demonstration of the applicability of 

Bellman's principle ofoptimality, James Eckles, in his 

dissertation, considers a replacement problem of the 

stochastic type. His objective is to minimize the dis

counted cost of replacement. The dynamic programming is 

used to develop an algorithm for the calculation of the 

optimal policy of replacement. 

The optimum decision is determined by the system 

probability P and its age t. The state variable of the 

dynamic program is thus reduced to the pair P,t. More

over, the model works through two events that describe the 

state of the system. The system is described as being 

either operative or non-operative and accordingly, three 



alternative decisions are investigated: replace, investi

gate, or wait.2-* 

It is assumed that replacements are identical and 

fail in consonance with the same time to failure mass func

tion, f (-). If f(t) equals the unconditional probability 

of a failure during the interval (t, t + 1), and (*) 

26 denotes the failure rate function, then: 

r(t) = f(t) 
oo 
EfU) 
i=t 

t=l 

f(t) = r(t)£ [l - r(i)] 

To arrive at the basic functional equation, assume 

that an optimum policy (T^) can be found and let Vt(Xt-1) 

denote the present value of expected costs, depending on 

the past information X^-j.* N^. can represent the sum of 

both the expected cost incurred at time t and the present 

value of all expected future costs. 

It follows that T^(Xt_^) denotes a course of action 

that minimizes cost. Thus, for t - o, 1, 2, . . . 

2^ ^James Eckles, Optimum Replacement of Stochastic
ally Failing System (Stanford, Calif*: EES. Student Thesis 
Series, 1966), p. 16. 

26Ibid., p. l£. 



R + C£ Vt+i P) for replacement 

(Pw +C(Vt+1, w) for waiting 

jpw + I + CCi (x) + (1-P) for inspection 

<X>] Vt+1 X) ̂  

R represents the expected cost of replacement (R-o) where 

P represents the transaction probability. 

w represents a penalty cost when the equipment is in opera

tion (w - 0). 

I is the cost of inspection (I - 0). 

C£ is a single period discount rate (0 - CC~ 1). 

L0- and represent information about the state of the 

system according to which a decision is undertaken. 

Xj. denotes the alternative that may occur at time t. For 

instance, in case of replacement, P is written for X̂ .. In 

case of inspection, X^ is set equal to the resulting 

inspection outcome. If neither of these two alternatives 

occur, w is written for X^. 

If the system is inoperative and replacement is not 

undertaken at time t, the penalty cost, w, is incurred at 

that time. A replacement system's performance is assumed 

to be unaffected by the act of inspection and, therefore, 

when an operative system is inspected, only the inspection 



65 

cost, I, is incurred. However, if an inoperative system 

27 
is inspected, the immediate cost is I + W. 

27Ibid., p. 17. 



CHAPTER IV 

THE DYNAMIC PROGRAMMING APPROACH TO REPLACEMENT 

In this chapter the replacement problem is envisaged 

mathematically. After delineating the two alternatives — 

replace with equivalent capacity system and replace with 

greater capacity system—the attempt will be made to estab

lish the posterior probability of demand so that the 

expected gain associated with each alternative can.be 

assessed. Finally, the form of the functional equation 

is obtained. 

Assumptions 

For the purpose of this study, the following assump

tions are adopted: 

a. In essence, this study assumes that a replace 

decision is under consideration. Hence, when such a deci

sion is contemplated, the firm should decide at what level 

of capacity replacement should occur. Underlying a deci

sion of this sort is a study of the expansion possibilities 

depending on how the firm's share of the market is prog

nosticated.^" 

•'•Vernon Smith, Investment and Production (Cambridge, 
Mass.: Harvard University Press, 1966), pi 132. 
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b. The new equipment time-to-failure rate is not 

necessarily equal to the initial system's failure rate. 

The reason, mainly, is ascribed to technical change, espe-

cially when such a change is considered as exponential. 

The firm can always obtain the needed machine capacity that 

incorporates technological change more than when we talk 

about machines per se. It is understood that replacement 

is not the type where the failure rate of the defender and 

that of the challenger are the same. 

c. The traditional way of making the system's age 

the center of analysis is in a way dropped. Specifically, 

when expansion possibilities are contemplated, variables 

other than the system's age become dominant. 

d. Bayes' theorem will be used to revise the 

probabilities of the state of the system. Based on a new 

influx of information, the probability of the various 

states' occurrences are updated, the conditional probabil

ity of the decision variable is attained, and the optimal 

policy is recommended. 

e. Knowledge of the type of distribution for the 

firm's product may be regarded as a key to replacement 

^Richard Bellman and Stuart Dreyfus, Applied 
Dynamic Programming (Princeton, N. J.: Princeton Uni
versity Press, 1962), p, 117. 



68 

analysis. The adjustment of capital to the needs and oppor

tunities of the firm must be a primary concern of manage

ment . ̂ 

The Stage Variable and General Framework 

The Stage Variable 

Two alternatives are to be contemplated—replace 

with equivalent capacity system, and replace with a greater 

capacity system according to how the world is viewed. In 

other words, our set contains two possible subsets either 

of which at any stage could dominate the initial set. 

C=C » fi 

Replace with tc Replace with 
equivalent capacity greater capacity 

system system 

R1 * R2-

QC denotes the state in which demand is expected to remain 

about the same, or the increase is not expected to be con

spicuous . 

P denotes the state in which ex-ante demand is expected 

to increase noticeably. situation exhibits either a 

demand shift or a sizeable movement along the curve. 

3Ge orge Terborgh, Business Investment Management 
(Washington, D. C.: Machinery and Allied Products Insti
tute, 1967), p. 289. 
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In the context of the above illustration, t. is the 

break-even point between R^ and R^. Its determination 

maximizes the system's effectiveness (i.e., maximum overall 

return). The value of t for maximization is a function of 

the appropriate information determining the parameters 

concerning the returns, and also the relevant information 

about the failure of the existing system. 

The following definitions of symbols will be used 

throughout this chapter: 

T = final time 

t0 = now (i.e., immediate time) 

tG - ti = previous stage 

t0 + ti = succeeding stage 

to - t = historical stages o—^t 

tQ + t = future stages t —T —OO 

D+- = immediate demand 
^o 

Dt0 - t^ = level of demand at a preceding stage 

Dt0 + ti = level of demand at a succeeding stage 

D4. - t = historical level of demand t—* o 
^0 

D+. + t = future demand t —» T to 

= demand at any time 

d-jj = a decision variable 

dt = a vector of dt 

In the interval t<5~^tc replacement takes place if 

the system fails either mechanically or financially. Hence, 
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in a state, replacement analysis may be conducted by 

following either a cost minimization or profit maximization 

approach. That is, when theJ2 state is not contemplated, 

demand considerations may not be incorporated because no 

significant change in the output-price decision is expected 

to be made.^-

However, in the interval tc*»T, it is postulated 

that replacement should take place even if a failure has 

not been detected. This is planned vis-&-vis imposed 

replacement as it is mostly in the case of C£ situation. 

The thesis is that at any stage (i.e., any time, t), the 

firm can adopt the decision d^, d^ = R^, if t Z. tc or 

dt = R2, if tAtc. However, the equipment may be replaced 

even if dt = dQ (i.e., do nothing) because it is planned 

replacement which is analogous to preventive maintenance 
c 

replacement.' 

The problem is intricate in that the whole 0—»T 

cannot be known with certainty, which poses the problem 

that the interval is stochastic, and hence the value for 

tc. To circumvent this difficulty, we introduce "The 

fiction of random or stochastic influence ... the arti

fice of the mathematical theory of probability."^ 

Vernon Smith, p. 133. 

^D. W. Jorgenson, J. J. McCall, and R. Radner, 
Optimal Replacement Policy (Santa Monica, Calif.: The Rand 
Corporation, 1967), p. 57. 

Bellman and Dreyfus, p. 257. 
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Moreover, since the point tc in the continuum O^T deter

mines where the firm stands, a high probability of Qt and/or 

^?states poses no problem in adopting or R2 policy. The 

difficulty, however, arises when such an indication has a 

rather low probability. In any event, the maximization 

of return with reference to and R2 cases are considered. 

General Framework 

The following is a simple illustration based on 

Richard Bellman's example of the principle of optimality.-^ 

It is intended to be a concise framework of this chapter. 

State q J2 

Policy R^ R2 

Demand 

Probability of obtaining P^ P£ 

A fraction of profit G^ G2 

It follows that: 

Expected loss Expected gain State 

1 - P1O1D1 a 

1 - P2 ?2a2oz P 

Hence, a break-even point may be obtained by comparing for 

both situations the division of expected gain to the 

expected loss so that an optimal policy may be chosen. 

^Richard Bellman, Dynamic Programming (Princeton, 
N. J.: Princeton University Press, 1957)» PP. 6I-7I1. 
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P-jG-D1 w PpGoD2 
—^ optimal policy 

i - Pj.  ̂i - p2 

where: 

D1, D2-^ 0; ?±f P2 ̂  0; G-p G2 ̂  0. 

And an index may be established as follows: 

In a dynamic format, the functional equation would 

be: 

f^.(D^", D2) maximum expected overall return when demand 

is satisfied and following an optimal policy 

that can last t time stages. 

ft (D1, D2) = Max r ̂  - u n r^1! r Rl = 

[ R2 = P2G2D2. 

= Max 

' Ri = replace with equivalent 

capacity system 

= replace with greater capacity 

system 

The State and Control Variables 

ity j 

The existence of business organization, most often, 

is displayed by the level of demand for its products. This 

demand preferably is met by the available machine capacity. 

However, in the event when demand is in excess of capacity 

the firm may elect to subcontract some orders, permit 
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backlogs to build up, or it can always forego some orders. 

Consequently, knowledge about ex-ante movement of demand 

is crucial to the firm in general and to the problem of 

capital expenditures in particular. 

Up-Dating the State's Probability 

Ex-ante demand is probabilistic by the inherent 

nature of its futurity. Such a demand, one may fairly 

assume, exhibits a cumulative probability distribution 

whose parameters are stochastically determined and can be 

modified as information is gleaned from one stage to 

another. 

On a priori grounds, collection of enough informa

tion from previous periods depicts the probability dis

tribution of the said observations. On a posteriori grounds, 

the interest is in relating the value of being in a previous 

state to the value of being in a next state. Actually, as 

the observations increase, uncertainty about the parameters 

diminishes; that is, when there is sufficient information 

about the parameter, the variance of the posterior prob-
g 

ability becomes small. 

According to the previous postulate, let: G( 

denotes demand will remain approximately the same, JJ denotes 

that demand will increase, ffc denotes state's 

probability in any period t 

ft "Jorgenson, et al., p. 206. 
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(t = 0, 1, . . T) 

In any period t, the firm can be either in state C( 

or state £} , Naturally, a change from one state to another 

must not precede a change in action or R2. This is 

because installation of new or extra capacity must not 

occur at the peak of a rising demand, or a relatively mild 

cycle, otherwise management will be faced with unutilized 

capacity.^ The probability of state change is the sig

naling device that induces, other things being equal, a 

change in policy recommendation. 

The following Figure 1 shows the process of obtain

ing posterior from prior probability. The process is two

fold: in the first, the probability is up-dated using 

the following matrix derived from Figure 1 : 

fl = 

1 - P-

1 - P. 2 2 

In the second, these adjusted probabilities are used in 

Bayes1 theorem to obtain the revised-state probability. 

C apac ity_ 
^George Terborgh, "Utilization.of Manufacturing 

ity_," Capital Goods Review tl967)> p. 1. 

^Robert Shook, Harold Highland, and Esther Highland, 
Probability Models (Homewood, 111.: Richard Irwin, Inc., 
1969), p. 79. 



Input Output 

Prior Prob- Change in Demand and 
ability of Probability Probability 
Demand t-1 Period t-lr»t Period t 

Information Revised 
Probability 

t-1 

Closed Loop 

Open Loop 
—-*» 

Figure 1. Up-Dating the State's Probability. 

Source: - Harold Bierman and Thomas Dyckman, Managerial Cost Accounting 
(New York: The Macmillan Company, 1971), PP. lj.O-lj.9. for part of this information 
the rest was furnished by the author of this dissertation. 



The Bayes1 equation used to revise the probability 

is of the following form:^ 

2 P0(AI) P(X|AI) 
i=l 

where P0(A^) indicates probability of a given state with 

prior information on demand, end P(xfAi) is the probabil

ity of the observed movement in demand, given occurrence 

of the state. The Bayesian revised state probabilities 

can provide a measure of the expected benefits from R^ and 

R2 and accordingly an optimum policy can be employed. 

The mechanism of the process takes place as follows 

if at time, say t^ tQ, the firm is in state , and an 

increase X in demand is projected to occur in time t = 

tg this observation would reduce the probability of 

state a an<i increase the probability of state f2 . 

ing the probabilities. Those probabilities will be used 

to arrive at the Bayesisn Revised Probability. 

•^Samuel Schmitt, Measuring Uncertainty; An 
Elementary Introduction to Bayesian Statistics (Reading, 
Mass.: Addison-Wesley Publishing Company, 1969), p. 65. 

The next section provides an articulation of obtain 
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The Posterior Probabilities 

In the last section the distribution of demand is 

not explicitly treated. Since it is important to the firm 

to determine the shape of the said distribution so that an 

optimum policy of replacement can be adopted, the possible 

shape of the distribution will be discussed. Let: 

D+. denotes the immediate level of demand at time 
ro 

t = tQ, 

Dfco_t"L denotes the previous level of demand at time 

to - t]_, 

Dt0-t denotes historical demand distribution where 

t o. 

In the last section, the form of the tQ - t dis

tribution is assumed known. For the purpose of future deci

sions, the shape of the distribution should be determined. 

For the delineation we shall follow Professor White's line 

and assume that within the distribution is an unknown param

eter, say 'Y , subject to a probability distribution function 

<M 7 >.12 

On a priori grounds, the distribution function of 

Dt is (D^o_t Jf )• The task, then, is to determine 

parameter ̂  and the future demand distribution I>tQ+t where 

1 p 
0. J. White, Dynamic Programming (San Francisco: 

Holden-Day, 1969), p. T5!T. 
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t-^T. Consequently, the distribution function can be 

obtained by the conditional probability as follows 

P (Dto+tl I = g (Dto-l. Ptp+tx) 

P <Dt0-t) 

= p (Dt0+tl, 7\ p (7 > 

P t / K  t )  =  P  ( D t  t ,  / )  

p (%-t) 

where 

p (Dto-t) = jy (%-t j r) * < r> 

The parameter can be obtained by the division of 

the joint probabilities of the distribution function ^ 

and the parameter into the marginal probability of 

Knowing the probability distribution of Dt0+ti 

Dfc0 given D-t0-l anc* Dt0 will help ascertain the value of 

being in state D^0-ti and D^Q to the value of being in 

15 
state Dt0+ti and Dt0+t at the n + 1 stage. ^ 

13Ibid., pp. 13^-136. 

^Harold Bierman, Charles Bonini, and Warren Hous-
man, Quantitative Analysis for Business Decisions (Homewood, 
111.: Richard Irwin, Inc., 1969), pp. 17-22. 

l^White, p. 136. 
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Since the interest is in articulating the decision 

variable, the question is whether management evaluation 

has at thi3 point adequately reduced the uncertainty, or 

further effort is needed.1^* This decision may be incor

porated in determining the posterior probability of demand. 

In a "System Approach" term, this is analogous to a feed

back loop mechanism that senses the firm's production end 

forecasts future demand, so that the appropriate machine 

capacity can be decided upon.^7 Hereafter this decision 

variable is incorporated. 

The decision variable d^. is evaluated in every stage 

(t = t0, ti . . T) so that the state can be identified. 

Actually, any decision regarding the succeeding (say 

Dto+t^) is arrived at in a previous state and stage (say 

tQ-ti). 

P(dt-ti» Dt^ postulates the conditional probability 

that a certain decision is taken at time t-t^ given a 

l6 
future demand at time t. If at time t-t^ the decision 

variable is set equal to (X situation, then, replace 

with R-^ choice. Furthermore, with respect to the decision 

l6Willi am Morris, The Capacity Decision System 
(Homewood, 111.: Richard Irwin, Inc . ,1957), p. 2ij.. 

17ibid., p. 56. 
1 Q 
James Eckles, Optimum Replacement of Stochastically 

Failing System (Stanford, CalifT: EES Student Thesis Series', 
Stanford University, 1966), pp. 18-22. 
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variable and the stage, the probability that the state is 

(X at time t was decided upon at time t-t^ that resulted 

in the decision to effect R]_. In other words: 

p <t I 3t0-tl) = P C" I dt-l) = P (Dto| dto-t2) 

This equation shows that the immediate decision 

displays that the state is QC » demand will remain 

approximately the same. It is an indication of the belief 

that the true state is Dt , which was decided upon in t -tg. 
uo 

This is, by implication, the conditional probability of 

demand occurring in the near future. 

The event that demand is the same at time t may be 

ascertained in either of two ways: (1) status-quo of D 

any time before time period t0-t^, or (2) status-quo during 

the interval t-t^ to t. Naturally, the Dt0-t event i*1" 

corporated because the decision dt^_t£ occurs with con

sideration of both events D. and D+. Thus, tG 

(Dt0| St0-t2» = <DtJ a.t0-t2) + vtl I St0-t2) 

The aforementioned analysis shows that the corpus 

of the problem is how to effectively project future events 

of demand. If an increase is believed to occur and remain 

at that level, installation of greater capacity system will 

be feasible. If otherwise, it will be more profitable not 

to be caught with idle capacity. William Morris astutely 



puts it: "Thus, the problem is to make a forecast, assess 

the uncertainty of the forecast, and then select the most 

economic mix of capacity expansion and it3 alternatives in 

the face of this uncertainty."^ 

The Final Form of Recursion 

The Dynamic Programming Variables 

In a dynamic programming formulation, three types 

of variables usually comprise the functional equation— 

20 state, control (or decision), and stage. In addition, 

when the world is viewed at stochastically determined, the 

probability denoting the occurrence of certain events are 

expressed as an endogenous variable in the equation. 

The state variables are given as a vector that 

describes the system, in the sense that if their values are 

known for all t = o, 1, 2, . . ., T, then the behavior of 

the system for the range of n can be ascertained.^1 The 

state describes the "state" of the demand D for all t. 

The decision variable d^ contains information about 

the system at a particular time, i.e., it is a vector of 

variables that enters the process by affecting the state 

^William Morris, p. 83. 
20 ^Robert Larson, State Increment Dynajnic Program

ming (New York; American Elsevier Publishing Company. 
557, 1968), p. 3. 

2lIbid., p. 12. 
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variable. Sometimes it is called the sample history be

cause it determines the process of decisionmaking.^ 

The stage variable denotes the chronological order 

of the occurrences of the events; hence, it is usually 

taken to be time. It is defined as the sequence t = o, 

1, . . . T. 

The criterion that provides an evaluation of a given 

decision sequence d^ is taken to be a reward function, i.e., 

maximized profit. With the decision variable dt indicating 

a possible transformation and a sequence of functions D̂ . 

a certain optimal policy can be recommended. 

The differential equations that describe the system 

are of the form: 

f (tQ + tx) = f (Dt, dt, St, t) 

where 

D = X - dimensional state vector 

d = W - dimensional decision vector 

t = stage variable, assumed to be time 

S = g - dimensional random variable. 

This is the general stochastic functional form. It 

shows that "the present values of the state variables are 

known, but future values are affected by random forces. 

^Eckles, p. 16. 

2^Larson, p. 195. 
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Determination of Equation 

The decision has conceived a certain scheme of 

ex-ante demand that would be met with some machine capacity. 

For purposes of optimum allocation of resources, and hence 

maximum return, the level of identified demand D^. units will 

be allocated to C capacity. Furthermore, management con

tends that an allocation of Dg units of demand to capacity 

S will yield the maximum reward function Wg(Dg).^" 

Hence, 
C 

Max£ ws(Ds) 
S=1 

Subject t o  C  Z 
£ Ds=^£, Dt s=l t-to 

if TTq (D) denotes profits when D demand is allo

cated optimally to C production level of capacity, then a 

deterministic one state recursive equation is as follows: 

7fs(D) = MAX |ws(Ds) + 7TS-1 <D~Ds) 

For S = 1, 2, . . ., C 

7T0(D) = o for S - o 

(1) 

To account for future effects, discounting explic

itly enters the analysis for two reasons: (1) to account 

Harvey Wagner, Principles of Management Science 
(Englewood Cliffs, N. J.I Prentice-Hall, Inc., 1970), 
pp. 2£3-2£6. 
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for the increase in prices; (2) the cost of a new capacity 

which can satisfy, say, twelve years worth of growth in 

demand may only be twice as expensive as one that can accom

modate, say, four years worth. This economics of scale 

may induce building excessive capacity in advance of demand. 

Discounting insures that replaced capacity will not exceed 

demand considerably.^5 Hence, let 

0 represent a discount factor 

dfc represent a decision variable that yields c*[D) 

D. ̂  C where TT (D. ) is a non-decreasing function. Ex-ante 
t t " 

will be considered a monotone increasing function. 

7TS(D) = Max 
*t ws(V + 0 ̂  s-i (D-V 

for Da = 1, 2, . . ., C as long as machine capac-b 

ity is in question. Hence, C may be substituted 

for S in the right hsnd side of the above equation. 

The problem is tractable since the equation is in an 

iterative form. We only need data on the profit function 

and the value for C. Then the solution can be arrived at 

as follows:^ 

^Alan Manne, "Capacity Expansion and Probabilistic 
Growth," Econometric a, 29, no. I). (October, 1961), p. 635. 

26stuart Dreyfus, "A Generalized Equipment Replace
ment ," Journal of the Society for Industrial and Applied 
Mathematics (September, I960), p. 101+2. 



Let: 

S = 1 and finding 7T 2(0), 77^(1), . . ., f^(D) 

S = 2 and finding 2(°)i rr2(D, . . ., tt^cd) 

and so on. 

However, certainty is a far-reaching goal; future 

events are stochastic. Thus, probability enters the 

analysis in a wider perspective than a single discounting 

so that future uncertainties are reduced to risk or cer

tainty situations; so, let:2? 

9 J2 denote probability that demand is 

actually q at capacity S with the state 

identified as either CX or JJ . Note 

that this probability is equivalent to 

the last section Bayesian's P(Ai | X), 

7TS (q j D^) which denotes profit at capacity S when 

demand = q given that capacity S can 

absorb D^. demand. 

The conditional profit function represents two 

events—prof it as 7T sq if q-^Dt and hence machine capac

ity can absorb the demand; and profit as -rrsDt if q^-Dt 

revealing that demand is greater than capacity. Then, the 

profit function as a consequence of satisfying Dg demand by 

S capacity is: 

2?Wagner, p. 377. 
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W  = Y TTs < 1  I V  p j tap < 1 '  ( 2 )  

where the summation is over every possible quantity of 

actual demand. 

Since, 

Then the right hand side of equation 3 can be substituted 

into equation 1. Moreover, maximum profit will be 

attained through an optimum allocation of demand to capac

ity. Determination of the latter will be accomplished when 

capacity becomes a state compatible with the profit function. 

Thus, the final form of the equation will be as follows: 

Determination of R£ Equation 

To determine the needed greater capacity that absorbs 

a postulated increase in demand and, hence, the variables of 

Rg equation, let, 

( q ) = P (At | X) (3) 

E t  (  TT ,  c) 

P (Ai | X) denote demand decision. The assumption is 

that demand is linear (note that if demand 

is exponential, the analysis will not be 

different) whose equation is (a + bt +7J ) 



87 

D^= (D-^, D2> . . . Dj.) information on demand 

Q represents unit cost of extra capacity 

rr net profit from a unit sale 

Et(Dj, Dg, . . . C) is expected profit 

C equals present level of capacity 

C1 equals the assumed need of extra capacity 

The criterion here is C' which concerns installa-

28 tion of further capacity. Obviously this extra capacity 

should make total future capacity equal to future demand. 

Hence, C' is chosen optimally in deriving the recursive 

equation. 

The return will be a variable of the maximum total 

capacity or greater demand. That is, 

7TmHx (C + C1; ) 

If the cost of extra capacity is considered, the 

profit function will account for this cost, then 

TTmax (C + C« ; Dt) - C' Q 

The two states final form of the recursive equation 

is given in equation 5 below: 

Et (7T> C) = Max [ £ (7Tmax (C + C'j Dt) 
C»- o  L  q '  

+ 9 ( Tf t-i» Dt' 0 + c'> P (Ai | X)] (5) 

28White, p. l£l. 
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Note that the summation J] for equestions 10 and 

11 can be more appropriately expressed if the summation is 

r D-I. to the forecasted demand, i.e., ^ 

q 
Clearly, equations 10 and 11 represent choices 

R^ and R2 respectively. Evaluation of these two choices 

renders an optimal replacement decision. 

Capital Equipment Distribution 

.William Morris expresses the difficulty encountered 

in determining the needed machine capacity when the en

vironment is probabilistic vis-a-vis assumed certainty.^ 

In the latter case, the mean number of machines required, 

following a typical approach, would be: 

S. £ z 
t j EH 

where: 

= mean, performance time for operation i on product j, 

Dj = mean demand for product i in units, 

H = number of hours in a production period, 

E" = mean effectiveness factor. 

The oversimplifications, and the inaccuracies in 

estimating these variables render the model ineffective. 

The reason is that these variables are subject to variations 

^/llliam Morris, pp. 87-95. 



making the number of machines itself subject to variations. 

The result would be either more or fewer number of machines 

are available than are required. Thus, a more logical 

approach would be to describe these variations in terms of 

probability distributions as follows: 

f(m) = CC [* (T±J), g(Dj), h (E) 

considering H as fixed by policy, the required number of 

machines will itself be a random variable. For decision 

making purposes, the ssid probability distribution f(m) can 

be estimated with the following equation: 
-CO 

C (M) = C-jM + c 2  f (m - M) f(m) dm 
Jm 'M 

where C(M) is the expected cost of providing M machines; 

C-l is fixed costs per machine /period; and Cg is cost 

penalty per machine/period. The optimal policy would be: 

rt _ f f M* 
2 1 — T? f — I JJjjj = F(M*) = J f (m) 

where Mtf- is the value of m. 

Professor Ruddell Reed's formulation is the same as 

that of Morris 1  initial four variables f o rmula.However, 

he elaborately obtains the distributions of the variables 

-^Ruddell Reed, Jr., Plant Location, Layout, and 
Maintenance (Homewood, 111.: Richard Irwin, Inc., 1967), 
pp. 5i±-66. 
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and incorporates them into his equation. Reed maintains 

that the result obtained by the traditional model (i.e., 

the assumed certainty model) pre similar to those obtained 

from the probabilistic model if values had been obtained 

31 from the detailed input to the probabilistic model. 

Under a probabilistic growth in demand model more 

capacity is appreciated than less capacity. Moreover, it 

is more appropriate to project the scheme of future demand 

and then attempt to determine the capacity that can absorb 

the demand in question. This latter approach may yield a 

better perspective than determination of a certain number 

of equipment units. On the other hand, incorporating the 

needed capacity together with the anticipated demand can 

give a more optimal replacement model. In this latter 

case, demand and capacity can be simultaneously depicted. 

The Morris/Reed approach is correct as far as 

deriving the distribution of the number of machines. How

ever, in the event when demand consideration is an endo

genous variable, replacement can be optimum when capital 

budgeting and production (i.e.* capacity) are integrated 

in one equation. Thi3 equation can be solved by the dynamic 

programming technique that optimize some profit and/or cost 

function. 

31Ibid., p. 71. 



CHAPTER V 

CAPACITY-DEMAND: DILEMMA RESOLUTION 

Utilization of machine capacity and demand for the 

firm's products are interrelated and should be treated as 

such. This is especially so when optimum allocation of 

resources and maximum system's effectiveness are to be 

obtained. Gerald Smith argues that one indicator of the 

relative significance of plant and equipment costs is the 

ratio of these costs to the sales dollars, or sales dol

lars to invested capital.^" Smith shows that the two terms 

which are helpful in describing capacity characteristics 

2 
are capacity factor and demand factor. 

capacity factor average demand 
rated capacity 

demand factor _ average demand 
maximum demand 

Moreover, idle capacity is not costless when the 

managerial task is to provide capacity which will meet 

peak rather than average rates of demand.3 Consequently, 

managers anticipate future demand and calculate the capacity 

^"Gerald W. Smith, Engineering Economy; Analysis of 
Capital Expenditures (Ames, Iowa: The Iowa State University 
Press, I960}, pp. Ib0-l8l. 

2Ibid., p. 181. 

3Ibid., p. 183. 
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that satisfies the demand. In other words, the firm is 

subject to two constraints: those prevailing in the pro

duct and factor markets, and those prevailing in financial 

markets.^" Hence, the investment decision is carried out 

with these factors in mind. 

Capacity Utilization 

Capacity Concept and Replacement 

Capacity utilization may be used to measure the 

efficacy of capital investment by the firm. It displays 

expansion possibilities of production, providing that the 

firm is able to channel the output to the market that can 

absorb it. Hence, determination of capacity utilization 

and ex-ante demand for the products of the company is 

synchronized with the feasibility of new capital investment. 

There are several concepts of capacity pertaining 

to the attainment of a certain level of output, the most 

important are:^ 

Theoretical capacity: The output level that can be 
attained operating continuously 
without breakdown. 

^Eugene Lerner and Willard Carle ton, A Theory of 
Financial Analysis (New York: Harcourt, Brace and World, 
Inc., 196b), p. 155. 

^Harold Bierman and Thomas Dyckman, Managerial 
Cost Accounting (New York: The Macmillan Company, 1971), 
pp. 22-23. 
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Practical capacity: The output level that can be 
obtained, considering waiting 
time and breakdowns. 

Normal capacity: The level of output necessary 
to satisfy average consumer 
demand. 

Expected capacity: The level of output anticipated 
for the period in question. 

Capacity can be a stock as well as flow concept; 

"capacity is a rate of output, a quantity of output in a 

given time, and it is the highest rate of output you can 

get during that time." However, when considering expected 

capacity as a decision variable (i.e., planning capacity), 

Bayesian analysis can be helpful in attaining the needed 

probabilities for such planning.7 

Machine capacity is of special significance with 

regard to capital expenditures and replacements because 

"capital inputs are freely variable in considering hypo

thetical alternative production design plans, but once 

such stock inputs are installed, they can no longer be 

varied except by installing parallel facilities or by 

Q 
replacement." To cope with this inherent characteristic 

z 
Franklin Moore, Manufacturing Management (Home-

wood, 111.: Richard Irwin, Inc., 19o6), p. 12+2. 

7Ibid., p. 150. 
o 
°Vernon Smith, Investment and Production (Cam

bridge, Mass.: Harvard University Press, 1966), p. $. 
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of capital goods entails a rather sophisticated analysis 

on the part of management. Management should determine the 

conditions under which an installation should be augmented 

by a parallel unit or replaced by a larger one, and also 

9 the size of the parallel or replacement unit. On the other 

hand, replacing or installing a parallel facility can become, 

in the short run, impractical due to the prohibitiveness 

of the costs involved. Thus, such capital expenditures 

decision "effectively commit the firm to a given technology, 

and significantly determine the future patterns of operating 

expenditures.11^"® 

The choice between installing a parallel facility 

or replacing with a greater capacity equipment are not the 

same thing. A dynamic programming (Chapter III), or a 

discounted cost benefit analysis, may be called for to 

establish the demarcation line between the feasibility of 

either investment. Such a decision is inevitable when an 

industry is faced with unequivocal expansionary prospects. 

The industry in Saudi Arabia exhibits such a characteristic. 

The manufacturing firms still are infants and the increase 

in demand for their products, due mainly to more rational 

and economical use of the increasing oil revenues, provide 

^Ibid., p. 6. 

Devid Quirin, The Capital Expenditure Decision 
(Homewood, 111.: Richard Irwin, Inc., 1967), p. 3. 



them with favorable prospects for expansion. Synchronized 

with this is the fact that the various sectors of the econ

omy are developing and thus can absorb considerable amount 

of investment.^ 

Capacity Utilization in the Saudi Firms 

The first study on capacity utilization of the Saudi 

firms was conducted in 1967-1968 on 38 selected major 

industrial units. The study reveals a noticeable disper

sion in the rate of utilization of acpacity in the manu

facturing industry. The percent of utilization ranges 

between 18.7 percent and 89.Ij. percent with the leather 

industry accounting for the former rate, the gypsum indus

try for the latter, and the rest of the industries fall in 

12 the continuum. 

In computing the above mentioned rate of capacity 

utilization, the study establishes an index as follows: 

X = 100 

where P is the annual production and C is the annual rated 

capacity. The rated capacity conforms, in a way, to the 

"^Yusuf Nimatallah, "Coordination of Monetary and 
Fiscal Policies in Saudi Arabia" (unpublished Ph.D. dis
sertation, University of Massachusetts, 1967), p. 203. 

S. R. Mohnot, Capacity Utilization in the Manu
facturing Industry of Saudi Arabia (Riyadh, Saudi Arabia; 
Industrial Studies and Development Center, October 1969), 
P. 
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practical capacity mentioned earlier. "It is the capacity 

at which, in the objective conditions of the enterprise, 

1 "3 the plant can be operated." J 

Table 6 shows that out of the 23 categories, 

Two industrial categories (with 3 units) only showed 
capacity utilization up to 20 percent . . ., II4. 
industrial categories (with 21 units) recorded 
capacity up to lj.0 percent . . ., 6 industrial cate
gories (with 10 units) recorded capacity utilization 
of over 60 percent, of which 3 categories (with 7 
units) recording the highest level (80 to 100 per
cent). The 3 latter categories were cement, gypsum, 
and soft drinks. Expansions are underway in these 
industries.^ 

As it is usually expected that in one industry firms 

differ as to the level of sophistication, size, managerial 

competency, and financial ability, so, the degrees of 

capacity utilization differ for one reason or another. 

For instance, Mohnot finds that "In the food processing 

industries, 2 categories (with 3 units) recorded 20 to lj.0 

percent and another (with 2 units) lj.0 to 60 level of 

utilization. One unit reported higher utilization of 60 to 

80 percent and soft drinks industry (with 3 units), recorded 

15 
80 to 100 percent level." Furthermore, several reasons 

account for the dispersion and low utilization of capacity 

as considered by the study; 

13ibid., p. 1. 

^Ibid., pp. 5-6. 

•^Ibid.. p. 6. 



Table 6. Capacity Utilization of Selected Industries in Saudi Arabia 1387 

Number of Capacity 
Industrial Capacity Rated Production Utilization in 

Industry Units in Units Capacity in 1387 1387 (in per
centages) 

1 2 3 k 5 6 

A. Pood Processing 

1. Soft Drinks 3 000 cases . l+ij.00 3^ 80.3 
of 2l\. btls, » 

3^ 

2. Date Packing 2 tons 814-5 21*0 28.14. 
3. Pish Products 1 tons 2250 1800 80.0 
Ij.. Macaroni & Vermi

celli 1 tons 600 180 30.0 
5. Confectionary 

3839 including Halawa 2 tons 7300 3839 52.6 

B. Building Materials, etc. 

6. Cement 3 000 tons 14-90 k-Zk 86.5 
7. Hydrated Lime 1 000 tons 30 9 30.0 
8. Gypsum 1 000 tons i+3.2 38.6 89.il-
9. Sandlime Brick 1 million 20 5 25.0 

bricks 
10. Foam Plastics 1 000 cu. m. 12 26.7 
11. Mattresses 2 00 numbers 550 106 19.3 
12. Steel Furniture 3 tons 520 260 50.0 

c. , Chemicals & Synthetics 

13. Plastic Products 2 tons 800 325 lj-0.6 
Ik. Detergents 1 tons 10000 I4.OOO I4.O.O 

D. , Metal Products 

1^. Steel Bfl-rs T 1. r* -» m* - - -
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9. Sandlime Brick 

10. Foam Plastics 
11. Mattresses 
12. Steel Furniture 

C. Chemicals & Synthetics 

13. Plastic Products 
lfi.. Deter gent d 

D. Metal Products 

15. Steel Bars 
16. Tin Cans 

E. Industrial Gases 

17. Oxygen Gas 
18. Acetylene Gas 
19. Carbondioxide Gas 

F. Other 

20. Leather 
21. Shoes 
22. Leather Products 
23. Garments 

x uuu tons 
1 million 

bricks 
1 000 cu. m. 
2 00 numbers 
3 tons 

2 tons 
1 tons 

1 000 tons 
1 000 tons 

If 000 cu. m. 
3 1000 kgs 
1 tons 

1 000 sq. ft. 
1 000 prs. 
1 000 pes, 
1 000 pes. 

jo.b tJ9.if 
20 5 25.0 

k3 12 26.7 
550 106 19.3 
520 260 50.0 

800 325 li-0,6 
10000 ij.000 lj.0.0 

kS 15 
550 131* 

2120 658 31.0 
2I4.8 99 39.9 

1000 700 70.0 

36 6.75 18.7 
288 62 21.5 
150 33 22.0 
240 165 68.7 

Source: S. R. Mohnot, Capacity Utilization in the Manufacturing Industry 
of Saudi Arabia (Riyadh, Saudi Arabia: Industrial Studies and Development Center, 
October, 1969). 

sO 
-n) 

< 



1. competition from other local firms 

2. foreign competition 

3. lack of technicians 

ij.. incompetent management 

5. high production costs and high prices 

For instance, the report submits that the "foam 

plastic industry is catching up with the available demand 

in the country by gradually replacing the use of tradi

tional types of cushions and mattresses. On the other 

hand, the mattress producing industry is facing keener 

competition from abroad as well as from foam plastics." 

If the overall average mentioned above is compared 

to the annual average capacity utilization in the manu

facturing sector in the United States, it shows how poorly 

the Saudi firms managed their equipment. Since I9I4.8 the 

rates for the United States ranged between 95.5 and 75.1 

17 with an average of about 85.0. 

The low level of utilization can have micro as well 

as macro implications. On the micro level the existence 

of a high level of unutilized capacity may reveal, ceteris-

paribus. managerial inefficiency whose existence is inef

fable. Bear in mind that Professor Chenery acknowledges 

16Ibid.. p. 10. 

•^Board Gf Governors of the Federal Reserve System, 
"Revised Measures of Manufaturing Capacity Utilization,11 
Federal Reserve Bulletin, LVII (October, 1971).> P« 780 
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reasonable excess capacity: "Excess capacity will occur 

even with perfect forecasting; this may be called 'optimum 

over capacity'."'1"® Moreover, the adverse effect of persis

tent low capacity is two-fold. First, an opportunity fore

gone, i.e., profits from the company's current operations 

in general, and, ineffective management of the firm's 

capital stock in particular. Consequently, the firm that 

keeps its funds idle and does not seek new investment and 

new operations is liable to impair not only its profit

ability but its sheer survival. 

Second, a strenuous low capacity utilization may 

indicate that the firm is working its capital equipment 

beyond their economic life, and hence falling behind it3 

competitors. Professor W. E. G. Salter makes the point: 

Only output from recently constructed plants 
meets current best-practice standards of labour, 
fuel, and materials per unit of output; plants 
of older vintage have their capital equipment in 
forms that embody superceded techniques of the 
past and are so unable to reach today's best-
practice standards of efficiency in the use of 
labour, materials and fuel.3-9 

On the macro level, excess capacity if it persists 

represents a waste to the economy. According to C. E. 

Ferguson, part of excess capacity may be ascribed to 

1 fi H. B. Chenery, "Over-Capacity and the Accelera
tion Principle," Econometrica (January, 1952), p. 2. 

1%. E. G-. Salter, Productivity and Technical 
Change (London: Cambridge University Press, 1969), p. 52. 
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inefficient utilization of the resources actually used.^0 

Furthermore, this inefficiency may be found compatible with 

low productivity and smaller amount of gross investment in 

capital stock which in its turn could lead to lower pro

ductivity by having the labor work with outmoded technology— 

a vicious circle.1 An industry's average productivity may 

be considered a function of the rate of replacement of 

capital stock. A high rate of replacement can lead to 

higher productivity by making use of contemporary science 

and technology. ̂  

In the aggregate sense, a low rate of capacity 

implies a low rate of output of goods turned out by all 

the manufacturers. In terms of the wealth of nations, the 

value of money with respect to real commodities is change

able, "But it is real commodities which furnish the tangible 

wealth of society and provide ultimate satisfaction."^ 

Ex-Ante Demand 

Background 

Business organizations usually seek the attainment 

of resources and the manipulation of the processes of 

20 
0, E. Ferguson, Microeconomic Theory (Homewooa, 

111.: Richard Irwin, Inc., 1969), p. 296. 

^-Salter, p. 66. 

?? Charles Hubbard and Clark Hawkins, Theory of Valua
tion (Scranton, Pa.: International Textbook Co., 1969), p. 
39. 
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resources conversion so as to optimize certain objectives.^3 

To realize these objectives, short-run and long-run deci

sions are made by the company's internal organization anal

ogous to a Planning Programming Budgeting System (PPBS). 

The PPBS leads to ex-ante financial results since it is 

articulated by cognizing both the endogenous and exogenous 

settings of the firm. Conventionally, the PPBS process is 

based on and start from projection of future sales and/or 

demand for the company's products.^ Hence, demand fore

casting is of special significance. 

According to Robert Schultz we can distinguish three 

separate purposes of sales forecasts: short-run, budget, 

and long-term forecast.^ The techniques used to implement 

these decisions, Schultz says, embody either or a mix of in

formed estimates, or guesses, of company's responsible 

executives; internal analysis of individual company data, 

and analysis of company data in relation to the industry or 

the economy. A discussion of these three approaches follows. 

^Igor Ansoff, Corporate Strategy (New York: McGraw-
Hill Book Company, 1965), pp. 5-7. 

^Ne il Chamberlain, The Firm; Micro-Economic Plan
ning and Action (New York: McGraw-Hill Book Company, 1962), 
p. 415. 

2^Robert Schultz, "Sales Forecasting," in William 
Butler and Robert Kavesh, How Business Economists Forecast 
(Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1966J, p. 
397. 
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1. The literature agrees that the most comprehensive 

approach is what might be called the top down planning pro

cedure. It calls for projection of the general economic 

and business outlook, estimates of the relevant industry 

activities, and finally company sales. Such an approach 

could yield substantial results if made in probabilistic 

terms. 

2. Another approach, seemingly micro, is the 

product-life cycle curve. It depicts the natural route 

through which a product passes from the time of basic 

PA research and pre-existence to the decline state. ° Nat

urally, the pitfalls of estimating endurance and the ap

propriate estimate of the length of each stage should be 

carefully underlined.^ Moreover, "where a company wishes 

to forecast with reference to a particular product, it 

mast consider the stage of the product's life cycle for it 

is making the forecast."2® 

Since demand forecasting and capacity that satis

fies the demand can be perceived through the product life 

^Philip Kotler, Marketing Management: Analysis, 
Planning, and Control (Englewood Cliffs, N. J.: Prentice -
Hall, Inc., 1967), pp. 281-283. 

^Alfred Oxenfeldt, Executive Action in Marketing 
(Belmont, Cali£: Wadsworth Publishing Co., Inc., 1966), 
P- 359. 

28 
J. Chambers, S. Mullick, and D. Smith, "How to 

Choose the Right Forecasting Technique," Harvard Business 
Review (July-August, 1971), P. ̂ 6. 
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cycle curve, the implication for capital expenditures is of 

special importance. Chamberlain contends that such plan

ning "is particularly important when new plant investment 

29 is involved and plant location must be determined." The 

point is that additional or replaced capacity can be 

brought in when the product is at least in its growth stage. 

3. The probabilistic demand approach takes the 

analysis somewhat further. It assumes that the demand 

curve facing a firm shows the salable quantity of goods 

to the price at which the said products can be sold, i.e., 

f  (q,p) = 0 (1) 

and d p = 0 for a downward sloping demand curve. If 
d q 

the firm increases its output, and hence its productive 

capacity, it can sell larger quantity by manipulating 

prices. 

The demand curve depicts a series of quantity-price 

relationship, and tacitly recognizes changes in national 

income, prices of other good3, the competitive stand of 

the product and the industry, changes in consumers' tastes, 

the cost schedule facing the firm, and the level and kind 

of technology.-^ 

Equation 1 above assumes a non-probabilistic 

milieu. However, the problem of demand lies in its future 

^Chamberlain, p. 131. 

•^Lerner and Carleton, A Theory . . ., pp. 79-80. 



occurrence rendering stochastic the implicit function of 

equation 1. Introduction of this new element takes the 

form: 31 

f (p, q, u) =0 

where u is a random variable with cumulative probability 

function P (u). Given the function P (u), symmetric con

ditional distributions can be derived with the assumption 

H (q;p) = G (p;q) 

that no joint probability distribution of p and q exists. 

This indicates that the firm chooses one variable p or q 

with certainty, and then the conditional distribution of 

the other variable can be uniquely determined.^2 Note that 

in the certainty situation p and q decisions are made after 

observing u. 

The effect of uncertainty depends on the attitude 

of the firm's management towards risk with the implication 

that risk averse firms tend to produce less than they would 

under certainty assumption and vise versa.33 Furthermore, 

when demand is stochastic the notion of increased demand 

implies that "for every state of nature the demand curve 
01 

shifts upward by an amount a." To distinguish changing 

11 
Hayne E. Leland, "Theory of the Firm Facing Uncer

tain Demand," American Economic Review (June, 1972), p. 278. 

32ibid., p. 279. 

33Ibid., pp. 282-283. 

3̂ Ibid.. p. 283. 
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from upward shift, Leland considers the case where a is 

invariant to q. Hence, the demand curve resulting from 

the shift can be defined as: 

P (q, u) = p (q, u) + a 

the optimal demand satisfies the conditions: 

E [ ( MR (q, u) + a — MC (q) ) U ( 7T + qa) ] =0 

To ascertain the response of q to a small change in a, the 

above equation is totally differentiated and evaluated at 

the initial demand a = 0 and q = qa. Note that the equa

tion connotes the conventional MR = MC, but stochastically 

determined. 

A Demand Model 

Forecasting techniques, explicitly or implicitly, 

follow one fundamental assumption: the continuity of the 

process, i.e., the recent past is indicative of the near 

future.Projection of the continuity via micro and/or 

macro models per se is not sufficient because corporate 

decisionmaking should encompass micro as well as macro 

variables. Thus, for the purpose of business decisions, 

a comprehensive model of demand embodies all the aforemen

tioned theoretical arguments of top down, probabilistic 

demand and product life cycle. 

35pred Hanssmann, Operations Research Techniques 
for Capital Investment (New York: John Wiley and Sons, 
Inc., 1965), p. 165. 
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To miniaturize our simplified model according to the 

concepts mentioned above, we begin by projecting future 

possible level of gross national product (GNP). Prom this 

GNP the components that make up total demand are accounted 

for which will be the sum of total consumption, investment 

and export. Prom the total demand, industry and then 

company proportion, stochastically determined, are appor

tioned. The company's share of market potential is accounted 

for by the various products as the stage of their product 

life cycle indicates. This model will have the following 

format: 

Potential demand information = 

£ ( GNP (g) — X } (IA) (PB) J — 5^ s± Y± Pj 

where: 

GNP indicates gross national product, 

g indicates growth factor, 

I indicates industry sales, in percentage 

A & B indicate probabilities of obtaining a certain 
amount of sales, 

P indicates company sales, as a percent of industry 
sales 

S indicates the vector of company's product 

Y indicates a matrix of customers 

Pj indicates prices 

X indicates those components of GNP when substituted 
for X give the following equation: 

GNP - X = consumption + investment + export 
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Gross National Product 

In Chapter I, Table 2, we showed that more than 60 

percent of the Saudi GNP comes from oil revenues. The 

United Nations estimates the annual rate of growth of Middle 

East oil exports for the 196^-1975 period to approximate 

9.1 percent, and the corresponding rate for Saudi Arabia 

9.9 percent.The study expresses the relationship be

tween value added in the oil sector, on the one hand, and 

oil exports and domestic demand, on the other, as follows: 

Y-^ = u (oil export) + hYg 

where: 

Y]̂  = value added in the oil sector, 

Y2 = value added in the non-oil sector, 

u = value added/gross output ratio in the oil 
sector, estimated to be 0.899> 

h = the value added equivalent of oil products 
used per units of value added in the non-oil 
sector, estimated to be 0.08. 

The recent increase, and expected acceleration, in 

oil exports shows that the multipliers u and h will assume 

higher values; thus giving rise to a greater increase in 

national income. 

Actually, up to the late 19^0's, growth in the Saudi 

economy was hindered due to the lack of adequate private 

3%nited Nations, Studies on Selected Development 
Problems in Various Countries in the Middle East I960 (New 
York: United Nations, I960), p. 297 



and public funds. But, in the 1960's funds allocated for 

development increased from 7 to 38 percent of government 

estimated outlays (i.e., the increase was from SR 110 mil

lion in I960 to SH 1988 million in 1967)."^ With these 

development projects establishing the necessary infra 

structures, cum rising per capita income, investment and 

demand are being stimulated. 

Consumption, Investment, and Export 

Demand potential by and large is a function of in

come. Hitherto, the inflow of income has been concentrated 

in the oil sector. Fortunately, current development seems 

to be altering such limited income distribution. This is 

ascertained by the increase in government spending on wel

fare on one hand and the increasing role assumed by the 

manufacturing and agriculture sectors as income generators 

on the other. 

The concept of total demand (consumption + invest

ment + export) provides a macro projection. It includes 

not only demand for consumer goods and capital goods for 

which there is no domestic substitute, but also demand for 

products that are not satisfied by current domestic pro

duction.^® This is because firms attempt to attain optimum 

37lbid., p. 26. 

38Ibid., p. 30. 



product-market posture and knowledge of the various oppor

tunities available in the market help in such attainment. 

In other words, the future of the company rests mostly on 

the future of the market in which the firm elects to func

tion.-^ 

Since non-oil exportation is negligible, the export 

variable should not be incorporated except when considering 

the prospect of the petro chemical products. Therefore, 

only the consumption and investment variables will be 

briefly discussed. 

Relating consumption to G-HP gives a better idea 

than relating consumption to disposable income in this 

particular case. Yusuf Nimatallah estimated that in I960, 

67 percent of the total GNP was on consumption, and 33 per

cent was on capital formation.^ The consumption here in

cludes private as well as government consumption. 

Nimatallah estimated total private consumption via 

the following equation:^1 

Ct = °o - f <*t-l - yt-2> + PRt 

C0 can be obtained by multiplying average propensity to con

sume (i.e., 0.57) by the average of the three years pre

ceding the year under consideration to smooth the data. 

3%anssmann, p. 221. 

^Nimatallah, p. 253• 

^Ibid., pp. 236-2ip.. 
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Moreover, the expression f - Y^_£) can be obtained by 

multiplying marginal propensity to consume (i.e., 0.60) by 

the difference in income. 

As for the last part of the equation, R indicates 

average rate of return and P is a coefficient relating 

investment to the average rate of return index. 

On the other hand, the United Nations Economic and 

Social Office estimated private consumption via the follow

ing simplified linear relationship:^"2 

CD = 291.9 + 0.I|.72 GNP R2 = 0.98 
P (0.007) 

whereas, the correlation between government consumption 

and oil revenues suggests the following relationship: 

Cs = 52.3 + l.ij-9 oil R2 = 0.98 
B (0.20) 

The government consumption equation suggests that govern

ment spending is more than the incone. Since there has 

not been any outstanding government debt during the last 

decade, the correctness of this equation is in doubt. 

The private consumption equation shows that marginal 

propensity to consume approximates l\.f percent of the incre

ment in GNP. The study argues that if GNP will grow at 8.5 

or 9.5 percent, average private consumption will decline 

^United Nations, Studies on Selected Problems . . 
p. 29. 
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from 52 percent of GNP in 1965 "to 50 percent in 1970, and 

1+9 percent in 1975. 

The above mentioned study agrees with an earlier 

research conducted by the Economic Research Institute of 

the American University of Beirut that the private consump

tion rate will be revised upward if we incorporate the 

income distribution effect of government spending and 

development. The latter research argues that the ratio of 

private consumption to GNP will rise steadily at 1,00 per

cent per annum; i.e., to 56 percent in 1965* 59 percent in 

1970> and 62 percent in 1975.^ 

The latter approach seems more plausible because of 

the existence of a large government sector which is finan

cing needed development, and also by a rising trend in oil 

revenues. Chapter II provides a relatively elaborate 

analysis on the necessary and increasing role assumed by 

the government sector on development. 

Until the early 1960's, investment in "capital for

mation", although rising, lagged behind the savings of the 

economy. Thereafter, it has been increasing at an average 

annual rate of 15 percent. However, as a result of the fast 

increase in oil revenues, savings may accrue more rapidly 

^Edmond Y. As four, Saudi Arabia—Long- Term 
Projections of Supply of and Demand for Agricultural Pro
ducts ( Beirut, Lebanon: Economic Research institute, 
American University of Beirut, 1965)» P. kb» 
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than investment. This situation indicates that savings 

theoretically may not become a constraint on investment a3 

would be the corporate ability to obtain these funds and 

having the proper and sufficient financial channels. 

Since the country started from a low level of invest

ment and production, the capital output ratio in the manu

facturing (non-oil) sector rose from l.£2 in I960 to over 

3 percent. Table 7 shows the capital output ratios in some 

of the PETROMIN projects average 3.72 percent, and vary 

between 1.8l percent and 10.88 percent. We do not have 

enough data to ascertain whether the rise in the capital 

output ratio was due to employment of excessive capital or 

to turning out insufficient output. The discussed earlier 

low utilization of capacity may suggest that output was 

lower than it should be. However, the relatively high rate 

of return that has been realized cannot continue indefinitely, 

though it is expected to materialize in the near future. 

This is simply because the demand for goods and services 

has been expanding in harmony with the rapid increase in 

oil revenues. 

Expansion of investment and industrial production 

may be indicated by the value of raw material exempted from 

custom duties. Table 8 shows the value of plant, machinery 

and raw material exempted from duties. Since an analysis 
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Table 7. Capital Output Ratios in some PETROMIN Projects 

Project 

Total Capital 
Gross Net Output 
Invest- Gross Wage Output Ratio 
ment Profit Bill (2)+(3) (1) *• 1+ 

Area Project 

Pe tro -chemic al 
Complex 

Sulpher Recovery 
Project 

Spiral Welded 
Pipes 

Jeddah Refinery 
Project 

Production of 
Steel Bars 

210.0 

180.0 

81.0 

11.7 

14-0.0 

30.8 

514.. 600 7.07I+ 61.67̂  3.1+0 

36.000 5.1+00 l£.l+00 1+.35 

16.200 1.080 17.280 J4..69 

3.01+2 0.351 3.393 3.1+5 

20.000 2.106 22.106 1.8l 

2.155 0.675 2.830 10.88 

Total 553.5 131.997 16.686 1^8.683 3.72 

Source: United Nations, Studies on Selected Develop-
ment Problems in Various Countries in the Middle East, i960 
(New York: United Nations, 1968), p. 2b. 



1114-

of capital formation is provided in Chapter II, there is no 

need to further elaborate. 

Table 8. Machinery and Raw Materials Exempted from Duties 
(SR 000) 

Year Plant and Machinery Raw Material 

1966 71 32 

1967 16 30 

1968 100 38 

1969 60 52 

Source: Industrial Studies and Development Center, 
Guide for Industrials in Saudi Arabia (Riyadh, Saudi Arabia, 
1972), P. 19. 

The Matrix of Products 

To make the model complete, the effect of the product 

itself on demand should be depicted.^" This makes the model 

a macro-micro model. Let: 

j = a vector of products; j = 1,2, . . .,k . 

i = customer base; i = 1,2, . , ., h 

(a matrix = Y) 

w = firm's share of total demand, 

= selection indicator as follows: 

he argument presented here draws on Fred Hanss-
mann's exposition. 
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•iJ 

1 if the company markets 

0 if the company does not market 

product j 

to customer i 

Thus, = 0 indicates that product 1 will not be 

marketed at all, whereas = 1 denotes marketing product 

1 to i customer. 

The decision will simultaneously be determined 

by the stage of each product-life cycle on one hand and, 

consumption investment and export needs of the various i's 

that would be the product users. Hence, at any point in 

time for the firm to be in equilibrium, its share w of the 

total demand will be absorbed by the vector of products Sj 

distributed to the matrix of customers; 

" Wl "L SlYiPi 

where P-^ is probability of obtaining w. 

The company's share of the market potential is in

fluenced in addition to the preceding argument by the state 

of the product life cycle of the vector of products. To 

illustrate, let us assume that the product life cycle is 

composed of three states—growth, maturity and decline. 

Let: 

denotes rate of growth during growth period 

denotes rate of growth during maturity period 

^ denotes rate of decline 

SQ denotes first year sales. 
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Note that probabilities of a given state have not 

explicitly been incorporated but are tacitly accounted for 

in contemplating the growth, maturity, and decline rates. 

Furthermore, with reference to Figure 2, and the above rates, 

we can determine each year's sale and also the cumulative 

sales for each state; hence: 

b-1 
S° H +Q)n=^ Growth 

a 

c-1 
ISo ^ (1 ^ Maturity 

d-1 
ISol J] (1 -^)n —^ Decline 

c 

where: 

ISo 

Isol = Iso 

It should be noted that the product-life cycle 

approach for some products is a theoretical model with 

limited applicability. The reason is that some products 

have been existing in the market for too long. Hence, 

identification of these kind of products is a prerequisite 

to such an analysis. 

Finally, this model shows that total demand approx

imates 70 percent of GNP. In addition, when the growth in 

- s-o b£ (1 + Q ) n  

a 
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GNP and increase in the consumer buying power is considered, 

they certainly give impetus to business investment in 

capital equipment. It further indicates the importance of 

considering demand as a basic variable in equipment replace

ment. 

Demand Industry's Potential 
Demand 

IS 

•accompany's Demand 

•\ &-
<g\ 

n b d time c o a 

Figure 2. Product-Life Cycle 

Dilemma Resolution 

The aforementioned study of capacity utilization and 

the level of demand together with some of the reasons that 

will be advanced hereater point to what can be called the 

investment dilemma. The logical path, i.e., dilemma reso

lution, is the adaptation of the "capital intensity" ap

proach to development and industrialization. Hence, heavier 

investment in advanced technology would be proposed for 

Saudi Arabia. Moreover, some organized, directed, and 
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regulated business combinations would be necessary to not 

only substantiate the capital intensity submission, but 

also to furnish a better industrialized sector. Professor 

John K. Galbraith says, "Moreover, a rich society owes its 

productivity and income, at least in part, to large-scale 

organization—to the corporation."^ 

The Case for Capital Intensity 

Capital intensive vis-a-vis labor intensive indus

tries means investing in more expensive but less labor-using 

equipment, i.e., advanced technology. The following argu

ment supports the capital intensity contention and points 

to the reasons for its adoption: 

Manufacturing Capacity 

Most of the Saudi firms were realizing a rather low 

level of capacity utilization. However, at the turn of the 

1960S, utilization of capacity has been increasing due to 

the employment of better management, more skilled labor, 

better system of maintenance and, competition with more ad

vanced industries. Therefore, the level of capacity utili

zation is increasing, and it is expected to reach a higher 

level in the foreseeable future. When that occurs, the 

problem of equipment replacement will follow as a consequence. 

^John Kenneth Galbraith, The New Industrial State 
(New York: The New American Library, 1965), p. 17. 
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It is not impractical to adhere to the notion that . 

the growth pattern of any industry in the long run, aside 

from the ceteris-paribus assumption, is probabilistic. Such 

a pattern makes it viable to install plant capacity of 

somewhat larger size as long as demand is growing at a steady 

rate.*4-6 in this sense stochastic growth produces a stimu

lating effect on the magnitude and type of the industri

alist's investment. 

Table 9 shows a five-year (1970-1975) projection 

of the manufacturing sector conducted by the Industrial 

Studies and Development Center in conjunction with the 

Central Planning Organization. The study projects the 

additional capacity that should be brought in and the 

accompanying amount of investment that should be incurred 

by the manufacturing sector. The report maintains that a 

shortage of capacity will occur toward the end of the plan 

period, but it will be compensated for by installing more 

IL7 
capacity after the indicated period. 

The abovementioned projection is clearly of sig

nificant importance to the future of the manufacturing 

sector. However, it is difficult to accept the fact that 

^Alan Manne, "Capacity Expansion and Probabilistic 
Growth," Econometrica, 29, no. J+ (October, 1961), 632. 

^Industrial Studies and Development Center, A 
Report on Projections for the Manufacturing Sector for the 
First Five-Year Plan (Riyadh, Saudi Arabia! 1971)» 11. 



Table 9. Projection of Additional Capacity and Capital Outlay for the Manufacturing 
Sector 1970-1975 

Additional Capacity 
Additional Investment (SR 000) 

Fixed Assets 
Machinery & Working Total 

Industries Unit Quantity Equipment Other Total Capital Outlay 

Food and 
Beverages 

ton 
SR 000 

61+, 820 
27,350 

20,380 13,260 33,52*0 15,833 i+9,373 

Textiles & 
Wearing 
Apparel 

ton 
SR 000 

500,000 
17,800 

11,511 11,357 22,868 i+,928 27,796 

Furniture & 
Fixtures SR 000 12,000 lj.,200 3,550 7,750 2,875 10,625 

Paper Products 
& Printing 

Leather & 
Leather Pro
ducts 

million 
boxes 
SR 000 

unit of 
skins 
SR 000 

100 
16,000 

300 

I4., 680 1,200 5,880 

850 950 1,800 

6,560 12,4I}.0 

780 2,580 

Rubber & 
Plastic Pro
ducts 

Chemicals Sc.. 
Chemical Pro-

unit 
ton 

gallons 
SR 000 
tablets 
millions 

20,000 
2,000 

125,000 
15,000 

200 

1,035 2,320 3,355 

3,851 3,ip.8 7,269 

2,100 5,14-55 

2,735 10, oolt 

n JU WVwi — 



ducts SR 000 300 8^0 950 1,800 780 2,580 

Rubber & 
Plastic Pro- unit 20,000 
ducts ton 2,000 1,035 2,320 3,355 2,100 5,455 

Chemicals gallons 125,000 
Chemical Pro- SR 000 15,000 3,851 3,ip-8 7,269 2,735 10,00l± 

tablets 
millions 200 

Cement & Non-
Metallic ton 670,000 51,440 11,310 62,750 14,800 77,550 
Products unit 130,000 

Metal & Metal 
Products ton 4,200 10,320 I4., 060 14,330, 4,370 18,750 

Machinery, 
Appliances & ton 6,120 4,080 3,000 7,080 2,900 9,980 
Maintenance unit 19,000 

Transport 
Equipment & unit 24,000 1,662 1,360 3,022 3,250 6,272 
Repairs SR 000 1,500 

Unclassified 
Industries: 
Glass Bottles unit 20 3,540 2,210 5,850 900 6,750 
Electric 
Light Bulbs million 11 400 780 1,180 1,000 2,180 

Total 118,049 58,675 176,724 63,031 239,755 

Source: Industrial Studies and Development Center, A Report on Projections 
for the Manufacturing Sector for the First Five-Year Plan (Riyadh, Saudi Arabia, 
197J-), PP. 133-137. 
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the proposed amount of capacity will fall short before the 

end of the plan period. If the time required to install 

the extra capacity and to obtain the needed skills is 

accounted for, it becomes clear that the suggested addition 

is inadequate. Naturally, greater capacity will require 

greater amount of investment, and hence, greater difficulty 

in raising the needed funds. Some forms of integration 

among some of these firms may enable them to meet their 

expectations. Accordingly, one may expect the increasing 

number of manufacturers to compete more intensely for the 

control of available resources. Professor G. B. Richardson 

submits that in the long run the pattern of control over 

resources is determined by and is determining the course 

of economic activity.^"® Moreover, the efficiency of allo

cation will depend not only on what individual enterpre-

neurs do, but also on the resources put at their disposal. 

It follows that the limits of capacity are economic 

rather than physical,^ which underscores the capital in

tensity thesis according to its applicability to the situa

tion at hand. 

^•®G. B. Richardson, Information and investment 
(London: Oxford University Press, I960), p. 120. 

^George Terborgh, "Utilization of Manufacturing 
Capacity," Capital Goods Review (1967)j p. 1. 
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Investment, Replacement, and Finance 

Investment, although increasing at a rate of 15 percent 

per annum, lags and is expected to remain behind the 18 per

cent anticipated increase in demand and/or the projected 

50 increase in savings. The increase in oil revenues, which 

accounted for 22.7 percent of the estimated government bud

get of 1972-1973»^"1' may not close the gap between savings 

and investments. Hence, savings is not a constraint on 

investment and "the growth of investment will be limited only 

by factors relating to the absorptive capacity of the econ-

52 o m y . I n  a  d e v e l o p i n g  c o u n t r y  s u c h  a n  a b s o r p t i v e  c a p a c i t y  

certainly is great. In Saudi Arabia the major sectors of 

the economy (except oil) "can absorb huge capital investment 

in the next several years. Actually, it is, more or less, 

a problem of financing investment projects. 

The Saudi firms, up to now, enjoy a satisfactory mix 

in their capital structure as will be shown in the next 

chapter, but the increasing needs for capital expenditures 

and the under-capacity of the majority of the firms may pose 

difficulties in raising adequate funds for future purposes 

of capital investment. Actually, the key to high levels of 

50 
United Nations, Studies on Selected Problems . . ., 

30. 

51 
Al-Nadwa Daily Newspaper, August 10, 1972, p. 3. 

^Unitf 

^Nimatallah, p. 203. 

;ed Nations, Studies on Selected Problems . . ., 
30. 
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growth is productivity which in its turn requires high 

levels of investment in plant and equipment.^ Moreover, 

to sustain growth and implement expansion, available in

ternal funds may not be sufficient and hence the heavier 

the reliance will be on outside financing. This brings us 

to the point that firms operate with respect to "capital 

availability function"' constraint in financing both fixed 

and working capital needs. ^ 

The point is that the peak of investment remains 

ahead and the test of survival for most of these firms will 

take place when the investment plateau is reached. At that 

point the need for larger capital outlays will become more 

pressing. 

An important implication is a low rate of equipment 

replacement up to the present. Such a rate would force a 

large proportion of the labor force to work with capital 

equipment embodying past dated levels of techniques.-^ Con

sequently, underutilization of capacity, inability to satis

fy demand, higher operating costs and, eventually, system 

malfunction could result. A possible way out is additional 

supplies of gross investment per worker to raise the 

^-Richard McNabb, 'Growth, Stability and Capital 
Goods," Capital Goods Review (1968), p. 3. 

-'-'Douglas Vickers, "The Cost of Capital and the 
Structure of the Firm," Journal of Finance (March, 1970), 
P. 35. 

^Salter, p. 67. 



productivity of the labor. The effect of this approach is 

twofold: the employment of more advanced technique, and 

the increase in the volume of replacement expenditures and 

speeding up the adjustment to new methods.%7 Furthermore, 

Gardner Ackley submits that "More capital intensive methods 

produce more at the same cost (exclusive of interest) than 

less capital intensive methods."^® Hence, in a capital 

surplus economy, productivity can be effectively increased 

through the application of advanced technology. Actually, 

the socioeconomic status of Spudi Arabia, by being a 

capital surplus and skilled labor shortage economy, entails 

adopting an aggressive approach toward the problem of tech

nological change. 

To put the problem in perspective, two additional 

but synchronous points will be raised. First, Table 8 shows 

that the proposed expansion in the manufacturing sector will 

cost about SR 2lj.O million. The study does not raise the 

question of how the expansion of those small firms will be 

financed. It indicates that government encouragement will 

be available through aid in planning, tax on custom duty 

exemption, establishment of necessary industrial and finan

cial institutions, and provisions of infrastructure. 

57lbid., p. 71. 

^Gardner Ackley, Macroeconomic Theory (New York: 
The Macmillan Company, 1961), p. lj.67. 
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Second, Table 10 depicts life expectancy of plant 

and machinery already in use. The table shows that about 

21 percent of the total firms (lll|/2i{.) expect their equip

ment to continue in operation between 1 to 5 years, and 

about 14.7 percent {llk/Bk) expect their equipment to last 

between 6 to 10 years, and about 22 percent (lllj./25) expect 

to use their equipment for more than 10 years. Furthermore, 

the source of the table indicates that this expectancy is 

subjective. There is no indication about what life the 

table refers to—is it physical.life or economic life of 

plant and equipment. Our interest is in the economic life 

which reflects the effect of technological change. 

Table 10. Life Expectancy of Plant and Machinery 

Total Number Life Expectancy by Years 
Region of Firms l-£ 6-10 Over 10 New Absolute 

Western® 62 1^ 33 13 1 

Central15 39 6 13 10 5 $ 

Eastern0 13 3 8 2 — — 

Total Ilk 2k 5k 25 6 5 

Source: industrial Studies and Development Center, 
Survey of Industrial Establishments in Saudi Arabia, Vol. 
ITs—Western (Riyadh, Saudi "Arabia; 19VU), p./tttt. 

bIbid., Vol. I: Central (1969), p. 3k. 

cIbid.. Vol. Ills Eastern (1970), p. 81+. 
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To show the possible difference between the economic 

and the physical life of equipment, Table 11 uses the infor

mation obtained from the questionnaire and the equations.of 

Chapter III as follows: 

Annual Operating 
Inferiority 
(no salvage case) 

g = 2_C_ 

n^ 

Adverse Minimum 
(no salvage case) = (2C gP + iC - g 

2 

Cumulative Operating 
Inferiority = g (n - 1) , C - S j. i (C + S) 

2 n 2 

Economic Life 2 (W - S) 

a + fi 

The last equation is Vernon Smith's interpretation of Ter-

borgh which is the equation of annual operating inferiority 

but considering salvage. Furthermore, it should be indicated 

that this is not "the" perfect measure; it, however, gives 

an idea of the importance of considering the economic life 

of the machine so that the investment plan can be made 

accordingly. 

The operating inferiority displayed in the table 

is aimed at showing that as time goes on deterioration and 

obsolescence accumulate adverse effect on the performance 

of the equipment. As new "challengers" rise to challenge 

existing "defenders" by offering a higher quality of service 
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Table 11. Economic Life of Plant and Machinery of Some 
Saudi Firms 

Firm 
Service 
Life 

Economic 
Life of 
Infestment 

Adverse 
Minimum 

Annual 
Operating 
Inferiority 

1 23-k.O 28 52,1^30 1,389 

2 5-8 -5 27,778 1,910J. 

3 5-12 7 lj.6,300 5,000 

k 10 6.3 105,000 7,500 

5 5-10 6.5 9,680 1,200 

6 10 8.6 23,500 2,000 

7 20 11.9 k,105,ooo 250,000 

8 10 8 1,200,000 98,000 

9 15 13 893,778 kk>hMk-

10 5-20 10.5 6,291,667 1*16,667 

11 15 13 2,186,000 208,000 

Source: The information in this table was obtained 
from the questionnaire. 
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or lower operating costs, or both, defenders undergo a pro

gressive deterioration from their own earlier performance.^ 

Hence, operating inferiority indicates the amount by which 

60 the machine is inferior, operationally, to its challenger. 

The adverse minimum shows the lowest combined time 

adjusted average of capital cost and operating inferiority 

obtainable from the machine. The adverse minimum point 

is the signalling device that indicates the time of replace

ment because it is unlikely that the machine will absorb 

cost lower than this. W. T. Morris argues that: 

The consequences of an inadequate replacement policy 
for the firm are potentially disastrous. If the 
replacement is postponed beyond a reasonable time, 
the firm may find that its production costs rise, 
whereas the costs of its competitions who are using 
more modern equipment are declinig.°2 

Morris' criterion is analogous to Terborgh1s in that 

it indicates to "Replace at the end of any period for which 

the operation and maintenance costs in the next period 

6 ̂ 
exceed the average cost up to the time of replacement." 

Morris uses costs of operation and maintenance and this gives 

a clearer idea as the economic life is reached when these 

50 
-^George Terborgh, Dynamic Equipment Policy (Washing

ton, D. C«: Machinery and Allied Products Institute, 191^9), 
p. 36. 

6oIbid., p. 62. 

6lIbid. t p. 61^ 

/ p 
W. T. Morris, Engineering; gconomy (Homewood, 111.: 

Richard D. Irwin, Inc., I960), p. 155. 

63Ibid.. p. 158. 
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costs approach their minimum. His equation takes the 

form: 

CN + %-l - SN £= AC(N) L CN+i + SN - SN+1 

where: 

Cjj equals average costs 
j 

Sjj equals salvage value 

AC equals total of average cost and investment costs 

The economic life of equipment is important to depict 

because for most machines the costs of operation, maintenance 

and the like usually increase as the life of the machine 

progresses. Hence, there is an economic life where the 

declining capital recovery cost is offset by the rise in 

the costs of operation and maintenance. Trble 11 shows how 

the economic life of the equipment is shorter than the ser

vice life'. In the context of economic growth, the concept 

of the physical life of an equipment becomes irrelevant 

because a typical machine can be expected to become uneco

nomic long before its minimum physical life. Note that the 

economic life computed in Table 11 could have been more 

accurate if we could have used Vernon.Smith's equation 

(Chapter III) which incorporates not only operating cost and 

salvage, but also the rate of machine utilization. Alas, 

the question concerning this rate on the questionnaire was 

not answered except in a very few cases. 
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Finally, the above argument shows that the Saudi 

manufacturing firms should expect to undertake equipment 

replacement decisions in the near future. This is in addi

tion to our argument in the previous chapter concerning 

expansionary replacement that does not concur with the 

economic life thesis. 

Smallness, Crowdedness, and Foreign Competition 

According to the Development Plan, some of the objec

tives that Saudi Arabia is striving to realize are:^" 

(i) import substitution through local production 
to conserve foreign exchange earnings; 

(ii) fuller utilization of existing capacity in 
the manufacturing sectorj 

(iii) increased productivity through optimal size 
of factories and integration. 

Paradoxically and contrary to the accomplishment of 

these seemingly idealistic objectives is the size and dis

persion of the firms. For instance, the Industrial Studies 

and Development Center enumerated £09 industrial units 

operating (or under construction) excluding workshops, 

repair shops, bakeries, tile and cement block works employ

ing less than 10 workers and not using power. The distribu

tion of these 509 establishments, which does not include ,a 

k^3entral Planning Organization, Development Plan 
1390 (Riyadh, Saudi Arabia, 1970), p. 217. 
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complete breakdown, is shown in Table 12. Moreover, the 

total number of establishments in the manufacturing sector 

under various employment sizes is 8,1^7 establishments.^ 

Notably, during the six years 1965-1970* 26l industrial 

licenses were issued to industrial projects involving 

capital investments of about SR 263 million.^ These 

licenses included establishing new firm3 as well as expan

sion in others. 

Business expansion is expected to catch up with the 

anticipated increase in demand as shown in Tpble 13. It is 

conceivable that the domestic firms will have to compete 

with the attractive foreign investments that have been in

vited to the country and/or imported goods, especially the 

Par Eastern goods with their low price market ability. If 

the domestic small firms attempt to expand their output 

dramatically in a short span of time in order to capture a 

larger share of the market, they may encounter some setbacks. 

In a case like this, Lerner and Carleton submit that the 

small firm will have to "give substantial price concessions 

to its customers. Moreover, it will encounter severe 

^Industrial Studies and Development Center, Guide 
for Industrial Investment in Saudi Arabia (Riyadh, Saudi 
Arabia, 1972), p. 16. 

66Ibid., p. 18, 
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Table 12. Distribution of Industrial Establishments by 
Industries 1390 (1970) 

Industry 
Number of 

Establishments 

1. Manufacture of Pood, Beverages and 
Tobacco 116 

2. Textiles, Wearing Apparel, and Leather 
Industries 22 

3. Manufacture of Wood and Wood Products, 
including Furniture 37 

i}.. Manufacture of Paper and Paper Products, 
Printing and Publishing £8 

5>. Manufacture of Chemical, Petroleum, Coal, 
Rubber and Plastic Products 33 

6. Manufacture of Non-Mettalic Mineral Products, 
except Products of Petroleum and Coal 119 

7. Basic Metal Industries 3 

8. Manufacture of Fabricated Metal Products, 
Machinery and Equipment lllj. 

9. Other Manufacturing Industries 7 

Total 509 

Source: Industrial Studies and Development Center, 
Guide for Industrial Investments in Saudi Arabia (Riyadh, 
Saudi Arabia, 197̂ ), p. 16. 
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bottlenecks in its production process which increase its 

67 
average costs." 

A very large majority of the manufacturers are under

sized but provide the very base for the industry in the 

country. The Saudi decision makers have invested great 

efforts -toward the establishment of this base. Future 

development may be hindred if part of this important founda

tion is lost. 

The Saudi Arabian policy of inviting foreign invest

ment and encouraging market competition has had an important 

implication for the Saudi firms. The efficiency of the 

Saudi firms has been on the rise; this is revealed by the 

change in their financial structure, the soundness of domes

tically produced goods, their production process, and their 
/ Q 

long-range planning. Furthermore, since our concern is 

with future development of a more competitive industry, 

some business combinations will be needed so that a better 

usage of resources can be realized. 

An important obstacle facing the Saudi firm and 

determining its size on one hand and hindering its growth 

on the other is the shortage of human resources, especially 

skilled labor and higher managerial talents. Dr. A. Tahir 

^^Lerner and Carleton, A Theory . . .. p. 85. 

6®Dhahran Electric Power Company, "Policies" (Dhahran, 
Saudi Arabia, 1970), pp. 8-12. 



13k 
makes the point: "The most important factor to be con

sidered when discussing the expansion in the petroleum and 

the related industries are the managerial competency and 

skilled labor."^9 

The skilled labor deficiency is not a problem that 

can easily be by-passed because "There will be 500,000 

foreign laborers in Saudi Arabia, with 170,000 of them 

working there in 1975# Shortage in labor is in every 

field."7® In addition, the various local vocational schools 

in the country are expected to turn out between one-fourth 

and one-fifth "Of the total need of the private sector of 

skilled and semi-skilled workers."71 The question, then, 

is how they will expand, maintain their profitability, and 

accept the challenge of competition? 

^Abdulhadi Tahir, "Developing and Enhancing Oil 
Industries in the Arab Countries," research submitted to 
the Sixth Arabian Petroleum Conference (Cairo, Egypt, 
March, 1967), p. 13. 

70«»Saudi Arabia: Prospecting for More than Oil," 
Business Abroad, 96, no. 7 (July, 1971), P. 19. 

71 
' Madani Alaki, "Industrial-Vocational Education 

in Saudi Arabia: Problems and Prospect^1 (unpublished Ph.D. 
dissertation, The University of Arizona, Tucson, Arizona, 
1972), p. 266. 



CHAPTER VI 

OBSTACLES TO AND ASPECTS OP CAPITAL 
EXPENDITURES 

Finns in various industries have different asset 

structures whose management determine, ceteris paribus, 

the profitability of the firm. Such a structure influ

ences the financing mix of the firm, its liabilities and 

the trade-off between them. The managerial task is to 

keep the assets of the firm from falling behind the liabil

ities and, accordingly, avoid the risk of insolvency. In 

so doing, management is faced with two seemingly different 

decisions: investment decision and financing decision, or 

alternatively, business risk and financial risk."*" 

Risk may be defined as "the probability of technical 

2 insolvency." Usually it is divided into business and 

financial risks. The former is the risk associated with 

the operation of the firm; whereas, the latter is the risk 

associated with a decline in earnings.3 since the business 

risk can be affected by the environment more than the 

•'•James Van Horne, Financial Management and Policy 
(Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1965), 
P. li|5. 

^Ibid., p. 320. 

3ibid., p. 18. 
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financial risk, some writers prefer to call the first the 

" e x t e r n a l  r i s k , "  a n d  t h e  s e c o n d  t h e  " i n t e r n a l  r i s k , w i t h  

the latter also called "the functional risk.These two 

risks together constitute the "hazards to which the owners 

and creditors of the firm may be subjected." 

-It is to these two types of risks that this chapter 

is devoted because the Saudi decision makers have accorded 

them some considerable attention. This chapter draws 

heavily on the information collected through the question

naire (see Appendix). It provides a comparative study with 

data gathered earlier by the Industrial Studies and Develop

ment Center so that a better financial perspective can be 

depicted. Specifically, Raymond Goldsmith contends that 

financial development may be measured by the change over 

time in financial structure.^ This indicates that the 

study of financial development entails information on 

^Eli Schwartz, "Theory of the Capital Structure of 
the Firm," Journal of Finance, XIV (March, 1959), 19. 

£ 
^Charles Hubbard and Clark Hawkins, Theory of 

Valuation (Scranton, Pa.: International Textbook Company, 
19b9), p. 36. 

^Schwartz, p. 20. 

"^Raymond Goldsmith, Financial Structure and 
Development (New Haven and London: Yale University Pres3, 
1969), p. 37. 
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changes in the capital structures. It can be conducted by 

the comparison of financial structure at different points 

in time. 

The Business Risk 

Operation of any firm requires development and 

maintenance of a good information system. Actually, "in 

the final analysis, risk depends on the adequacy of the 
Q 

information system of the firm." If a probability dis

tribution of expected returns is postulated in lieu of a 

single valued revenue expectation, the variance of such a 

distribution represents the risk involved.7 Hence, the 

premium for risk is a function of this variance. Further

more, an efficient information system should provide not 

only data about the internal operations of the firm, but 

also provide management with developments outside the firm. 

Such developments influence the demand for the firm's pro

ducts, its production function, and the supply of its input. 

Management must also know the effect of a change in one 
10 

activity on the costs and profits of another. 

®Eugene Lerner, Managerial Finance, A System, 
Approach (New York: Harcourt, Brace, Jovanovich, inc., 
1971), P. 331. 

Q 
'Sergei Dobrovolsky, The Economics of Corporation 

Finance (New York: McGraw-Hill Book Company, 1971), p. ij.3. 

10Lerner, p..330. 
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In this chapter liberty is taken to depict broadly 

the business risk involved in managing She Saudi firms; 

especially forces such as stability, growth, competition, 

and attitude toward technological change. When found sig

nificant, there would be a high probability that they may 

continue to be so."1"1 The attempt will not be made to divide 

the firms into equivalent return classes; an aggregate 

analysis is assumed. Specifically, the aim is to subject 

the analysis to some external factors necessary to be con

sidered in any investment decision and which, to some degree, 

are difficult to control by any individual firm. 

Demand and Output Expectations 

Table 13 shows that 17 out of 20 respondents (Q%%) 

anticipate output to expand in the near future. This rate 

is higher than the 68 percent reported by the Industrial 

Studies and Development Center about two years ago. Sev

eral reasons may be attributed to this difference in expec

tations. First, the period that elapsed between the above 

mentioned study and the questionnaire witnessed a drastic 

increase in national income—from about SR 6 billion to 

about SR 13 billion—due primarily to the increase in oil 

production and prices. The impact of this augmentation of 

"^Eugene Lerner and Willard Carleton, "The Inte
gration of Capital Budgeting and Stock Valuation," American 
Economic Review (September, I96I4.), p. 691. 



Table 13. Business Risk, Financial Risk and Future Expectations 

Output 
Expansion 

New Product 
Addition Output Price 

Demand 
Expectation ] 

Firm 
Number K

 
1 

CD
 

CO No Yes No 
No 

Increase Increase Increase Decrease Inc3 

1 X X X 5 

2 X 
\ 

X X 15 ] 

3 X X X 5 ! ] 

k X X X 7 

5 X X X 30 

O
 
H
 

6 X X X 65 < 

7 X X X 10-15 

8 X X X 10 1 

9 X X X 30 12 

10 X X X 25 • 

11 

12 

13 

X 

X 

X 

X 

X 

X 

X 

X 

X 

20 
15 

500 
lJ-OO 
20 
10 

4 

t 

8 

1k- X X X 30 

15 X X X 13 , 

16 X X X ? 

17 X X X 10 

18 X X X 

19 X X X 15 

20 X X X iho 

Source: The information in this table was obtained from the Q,ue 
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Input Prices Fixed Cost Variable Cost 

nc re as e Decrease Increase Decrease Increase Deerease 

X 5 k 

10 5 10 

10 15 7 

5 . 14- K-5 

1.0-15 5 k 

30 15 ko 

7 10-15 k 

10 h 8 

12-17 5 5. 

10 10 

25 10 15 

8.5 95 

10 7.5 5 

15 25 

10 

? 9 • ? 

5 5 5 

10 15 9 

I* *> • t • 

20 30 mo 

;ue stlonnaire. 



national income has apparently been anticipated by the 

businessmen as a certain increase in government spending, 

making available more foreign exchange, an increase in the 

money supply and hence, a period of expansion. 

In equipment analysis, and many other decisions that 

firms have to consider, capital availability becomes a 

rather indispensible decision variable. It can be regarded 

as a constraint within the context of which the firm's real 

12 resources are acquired and its optimization decision made. 

On the other hand, unavailability of capital may result in 

forfeiting investment projects which in turn may increase 

the business and financial risk of the firm. Actually, "a 

firm which does not generate enough investment proposals to 

keep its funds fully employed is not going to grow, but is 

going to decline and vanish sooner or later."^3 Generating 

investment projects increase not only the inflow to the 

firm, but the level of sophistication in technology utili

zation. Capital expenditures commit the firm to a given 

level of technology over a long span of time and could 

determine the future pattern of the firm's operating expend

itures.1^- Moreover, a developing country cannot afford 

12 Douglas Vickers, The Theory of the Firm: Produc-
tion, Capital and Finance (New York: McGraw-Hill Book Co.. 
1968), P: lis. 

13G. Devid Qiiirin, The Capital Expenditure Decision 
(Homewood, 111.: Richard b. Irwin, Inc., 1967), p. 17. 

^Ibid., p. 3. 
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having its industry fall behind, even for a short span of 

time. Professor G. Terborgh submits, "No country can con

template with equanimity the failure of its industry to 

keep abreast of technology."^ 

Secondly, as a result of the above mentioned aug

mentation in national income, purchasing power is expected 

to increase rapidly. This was assisted by the government 

lifting taxes that were imposed after the 1967 Mid-East 

1 A crisis.-1-0 Along with this is the anticipated increase in 

pay for many government employees. Moreover, the increase 

in the number and sophistication of the middle class due 

to the increase in education caused some diffusion of 

wealth. The increased transportation facilities helped 

connect the inner parts of the country and linked the 

country with the outside world, especially the neighboring 

areas. These are but some of the factors leading the 

businessmen to anticipate future investment and, hence, 

the commitment of capital expenditures in machinery and 

equipment. 

Third, since the Saudi economy is an open economy, 

the market in Saudi Arabia is highly sensitive to inter

national economic development. The devaluation of the 

•^George Terborgh, Dynamic Equipment Policy (Wash
ington, D. C.: Machinery and Allied Products Institute, 
195.9), P. 7. 

-^Saudi Arabian Monetary Agency, Annual Report 1971 
(Riyadh, Saudi Arabia, 1972), p. 3. 
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dollar is expected to produce a favorable impact on both 

consumer and capital goods markets. The United States 

Department of Commerce maintains that of the total Saudi 

imports, "the United States supplies about half, the main 

components being machinery for construction, excavation, 

oil field operations, power generation, air conditioning, 

and pumps and parts.The devaluation makes available 

more dollars for importing goods from American manufac

turers. Moreover, on the international political scene 

the "period of negotiation" concept adopted by the big 

powers, could produce some discernible effect in reducing 

some of the uncertainties about the future undesirable 

developments that discourage long-run capital commitments. 

Fourth, all indications are that the Saudi business

men forecast stability in both the economic and political 

scenes in the country. Undoubtedly, the security factor 

has a staunch psychological repercussion on businessmen's 

attitudes toward long run and heavy future investments. 

It follows that the businessmen in Saudi Arabia pro

ject an expansion in production in the near future. To 

meet this forecast, new capital expenditures have been 

planned, as indicated in the responses to the questionnaire. 

17u. S., Department of Commerce, Saudi Arabia; A 
Market for U. S. Products (Washington, D. C.: Government 
Printing Office, 1962), p. 13. 
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Although these four factors are substantial in the 

enhancement of the business risk, the means of expansion 

themselve may be perceived by the firms' creditors as 

fostering some risk. "In many cases a faster expansion of 

capital and output involves greater efforts to develop new 

production methods, introduce new products, or enter new 

markets, all of which tend to increase the degree of risk 

assumed by the firms' stockholders. 

The selected companies were asked to indicate the 

anticipated rate of increase in demand for their products. 

The percentages vary from industry to industry and from 

firm to firm. Table 13 shows the variations in rates. 

For instance, the lowest expected rate indicated was 5 

percent, whereas the highest was $00 percent. Actually, 

the majority of the firms' anticipated rate of increase 

in demand are between 10 and 30 percent, and have a median 

of about 19 percent. Conspicuously, without exception, 

all the respondents projected increases in the demand for 

their products, even those who did not anticipate expansion 

in their output. Only two firms did not expect their out

put to expand but still anticipated an increase in the 

demand for their products. It may be argued that these 

two firms are over-producing now and that they expect a 

rise in the purchasing power of consumers, but that this 

18 
Dobrovolsky, p. 6ij.. 
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rise will not call for output expansion. One of these two 

firms expects its input prices to increase by more than the 

increase in the demand for its output. The reasons for the 

unanimous expectations of the increases in the demsind may 

be found in the four factors discussed above when bullish 

market expectations were envisaged. 

Comparing the above findings with those of the 

Industrial Studies and Development Center, it can be seen 

from Table 11). that percent of all surveyed establishments 

expected to add new equipment within the next five years. 

Also, £8 percent expected to expand production, and $2. per

cent of all the industrial establishments were on the verge 

of making equipment replacement decisions. On the other 

hand, the questionnaire shows that about 8£ percent of the 

firms are about to undertake new investments. 

The above comparisons reveal a high potential for 

augmenting production and undertaking capital expenditures. 

The implication is that the decisions of these firms regard

ing equipment replacement could commit the majority of the 

nation's industry to a certain level of technology for many 

years to come. It could place the national well-being at 

an irreversible level in the short and intermediate run. 

"A dynamic equipment policy means a dynamic economy. It 

also means a more rapid increase in the standard of living 

and in national well-being. It likewise means a better 



Table 1L(_. Development Programs 

Expansion 
Number of Pro- Adding New 

Province Reporting duction Products 

Addition 
and Alter
ation to Adding New Training Other 
Buildings Equipment Manpower Projects 

Western 
Provincea 

Central 
Province** 

Eastern 
Province0 

71 

39 

22 

Total 132 

Percentage 100 

kl 

19 

16 

76 

58 

35 

20 

13 

68 

52 

23 

16 

11* 

53 

^0 

Ii4 

29 

13 

86 

65 

36 

2 

1*4-

52 

39 

7 

11 

20 

15 

Source: industrial Studies and Development Center, Survey of Industrial 
Establishments in Saudi Arabia, Vol. II:-' Western. (Riyadh, Saudi .Arabia, 1970J, P» 66. 

bIbid., Vol. I: Central (1969), p. lj.0. 

°Ibid., Vol. Ill: Eastern (1970), p. 39. 
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19 competitive position in international trade." 7 Furthermore, 

delaying such a decision for fear of increasing the business 

risk could foster such a risk and hence impair the growth of 

the private sector whose development is a target of the 

Saudi decision makers. "In fact, sustained growth depends 

heavily on the private sector because the dynamic quality 

20 of the economy is dependent on business." 

Price and Cost Expectations 

To describe the situation more fully, the question

naire asked the firms to reveal their expectations regard

ing their input and output prices and the expected behavior 

of their fixed and variable costs. 

Table 13 shows that without exception all the 

respondents expect their input prices to rise in the near 

future. Their forecasts range between 5 percent to 30 

percent, and an arithmetic mean of about 11 percent. This 

expected rise in input prices is conceivable and may be 

attributed to the following factors: 

First, the previous section determined that the 

continuous increase in national income would strengthen the 

purchasing power of consumers on one hand and increase the 

supply of money on the other. The result, among other 

•^Terborgh, Dynamic . . ., p. vi. 

^Richard McNabb, "Growth, Stability, and Capital 
Goods," Capital Goods Review (1968), p. 19. 
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things, would be that of labor pushing wages upwards and 

suppliers negotiating higher prices for their materials. 

For the situation at hand, the increase in input prices 

should not imply that inflation, per se, would materialize 

because increases could be absorbed by increases in output. 

Specifically, a rate of increase in the money supply that 

is reasonably compatible with the desired growth rate of 

the economy will be financing an enlarging gross national 

product. Such adjustments could push prices upward, but 

21 they may not be of the rapid inflationary type. Further

more, it is contended that the standard of living will show 

some progress via the increase in buying power, especially 

since the anticipated rise in demand exceeds that of the 

input prices as projected in Table 13. 

Second, many of the raw materials, skilled labor, 

and higher managerial and tecknical know-how are usually 

imported due to lack of these production necessities. The 

costs of importing these needs are increasing rapidly 

everywhere. 

Furthermore, the companies were asked to reveal 

their expectations of costs. Column five of Table 1 shows 

that 12 out of 21 (or 57 percent) firms anticipated their 

fixed costs to increase in the coming years. Although 

pi 
Harold Wolf, Monetary and Fiscal Policy (Columbus, 

Ohio: Charles A. Merrill Books, Inc., 1966), p. 38. 
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fixed costs usually are not depicted as a decision vari-

?? 
able, it explains fixed assets commitments in general 

whether the costs be for buildings, facilities, or moderni

zation of existing plants. On the average, the expected 

increase in the fixed costs approximates 15 percent which 

constitutes an important portion of these firms' capital 

expenditure s. 

The Industrial Studies and Development Center con

ducted a study showing the Center's projections for the 

development plans of manufacturing industries. It excluded 

four industries: power generation, petroleum, basic petro

chemical and basic metal industries. The projections 

covered new investment programs on an aggregate basis and 

considered prospective investments and contributions of the 

smaller units.^ The study asserted that the plan of 

development would "require a total capital outlay of 

approximately SR 21±0 million, of which SR 177 million would 

be for fixed assets . . ., machinery and equipment would 

account for SR 118 million (67 percent) and other fixed 

assets for SR $9 million."^ Actually, the total financial 

22(jordon Shillinglaw, Cost Accounting: Analysis and 
Control (Homewood, 111.: Richard D. Irwin, Inc., 1967)» 
p. 61. 

23 Industrial Studies and Development Center, A Report 
on Projections for the Manufacturing Sector for the First 
Five-Year Plan (Riyadh, Saudi Arabia, 1971)» 

2^Ibide> p .  127. 
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requirements for the projected industrial growth would 

amount to SR 302 million, an annual compound growth rate of 
ot. 

12.5 percent. p 

The study showed a 33 percent projected increase in 

expenditures on assets other than capital equipment, where

as the questionnaire showed an expected increase of about 

1^ percent. The reason behind this difference is because 

the Center projection is concerned more with smaller and 

less established firms. In addition, the Center projection 

seemed more ambitious than the conservative estimate ob

tained by the questionnaire which more or less reflected a 

problem of financing. This could raise the question of the 

need for a more diverse financial instrument and financial 

institutions. The recent establishment of the Industrial 

Development Fund in addition to some other already estab-

26 
lished funds, reflects this need. But the diversity 

of financial instruments to raise capital are still lacking. 

The variable cost, which i3 a decision variable, 

or should be considered as such, is expected to increase 

by about 70 percent of the sample firms. The median of 

the expected increase approximates 9 percent which is a 

rather low rate of increase. It may be inferred that this 

2^Ibid., p. 131. 

. Royal Decree No. M/2U, dated 2/25/1391 (Riyadh, 
Saudi Arabia). 
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low percentage of anticipated increase in variable cost is 

ascribed to an optimistic expectation of efficiency. This 

is due to the utilization of higher managerial and technical 

know-how, and the fact that the rate of education in the 

country has been increasing extremely rapidly within the 

last decade. 

Finally, the 19 percent expected increase in the 

demand for consumer goods is in excess of the percentage 

increase in expected costs and could, ceteris paribus, ab

sorb it. In other words, the break-even point will be 

shifted upward, making it the task of management to pin

point the new break-even point. 

The Financial Risk. 

Table 15 displays another set of financial informa

tion that sheds some light on the financial risk of the 

Saudi firms. The purpose is to, by and large, depict the 

financial characteristics of the business firms and, hence, 

infer from their capital structure the level of financial 

risk. 

The financial risk, usually, is defined in consonance 

with the fluctuations in earnings; i.e., "Financial risk 

can be defined as the risk of default on the part of the 

borrowers in the payment of principal or interest. 

Therefore, the greater the possibility of default the 

^Van Home, p. 3^-7. 
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Table 15. The Financial Risk in a Sample of the Saudi 
Firms 

Firm 
Debt to 
Capital 
% 

Debt Ratio 
Next 

Project 
% 

Interest 
Rate 
t 

Return on 
Equity 
% 

Cost of 
Capital 

•* 

1 

2 25 5o 9 20 17.25. 

3 10 12 9 5 5.̂ 0 

k 12.5 12 6 6.75 

5 — 

6 i+63 73 7 negative — 

7 5 12.5 9 — 

8 15 75 9 20 18.35 

9 9 25 9 12.5 12.19 

10 75 75 8 — 

11 50 28 8 10 9.00 

12 50 100 6 15 10.50 

13 13 13 8.5 — 

llt- 65 9 15 11.10 

15 80 80 6.5 '' — 

16 100 100 6.5 10 6.50 

17 k3 17 7 10 8.71 

Source: The information in this table was obtained 
from the Questionnaire. 



greater the finaneial risk and the higher penalty and 

security demanded by the market. 

Most often financial embarrassment is ascribed to 

inadequacy of working capital. "The solvency of any 

business concern depends on its ability to generate cash. 

A firm that is successful will generate more cash than is 

required in operation.Apparently, this is a function 

of managerial decisions regarding future cash requirements 

and the financing mix of the firm. "Financial risk refers 

to the risk arising from the style in which a firm is 

financed. 

It follows that as the firm's fixed commitments, 

such as debt and leases, increase there will be a higher 

probability that the earnings generated may not be suffi

cient to cover the fixed charges and yield net profits. 

The debt-to-equity ratio is a good measure of the level 

of the financial risk involved whose increase may be 

accompanied by increasing risks to the common stock

holders.^ 

pQ 
°Charles Prather and James Wert, Financing Business 

Firms (Homewood, 111.: Richard D. Irwin, Inc., 1971)> 
P. 115. 

^Stephen Archer and Charles D'Ambrosio, Business 
Finance; Theory and Management (New York: The Macmillan 
Company, 1966), p. 2tJ7. 

^^Harold Bierman, Jr., Financial Policy Decisions 
(New York: The Macmillan Company, 1970), p. 117. 
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The Capital Structure 

The capital structure of an industrial firm denotes 

the percentage participation of long-term debt, stock and 

returned earnings. Conventionally, the debt-to-equity 

ratio is the measure of the capital structure that deter

mines how asset acquisitions are financed. Recognizing 

the subtle arguments about the existence of an optimum 

capital structure, the sinequanon is that it is the firm's 

management utility function that determines the break-even 

point of the firm's capital structure.31 

The Debt-to-Equity Ratio 

For the Saudi firms Table 1$ presents some informa

tion about the capital structure of the sample companies. 

The table shows two debt-to-equity ratios. The first is 

an overall ratio of the financing mix of the firms; whereas, 

the second depicts the ratio of debt in financing the next 

contemplated investment. The first ratio, the firm's over

all debt-to-equity ratio, ranges between 5 percent, the 

lowest rate disclosed by one respondent, and 75 percent, 

the highest rate also reported by one firm. Two cases 

reported 100 and 80 percent of debt-to-equity which were 

excluded because they may have misinterpreted the question. 

These rates exclude one industry, number 6 in the table, 

for it represents a unique case and thus its inclusion may 

31prather and Wert, p. 3. 
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give a hazy picture. Since the analysis is intended to show 

an aggregate picture, the arithmetic mean of the debt-to-

equity ratio shows a 30 percent overall ratio of the firms 

that replied. 

The above ratios show the noticeable improvements 

in lending and various credit facilities offered by the 

commercial banks. Less than a decade ago it was not un

usual to observe entirely equity-financed firms. The 

questionnaire reveals that more than 80 percent of the 

firms now are utilizing commercial-bank facilities; or, to 

put it more appropriately, the commercial banks are becom

ing more aware of the soundness of rendering such services 

to the private sector. After all, such transactions 

furnish mutual benefits to both the commercial banks and 

the private sector. Professor James Tobin asserts that, 

"when the banking system expands its assets by lending to 

finance new private investment, or buying government 

securities, private wealth will increase. 

As for the riskiness of the capital structures, a 

31 percent overall rate does not imply a risky debt-to-

equity ratio. However, the inclusion of debt in itself 

constitutes an element of risk because the financial risk 

associated with holding the firm's security may become 

3^James Tobin, Commercial Banks as Creators of 
Money, in Deane Carson, Banking and Monetary Studies " 
(Homewood, 111.: Richard D. Irwin, Inc., 1963), p. 24.13. 
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greater and investors may penalize the company by using a 

higher capitalization rate in determining the present value 

of the anticipated revenues.The point is that if the 

profitability of the additional debt is equal to the cur

rently realized favorable rate, the addition of the debt will 

not affect the common stock expected return, but it is the 

variance of common stock earnings that is affected.^ 

The level of return indicated by the respondent firms 

seems susceptible to compensating for the increase in the 

leverage ratio. Ceteris paribus, the only adverse circum

stance that may affect these firms' profits, could take 

place when the commercial banks raise the rate at which 

credits are provided. 

The second debt-to-equity ratio shown in Table 1$ 

shows debt participation in financing the next contemplated 

investment. This ratio, although incorporated in the rate 

discussed above, reveals the level of risk assumed in finan

cing immediate future projects. It shows the change in at

titude toward external financing vis-a-vis the firm's own 

equity which almost was the only method utilized. On the 

average the rate breaks down into £6.3 percent internal 

financing and lj-3.7 percent external financing. The various 

ratios reported range between 12 percent and 100 percent 

*3-5 
-^Dobrovolsky, p. 121. 

3^-Bierman, p. 113. 
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external financing. Accordingly, two observations may be 

indicated: 

1. The riskiness of such financing may be appropri

ately ascertained when the contribution return of the firm 

is determined and compared with the interest cost of the 

borrowed funds. Naturally, a rate of return higher than 

the interest rate could raise the firm's return on equity.^ 

2. In order to embark upon a sound economic devel

opment, the existence of a wide variety of financial instru

ments and financial institutions become a necessary, though 

not sufficient, condition.a major task confronting 

Saudi Arabia is how to effect such development. 

The Interest and Equity Rates 

Columns 3 and I4. of Table 15 reveal the interest rates 

charged and the return on equity capital as indicated by 

the respondents. 

The interest rates charged by the commercial banks 

vary, as expected, from 6 to 12 percent, with an arithemtic 

mean of about 8.£> percent. These rates are very high, 

especially if compared with the rates reported by the Indus

trial Studies and Development Center more than a year ago. 

The Center found that among the 132 industrial establish^ 

ments surveyed some of those who disclosed the interest 

-^Lerner, p. £8. 

^Goldsmith, p. I4.O8. 
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charged on their loans did not pay any interest, some paid 

one-half of a percent, and then the rates go up to 9 per-

37 
cent with an average of 6.I4. percent.^' The majority of 

these loans are short-term with few intermediate-term. 

Long-term loans are entirely missing from the present 

capital structure. 

It seems that the power of the Central Bank in con

trolling interest rates should be supplemented by adequate 

resolutions, otherwise the commercial banks could escalate 

the rate they charge on loans advanced to the private sec

tor. 3® in addition, an increasingly high rate of interest 

not only could impair these companies' profitability, but 

could delay the undertaking of many investment projects 

that are needed in strengthening the private sector. Such 

postponement could produce some bad repercussions because 

"investment is the vehicle of new techniques and the rate 

of such investment determines how rapidly new techniques 

are brought into general use and are effective in raising 

productivity. 

-^Industrial Studies and Development Center, Survey 
of the Industrial Establishments in Saudi Arabia (Riyadh, 
Saudi Arabia: Vol. I, Central, 1969; Vol. II, Western, 
1970; Vol. Ill, Eastern, 1970). 

^Implementation of any regulation regarding the 
interest rate should be preceded by a research that reveals 
the vagueness surrounding charging of interest rates. The 
interest of this dissertation, however, is in analyzing 
available information only. 

39 
W. E. G. Salter, Productivity and Technical Change 

(London: Cambridge University Press, 1969), p. 65. 
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The above mentioned interest rates may seem unneces

sarily high for companies with considerable "trading on 

the equity" power and in an economy whose private sector 

is in desperate need of industrialization. This is not to 

deny profits to the commercial banks, but to abuse pro

gressively high interest rates that could hinder the proces

ses of development. David Winder makes the point that a 

recently released report by the United Nations asserts that 

developing countries "must have substantially greater amounts 

of outright grants and loans at the lowest possible rates 

..kO 
of interest with the longest possible repayment terms." 

The risk of utilizing debt can rise very quickly when 

the payment of interest comprises a good portion of the 

earnings generated by the firm. "When this latter situation 

exists there is a risk that the earnings will not be enough 

to meet the interest payments."^ Hence, financial embar-

fassment may materialize which could lead the firm to cease 

functioning, or even bankruptcy. 

The seemingly pessimistic argument raised above is 

actually premature. The aim is to raise the question so 

that adequate measures can be taken at the right time. 

^°David Kinder, "Developing Nations Find Bare Cup
board at U. N. Parley." The Christian Science Monitor 
(June 5, 197?-), p. 3. 

4^-Hubbard and Hawkins, pp. 37-38. 
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Turning to the return on equity column of Table 15* 

it should be noted that most rates reported are better than 

the interest rates these firms are paying to the commercial 

banks. The return on equity indicated by those who respon

ded to the question ranges between a negative rate, reported 

by one firm, to 20 percent, and a median of 13 percent. 

We must bear in mind that the probability of miscal

culation of the return on equity is always available. 

Furthermore, despite this ostensible shortcoming, the aver

age return on equity is indicative of the profitability of 

the manufacturing sector, outside the oil and oil dependent 

industry (i.e., petro-chemicals). 

The Cost of Capital 

Table 15 may be used, with a reasonable degree of 

confidence, to estimate some of the Saudi companies' 

weighted average cost of capital. A cost of capital may be 

calculated by utilizing the averages obtained earlier. The 

overall cost of capital approximates 10.57 percent. This 

overall rate reveals a relatively high cost of capital. 

The high percentage of equity as part of capital probably 

contributed to the overall cost of capital which is higher 

than for many United States firms. However, this figure 

may be illustrative if a risk variable is incorporated in 

the analysis. 
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A rough estimate was attempted in an effort to obtain 

information about some individual firms' coat of capital. 

These figures are based on a before-tax basis due to the 

difficulty encountered in assigning a tax rate to some firms. 

The table shows a diversity of weighted average cost of 

capital ranging between to 18.35 percent. For ten firms, 

two have a weighted average cost of capital slightly higher 

than their returns on equity and considerably below the 

interest rates charged. It is difficult to pinpoint the 

exact reason behind this discrepancy. Either the ratess 

supplied by them are in error, or the situation is actually 

as the data depict. The latter seems more likely because 

the two firms reported the highest interest rates charged, 

and strangely these interest rates are higher than their 

indicated rate of return on equity. Otherwise, the major

ity of the firms seem to be enjoying a sound financial 

position. 

Table l£ shows that there is no clear pattern between 

the cost of capital and the firms' capital structure. It 

may be observed that as the amount of debt increases, the 

cost of capital rises, but at the maximum amount of debt 

reported different rates of the cost of capital are ob

tained. The cost of capital rates continue rising whether 

the amount of debt increases or decreases. This pattern 

clearly is not compatible with the traditional thought that 
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moderate amounts of debt will lower the firms' cost of 

capital.^ The question remains: If we allow for the tax 

advantage of debt financing, will the cost of capital remain 

Independent of capital structure? The available informa

tion is not sufficient to supply an adequate answer. How

ever, the independence is clear and strong to the extent 

that one adheres to the Modigliani-Miller capital cost 

independence of capital structure proposition.^ 

Influencing Existing Risks 

PETROMINj A High Power Plan 

The Leater Pearson report maintains that three main 

obstacles have prevented developing countries from raising 

a greater volume of funds.^ First, few borrowers in 

developing countries have established a record of credit 

worthiness. Second, legal restrictions in many developed 

countries limit the amounts which institutional investors 

can place in foreign securities. Third, several members of 

^Eugene Brigham and Myron Gordon, "Leverage, Divi
dend Policy and the Cost of Capital," Journal of Finance 
(March, 1968), pp. 93-96. 

^Franco Modigliani and Merton Miller,""The Cost of 
Capital, Corporation Finance, and the Theory of Investment," 
American Economic Review (June, 1958)* P. 269. 

^"Lester Pearson, Chairman, Partners in Development 
Report of the Commission on International Development, 
United Nations (New York: Praeger Publishers, 1969), 
P. 115. 
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the Development Assistance Committee limit foreign access to 

their capital markets for balance of payment reasons. 

To overcome such barriers, and others as well, the 

Saudi Arabian decision makers anticipated the problem of 

private investment and improving the credit worthiness of 

the economic units in the world market. Hence, the General 

Petroleum and Mineral Organization (PETROMIN) was founded 

November 30, 1962. It was established to initiate indus

trial projects that require heavy investments but are 

necessary from the national point of view and/or are not 

attractive to private business. Further, its functions 

would be confined to the petroleum and mineral sectors 

only.^ 

According to the Central Planning Organization, 

PETROMIN is responsible for the development of oil produc

tion by national enterprises, the refining and distribution 

of petroleum products for the domestic markets, the estab

lishment of national industrial enterprises for mineral pro

duction, petro-chemicals and fertilizers, basic industries, 

and for the establishment of national companies to provi'de 

services for these industries.^ 

^Central Planning Organization, Development Plan 139Q 
(Riyadh, Saudi Arabia, 1970), p. 2l\l. 

^6Ibid., p. 2J4.I. 
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Th© primary purpose of PETROMIN is the crucial role 

of transforming the Saudi economy from a one-product 

economy—production of oil—to a diversified economy. 

Naturally, the realization of this goal will require a 

sophisticated financial system that can attract funds from 

all sources through establishing confidence in PETROMIN" it

self, by displaying efficiency in the allocation of capital 
U 7  

and offering attractive returns on investment. 

The plan was prepared by PETROMI& in cooperation 

with some international consultants and was approved by 

the Board of PETROMIN on March 23, 1970. The plan antici

pates many obstacles to industrialization, with special 

emphasis accorded to the problems of manpower and financial 

requirements. PETROMIN's plan involves execution of more 

than thirty industrial projects in petroleum, minerals and 

related industries. The value added by these projects for 

the next five years, and PETROMIN's expenditures, are shown 

in Table 16. 

The plan calls for a total capital investment for 

the seven projects in operation at the SR 5>l6 million level 

of which PETROMIN contributed SR 298 million, or £8 percent; 

^PETROMIN, The Financial Structure of the Petromin . 
Group (Riyadh, Saudi Arabia, 1969), p. 20. 

^8Ibid., p. 32. 
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partners in equity contributed 11+ percent; and the remain

ing 28 percent constituted loans arranged directly by the 

companies themselves. Notably, government contributions 

have been SR 125 millions. In these seven projects, 

PETROMIN has taken 51 percent of the equity participation 

in five of them, and 75 percent and 100 percent respectively 

in the remaining two projects.^ 

Table 16. Value Added and Expenditures of PETROMIN During 
the Plan of 1970-1975 (SR 000) 

Year 
Value Added by Pro
jects in Operation 

Expenditures 
of PETROMIN 

1970 - 1971 12,201+ 28.76 

1971 - 1972 112,259 1+30.00 

1972 - 1973 157,862 1,065.00 

1973 - 197^ 1+17,979 1+82.50 

19711- - 1975 51+7*887 1,220.50 

Source: PETROMIN, The Financial Structure of the 
PETROMIN Group (Riyadh, Saudi Arabia, 1969), p. 32. 

Total financial requirements for the execution of 

PETROMIN Plan 1970-1975 is estimated to be SR 6058 million. 

PETROMINfs share will account for 51 percent of the whole 

cost which is SR 3236 million.^ 

^ibid., p. 1+7. 

£°Ibid., p. 20. 
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Financial Structure of the PETROMIN Establishmenta 

Funds available to finance the projects consist of 

a variety of sources covering domestic and foreign creditors 

as follows: 

1. The government through specific allocations. 

2. PETROMIN-generated funds and borrowed capital. 

3. The Saudi public.• 

lj.. Foreign partners. 

The PETROMIN plan maintains that most of the funds 

raised for the purpose of financing the various projects 

should take the form of loan capital, guaranteed by PETROMIN. 

Equity ownership by the domestic market should be restricted 

and, "in principle, the Saudi public should only be invited 

to participate in proven ventures. Furthermore, the 

plan suggests certain percentages of participation in finan

cing the investment projects by the various domestic and 

foreign partners. 

The importance of this method of financing deserves 

comment. First, the indicated financing mix seems con

trary to the characteristics of the Saudi economy. PETROMIN 

recognizes the fact that capital is abundant in the Kingdom 

and the crux of the problem is how to channel it to be 

invested in business organizations. Actually, saving depos

its increased by about 1$ percent in 1969 over 1968 and has 

^Ibid., p. 20. 
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kept abreast ever since.^ In addition, PETROMIN's report 

itself makes the point that "in the present situation of 

the Saudi Arabian economy certain resources, notably capital 

and energy, are relatively abundant."^ Therefore, PETROMIN 

plans to set up an investment finance company to "channel 

5k 
public subscription into PETROMIN projects." The estab

lishment of this company is of extreme importance and it 

can function more appropriately if PETROMIN reverses the 

percentages of the financing mix indicated above. 

Second, the mix of capital sources does not seem in 

line with those indicated by the Central Planning Organi

zation as follows:^ 

a. Twenty-five percent of the capital costs of 
projects will be raised by domestic and 
foreign equity participation. 

b. Fifty percent of the capital costs of projects 
will be raised by loans from equity participants 
and bankers. 

c. The remaining percent will be financed by 
PETROMIN and the Government. 

Considering either PETROMIN or the Central Planning Organi

zation suggested mix of finance, the same point may be reit

erated, the domestic market has been given minimal weight. 

^ Saudi Arabian Monetary Agency, Annual Report 1388-
1390 (Riyadh, Saudi Arabia, 1970), p. 19 

£3pETR0MIN, P- 21' 

^Tbid., p. 10k. ' 
c c  
-^Central Planning Organization, p, 21^5. 
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Third, if PETROMIN is to help in the establishment of 

a capital market, the prospective domestic equity partici

pants should become acquainted with such a market. Two 

facts seem to be pertinent: First, the very small contribu

tion by the government may be an indication of the neces

sity for establishing a capital market. Second, when 

PETROMIN invited the public to participate in financing a 

petrochemical project, the demand for the common:stock 

security was so high that PETROMIN had to restrict the num

ber of shares of stock to be acquired by each individual. 

Fourth, for the 1970-1975 plan, PETROMIN indicates 

spending approximately SR 15 million annually on feasi

bility studies and research, and development. Simply, if 

a PETROMIN project failed, the process of industrialization 

will be greatly hindered and the repercussions on both 

domestic and foreign sources of credit will follow. Along 

with this is PETROMIN's criteria of evaluating each of its 

projects according to: (1) a contribution to the national 

economy, (2) commercial profitability, (3) a diversifica

tion effect, and (Ij.) a regard for international business. 

Naturally, there may be projects whose execution fulfill 

a national priority, or they are essential for the operation 

of the Plan. Hence, their financing should be regulated,^ 

Fifth, PETROMIN's method of financing may contribute 

to a lessening of both the business and financial risks. 

^PETROMIN, pp. 50-53. 
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Nevertheless, the lack of a substantial government contri

bution may have necessitated the adoption of this formula. 

To conclude this section, PETROMIN's role is crucial 

to the development of the economy. Accordingly, PETROMIN's 

decision concerning the level of technology that should be 

utilized by its projects must be of prime interest because 

such a decision in a way is irreversible, or at the very 

least, long run. 

The Depreciation and Taxation Aspects 

Almost all the respondents to the que2tionnaire indi

cated that they are utilizing the straight-line method of 

depreciation. Some of them did not indicate the type of 

method used, but stated that the decline in the assets1 

value was not uniform, leading to the thought that they may 

be applying some form of an accelerated method. Since the 

majority of the firms do not apply some form of an accel

erated method, it may be assumed that either they did not 

contemplate the necessity of a quick equipment replacement 

or the reason may lie in the taxes imposed on them. 

The information obtained through the questionnaire 

indicates that equipment replacement is a primary concern 

of most of the business firms surveyed since more than 85 

percent of them actually are contemplating replacements. 

However, the factor that may retard reinvestment could be 

that of capital availability more than any other decision 
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variable. Capital is available, but the problem is how to 

channel it into investment, a major problem seemingly 

facing the Saudi decision makers. 

On the taxation side, there are two different taxes 

applicable to business firms. The whole Saudi firm is 

liable to the Islamic Law of Zakat; whereas, others have 

to pay taxes according to their net income as follows: 

Profit Level Rate of Tax 

SR 100,000 and under 2$% 

SR 100,001 to SR £00,000 35$ 

SR £00,001 to SR 1,000,000 l+O% 

over SR 1,000,000 

Since most of the Saudi firms are not joint ventures, 

they are under the 2.5 percent Zakat regulations. This 

percentage is levied as follows: 

fixed liabilities 
minus fixed assets 
plus net income 

= taxable corporate profits 
times 0.025 

= amount of taxes levied 

The rationale for this technique involves the Islamic 

principles of Zakat "taxation" which advise that "everything 

that is not ready for sale is not taxable." Hence, the 

initial value of the fixed assets, whether land, buildings, 

or machinery, should be deducted after accounting for the 

depreciation from the fixed liabilities. Moreover, the net 
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income is naturally taxable because it is the end-result of 

profitable operations. To avoid double taxation, the depre

ciation, since it lowers the amount that should be deducted 

from the liabilities, should lower the taxable net income 

also. This technique is equivalent to saying that all 

equipment and machinery are tax free, and the more the 

value of the fixed assets the less the amount of taxes 

paid; and the more the depreciation, the less the taxable 

income. 

The implication of the above paragraph may become 

clearer in the future. Heretofore the Saudi business firms 

were considered relatively new to the business world. 

During this recent development period these firms' managers 

were concentrating on establishing the groundwork for their 

firms; thus, the forthcoming period most likely will have 

heavy capital expenditures in all kinds of fixed assets, 

especially equipment. This conclusion may be further sup

ported by the insufficient number of businesses in some 

fields on one hand, and the lack of skilled labor on the 

other hand, which may lead to some form of capital in

tensive industries. The abundance of capital and the 

availability of hard currencies could further support the 

capital intensive thesis. 

Before concluding, two more points regarding equip

ment replacement should be made: the effect of the supply 

of capital and inflation. 
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It is widely held that the supply of funds is an 

important factor in replacement decision. Professor Ter-

borgh maintains that, "Replacement is affected by deprecia

tion policy in still another way through the influence of 

the latter on the supply of funds available for capital 

purposes, especially on the timing of the supply."^ 

Furthermore, in Saudi Arabia the supply of funds is in

creasing noticeably. These funds are ready to finance 

investment projects, encourage replacements and the use 

of greater capacity installations. Naturally, not all the 

money savings make a demand for securities since a portion 

of it is usually held to meet speculative balance purposes. 

A main obstacle is chanelling these funds to the business 

world. 

Turning to the dilemma of inflation, it can be 

argued that inflation has become the common denominator 

in much financial analysis,including equipment policy. In 

this context the effect of inflation may be realized as 

Van Horne depicts it: "With rising prices, funds generated 

from depreciation are not sufficient to replace and/or 

restore existing assets. faI» as the Saudi firms are 

concerned, the reverberation of inflation is twofold: 

internal and external. 

^Terborgh, Dynamic Equipment, p. 3. 

57 
Van Horne, p. 203. 
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The internal effects arise from the fact that the 

inflow to the firms from depreciation and retained earnings 

will not be sufficient as a sole source of financing. Resort 

to the capital market becomes a necessity if adequate funds 

are to be raised. 

On the external effect the Saudi firms import their 

needs of machinery and equipment from abroad. The main 

sources of importation of industrial machinery are the 

United States, Europe and Japan. With rising prices in 

these industrial countries, importing machinery from them 

may become complex if exchange rates are not adjusted to 

compensate for the inflation. The Saudi firms may not be 

able to generate enough foreign exchange to pay the higher 

prices, and consequently must turn to the central bank. 

If the central bank does not accommodate this demand, the 

Saudi firms' ability to import and export may be impaired. 

To prevent this occurrence, the firms in conjunction with 

the government should strive to maintain and increase in

flow of foreign exchange, both from business profits and 

from oil revenues. An important way out is to strive to 

increase the inflow to the country and to business in the 

form of foreign exchange in the former and profits in the 

latter. Naturally, firms with more bargaining power may 

enhance their opportunity in obtaining the needed finance 

and with better terms. 



CHAPTER VII 

CONCLUSION AND RECOMMENDATIONS 

This research analyzed the aspect of capital equip

ment replacement of the Saudi Arabian firms. Since capital 

expenditures usually involve large amounts of funds with 

the implications that its effect extend into the long-run, 

macro as well as micro analysis becomes necessary. Accord

ingly, the framework of effective equipment replacement 

analysis considers the futurity of the state of the economy 

expectations of demand for the firms' products, the needed 

capacity to meet the anticipated demand and, analysis of 

the risks involved in the operation and maintenance of the 

firms. 

In a brief study of the moneyflow aspect, the inter

dependence among the various sectors of the economy showed 

that the government sector is the largest and the most in

fluential. Projection of the future state of the economy, 

based on corporate response to the questionnaire supplemen

ted by library research, was depicted as favorable. This 

is mainly due to: (1) expected increase in oil revenues, 

and (2) development of some important infrastructures that 

could help carry on the planned programs of industriali

zation. These prospects lead to a rise in consumer 
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purchasing power and favorable market for business invest

ment. 

After reviewing the theory of equipment replacement, 

a model that incorporated two variables—demand and 

capacity—was established. It was stated that the notion 

of the economic life of the equipment gave impetus to the 

theory of replacement; it was argued that this notion could 

be abandoned when faster technological development is con-

«3idered. Furthermore, the point was made that replacement 

occurs in two instances: (1) if the system fails financial

ly or mechanically; (2) if technological change is such that 

productivity and competitive considerations over-ride the 

conventional mechanical and/or financial characteristics of 

replacement. In the latter case the economic life of the 

machine may not be accounted for. The viability of either 

alternative can be tested through a dynamic program whose 

variables were obtained via classical and Bayesian is'tatis-

tical techniques. 

Analysis of the variables of the model continued, 

mostly on qualitative grounds, in Chapter V. The chapter 

showed that capacity utilization was low due to domestic 

and foreign competition, shortage in management and skilled 

labor, insufficient investment in plant and machinery and, 

inadequate market studies. Moreover, demand was approximated 

at 70 percent of GNP and in a later chapter it was shown that 

the demand is expected to grow at 19 percent annually. 
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Analysis of the above factors underscored both theses 

that demand and capacity should be the corpus in the re

placement equation and that capital intensive projects are 

appropriate for Saudi Arabia to follow. Both theses are 

interrelated, especially when the economic mileu of Saudi 

Arabia is depicted. Clearly, the former can have separate 

and general applicability since it concerns the theory of 

replacement itself. 

Finally, the framework of equipment replacement ad

heres, in addition to the above mentioned factors, to risk 

analysis. In this respect it was found, in Chapter VI, 

that the capital structure of the manufacturing sector is 

comprised of a 31 percent debt to capital ratio, which is 

a 12 percent increase over the finding of the Industrial 

Studies and Development Center about two years earlier. 

The cost of capital was found to be 10.57 percent, and the 

rate of return on equity 13 percent. Note that these rates 

are not error-free because they are usually liable to be 

either over or under estimation. 

With respect to the results of this research, the 

following recommendations are advanced: 

First, the problem of capital equipment replacement 

is of paramount importance in both industrial and develop

ing countries. This research cannot suppose to be a com

plete analysis of the capital replacement situation in Saudi 
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Arabia. Further data should be obtained, and the analysis 

should be refined and extended. Because the questionnaire 

used in this study could not gather sufficient information 

on some of the questions, notably the rate of equipment 

utilization and operating costs, more and better data could 

improve future research in these areas. Moreover, elabo

rate studies on demand will be necessary to refine optimal 

business practices in capital equipment replacement. 

Second, Saudi Arabia should adopt an aggressive 

approach to technological change. The human and material 

resources of the country encourage this approach. Note 

that even if we do not adhere to automation per se but 

pursue mechanization, we shall still be far behind the best 

practices known in the advanced world. 

Third, it is plausible to submit that Saudi Arabia 

should supplement industrialization by some combinations 

in the manufacturing sector. To accomplish this, some 

exhaustive studies must be conducted to avoid the rise of 

monopolies. 

God willing, this research has come to its first 

stop. 



APPENDIX 

QUESTIONNAIRE 

NAME POSITION 

DATE COMPANY 

A. Please indicate your expectations for the next five 

years by checking \/ the answer you think more rele> 

vant. 

1. Do you expect your output to expand? Yes No 

If yes, do you expect to add a new product? 

Yes No 

2. Do you expect a rise in output price? Yes No 

3. Do you expect an increase in demand for your 

product? Yes No . If yes, please indicate 

the percentage. fo 

ij.. Do you expect a rise in input prices? Yes No 

(i.e., raw materials, labor, others). If yes, 

please indicate percentage of increase. 

5. Do you expect your fixed cost to increase or de

crease? increase , decrease . Please indi

cate percentage 

6. Do you expect your variable costs to increase or 

decrease? increase , decrease . Please 

indicate percentage fo 

178 
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B. If you are about to expand your output or better it, 

and hence about to buy a new machine, or a depreciable 

asset (i.e., to undertake a new investment or project) 

please indicate the following: 

1. The estimated service life of the project in years. 

From to . 

2. The estimated salvage, if any (as a percentage of 

the cost of the asset) ^ 

3. The income tax rate ^ 

I4.. The depreciation method used . 

5. The ratio of debt (bank loans or any loans) to total 

investment (amount of debt + total investment of 

project) $ t- $ . 

6. The interest rate on borrowed capital % 

7. The return on equity capital 

8. The ratio of borrowed to total capital $ 

+ 

9. The annual decline in asset value, 1970 , 

1971 , 1972 , etc. 

10. Installed cost of project (initial investment + 

freight + expenses) $ 

11. Disposal value of assets to be 

retired as a result of the project $ 

12. Capital additions required in ab

sence of project $ 
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13. The lest investment (or machine bought) - please 

indicate the amount of salvage and operating costs 

for the last five years. 

1970 1969 1968 1967 1966 

Operating Cost $ 

Salvage- $ 

Next Year Advantage from Project 
(please use first year of project operation) 

A B 
Increase Decrease 

1. The operating rate of project 
$ $ (hours per year) $ $ 

2. Effect of project on revenue: 
a. Prom changes in quality of 

$ $ product $ $ 
b. Prom changes in volume of 

$ $ output $ $ 
c. Effect on sales from changes 

$ in product quality $ $ 
d. Will the project expand the 

volume of output of the pro
duct for which the project 
was utilized? yes no . 
Please indicate difference in 
column A or B, if possible jj> 

e. What do you think the net 
effect of the project on total 
sales will be? increase , 
decrease , neither . 
Please approximate the amount 
in column A or B $ 

3. Will the new investment result in 
adding a new product? yes 
no . If yes, will it expand 
sales of other products? . 

if. Effect of project on operating 
cost: 
a. Direct labor (i.e., payroll, 
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d. 

e. 
f. 
g. 

h. 

A 
Increase 

B 
Decrease 

overtime, bonuses, paid holi
days) 

b. Indirect labor (i.e., shop 
administration, supervision, 
inspection, janitorial ser
vices) 

c. Fringe benefits (i.e., pen-
sion, insurance) 
Maintenance (ordinary main
tenance, exclude rebuild or 
major renewals) 
Tooling 
Materials and supplies 
Scrap and rework (approximate 
cost of spoiled work) 
Down time (cost of inter
rupted production. Vihat dif
ference the project makes 
annually) 

i. Power (gas, elec. annually) 
(next year required power 
with and without project) 
with project $ 
without $ 

j. Floor space (effect of pro
ject ((next investment)) on 
floor space, i.e., will you 
buy a new space?) 

k. Subcontracting 
1. Inventory (the effect of the 

project on storage, handling, 
record keeping) 

m. Safety (does the project offer 
more safety?) 

n. Flexibility - will the project 
ease scheduling, will it in
crease the range of product 
the plant can turn out 

o. Other 
p. Next year expenditure avoided 

due to project installation: 
(1) the amount by which Bll 

above declines 
(2) next year allocation of 

capital addition 
q. Property taxes and insurance 

$_ 

$. 

*5 
i f  
i f  

$. 

$. 

{5 
a" 

$ 

$_ 

A 

A 

A 

A 

A 

A 

A 
A 

A 
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