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ABSTRACT

The aims of this dissertation are the quantification of the major 
sectors in the Saudi Arabian economy and the establishment of some links 
among these sectors. To accomplish these aims, an econometric model has 
been built. It is based mainly on three major blocks or subdivisions. 
They are: the income block which encompasses seven major sectors; the
expenditure subdivision which analyzes consumption and investment; 
and finally a simple monetary block.

The model covers the period 1960-1970. It has twenty-five 
endogenous variables and an equal number of equations. Ordinary and 
two stage least squares methods are used in the estimation process. 
Although the sample size is small, almost all parameters’ estimates are 
found to be statistically significant based on conventional statistical 
tests. The signs are as expected a priori.

To reflect the reality of the economy at work, as nearly as 
possible, the specification of the model includes the oil sector 
(the most important in the economy) directly or indirectly as an 
independent variable in each equation. This is accomplished success
fully in all except the agriculture sector. The effect of the oil 
sector on every other sector is clearly seen through the solution of 
the model (i.e., the reduced form). It has been found, despite the 
great leakage to the outside world, that Saudi Arabia still has mainly 
a one sector economy. That sector's major determinants are derived 
from the international demand for oil.

ix
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To test the ability of the model to predict9 a forecast beyond 

the sample period has been made* The results show that the model 
predicts the values of most aggregate endogenous variables relatively 
well* This is an encouraging finding, especially since the model was 
not specifically built for forecasting purposes*



CHAPTER 1

INTRODUCTION

It has been said that the quality of an econometric model 
rarely exceeds that of the data from which it is derived o According to 
such a saying5 one should not attempt construction of an econometric 
model for Saudi Arabia for two reasons:
lo Neither the quality nor the quantity of data are up to the

standards of those in advanced countries where most econometric 
analysis has been practiced. Nowhere is a deficiency in data more 
apparent than in the expenditure side of the kingdom5s national 
accounts. Consumption and investment9 in particulars are in the 
most aggregate form.

2. The largest sample size for most variables cannot exceed eleven 
observations. Certainly a sample of eleven observations is small 
by any standard, and especially in an econometric analysis based on 
a simultaneous system of equations.

One may ask, then,'why this researcher attempted such an 
endeavor. r The answer is this: The country’s economy depends heavily
on the oil sector where data are available in a very sophisticated 
manner compared with other sectors. If the oil sector’s Gross Domestic 
Product (GDP) contributes only 10-20 per cent of the country’s GDP, 
then, given the state of available statistics, an econometric model for 
this economy might not be justified. But knowing that the sector



contributes directly about 50 per cent of the total GDP, one feels that 
an analysis which specifies the impact of this sector on others will be 
a useful model regardless of the shortcomings of other sectors' 
estimates.

The model is based on the 1960-1970 period. This choice is not 
arbitrary. First, before 1960 the chances of finding data for almost 
all sectors except oil and foreign trade are slim. Secondly, the 
country's economy, beginning in 1960, started its present high annual 
rate of growth after freeing itself from the 1957 financial crisis and 
its consequences.

It is traditional among researchers and authors to try to 
convince the reader about the originality of their work. The intensity 
of such claims usually increases if the topic has been investigated 
previously. We shall honor this tradition leaving the measurement of 
intensity up to the reader, after informing him that no econometric 
model has ever been constructed for the economy of Saudi Arabia prior 
to this effort. As far as we know, this model differs from previous 
models of other countries in the following three aspects:
1. Most econometric models are based on the famous identity: aggregate

income is equal to aggregate consumption and investment plus 
government expenditures ( i . e . , Y = C + I + G ) .  Then consumption is 
disaggregated into its major components such as consumption of 
durable and non-durable goods, etc. The same is practiced with 
respect to aggregate investment. We rejected this approach mainly 
for the following reason:



In most countries9 the accumulation of captial stock is proba
bly the most important factor in generating economic growth. To 
assure a satisfactory rate of utilization of capital stock and 
other factors of production, an adequate level of aggregate demand 
is required. Accordingly, it is a valid specification to state 
that a given country's GNP is determined by what happens to C and
I. But, Saudi Arabia is a particular case and requires a different 
specification if the investigator aspires to represent the actual 
economic environment at work. The oil sector, and not the country's 
aggregate demand is the generator of economic growth. Knowing that 
this sector's GDP is forthcoming because of the international 
demand for oil, whether the kingdom's aggregate demand changes or 
not, it is theoretically more sound to specify the model based on 
the following identity: Y E ° ° ° + Xy, where Y is the
total GDP, oil's GDP, X^ agriculture's GDP, etc.
Government expenditures are usually taken as exogenously determined 
in econometric modeling. In this model we specify government 
activities as an endogenous variable. This is so because the impact 
of oil on the economy is channeled mainly through the government 
budget.
The model has no export sector. This is so because the oil sector's 
income constitutes almost 100 per cent of the country's total 
exports. Thus, there is no need to include an independent export 
equation to counter the import equation in the model.



The above three aspects are the ones which make this model 
different from most others. Their justification is derived from the 
reality of the country's economy. There is no substitute for valid 
theoretical reasoning and first-hand knowledge of the economy under 
investigation. A good quality or vast quantity of data, or both, could 
not alone convey special characteristics of the Saudi Arabian economy 
and in particular the behavior of the government of that country.

The major shortcoming of the model is the absence of a labor 
sector. All sectors’ labor forces are taken to be exogenously deter-r 
mined. We were obliged to accept such a specification because neither 
wage nor consumer price data are available. The best we could do was 
to incorporate the sectors’ labor forces measured by their number in 
thousands of workers.

The model has two aims:
1. The main aim of this research is the uncovering of the special 

characteristics of each sector. This is why we went through a 
detailed analysis of some sectors’ equations which never were 
included in the model.

2. Through this econometric analysis, it is hoped that the interaction 
of each variable with others included in the model will be quanti
fied. This means that we are particularly interested in the magni
tude of the impact of variable on X^, X^ , •°0.

The organization of the dissertation is as follows. In Chapter 
2, a short introductory discussion of simultaneous equation systems is 
made to introduce the reader to the highlights of the system and to



familiarize him with the terminology used in subsequent chapters.
Chapter 3 contains definitions of variables and the model’s estimation. 
Also, government revenues, the oil companies' share in oil income, and 
the monetary sector are discussed in detail. Although the oil sector 
was included in the model by one aggregate equation, we built a sub
model of the oil sector (Chapter 4) for the sole purpose of seeing how 
the international demand for oil determined the GDP of the sector. The 
problems faced in finding acceptable models for other sectors besides 
the oil sector is the topic of Chapter 5. The consumption function is 
included in the model through one equation, but as with the oil sector, 
we went into extensive analysis of this function (Chapter 6) just to 
uncover the main characteristics of consumption in the country based on 
different sources of income (private vs. public or rural vs. urban). In 
Chapter 7 imports and gross fixed investment are discussed. The 
marginal propensities to import with respect to the kingdom's GHP and 
exports are estimated. Chapter 8 presents the solution of the model 
(i.e., the reduced form) to see the effect of each sector or variable(s) 
on others. A forecast, beyond the sample period, for 1971 was made for 
a few important endogenous variables. And, finally the conclusion 
summarizes the major findings of the model.

The forementioned aims taken separately or together are 
worthwhile goals for this researcher. It is left to the reader to 
judge how successful we were in fulfilling these goals.
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It is hoped that this modest model will serve as a beginning 

for more extensive quantification of the kingdom's economy. This 
researcher does not feel nor does he even entertain the idea that this 
model represents the final word about econometric analysis of the 
economy of Saudi Arabia.



CHAPTER 2

SIMULTANEOUS EQUATION SYSTEMS 

General Remarks
The operation of an economic system, no matter how primitive it

is, involves elements of interdependency. No change in an economic
variable (X) at period t can be described to affect only one economic 
variable (y) at the same point in time. Rather AX in period t, for 
example, will affect each or some of y^’s variables (i = 1, 2, ..., 
etc.) either at period t, t + 1, t + 2, etc. At the same time the 
AYj, most likely will cause variable X to change. This kind of 
interaction among variables makes it almost impossible for an economist 
to pinpoint precisely which is the cause and which is the effect among 
variables in a changing economic environment. Accordingly, a single- 
equation model cannot describe an economic system of a country at work, 
no matter how many variables are included. Therefore, a system of 
equations (linear or non-linear) is the base upon which econometric 
model building rests. The analysis in this chapter shall be restricted 
to a system of equations which is linear in parameters as well as 
variables. This is the most commonly used functional form in econo
metric models.

Let us begin by defining a few terms needed in the subsequent
discussion. Suppose we have the following simple model
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(2.1) Ct = ct + 6Yt + et

Here, Ĉ _, , 1̂ , and are consumption, income, investment, and the
error term, respectively, at period t. Equation 2.1 is the consump
tion function specifying that consumption at period t is a linear 
function of income and the error term in the same period. This equation 
is referred to in literature as the structural equation. It is the 
theoretical base of the model which derives its specification from 
economic theory as well as from the investigator’s judgment. Note that 
economic theory does not in this case specify the functional form of 
the equation. The most it offers is that = f(y^), and the func
tional form is left to be determined empirically. Furthermore, the 
theory is deterministic while equation 2.1 is stochastic (i.e., probabi
listic) due to the presence of the error term (s^). In equation 2.1, 

is called the current endogenous or dependent variable, while y^ 
is described as the independent or explanatory variable, a and 8 
are the parameters or coefficients of the consumption function which we 
aspire to estimate. Equation 2.1.1 says that income at period t is 
equal to consumption and investment in the same period. Because there 
are no error term and no parameters to be estimated and because it 
holds for all values of C, Y, and I, equation 2.1.1 is referred to as 
an identity. In addition to structural and identity equations, some 
other types exist in most econometric models. An income tax, for 
example, is determined by government laws to be a certain fixed portion



of income. Such a relation if included in a model is described as an 
institutional equation. On the other hand, total output of a sector is 
a function of the inputs of that sector. If included in the model, 
this type of relationship is known as a technical relationship.

To solve the simple model (equations 2.1-2.1.1), the investi
gator must a priori specify the status of each variable in the system.
In most cases for illustrative purposes, C and yfc are taken to. be 
the current endogenous variables and I the exogenous variable.
Current endogenous or jointly dependent variables are those with values 
determined by the system (i.e., generated from inside). "An exogenous 
variable in a stochastic model is a variable whose value in each period 
is statistically independent of the values of all the random distur
bances in the model in all periods (Christ, 1966, p. 156)." Now, C^ 
and y are jointly or simultaneously determined in terms of 1 .̂
Hence, the name simultaneous equations (Nagar, 1969, p. 7). If equation
2.1 has lagged consumption as an independent variable with, for example; 

Cfc = a + 6̂ y^ + $2C t-l + ets then Ct-1 is called the lagged dependent 
variable. Then C^_^ and 1^ are called the predetermined variables 
in the system 2.1-2.1.1.

Having defined most terms needed for the following analysis, 
let us turn to matrix notation (bold face letters mean matrices).

The Structural Model and Its Reduced Form 
Suppose we have a linear model containing M structural equa

tions. Then, the first equation can be written as;



In general, then, this system can be described in matrix nota
tion as:

(2.3) BY + f X  = Ut where; Yfc =

It
f2t

Mt

x.it
[2t

^ t
• U t -

It
2t

U,Mt

X i B12 — V ‘Yn Y12 yik
B21 B22 B2M Y21 Y22 Y2K

B = 9

> BM2 00° bmm_
. r -

Jmi YM2

o
°°° ymk

The y’s are the endogenous variables whose number is equal to 
M; the X’s are the predetermined variables equal to K; and the U ■ s 
are the stochastic disturbances equal in number to M. The B's and 
y’s are the coffficients. Since no equation has all the M endogenous 
variables and all the K predetermined variables, some of the B’s and 
y's are known to be zero. If constant terms exist in system 2.3, then 
the first column in the X matrix will be equal to unity for all t.

The following set of assumptions is usually made in a classical 
least square estimation:
1. X is a set of fixed numbers. This means that in repeated sampling 

any change in the Y’s will be due to changes in the u ’s. Also, 
we assume that the X’s are uncorrelated with the U ’s.



11
2. E(|J) = 0. This states that the U's are random variables with

EU^ = 0 for i = 1, 2, ..., M and t = 1$ 2, T.

3. E(UU ) = 0^1%) i.e., EU^ = a2 for all t and ECtLlL) = 0 for
all i f j. This is the homoskedasticity assumption.

4. X is a full rank matrix. Rank X = K where K < T. This condi
tion stresses the fact that there is no linear dependency among the 
independent variables.

25. In most cases U rv N(0, a I). The stochastic disturbances are
normally distributed with mean equal to zero and constant variance 

2equal to a . The I is the identity matrix.
System 2.3 is the structural model of a simultaneous equation

system. Sometimes it is desirable to express the dependent variables
in terms of the predetermined variables and the stochastic disturbances. 
This procedure is referred to as the reduced form system of 2.3 in our 
example.

ylt " " l A t  + \ 2 x 2t +  °°° + + vit
(2.4) :

yMt 1TMlXlt + ^M2X2t ^ M A t  + VMt

In system 2.4 the it's are the reduced form coefficients and the V's 
are the reduced form disturbances. In matrix notation 2.4 can be 
described as:

(2.5) Yt =7TXt + Vt
Model 2.5 is the reduced form of 2.3. Note that to derive such 

a reduced form model we assumed that the B matrix in 2.3 is nonsingular.
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If we try to solve 2.3 explicitly for Y then;

(2.6)

Comparing 2.6 with 2.5, we can see that:

(2.7) 7T - -B"T •
(2.8)

The Identification Problem 
In general an observed fact(s) can be explained by many 

hypotheses, all of which, if true, would represent the observed fact(s).

determine which of the competing theories or hypotheses is most appli
cable. It follows, then, that there must be a priori information to 
help the researcher rule out most of the hypotheses. Certainly the 
best outcome is to end with one working hypothesis. Rarely is such an

hypotheses have been noticed or because there is some oversight in the 
process of ruling out all hypotheses but one (Christ, 1966, pp. 298-299). 
This problem faces econometricians concerned with the estimation of the 
parameters of a given relationship and is referred to as the problem of 
identification in the context of systems of simultaneous equations. It 
is clear that this problem must be investigated before the estimation of 
an equation or a model . (Fisher, 1966, Chapter 1). Given a structural 
equation in a system of simultaneous equations, an investigator usually

Accordingly, observable phenomena (i.e., facts) are not enough to

outcome achieved in empirical work, either because not all consistent
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wants to determine whether the parameters of the particular equation 
can be estimated uniquely before confronting the equation with data 
(i.e., before the actual estimation).

In what follows we shall be concerned with the analysis of the 
identification problem with respect to a particular structural equation 
in a system of simultaneous equations. The only restriction in the 
equation is that some of the parameters' values are zero. We shall 
follow Goldberger's (1964, pp. 314-316) notation and analysis:
Y* is the T x M matrix of observations on the included dependent* ** ** variables in the equation under study M = M - M where M

is the number of dependent variables excluded.
X. is the M x 1 coefficient vector of Y. .*

I**
**is the T x M matrix of observations on the excluded dependent 

variables.
is the M x 1 coefficients' vector of Y**«

X/ *X* is the T x K matrix of observations on the included predeter
mined variables in the equation. The total number of * **
predetermined variables in the system equals K. So K = K - K , 

**where the K = the number of predetermined variables excluded 
from the equation under analysis.

^9^ is the K x 1 coefficient vector of X*.
**X** is the T x K matrix of observations on the predetermined 

variables excluded from the equation.
yQ** is the K * x 1 vector of coefficient of X***

is the T x 1 disturbance vector in the equation.
According to the above notation, the structural equation we are

interested in can be written as:

(2.9)



14
Where: /** =j9** - 0

The reduced form of 2.9 is:

(2.10) Y ” X7T+ V

The reduced form, 2.10, can be partitioned and rearranged as:

77*,*
(2.11) (Y* Y**) + (X* X**)l jj-

77*,** 
** * 77** ,**/ + (V* V**)

Here, the first subscript refers to the predetermined variables and
**the second to the dependent variables. For example: 7T**» * is K

*by M . The others can be interpreted accordingly.
The question which concerns us now is whether and ^0* in

2.9 are identifiable. To answer this question we must establish a 
connection between the reduced from coefficients and those of the 
structural model. We have seen that a structural model of the form 

Y P  + ~ U has a reduced form of Y = X 7T"+" V, here T C ~ \
By multiplying both sides by F" we get:

(2.12) rrr̂-fi
For the m1"*1 structural equation we have 7TY'm = ~j3m‘ 

we can write:
By partitioning

** *
(2.13)

But 7T** and = 0, therefore:

7T ) M *,** FI
7T** \ Y j fck* j
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(2.14) ""77* * y* /^*

(2.14.1) * K  = 0

From 2.14.1 we get the value of )^, and when we substitute it 
in 2.14 it gives with 77* * a unique solution for y/9*. Note that
2.14.1 is a system of K homogeneous equations in M unknowns.
Accordingly, we can state the following two conditions of identifying 
a structural equation in a model:
1. The order condition. This is a necessary but not sufficient condi

tion for identification. It states that for 2.9 to be identified,
K >_ M - 1. This means that for a structural equation in a model

**to be identifiable, the number of predetermined variables (K )
excluded from the equation under study must be at least as large

*as the number of endogenous variables in the equation (M ) less 
one.

2. The rank condition. Equation 2.9 is identifiable if and only if 
rank (7T**(*) = M* - 1.

From the above two conditions, we can determine the identifica
tion status of a structural equation.

** * *a. If K > M -1 and rank (77** *) = M - 1, then the equation is
over-identified.

** * *b. If K = M - 1 and rank (77** *) = M “ 1, then the equation is
exactly or just-identified.

** *c. If K < M - 1, there is no need to check the rank condition, 
and the equation is under-identified.
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Any equation which is just- or over-identified is in reality 

identified. Therefore, saying a system of equations is identified 
means each equation must be identified. If one equation is under
identified, the whole system is under-identified and identification 
requires either some change in the structure of that particular under
identified equation or in the structure of the whole model.

Suppose we have the following joint demand and separate supply
model:

Q = cCq + + cyW Supply of good 1

Q = Bq + B^P + BgP' + B^Y Demand for good 1

Q* = Yq + YjP* Supply of good 2

Q' = X0 + + X2P? + XgY Demand for good 2

Because we have a maximum of four coefficients to be estimated, 
let us number each equation’s coefficients accordingly. Furthermore, 
let us transfer all terms to the left and make the model stochastic:

(2.15) -Q + Oq + djP + a^W = U1

(2.16) -Q + BQ + B]P + B2P’ + B3Y = Ug

(2.17) -Q' + Y0 + y2P' = U3

(2.18) -Q' + XQ + X^P + X2P' + X3Y = U4

Where: Q and Q’ = quantities assumed to be endogenous
P and P* = prices assumed to be endogenous 

Y = income assumed to be exogenous 
W = weather assumed to be exogenous
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We have, then four endogenous variables or unknowns, which is 

equal to the number of equations in the system. Theoretically, the 
system is solvable.

The total number of variables including the constants is 7.
By the order condition for an equation in system 2.15-2.18 to be 
identified, each equation should omit > . 4 - 1  variables. Applying 
the order condition first. We can see:

Equation 2.15 omits exactly three variables (i.e., Q1, P* and Y). There
fore, the equation is just-identified.
Equation 2.16omits only two variables (i.e., Q and W). Therefore, the 
equation is under-identified.
Equation 2.17 omits four variables (i.e., Q, P, Y, and W). Therefore, 
the equation is over-identified.
Equation 2.18 omits only two variables (i.e., Q and W). Therefore, the 
equation is under-identified. . ,

The application of the order condition immediately helps us to 
recognize which equations are identified (i.e., 2.15 and 2.17 and which 
are unidentified (i.e., 2.16 and 2.18). Since we know that the order 
condition is a necessary but not sufficient condition for identification, 
let us now turn to the rank condition.

No. \
of \ Variables Q Q* P P' Y w 1

piation \
2.15 -1 0 •i 0 0 a4 ao
2.16 -1 0 B2 B3 0 Bo
2.17 0 -1 0 Y2 0 0 Yo
2.18 0 -1 X1 X X3 0 Xo

(Note: Variable 1 is the constants.)



To recognize the array of coefficients relevant to the rank of
each equation, one should look at the zeroes in each. For example, 
equation 2.15 has zeroes under Qf, P’, and Y (these are the variables 
excluded from this particular equation). Reading under Q*, P* and Y

The rank condition in our example specifies that for equation 
2.15,or the other equations to be identified, the rank must = 4 - 1 = 3 .  

From 2.19 the determinant is ("^ **" Yg) + ®2^3° Excluding the 
possibility that the determinant is equal to zero, equation 2.15 is 
identified which substantiates the order condition finding. Applying 
the same procedure we used for equation 2.15, the relevant coefficients 
for the rank of the other equations are:

found by the order condition. This is so because none of them can have 
rank = 3 (i.e., none has at least 3 independent columns). Equation 
2.17 is identified because it has four columns, and a rank = 3  is

in the case of equation 2.15, we can construct the following matrix:

(2.19)

for equation 2.16 for equation 2.17 for equation 2.18
We can see that equation 2.16 and 2.18 are unidentified, as we
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possible by dropping any one of the columns (certainly, we are assuming 
that at least one of the 3 x 3  determinants is not equal to zero).
In the case of equation 2.17, we have over-identification as was shown 
by the order condition.

Methods of Estimation 
We shall be concerned here with only two methods of estimation.

a. Ordinary Least Square (OLS)
b. Two Stage Least Square (2SLS)
Both methods are single equation procedures of estimation. The 2SLS 
method is the most popular in econometric models. The reader who 
desires a discussion of other methods can find this in any standard 
econometric textbook.

Given a linear model, such as:

(2.20) Y = XB + U
the OLS method is concerned with finding an. estimator for B, say Bs '

M 2 iby minimizing the sum of squared errors (i.e., £ IL = U U » where the
t=l

prime over U means transpose). Model 2.20 can be written as:
LI = Y - XB and (J U = (Y - XB) (Y - XB). Therefore, our aim is to mini
mize the function G of B :
(2.21) g(B) = ifu - (Y - XB)* (Y - XB)

1 A f f  ? Zx A f f A .= Y Y - B X Y - Y XB + B X XB
The first order conditions are:
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(2.22) _ -zXY + 2X'XB - 0
3B

A

Solving for 3s we obtain:

(2.23) B = (X X) ^X Y Where: (X̂ X) 1 is the
inverse of (X X)

To see whether we really obtained a minimum solution, we can 
differentiate 2*22 a second time (i.e., second order conditions) with 
respect to B °

(2.24) = 2XX

Because X matrix has full column rank, the matrix 2X X is positive 
definite, which proves that we truly obtained a minimum sum of squares 
of the disturbances.

The estimator B in 2.23 with the assumptions stated on pp. 10-11 
is unbiased, consistent and efficient (within the group of linear 
unbiased estimators). For proofs of these properties see Dhrymes (1970, 
Chapter 4).

Simultaneity Bias
One of the basic assumptions listed is that the stochastic 

disturbances and the explanatory variables are independent. However, 
this assumption is very strict and is often violated. Take the follow
ing simple consumption function and the income identity:

(2.25) Ct - “0 + f t  + f t - l  + Ut
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(2.26)

Substituting 2i26 in 2.25 we get:
(2.26.1)

From 2.26.1, it appears that is a function of TĴ S which violates

problem is referred to as the simultaneity bias and implies that 
estimates of the parameters of 2.26.1 will be both biased and inconsis
tent. The bias, in reality, is based on our inability to distinguish 
precisely the chain of causality between and Yfc. Suppose that

Now AC^, other things being equal, will cause Yfc to change based on

causality to be in the opposite direction. This opposite causality in 
most probability will bias the estimate of the coefficient of Y (i.e.,

kind of simultaneity bias in most empirical work is to use the 2SLS 
procedure discussed in what follows. Note that 2SLS is a way out of 
this problem only in the sense of being consistent, not unbiased.

The 2SLS method of estimation is best explained by a simple 
example from Wonnacott and Wonnacott (1970, p. 190).

(2.27) Demand Q = + a^P + a^T + cyY + e

the basic assumption,that Y and are independent. . This kind of

in equation 2.25 has changed due to a random factor (i.e., U^).

2.26 because C is one of the variables which determines income. But t
the consumption function as specified by equation 2.25 shows the

<x̂ in equation 2.26.1) upward (Evans, 1969, p. 50). The way out of this

(2.27.1) Supply Q - 0 + BjP + 62R + V



22
Let P and Q be the endogenous variables and T, Y and R. 

be the exogenous variables - the latter assumed to be independent of 
the errors e and V. We notice from the identification discussion 
that 2,27 is exactly identified. On the other hand, 2.27.1 is ever- 
identified. If we try to estimate the supply equation by the OLS method 
our estimates for 6 ,̂ 8̂  and will be inconsistent. This is
because the regressor P in 2.27.1 is an endogenous variable which is 
dependent on V. To obtain consistent estimates for the parameters of 
2.27.1,we should apply the 2SLS method, which works as follows:
First stage. Regress P on all the exogenous^ variables in the model 
(here T, Y, R). That is P = bQ + b^T + b^Y + b^R. Since T, Y, and 
R are independent of the error term, P will in general be independent 
of the error term too.
Second stage. Substitute P for P in 2.27.land apply OLS to estimate 

* and 82*
&(2.27.2) , Q = BQ + B-jP + B2R + V

*Knowing that P is uncorrelated in the probability limit with V , the 
application of OLS is legitimate in 2.27.2.

Having introduced the main ideas of the 2SLS method, we now turn 
to its derivation in matrix notation using Johnston's (1972, pp. 380-382) 
procedure and notation.

1. The first stage of 2SLS regresses P on all predetermined 
variables in the system (this includes exogenous and lagged endogenous 
variables). We refer here to exogenous only, because this simple 
example has no lagged endogenous variables.
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Let: Y be the n x 1 vector of observations on the dependent

variable (i.e., left side).
be the n % g matrix of observations on the other dependent 
variables included in the equation under study (i.e., right 
side).

B be the g x 1 vector of structural coefficients of Yj*
Xx be the n x k matrix of observations on the predetermined

variables appearing in the equation. The total number of 
predetermined variables in the system = K.

Y' be the k x 1 vector of coefficients associated with )(]_«
U be the n x 1 vector disturbances in the equation under

investigation.

The specific equation of the model under investigation can be 
written as:
(2.28) Y - Y 1B + X1 K + U

Due to the fact that Y^'s variables are correlated with (j,
we need to find a matrix to replace Y^» which at least in the
probability limit is uncorrelated with (J°
First stage. Regress all variables in Y^ on ^11 the predetermined 
variables in the system (i.e., obtain the reduced form) . That is, 
regress Y^ on X - [X^Xg] where X^ is of the order n x k and Xg
is of the order n x (K - k). So:

(2.28.D y - m ' y . r ' x X

Second stage. Regress Y in 2.28 on Y^ and • The estimating 
equations are:



where are the 2SLS estimates of [y-] 2.28.

Before ending the 2SLS estimate discussion, an observation is 
in order. Not infrequently in econometric models, the number of 
predetermined variables (i.e., K) exceeds the number of observations 
(i.e., n). This is referred to as the problem of undersized samples. 
Theoretically, the first stage of the 2SLS method requires that n > K. 
Because if K > n, the observation matrix of the predetermined variables 
(X) will not have a full column rank. In this case, the first stage of

i
2SLS will not exist since it requires the inverse of XX* Two ways out 
of this problem are either to use only a subset of the predetermined 
variables in the first stage or to use the method of principal 
components (Theil, 1971, pp. 532-536).

Violation of Some of the Basic Assumptions 
We shall be concerned with a brief analysis of only the most 

common violations of the assumptions of the classical linear least 
square model as listed on pp. 10-11.

Serial or Autocorrelation
We have seen that one of the basic assumptions is:

(2.29) E(Ujl]L) = 0 for all i # j and Cov(tL, tL) = 0

These two assumptions, for example, mean that the effect of one



disturbance in a certain point in time will not affect the disturbance 
value in another period in time. If such an assumption does not hold 
[i.e., E(UjUj) f 0] then we end with the problem of serial or auto
correlation. There seems to be an agreement emerging from empirical 
studies that an autocorrelation problem is more often violated in 
analysis based on time-series data than in an estimation based on cross- 
section data. The reason for such agreement depends largely on the 
assumption that stochastic disturbances measure most of the random and 
independent, factors that affect the relationship under investigation, 
while the estimation could not take this into account. Based on such 
reasoning, one is inclined to suspect that these disturbances* effects 
most likely will be carried over time (Kmenta, 1971, p. 269).

Let us illustrate the problem of autocorrelation by the follow
ing single-equation model using Johnston's (1972, Chapter 8) analysis:

(2.29.1) • Yt = a + BXt + 0t

And, let us assume that U follows a first-order autoregressive schemei

(2.29.2) U = pU . + e Where: p is the coefficient of
t t- t autocorrelation and is

assumed to be |p| < 1  
(i.e., the model is 
stable)

Further, let e satisfy:
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By successive substitution for U^_^, ^t_2s’ * • •» we obtain:

Ut " pUt-l + £t

So;

- P<l>a t-2 +  et-I> +  ct

= Bt +  eet-l +  p2et-2 +

Dt = rt pret-r
Taking the expected value;
(2.29.3) E(Ut) = 0

because by assumption E(s^) = 0 for all t. To get the covariance 
matrix for the U^'s:

E ÛtUt-l) = E[(Et + pEt-l + p2et-2 + ooo)(e:t-l + pet-2 + p2et-3 + °0°)]
2= pE[(Et_i + Pet_2 + <,0°) ]

Accordingly,

and so for E(U^U^_^), in general;

(2.29.4) E(UtUt-s) = pSau

It can be seen that relation 2.29.4 does not satisfy the assumption that 
the disturbances are uncorrelated.
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In matrix notation a multiple linear regression model will have:

(2.29.5) e (uu ) -d;u

P

1

T-l

T-2

T-l T-2 T-3

Where: T = number
of observa
tions

The consequences of autocorrelation in a model will not affect 
most of the properties of the least square estimator (listed on pp. 10-11), 
The estimator will remain unbiased and consistent. The only property 
which will be violated is that the OLS estimator will not be efficient. 
(For proofs, see Johnston, 1972, pp. 246-249.)

Detection of Autocorrelation. The most widely used test is the 
Durbin-Watson test, usually referred to as the "d" statistic. It is 
based on the following formula:

(2.29.6) d =

T „I <utt=2 1 Ut-1>‘

K

Where: the U ’s are the OLS
residuals

t=l
The d statistic assumes:
1. U ~ N(0, a2I)
2. The X’s are a fixed set of numbers.
3. There is a constant term in the equation.
To apply the d statistic, let us expand its formula first:



T A2 T .2 T A2
Using the approximation £ U =  ̂ U = ̂ U ̂

t=l t=2 t=2
p. 244), we can write:

a : !; ^  g

But the estimated coefficient of autocorrelation 
order autoregressive model is:

(2.29.8) p t 2

X .

t=2 t=2
Substituting 2.29.8 in 2.29.7, we get:

a t 2.!

If the disturbances are uncorrelated (i.e., p = C 
be seen from 2.29.9 that:

if d < 2 => positive autocorrelation; 
if d > 2 => negative autocorrelation. 
Now, for given values of the U^, the "d 

contained between two limits," upper and lower

(Goldberger, 1964,

(p) based on a first-

2(1 - P)

, then d = 2. It can

statistic is necessarily 

(du and dL*
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respectively). These limits are functions of degrees of freedom and 
the number of exogenous variables in the equation. "Under precise 
assumptions about the distribution of the U (i.e., normality, homo-U
scedasticity and independence of successive errors)*n the probability 
densities of dTT and d can be determined „ From these densities 
and given the confidence levels of d^ and d^5 the d distribution 
is tabulated (Malinvaud$ 19709 p, 507)» In most empirical works the 
application of the d statistic is based on a null hypothesis (Hq) 
which assumes no autocorrelation against the alternative hypothesis 
(Ĥ ) of a positive autocorrelation. That is

Hos p ” 0

p > 0

Now;
if d < d^s then reject Hq in favor of H^.

if d > dy, do not reject Hq

if dT < d < dTT, the test is inconclusive.L —  —  U
In the case of negative autocorrelation; H^: p < 0 then;

if 4 - d < dL, then reject Hq in favor of H^.

if 4 - d > dy, do not reject Hq.

if d_ < 4 - d <, the test is inconclusive.L —  —
We have seen that the d statistic is based on the assumption

that there is a constant in the equation. If this assumption is not 
met, then the test should not be performed, but rather applied to
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another equation or model which has a constant and the same exogenous 
variables as the equation without a constant (Malinvaud, 1970, p. 508)„ 
Furthermore, assumption 2, p. 27, of the d statistic excludes the 
validity of the test when lagged endogenous variables are present in 
the model. This is a very significant drawback of the test, because 
much econometric modeling includes lagged endogenous variables as 
explanatory variables. To remedy this shortcoming, Durbin developed 
in 1970 another test based on a large sample. It works as follows 
(Johnston, 1972, pp. 312-313);

(2.29.10) r Where; r = the first-order auto
correlation coefficient 
of the residuals

r in 2.29.10 is given approximately by

1
(2.29.11) r ~ 2 d ^here d

2

from r in 2.29.11, compute

(2.29.12) Where; V(b^) is the estimate of
the sampling variance of 
b^. b^ is the coefficient
of Yt-i in Yt = a0 +

The h statistic, then, is tested as "a standard normal deviate; thus
if h >1.645" one rejects
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Multicollinearity. Classical linear regression analysis 

assumes that there is no linear dependency among the explanatory 
variables. In most econometric analyses which are based on time-series 
data, a group of independent variables in a model shows a similar trend 
or movement over the entire sample period. If such a phenomenon exists, 
then a multicollinearity problem is said to be present. The harm such a 
problem produces is that in the presence of multicollinearity,.especially 
when it is extreme, it is very difficult to distinguish precisely which 
independent variable causes the dependent variable to change,

Generally speaking there are two indicators to detect the 
presence of harmful multicollinearity:
1. One indication is if the partial correlation and zero order correla

tion coefficients between the explanatory variables are high.
2. From an analysis of the covariance between the coefficients of the 

model, a positive multicollinearity is most likely to "produce 
large and opposite errors" in the coefficients. Accordingly, such 
large standard errors should increase the investigator's suspicion 
about the presence of multicollinearity.(Johnston, 1972, p. 162).

Multicollinearity is a common rather than exceptional situation 
in econometric analysis. But its degree rather than its mere presence 
determines whether or not it is a problem. The most widely offered 
suggestion for lessening the harm of multicollinearity is the acquisi
tion of more information about the variables through additional observa
tions .
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It is appropriate to conclude this chapter by stressing what 

was mentioned at the outset. Our aim was to survey the simultaneous 
equations system only as it related to developing an econometric model 
for the country under study. A complete survey of the subject would 
certainly require a monograph of its own. Our hope at this point is 
that we have succeeded in familiarizing the reader with the terminology 
used in the subsequent chapters.



CHAPTER 3

THE MODEL 

General Remarks
"An Econometric Model of the Saudi Arabian Economy: 1960-1970" 

is based on four major subdivisions or blocks. They are:
Number of Equations

1. Aggregate Income 8
2. Aggregate Expenditure 9
3. Monetary Sector 2
4. Identities and Definitions 6

Total 25
The model is stochastic and linear in parameters as well as 

variables. That is, each structural equation is of the form:

Yt = a0 + alXti + + akXtk + Ut t - 1 ,  2, ...,T

where the Y’s are the dependent variables to be estimated.
X^, .i., X^ are the independent variables with k = 1, 2, ... K. The 
U's are the theoretical error terms which are unobservable but usually 
measured by the residuals obtained by regressing the Y's on the X’s. 
<Xq is the intercept or the constant and a^, ..., are the param
eters (coefficients) whose estimation is the goal of most econometric 
studies. Furthermore, all basic assumptions of the classical linear 
regression model, as discussed in Chapter 2, are assumed in the estima
tion of the model.

33
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Most equations’ coefficients are statistically significant by 

the t-test at the 5 per cent level (only 5 out of 19 estimated equa
tions’ coefficients gave less statistically significant coefficients).

2The R 's are high - almost approaching unity, except in two equations. 
Seven structural equations contain lagged dependent variables, used as 
explanatory variables. This characteristic gives the model a dynamic 
element measured by a lag of one calendar year. As far as autocorrela
tion in the model is concerned, the test applied was: H^: p = 0
against p > 0 (as discussed in Chapter 2, p. 29). The results
are:
Total Number of Equations Test is
and Method of Estimation Reject p > 0 Accept p > 0 Inconclusive

19 OLS 10 3 6
12 2SLS . 9  0 3

If we disregard the equations where the test is inconclusive, then a 
very high number of equations would appear to be free of positive auto
correlation. ̂

In what follows we shall state the definitions of the variables
and present the estimate of the model.

Definitions and List of Variables in the Model
* over a variable means the variable is endogenous
M.S.R. Millions of Saudi Riyals 

Note: All value terms are in current prices.

2. The results of the,test are based on 15 observations, while 
the model has only 11. This is because all d statistic tables con
sulted started from 15 as the lowest number of observations.



Gross income from wholesale and retail trade sector in M.S.R.

Imports in M.S.R.
Total Consumption in M.S.R. lagged one year.

Gross income from transport, storage, electricity,rwater, gas, 
and communications sector in M.S.R.
Ytc lagged one year.

Total labor force in 1,000 workers, in transport, storage and 
communications sector.
Gross investment in M.S.R. in transport, storage and communica
tions sector lagged one year.

Gross income from agriculture sector in M.S.R.

Total labor force in agriculture sector in 1,000 workers.

Gross income from the service sector in M.S.R. This sector 
includes:
1 - Banking, insurance and real estate
2 - Public Administration and defense
3 - Education and health . -
4 - Other services (not defined)

Total consumption in M.S.R.
Total labor force in construction sector in 1,000 workers. 

Capital stock in construction sector in M.S.R.

Gross income from manufacturing sector in M.S.R.

Total labor force in manufacturing sector in 1,000 workers. 

Capital stock in manufacturing sector in M.S.R.

Gross income from oil sector in M.S.R.
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GNP(W)

0-1

*

Gross national product for Saudi Arabia?s trading partners 
(i.e.g importers of Saudi Arabian oil) in M.S.R.
Total exports of oil by Saudi Arabia in MoS.R. lagged by one 
year.

Private personal income in M*SoR*

R

Vl-
•k
CTC

Total government revenues in M.S.R.

Gr lagged one year.

Gross investment in transport, storage and communications 
sector in M.S.R.

AICS Government investment appropriation in construction sector in 
M.S.R.

MN Gross investment in manufacturing sector in M.S.R.

AIMN

YMN-1
AOCS

k

B

Government investment appropriation in manufacturing sector in 
M.S.R.
Gross income from manufacturing sector lagged one year in M.S.R.

Oil companies’ share in oil in M.S.R. 

Money supply = CC + DD, in M.S.R. 

Monetary base in M.S.R.

GNP
A
pwi
k

gaitc

Saudi Arabian GNP in M.S.R.

Saudi Arabian wholesale price index 1963 = 100.

Government Investment appropriation in transport, storage and 
communications sector in M.S.R.

GDP Suadi Arabian GDP in M.S.R.
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Y* GDP of the construction sector.
C

I* Gross investment in the construction sector in H.S.R.

D Depreciation = 10%.
AG„ Total government expenditures in M.S.R.E

K q Capital stock in construction sector in 1958, assumed to be 
Lb0 zero.

0 Yearly rate of investment depreciation in construction sector
= 5% per annum.
Capital stock in manufacturing sector in 1958, assumed to be 

0 zero.
0„ Yearly rate of investment depreciation in manufacturing sector

= 10% per annum.
D-W Durbin-Watson Statistic.
Note: The model has 25 endogenous variables equaling the number of

equations (including identities). It has 19 predetermined
variables counting K c and .cs0 t*n0

Estimate of the Model
D-W R2

(3.1) OLS: Y = -268.020 + .150M + .1640^ 1.695 .99
SE (.055) (.034)

(3.1.1) 2SLS: Y = -262.869 + .156M + .161C , 1.716 .99
WH (.054) (. 033)

(3.2) OLS: YTr, = 459.380 + 5.8261^ + .8391^ , .484 .98
TC (1.973) (.292)

(3.3) OLS: Y =  -423.313 + .399C .618 .98
b (.022)

(3.3.1) 2SLS: Y = -424.645 + .399C .864 .98(.022)



38

D-W R2
(3.4) OLS: Y = 86.773 + 1.736L 1.306 .88

A (.299)
(3.5) OLS; Y = 432.318 + 1.047L + .098Kr 1.237

U (.568) (.008)
(3.6) OLS: Y^t = -157.265 + .790LMM+ .042K^ 1.508 .99m (. 047) (.025?®
(3.7) OLS: Y. = -781.867 + .00082GHP + .409Yn - 2.449 .99

0 (.00025) (W) (.219)
(3.8) OLS: M = -388.056 + .212Y0 ;+ .277Yp 1.987 .99

(122) (.270) 1
(3.8.1) SLS: M = -497.695 + .074Y^ + .577Yp 2.081 .98

(.152) (.331) 1
(3.-9) OLS: C = 623.128 + .204GR + .516Yp + . 415C_p 2.317 .99

(.053) (.245) 1 (.212)
(3.9.1) 2SLS: C = 588.528 + .144G + .487Y + .451C 2.167 .99

(.072) (.320) 1 (.282)
(3.10) OLS: G = -457.430 + ,412Y. + .448G^ ' 1.767 .98

R (.167)° (.248)
(3.10.1) 2SLS: G = -409.925 + .372Yn + .512G„ , 2.105 .98

R (.221)° (.323)
(3.11) OLS: I = -159.714 + .265GATrrr + .541Y__ . .690 .98

TC (.254) (.194)
(3.11.1) 2SLS: I = -170.745 + .219G.Trpn + .576Yrpn - .840 .98

TC (.268) (.206)?°-!
(3.11.2) OLS: GATrrp = -189.177 + .155G_ 2.659 .98

Air° (.014)
(3.11.3) 2 SLS: GA_ r  = -193.531 + .157GL 2.786 .96

AI C (.013)
(3.12) OLS: Ics = -493.373 + .406Yp + .528G^g 1.186 .99

(.134) 1 (.054)
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D-W R^

(3.12.1) 2SLS: I^g = -493.592 + .406Yp + .528G^g 1.722 .99
(.138) 1 (.055)

(3.12.2) OLS: GATnc = -323.629 + .245G-, 1.284 .96
AICS (.021)

(3.12.3) 2SLS; G.Trc = -325.232 + .246G_ 1.207 .97
AiLb (.020)

(3.13) OLS: L_t = -5.867 + .736GAT.„T + .SOSY^. . 2.315 .99
^  ( . 0 6 6 ) ™  ( . 0 3 0 ) ^

(3.13.1) 2SLS: = -6.162 + .718GAT1_T + . 313Y ■ . 1.987 .95
m  ( . 1 9 4 ) ™  (. 081)

(3.13.2) OLS: GATMM = 7.667 + .07QGA 1.021 .74
A i m  (.020) ^

(3.13.3) 2SLS:G aimn =7.972 + 069Gaics 1.022 .73

(3.14) OLS: OCS = 221.215 + .469Y 2.278 .97
(.025)°

(3.14.1) 2SLS: OCS = 201.671 + .470Y 2.750 .95
(.047)°

(3.15) OLS: S = -98.657 + 1.028B + .054GNP 1.636 .99
1 (.215) (.027)

(3.16) OLS: P = 68.726 + .0278^ 2.442 .53
(.014)

Identities

(3.17) GDP = \  ^  ^  + Ys + Yc + Ytc + Y0

(3.18) GNP = GDP - OCS

(3.19) Yp E (GDP - Y0 - Yg) - D where D = .10Yp 
^1
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(3.20) G E G only in appropriation sense.E R

• The methods of estimation are OLS and 2SLS. However, due to 
the small sample size, we were unable to apply 2SLS as theoretically 
described. We have 19 predetermined variables and only 11 observations 
in the model. We first used only 9 predetermined variables in the 
first stage of 2SLS. They are L^, L^, C-l, Gr_i » Yo-1s
I -, Y . Although we were not interested in the parameters' esti- 
mates in the first stage of 2SLS, we still felt that 9 predetermined 
variables was high, since it left only two degrees of freedom. And so, 
the next step was.to use only six predetermined variables out of nine. 

They are: L^, C-l, GR_^, Yq_^s ^pc-l5 YTC-1 ° TIie estimated value of
an endogenous variable, whether based on 9 or 6 predetermined variables 
(i.e., the result of the first stage) showed a very insignificant dif
ference. Accordingly, we felt that using the 6 predetermined variables 
as a subset of the total predetermined variables, in the model in the 
first stage of the 2SLS was adequate in the sense of leaving at least 
five degrees of freedom. This number is a reasonable compromise given . 
the sample size and the number of predetermined variables in the model.
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It is our aim in the remainder of this chapter to analyze 

government revenues and the oil companiesf share in oil income; the 
money supply and Wholesale Price Index; and the identities. All other 
sectors are discussed in subsequent chapters.

Government Revenue and the Oil Companiesv Share 
(Gr and OCS)

The government of Saudi Arabia by law owns all minerals in the 
country. Thus, the oil income paid by the oil companies to Saudi Arabia 
is a direct payment to the government and to no other groups in the
society* The government share in oil income constitutes almost all its
total revenue. The remaining sources of government revenue are mainly 
from customs duties, direct taxes on government employees, and revenues 
from governmental services such as telephones and ports, etc. The 
amount of non-oil revenue is published in the most aggregate form.
This does not allow a precise analysis of how much of government 
revenues imply a transfer of resources from the private to the public 
sector. However, this researcher feels that the published amount for 
non-oil revenue is on the high side; because, for example, the govern
ment’s revenues from customs duties include the amount paid by the 
government for its own imports. For all practical purposes, one would 
not err to say that GR is exclusively a function of oil income (Y^), 
However, we tried, in the first specification of the GR equation, to
capture the portion which comes from non-oil sources, no matter how
insignificant, A proxy for all these sources was taken to be the total



imports (M) • Thus our first estimate was based on the following 
equation and its variants:

(3.23) GR ~ a0 * alY0 + a2M

The most acceptable estimated variant of 3*23 was:

(3.23.1) Gr = 623.568 + .4797^ + .819M R2 =. .93
(.143) (.410)

Every coefficient in equation 3.23.1 is statistically signifi
cant and has the signs expected a priori. However, we rejected the 
equation for two reasons. First, the coefficient of M is high; and 
second, we believe that Yq and not Yq_^ should be the most powerful 
explanatory variable for GR at period t.

Being unsatisfied by the above, we then specified that G_R
should be a function of current income from oil (Yn) and Ĝ  1. TheU K.—1
reason for the inclusion of lagged government revenues as an independent 
variable in determining GR is the inability of the government since 
1960 (excepting 1965 and 1966) to spend all its annual revenues in the 
same year. The remainder has usually been transferred to a reserve fund. 
Knowing that the government has the legal power to draw from the reserve 
fund and has done so in the past (SAMA,.. Annual Reports, 1971, p. 11) G  ̂

should affect GR. The result of such a specification is the following 
equation which we included in the model:
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(3.23.3)
2SLS

G = -409.925 + .372Y + .512G_ '
R (.221) (.323) 1

98

Equation 3.23.2 is acceptable. The coefficients are statisti
cally significant and Y^'s coefficient is almost equivalent to the

per cent. Its 2SLS estimate is less statistically significant
(although it should be kept in mind that the 2SLS standard errors only
have asymptotic validity). The coefficient of G^_^ is certainly high
and that of Y^ is low. This is most likely due to multicollinearity
between Y_ and G^ . where the latter overwhelmed Y 's effect on 0 R-l 0
GR°

The oil companies * gross income (OCS) is included in the model
for the sake of completion and consistency in the analysis. The model
is based on the GDP's of seven sectors. Having defined the GDP of the
oil sector (Ŷ ) as being received by the government and the companies,
and having introduced G_ as an endogenous variable in the model, itix
seems logical to introduce OCS to account for the remainder of Y^. 
Also, the GNP in the model is defined (i.e., equation 3.18) as being 
equal to GDP - OCS. Accordingly, we must, account for OCS to get the

observed annual government share in Y^ which fluctuated between 44-46

GNP
The OCS specification is simple. It is a function of Y^

The result is
R2

(3.24) OCS = 221.215 + .469Y,0 97
OLS (.025)



Equation 3o24 and its 2SLS estimate are included in the model* 
Both estimates are acceptable based on conventional statistical tests 
and economic theory. One may argue that the specification of OCS is 
incomplete in the sense that other variables, such as the terms of 
agreement between the companies and the government, should be included 
as independent variables in addition to Yq . This may be valid reason
ing assuming that the government is able to change the terms of the 
agreement to affect OCS (most probably) negatively. It is possible to 
include such an unquant if iable terra by a dummy variable which takes the 
value of 1 when there is a change in the agreement condition and which 
is 0 otherwise. We refrained from including this particular variable 
due to the fact that changes in the agreement (1960-1970) generally 
benefited both parties (i.e., changes in the price of oil). That is, 
there was no major change in the agreement conditions, such as a stipu
lation that the share of the government should increase. If this kind 
of change took place, an objection to the specification of the OCS 
equation would be valid. In the absence of major changes, we believe 
the specification of OCS as it stands is sound.

The Monetary Sector 
The model’s monetary sector is simple in the sense of having 

only one money supply (Ŝ ) equation and one wholesale price index
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equation. We shall start the duscussion with S^'s determination and 
specification.

The division between monetary and fiscal authority usually 
found in industrial countries is not well defined in Saudi Arabia. The 
Saudi Arabian Monetary Agency (SAMA) can hardly be classified as a 
monetary authority independent of fiscal authority. It is responsible 
directly to the Ministry of Finance and National Economy. Its power 
over commercial banks started in mid 1966 when the first banking control 
law was put into effect to give SAMA the resemblance of a central bank.i 
Before that date, commercial banks were almost free of outside inter
vention whether by the government or a central bank. Aside from the 
legality of the division between a monetary and fiscal authority, there 
are no precise indicators for the analyst to recognize as reflecting 
monetary action. Interest rate, credit conditions, reserves, etc., (the 
only available data are for reserves) cannot be taken seriously as the 
targets which reflect monetary actions for two reasons:
1. We have no official documentation that such targets exist as far as 

SAMA is concerned.
2. Even if such documentation existed and SAMA used such monetary 

variables to affect the supply of money (S^), these would not be 
the most important variables in reality in determining Ŝ .

From the above analysis, one is convinced, other things being 
equal, that S^ is determined mostly by government expenditures - in 
particular by that portion referred to as Saudi Arabian Riyal expendi
tures (i.e., government expenditures within the country). Based on this
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idea, we believe that a distinction between a monetary and fiscal action 
is of little use in the context of the Saudi Arabian economy.

At this point in the analysis, one may ask how a change in 
government expenditures affects (i.e., what is the transmission
mechanism). A short digression is appropriate to help in answering 
this question. In most countries an increase in government expendi
tures (AGg) can be met by one or some combination of the following 
three factors: (1) taxes; (2) debt sold to the private sector
through the issuance of obligatory notes (i.e., securities); (3) money 
creation. 1 and 2 are referred to in monetary economics as the "crowd
ing out" effect, because they imply a transfer of resources from the 
private to the public sector (Spencer and Yohe, 1970). Neither 1 nor 
2 is relevent to government expenditure changes in Saudi Arabia. As 
we have seen in the discussion of sources of government revenue, the 
latter depend almost exclusively on income from oil. This leaves us 
with money creation as the means by which the government is able to 
finance its expenditures, especially those which require payment by 
the Saudi Arabian Riyal. Until now this has had no negative effect on 
the private sector, because the huge government reserves of gold and 
convertable foreign currency are more than enough to cushion most any 
increase in the issuance of" money, other things being equal. Hence, we 
see the monetary variables such as interest rate and prices which are 
usually taken to reflect the effect of government financing through taxes 
or debt are missing in the country. When a government does not need to' 
borrow, the intersst rate means little. By the same token, when a
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government has no need to tax, a decrease in total private expenditures 
due to taxation which affects the prices of goods and services will not 
be present.

From the above analysis of government financing, we can see
that it takes a one-way direction. It increases the aggregate total
expenditures in the country without any obligation to the private 

3sector. Accordingly, the transmission mechanism of AĜ , on is
based on the direct effect of AG on the real sector. An increase.Ji
in government expenditures means an increase in the consumption and 
investment of the private as well as the public sector. Therefore, it 
means an increase in Ŝ . In the analysis of the IS— LM curves, AGg 
in Saudi Arabia means a shift to the right in both curves. The end 
result, other things being equal, is an increase in the GKP.

It is true that the impact of AGg on S^ depends on the 
preference of the public, the commercial banks and the legal reserve 
requirements. As far as the public is concerned, the preference for 
holding currency is high, as manifested by the fact that currency in 
circulation is almost double the amount of demand deposits. The main 
reason for this is that checks as a means, pf payment is a recent occur
rence and cash is still most often used. Accordingly, a AG whichE

3. The private sector incurred an obligation only in the 
fiscal year of 1970/71. In that year the annual revenues were less 
than appropriated annual expenditures. The government follows a policy
that the budget must be balanced annually (i.e., G_, = G ) in theK E
appropriation sense. To close the gap without recourse to deficit 
financing, the government imposed taxes on income of government and 
private sector Saudi employees and on gasoline, and increased customs 
duties on some imported items.
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ends in the hands of the public constitutes an increase in money 
supply- Knowing that most AG^ represents payments for wages, 
salaries, etc., it follows that the impact of AG^ on is great.
As far as commercial banks are concerned, their main concentration is 
still on short-term loans for imports and investment in real estate. 
Because of the preference of the public to hold cash, their effect on 
SM through an increase in demand deposits is reduced. There is no 
denying that commercial banks have some effect on Ŝ , but their primi
tive nature causes their impact to be very small compared to AG .

Ji

Furthermore, the money multiplier (i.e., m^ in Table 1 of this chapter) 
appears to have been almost perfectly stable since 1960, reflecting 
little or no change in reserve requirements. For all these reasons, we 
believe that AG^ is the major cause for change in (see SAMA,
1971, pp. 19-23).

Having familiarized the reader with the monetary sector in the 
country (i.e., AS^), it is time to discuss the specification of the 
equation. We reasoned that is a function of:
1. the monetary base (B). This is defined as equal to currency in 

circulation (CC) plus capital and reserves of the commercial banks 
with SAMA.

2. the aggregate economic activity measured by the country's GNP. 
Accordingly:

SM = a0 + aiB +

The reason for the inclusion of B was to capture the effect of 
SAMA on the commercial banks’ reserve through changes in the discount
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rate in particular (SAMA8s reserve requirements on DD and TD have 
not changed since 1966). It is also assumed to reflect any effect of 
AGg which can be classified as working directly on Ŝ . Using GNP 
as an explanatory variable in determining is justified because the
GNP will change regardless of what happens to as long as the
income from oil, which does not depend on Ŝ , changes. Here, then, we 
are convinced that the causality in the relationship between and
GNP, despite the difficulties involved in measuring such causality in 
most countries (Sims, 1972, p. 540), runs from GNP to and not
vice versa. This, then, is. why we considered in the country, to be
the endogenous variable, despite some monetarists8 claim that "it is 
difficult" to describe as a "sufficiently endogenous variable"
(Fand, 1970). As usual in most schools of thought, the Keynesian not
excluded, another group of monetarists believe that "there is now con
siderable evidence ashowing that the stock of money can be expressed as 
a function of a few variables" (Brunner and Meltzer, 1972, p. 845).
Our specification of is not meant to be seen as pitting one school
against another, but as deriving its form from the Saudi Arabian 
experience.

Having justified the specification of the equation, we now
list the following based on the two Ŝ . definitions:

Ŝ . = DD + CC CC = Currency in circulation at year’s end
1 DD = Demand deposits at year’s end

S = DD + CC + TD TD = Time deposits at year’s end
2 GNP = Current GNP

B = Monetary base
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S = -98.657 + 1.028B + .054GNP .99
(.215) (.027)

S = -341.730 + .605B + .164GNP .99
2 (.274) (.034)

SM = -114.368 + 1.232B + .031GNP .99
(.181) (.025) 1

S = -376.490 + .998B + .126GNP .99
2 (.240) (.033)

In S = -.840 + .731 In B + .335 In GNP .99
1 (.133) (.128)

In S = -2.342 + .592 In B + .621 In GNP .99
2 (.133) (.128)

In S = -.654 + .858 In B + .217 In GNP .99
1 (.120) , (.118)

In SM =-2.093 + .767 In B + .462 In GNP .99
2 (.126) (.124) 1

From the above set of equations we can make the following 
general remarks:
1. Every coefficient has the sign expected a priori. B and GNP or

GNP ^ affect or positively. Furthermore, all coeffi
cients are statistically significant except the parameter of GNP_^ 
in equation 3.26.

2. The coefficients of B and GNP or GNP_^ are considerably
different depending on which definition of money is used. This is
not surprising due mainly to the inclusion of TD in S and its

2
exclusion from S., . -

3. Current GNP affects S., more than GNP 1 regardless of how S.„ is dell -1 M
fined or the functional form of the equation (linear vs. nonlinear).

(3.25)

(3.25.1)

(3.26)

(3.26.1)

(3.27)

(3.27.1)

(3.28)

(3.28.1)
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4. Every time GNP_^ instead of GNP was used as an independent 

variable, the coefficient of B increased regardless of Ŝ ,'s 
definition or the functional form.

5. The way is defined also seems to matter greatly as far as elas
ticities are concerned. The elasticities of with respect to
B [i.e., s(S^, B)] are higher in the equations (3.27 and 3.28)
than e(S , B) in equations 3.27.1 and 3.28.1. However e(SM , GHP 

n 2 M1
or GNP -) < e(S , GNP or GNP n). This might be due to multicol-*~-L Mg "~-L
linearity between B and GNP or GNP^ 9 or the inclusion of TD
in Ŝ, and its exclusion from S>jr , or both* We donft have infor- 

2 “l
mation about B) in an economy similar to Saudi Arabia, but
if we compare e(SM , B) in Saudi Arabia with that in the United

1
States, it is low - although not as low as the money supply multi
plier discussed below. . In the United States e(Ŝ . , B) fluctuated 
between 1.00 and 2.28 in six different models out of a total of 
eight (Fand, 1967, and in particular Table 2, p. 385). In Saudi 
Arabia it fluctuated between .731 and .858 (equations 3.27 and 3.28),
These e(S^ , B) of Saudi Arabia are almost equal to those of the

1 4Brunner-Meltzer model quoted in Fandvs article*

4. Let us not make much ado out of comparing e(S^ and B)
between Saudi Arabia and the United States for the following reasons:
1* Certainly the Saudi Arabian money supply is almost backward com

pared to a highly developed process like the one in the United States 
if for no other reason except the transaction means (checking 
accounts just started in Saudi Arabia)*

2* Fand*s article uses the concept of an adjusted monetary base while 
ours makes use of an extended monetary base*
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If we interpret the coefficient of B in the linear equations 

as the money supply multiplier, then the multiplier derived from = 
mB is low to begin with* Furthermore, due to the inclusion of GNP 
or GNP^ with B in the equations, the estimated multiplier is
lower than the actual one. The following table supports these conten
tions and offers a few insights about the income velocity of money (V).

Table 1
Annual Money Supply Multiplier (m) 
and Income Velocity of Money (V)

Year ml m2 V1 <

1970 1.37 1.66 5.99 2.95
• 1969 1.39 1.66 5.86 3.05
1968 1.39 1.62 5.84 3.13
1967 1.38 1.59 5.94 2.92
1966 1.34 1.50 5.94 3.05
1965 1.33 1.48 5.74 2.90
1964 1.31 1.41 5.54 2.60
1963 1.27 1.37 5.99 3.36
1962 1.32 1.41 5.97 3.38
1961 1.30 1.36 6.02 3.44
1960 1.31 1.37 5.04 3.24

Source: The data from which the above table was constructed is placed
in the statistical Appendix, Table 22.

Note:
SM1, S = mB ^  m = — - „M B

\  SM,
2- ".I - —  ; m2 - —
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3. S^V = GNP =>V = one type of simple quantity of money
M equation.

V, = » V* = where GNP* = GDP - Y„.1 sM 5 1 S„ 0M,

From Table 1, we can see that the money supply multiplier is 
low compared to that of the United States which fluctuated between 2.49 
and 2.90 from 1947-1967 (Weintraub, 1970, p. 197). Yet income velocity 
of money (V̂ ) in Saudi Arabia is higher than that in the United States. 
Also, m^ or m^ is higher than the coefficient of B from the esti
mated linear equations. This is, as we said before, due to the effect
of GNP or GNP . on S.,. m. remained almost constant from 1960- -1 M l
1970, fluctuating between 1.30 and 1.39. However, m^ showed a notice
able increase from 1.37 to 1.66. The main reason for m^'s increase 
was the growing confidence of savers in the country's economy after the 
financial crisis in late 1957. Such confidence is measured by the 
increase in time deposits and savings which affects S^ and hence m^. 
It increased from 88.3 M.S.R. in 1964 to 523.9 M.S.R. in 1970.

The most questionable result found in Table 1 is V^« This 
researcher considers an empty measure which tells very little about
the real rate of turnover in money supply per annum. In fact, it is

*probably erroneous. To support this belief, we constructed (the
*velocity of money with respect to GNP in Table 1). A velocity equal

Ato is more compatible with m^ than the high V^. Income velocity
of money should be measured by that portion of the GNP (i.e., GNP in 
Table 1) which depends on the supply of money for its transactions, over
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SMO We know that at least 50 per cent of the GNP depends directly
on income from oil which is forthcoming whether or not or V or

*both change. Accordingly, is a more adequate measure for the
*income velocity of money in Saudi Arabia. It appears that has

tended to decline (see Table 1, p. 52) since I960. The increasing use 
of foreign currencies as a means of payment may have caused this.

Regarding the other side of the monetary sector included in 
the model (i.e., the price equation), we reasoned first that the Whole
sale Price Index should be a function of S., and of the index price 
of imported goods (P^)„ The first estimates were:

£
(3.29)' PT7T = 86.984 - .015PM + .011SM .99WI M M-

(.037) (.001)

(3.29.1) PTTT = 91.023 - .077Pm  + .014SM .98WI M M. 1
(.081) (.003) ±"X

Both equations were rejected, due to the fact that the coeffi
cient of P^ has the wrong sign as expected a priori and it is 
statistically insignificant. It would seem that prices of imported
goods should affect PT7T positively, since most of these come fromWI
countries which have been experiencing rising prices, especially in the
late 1960’s (Western World and Japan). The negative coefficient for
P^ in the determination of P^. can possibly he explained by one or
both of the following reasons: the index of P., or even PT,_ wasM WI
subject to error in measurement, or more importantly, was never adjusted 
upward to allow for the high government subsidies for essential imported 
goods such as food items.
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Having been unable to develop a more sophisticated equation, 
the following was accepted and incorporated into the models

R?
(3.29.2) PTTT = 68.726 + .027SM .53WI M-

(.014) ■*-

Equation 3.29.2 is acceptable: the coefficient is statistically signif
icant and has the sign expected a priori. Its only drawback is that 

2the R • is low compared to others in the model. Neither the S„
1

nor the P^. equations were estimated by the 2SLS method. The 
reason is simple. Neither nor were included as explanatory
variables in the real sector of the model.

The Identities
There are six identities in the model. GDP is defined, to be 

equal to the GDP's of all the seven sectors in the model. This 
straightforward definition requires no further discussion. GNP is 
equal to GDP minus the oil companies' share (OCS). Aggregate personal 
income (Ŷ  ) was derived by subtracting and the GDP of the
service sector (Yg) from the total GDP. To calculate personal income 
in net form, we applied a 10 per cent annual rate of depreciation on the 
result of GDP - Yq - Yg.

The government expenditures (Ĝ ) identity is a sort of com
promise. It was assumed that in the sense of ex ante and ex post 
G„ = Gn, although since 1960 (excepting 1965 and 1966) G_, is less thanHi K Hi

in an ex post sense. However, this knowledge was not incorporated
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in the model due to a simple fact: Actual government expenditures are
not available for the whole period (1960-1970).

Capital stock identities are the means by which we calculated 
K and K . The kingdom has no capital stock account and even invest-vo MN
ment data has some gaps (see Statistical Appendix, Tables 10 and 11),
So, we started arbitrarily from 1958 and assumed that and = 0
in that year. We had no other choice because even investment data was 
not available prior to 1959. From then on, the calculation of K^g 
and followed the familiar story as indicated by the two formulas
(3,21 and 3.22 in the model). Net Kgg and is equivalent to annual
gross investment from 1959 to 1970 minus the annual depreciation. The 
latter was assumed to be equal to 10 per cent in the manufacturing sec
tor (i.e., Og) and 5 per cent in the construction sector (i.e., o^).
This is in accordance with government policy.

The remaining sectors of the model are discussed in more detail 
in the following chapters.



CHAPTER 4

THE OIL SECTOR 

General Remarks
Oil is the base upon which the modern economy of Saudi Arabia 

depends. It is the source of almost all the country’s foreign exchange 
earnings, the government's revenue and total exports. Yet as a source 
of employment, the sector is insignificant compared with the govern
ment (see Table 29 in the Statistical Appendix). In 1966, as.estimated 
in The Economic Report (Central Planning Organization, 1969), only 1.4 
per cent of the labor force was directly employed by the sector.

The government has found itself obliged to keep oil production 
increasing every year even in the presence of reduction in its price 
(see SAMA, 1961-1969). This has resulted from: government commit
ment to development, especially since 1958; rising imports; and increas
ing international consumption of oil. Because of the aforementioned 
causes one is inclined to believe that oil production will keep increas
ing regardless of price changes as long as the international demand for 
oil is increasing (here, we are excluding the possibility of building 
enough reserves in the short run to meet all government obligations).

One of the main features of this sector is that it is an economy 
within an economy. It affects but is not affected by the country’s 
economy. Therefore any favorable or unfavorable influences on it should 
be traced to their real causes —  the international market for oil,

57
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specifically the particular regions which import the kingdom's oil. In 
this case the factors which determine the amount of oil produced in a 
year are exogenous.

Specification of the Oil Sub-model 
There are three main alternatives for specifying this sub-models

1. Take the gross income from the sector as reported in government 
statistics and use it in the whole model. We rejected this approach 
as unsatisfactory since we desired to analyze this sector in detail.

2. Construct an equation for each country's imports of Saudi Arabian 
oil. This approach was also rejected because:
a. We might be dealing with as many as 50 countries, some importing 

about 20 per cent of the total oil exports (for example, Japan 
in 1969) and others importing an insignificant percentage. This 
approach would be formidable, and its superiority over the 
method selected is doubtful.

b. Although most importers of the country's oil have remained the 
same since the mid 1950* s, some interrupted their imports 
during certain years. Such discontinuity would raise the ques
tion of whether to include or exclude those countries which no 
longer import oil from Saudi Arabia or which interrupted 
importing it for certain years.

3. Aggregate the importers of the country's oil into major subdivi
sions and fit a model for each. This approach was adopted, with 
the subdivisions classified in order of their importance as follows:
a. Western Europe WE (This region is sometimes subdivided into
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Common Market, CM, and non-Common-Market, NCM, countries.) 

t>. Oceania, Asia (excluding Japan), Africa, South America (Brazil 
and Trinidad), OAAS

c. Japan, J
d. North America (the United States and Canada), NA

Having determined the geographical regions, we then asked the 
following question: What determines each region’s demand for oil from
Saudi Arabia? The answer to this question is the core of the specifi
cation problem in this sub-model. There are many variables one can 
specify as the determining factors in a country’s or a region's imports

tfor a certain commodity. In our case, we believe the most important 
ones are:
1. GNP of a country or region
2. Average prices of imported oil
3. Total oil consumption or imports by a country or a region

The variables (1-3) above can be described as pure economic
variables. They say, given the demand for a commodity (3), a favorable
price (2), and available purchasing power (1), a certain commodity will 
be purchased. At this point in the analysis a short detour is appro
priate.

In addition to the above-mentioned variables, the politics of 
oil is a very real and decisive variable, whether seen from the 
importer's or exporter's side. For example, the United States imposed 
an import quota on oil in 1959, despite the fact that prices of imported 
oil were less than that of locally produced oil (lower import prices
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was a major reason for the quotas). Many other countries have taken 
similar actions» Quantifying political factors which influence economic 
matters has generally been considered outside the realm of economics«
Our digression here is just to state our awareness of such non-economic 
variables and to clarify that we are not dealing with a commodity hav
ing price and purchase determined by demand and supply in a free inter
national market.

The first set of equations tried can be described as a variation 
of the following linear equation using the ordinary least-squares 
method of estimation (OLS):

(4.1) YQ = aQ + + a3X3 + a4X4 + u

Where; Yq = value or quantity of exported Saudi Arabian oil
= GNP of Western Europe or the quantity of oil consumed

%2 = value of exports of OAAS or the quantity of oil
consumed

Xg = GNP of Japan or the quantity of oil consumed

X4 = GNP of North America, total consumption or total 
imports of oil in quantity

A variant of equation 4.1 gave the following results (numbers in paren
theses are the estimated standard errors of the regression coefficients).

*2
(4.2) Y. = 21.483 - .218MNA + .221CTTO + .326CnTO —U WHi Uln QQ

(.091) (.073) (.100) *yy
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Note; = Saudi Arabian total oil exports in million metric tons

(M.M.T.)
MNA - Total imports of NA in M.M.T.

•= Total consumption of WE in M.M.T.

C = Total consumption of others in M.M.T.Ulri

Equation 4.2 is unacceptable for a simple reason; Yq cannot be 
affected negatively by MNA. So, we turned to the inclusion of average 
prices of imported oil with the GNP's. But again the results were 
disappointing both statistically and in terms of an a priori specifica
tion of the coefficients' signs. We then changed equation 4.1 and its 
variants from linear to log linear, but the findings were again unsatis
factory.

The first estimation convinced us of two things:
1. We should use quantity (here M.M.T.) rather than value in estimat

ing Saudi Arabian oil exports. Having determined Y^ in quantity, 
gross income from oil can be obtained by the multiplication of Y^ 
by the posted prices of Saudi Arabian oil which are determined 
exogenously. (One may argue that posted prices are not the real 
indicators of the value of Saudi Arabian oil, because they are no 
more than a loose reference point which is often violated. This 
may be true, but even the official government statistics list 
value of oil exports based on posted prices. See, for example, 
any issue of the Saudi Arabian Monetary Agency).

2. One aggregate equation, regardless of its form (i.e., linear or log- 
linear) , cannot explain export of oil to the four regions.
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Faced with such unfavorable outcomes in estimation, we 

resorted to disaggregation. Most disaggregate equations are linear 
(i.e., in variables and parameters) and of the form:

(4.3) C  - foq. i i  >t ti-1

Where: Yq. = Exports of Saudi Arabia to the it 1̂ region, in M.M.T.
.:Lt Small q above Y indicates quantity, i = WE,

OASS,1 J, NA.
X. = Total consumption or imports of the i ^  region inx M.M.T.

Y^. = Y^. lagged one year.
Ult-1 0:Lt

We rationalize the specification of (4.3) as follows:
1. The inclusion of Y^. as an independent variable explaining

0lt-l
Y ^  at period t is in accordance with the hypothesis explained 
in the general remarks section of this chapter. That is, that the 
government is committed to an increase in oil production or 
exports (the two being almost the same) every year. Therefore, 
knowing Y ^  at period t-1 is a good indicator of what Yq^ 
might be at period t.

2. will allow us, by the reduced form of the oil sub-model to be 
derived later, to measure the impact of each region's GNP and 
average price of imported oil. The only exception is region OAAS, 
where the greater number of countries included obliged us to use 
exports (Xq^<j) as the only explanatory variable.

The first attempt in disaggregation in condensed form is:
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Yo = yowe + Yo m  + Yoj + yoaas
R2

(4-5) Y«  ■ - 079 \ ° Ql >  •9S

(4.6) Y?,,. = 3.604 + .012MHA + . 585Y? .79
M A  (.014) (. 241)

(4.7) - -.960 + .1030, + .775YS, , .96
0J (.067) (.453)

W '8) Y2m S  " -17'075 V ’^ O M S  -98(c036)

= exports of oil by Saudi Arabia to the respective 0WE,NA,JjOAAS ^

MNA = Total Imports of oil of NA in M.M.T.
CT_  nAAC = total oil consumption by each region in M.M.T.WJui 9 vJ 5 L/AAo

Yq = total exports of oil by Saudi Arabia (S.A.) in M.M.T.

Period covered = 1956-1969*

The set of equations 4.5-4.8 can be accepted. The signs are , 
all correct a priori and most coefficients are significant at the 5 per 
cent level. But one cannot accept equation 4.7 because mone of its
coefficients are significant. Due to the fact that Japan is the single
most important importer of Saudi Arabian oil, one has to search for a 
better estimate. Also, the coefficient of ■*-n high and
gives a very dismal performance in reproducing past data of ^qaAS* 
However, we can live with equation 4.6 despite the fact that the coef
ficient of MNA is insignificant, because the North American region is 
the least important as far as Saudi Arabian oil export is concerned.
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Looking for a better set of equations, we tried an alternative 

approach. An example using the region WE will make it clear.

Yowe = a0 + alCWE + a2Y0WE-l

(4‘10) CWE = e0 + B1CGNP)WE + 62(PW)WE + B3CWE-1 PW = average priceof imported oil in
. current U.S. dollars/

metric ton
Equations 4.9-4.10 can be viewed as a model representing Saudi 

Arabian oil exports to Western Europe. At the same time it represents 
the consumption function of oil in Western Europe. The first step is 
to estimate 4.10. Having obtained an estimated C^, from 4.10, we 
inserted it back in 4.9 to get an estimate of yqwe° ^0-*-l°we^ this 
procedure for regions WE, J, and NA only. Such an estimate is 
almost a 2SLS estimation technique. Almost, because in set 45 -4.10 
we have two dependent variables (Y^ and CT„) and four predeter—UW-hj WJlL
mined variables [Y0WE_r  (GNP)WE» (PW)WE5 and CWE-1]* The first
stage of the 2SLS estimation technique requires that we regress C^,
on all predetermined variables in the system. This we did not do, but
instead we omitted . from the first stage estimation.(Jvm—±

The Oil Sub-model

(4* 11> Yo = y owe + y ona + y oj + y oaas
R2

(4-12) YL  = 2«332 + (;^ W E + (; ^ WE_1 .98

(4.12.1) c = -4.977 + .268(GNP)Tm - 1.029(Pw)TTT7 + .784CTTT? - .99
m  (.175) m  (.859) m  (.180)
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(4-13) YL  -  3-635 +( ;™” A ^ . 5 5 5 ^  .79

(4.13.1) MNA = 46.083 + .193(GNP)MA - 2.802(Pw).TA .99
(.011) NA (.935) ' NA

(4.14) Y^t - 1.289 + .0780T + .660Y^T . 
0J (.034) (.220)

,98

(4.14.1) C = 40.708 + .771(GNP)_ - 2.193(Pw)T .98
(.071) J (.890) J

<4 -15) toaas - -15-028 +  3-7?®oaas -82(,.313)

where
(GNP)t_ = each respective region’s GNP in billions of current

WE’J’NA U.S. dollars.
(Pw)^, j = average price of imported oil in current U.S. dollars

s per metric ton, c.i.f.
(Pw)^ = average price of imported oil in current U.S. dollars

per metric ton, f.o.b.
Xqaas - total exports of OAAS in billions of current U.S. dollars

Period covered = 1956-1969
Endogenous variables = Y^, Y ^ ,  Y ^ ,  Y^jS Y ^ g ,  C^, MNA,

and Cj are not endogenous in the sense 
that they are part of a system of mutual 
determination.

Predetermined variables = current exogenous variables plus lagged
variables =

Y0WE-1’ Y0J-V yona-i9 (GNP>NA9 (GNP)J9 X0AAS9
P̂w^WE9 (P^ J 9 (P^ N A 9 CWE-1

The set of equations 4.12, 4.13, 4.14 and 4.15 is superior 

to set 4.5-4*8 for the following reasonss
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1. We improve the equation statistically, for both coefficientsUJ

are now significant at the 5 per cent level.
2. The residuals of set 4.12-4*14 are smaller than set 4.5-4*8*
3* Prediction based on the set of structural equations 4*12$ 4.13*

4.14, and 4*15 is more acceptable than that based on set 4*5-4.8.

Price and Income Elasticities (sp , £y) of 
Oil Consumption in Regions WE, J, and NA

It is in the interest of a one-commodity-exporting country, 
such as Saudi Arabia, to know what effect changes in that commodity?s 
price and income fluctuations in those regions which consume it might 
have on the sonsumption of that commodity. Accordingly, the quantifi
cation of e and s for oil consumption in WE, J, and NA is an P y. . 6appropriate exercise*

5* Prediction based on the structural equations of a model is 
known in literature as partial or structural prediction. The informa
tion required is the values of the predetermined variables in the system 
plus the values of the endogenous variables which enter each equation 
as independent variables* Based on this kind of prediction, both sets 
4,5-4.8 and 4.12-4.14 performed unsatisfactorily. However, set 4.12- 
4.14 was better in the sense of having the lower margin of forecast 
error (we used the mean absolute percentage error as a test). This is 
why we abandoned the specification of set 4.5-4.8 in favor of set 4.12-
4.14. The latter permits us to derive a more sophisticated reduced 
form of the oil sub-model which proves to be the best tool for fore
casting oil exports of Saudi Arabia. For reference to the literature 
of prediction (forecasting) see Goldberger (1959, Chap. 4) and 
Pavlopoulos (1966, Chap. 5).

6. Note that when we refer to e and e as total consump-P ytion of oil in regions WE and J we are correct. This is due to the 
fact that oil consumption of these two regions is met primarily by 
import. The two regions produce an insignificant percentage of their 
total consumption. In the case of region NA, the elasticities refer 
to imported oil and not to total consumption.
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Elasticity is defined as the percentage change in a dependent 

variable generated by a one per cent change in the independent variable. 
If we formulate a model as y = a + .$XS then elasticity is measured by 
d£
Z, ■ = 45r —  which in our simple example is equal to g —  . OnedX dX y y
X

Xnotices that the elasticity of this function (ioCo 9 g 7̂ ) is not con-
Xstant 3, as it changes with any variation in the ratio —  « Empirically«> 

it is inconvenient to work with a model which lacks a constant elastic
ity. Therefore, demand functions which attempt to measure elasticity 
are frequently formulated in double logarithmic form. So, given y =
gctX and by using a log transformation, we have In y = In a + 6 In X.

Here g is the elasticity which is constant along the curve. This
latter procedure was followed in measuring and for oil con
sumption.

(4.16) In C,_ -  -7.356 + 2.101 In(SS.) + .035 I n p M
ME (.118) WPlJHE (.030) A"PlJKE

We rejected equation 4.16 as the demand function for oil in WE 
because the sign of the log is positive and insignificant. There
fore j we subdivided WE into Common Market (CM) and non-Common Market 
(NCM) countries.

R2
(4.16.1) In CCM = -2.944 + 1.653 In(^v-) - .426 ln(— ) .99

(.118) lwpi CM (.144) lwpiiCM

(4.16.2) In NCMC - -2.975 + 1.742 ln(— - .408 ln(^~) .98
(.465) lwpi NCM (.305) lwp±W
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Equations 4.16.1 and 4.16.2 confirm the existing belief that 

demand for oil is income elastic and price inelastic. It appears that the 
two regions reflect almost the same price inelasticity (.426 vs. .408) 
and income elasticity (1.742 vs. 1.652). The difference is not so 
great as to warrant special attention.

R2
(4.17) In MNA = -1.165 + 1.172 ln(^-) - .570 ln(^r) , .98

(.176) Wpl NA (.217) *wpl'NA

,99(4.18) In CT = 5.890 + .608 In[7̂ ]  - 1.606 ln(~^-)
J (.361) VCpiiJ (.386) VCp:L JJ

(4.19) In Ct = 3.038 + 1.287 ln(~-l - 1.618 ln(~-] .98
J (.312) lCpx,J (.613) lwpilJ

In equations 4.16 to 4.19, the symbols are defined as:
(wpi)^ = wholesale price index of the i1"*1 region. 1963 = 100

(Cpi)j = Japan's Consumer Price Index. 1963 = 100

(pw)i = as previously defined, the average price of imported 
oil in current U.S.,dollars per metric ton

(GNP). = GNP of the i ^  region in billions of current U.S.
1 dollars

Equations 4.16.1-4.17 support existing findings: that demand for 
oil is income elastic and price inelastic. But Japan's two equations 
(4.18 and 4.19) present us with a problem. Equation 4.18 states that 
Japan's demand for oil is income inelastic and price elastic which is at 
odds with held beliefs. Equation 4.19, although it comes closer to the 
findings of equations 4.16.1-4.17 still exhibits an elasticity of price
higher than income elasticity and both are elastic (i.e., the coefficient

1
is greater than 1). What rational explanation can one advance, then?



It has been suggested (Orcutt, 1950, especially pp. 125-126) that a 
country's price elasticity for imports will be greater as the change in 
the import price is greater. If we extend this argument to Japan’s 
elasticity of price for imported oil, we find that even this argument 
will not explain the phenomenon under study. Comparing the price of 
Japan’s imported oil with that of Western Europe’s since 1956, we find 
that Japan has been faced by a more stable price than Western Europe. 
(Table 30 in the Statistical Appendix). With our limited knowledge of 
the Japanese economy, the only qualitative reason we can advance is: 
Given the availability of a close or perfect substitute for oil (such 
as coal, natural gas, etc.) in Japan, any increase in price of imported 
oil will be met by a switch by consumers from oil to that substitute. 
Certainly, this argument presupposes that the cost of switching is not 
an obstacle. In the final analysis one may even advance the explana
tion that Japan’s economy often defies established economic theory.̂

The Reduced Form of the Oil Sub-model
A reduced form of an equation or an equation system is defined 

as expressing all dependent variable(s) as a function of predetermined 
variables (see Chapter 2). To illustrate the elimination process of 
deriving the reduced form, we shall use equations 4.12 and 4.12.1 of the 
oil sub-model:

w -20> 2-332 + •059CHE + •605^HE-1

7. Houthakker and Magee (1969) also found Japan’s aggregate 
exports behaving differently than those of other countries included 
in their study.
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(4 .20 .1 ) C „  -  -4 .977 + .2 6 8 (0 ® )^ , -  1.029 (Fw)^ + . 7 8 4 0 ^

We are interested in the reduced form of The predeter

mined variables are YqwE-I’ ĜNP^WEs ^ ^ W E  and CWE-V 80 our task 
is to eliminate C^, from the two equations and to reduce them to a 
single equation. By substituting 4.20.1 in 4.20, we obtain:

(4.20.2) = o059[-4.997 + .268(GNP)WE - 1.029(Pw)^, + .7840^^]

+ .605YOWE-1

Therefore, the reduced form of Y^^g is:

(4.20.3) ^HE ■ 2.038 + .016(G8P)HE - .061 (Pw)^ + .0460^

+ •605YOWE-1
We repeated this process of equations 4.13 and 4.13.1; 4.14 and 

4,14.1. The end result is the reduced form matrix of the oil sub-model 
shown on the next page (4.20.4).

At this stage of the analysis, a few comments about the reduced 
form coefficients are in order:
1. All reduced form coefficients have the sign expected a priori. A 

change in price of oil in any of the three regions affects Y ^  
negatively. But any change in the income will affect Y ^  posi
tively.

2. From the price and income elasticity discussion, we have seen . 
how Japan's demand for oil tends to be more sensitive to changes



OWE 2.038 .016 0 0 -.061 0

ONA 4.326 0 .003 0 0 -.042

OJ 4.464 0 0 .061 0 0

Z^OAAS -15.028 0 0 0 0 0

(4.20.4)

0 .605 0 0 .046

0 .555 0

-.173 0 0 0 .665

0 1.700 0 0 0

1
(GNP)

(GOT)

(GNP)

WE

NA

(Pw)WE

(Pw)NA

(Pw)

X.OAAS

YqOWE-1

ONA-1

OJ-1

"WE-l i
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In the price of oil than WE and NA. The same phenomenon sur
faced in the coefficients of the reduced form, approximately 
-.17 vs. -.06 and -.04. We are not saying that the comparison is 
exact between the coefficients of the reduced form and the price 
elasticities. However, we want to point out the peculiarities 
of Japan's price coefficients regardless of the functional form 
of the model (linear or log-linear).

3. The derivation of the reduced form enables us to relate the
exports of oil by Saudi Arabia ^ONA’ etc“) to those vari
ables which in the final analysis determine each region’s demand 
for oil. From a specification point of view, relating to
(Pw)^, (GNP)^, and XqaAS (i = WE, J and NA) is superior to the 
specification of Y ^ g  - f(C^,), for example, in equation 4.12. 
That is because quantity consumed of any commodity by any region 
is not, in the end, the real determining factor of whether or 
not a region imports such a commodity. The price of that particu
lar commodity and the income of a particular region are the main 
determining variables. If we interpret the coefficients of the 
reduced form as impact multipliers, we. are led to say that a one 
billion U.S. dollar increase in (GNP)^g or (GNP)j, for example,
will increase Y^g and Y^j by approximately 1.6 per cent and

86.0 per cent, respectively.

8. Goldberger (1959). Coefficients of current exogenous 
variables are the impact multipliers.
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4. The solution of the oil sub-model (i.e., the reduced form) shows 

clearly how little is the control or influence of policy makers 
in Saudi Arabia. That is, as far as the quantity of oil exported 
is concerned, all determinants are beyond the control of Saudi 
Arabian decision makers. This is due to the fact that the kingdom 
consumes an insignificant amount of its total oil production, 
leaving the international demand for oil the sole determining 
factor of oil exports. However, the policy makers are able, with
in certain limits, to influence the price of the country’s oil.
This is why we assumed that the price of Saudi Arabian oil is 
exogenously determined, and we concentrated on quantity rather than 
value. Needless to say this embodies our conviction that the 
price of oil is determined by influences in addition to the law of 
supply and demand.

Forecasting Yq to 1975

As we have seen previously, the oil sub-model covers the period 

1956-1969. Now that Yq statistics are available for 1970 and 1971, 
it is interesting to judge the sub-model's ability to forecast beyond 
the sample period, assuming no structural change. Our criterion for 
judging will be based on:

P. = predicted value of a variable .
0 in period i. i = 1970 and 1971

2 5>i - VU - ------2------  Where: A. = the actual value of a variable
£a  ̂ in period i

U - inequality coefficient



74
It can be seen that U will equal zero only if * A^> implying a 
perfect forecast (Thiel, 1966, Chapter 2, especially pp. 26-29).

We shall employ three methods of forecasting for the period 
1970 and 1971 based on the 1969 .
1. The final method. To explain this procedure we shall refer to the

sub-model equations. Suppose that we want to forecast in
1970. This requires that we use equations 4.12 and 4.12.1. First,
we insert the actual values of CTTr, 1 from 1969. Then we insertWE-1
the actual values of (GNP)^, and (Pw)^ from 1970. This will 
give an estimate of CTT_, in 1970 which along with Y** - from
1969 will be substituted in4.12 to get an estimated value of Y^^,
in 1970. Now for 1971 the forecast will be based on the actual
values of (GNP)^, and (Pw)^, in 1971. For and Y % ^
we will use the estimated values of CT„  and Y^__ in 1970. ThisWE OWE
method, then, lets the model itself generate its own needed data 
for all variables except the current exogenous variables [i.e., 
(GNP)ttc, and (Pw)rir,]. It is no wonder, then, that this method is

W H j WJi

referred to as the strictest test of an econometric model.
2. The reduced form method. This is based on the substitution of 

actual values of all predetermined variables with the whole system 
solved accordingly. In reference to the reduced form of the sub
model, this method implies that we need 1970 and 1971 values of 
(GNP)i, (Pw)i, Y ^ ±_v  X0MS and to solve the Y^. for
1970 and 1971. This in turn will give us Yq based on the iden

tity Y§ = Yqwe + Yona + Y0J + Y0AAS“
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3. The partial or structural method. The application of this method 

requires the actual values of all predetermined variables in an 
equation or system of equations and those of the dependent vari
ables which enter as explanatory variable(s) in each equation. The 
oil sub-model consists of seven structural equations and one iden
tity, but to use the method defined above we were obliged to use 
only four structural equations and the identity (i.e., equations 
4.12, 4.13, 4.14 and 4.15).9

Results in Table 2 are encouraging based on the U coefficient. 
(The table is placed on the next page because of its size). We have 
seen that the U formula implies that a perfect forecast means

= A^. That is U = 0. None of the coefficient's values in Table 2 
is =0. But it is reassuring that 2L «036 and 2L “040 (U^ is
too high to even be considered). These values indicate that Table 2's
forecast is certainly superior to a naive forecast which stipulates no 
change. They are as near zero as we can hope for, given the high rate 
of growth in actual which amounted to 31 per cent from 1970-1971.
This rate is much higher than that prevailing in the period 1960-1969,
which fluctuated, on the average, between.8-10 per cent per annum.

! 0 Accordingly, we projected Saudi Arabian oil exports (Ŷ ) and its gross
income from 1972 until 1975. Looking at the table, one wishes that
the reduced form method of forecasting could be applied. But that

9. The forecast is based on the level of the variables rather 
than on their change. In most instances the criterion of judging we 
adopted (i.e., U) is formulated on change rather than the level of the 
variable. Some believe that comparing the predicted change with the 
actual change is the "more meaningful test" of a forecast.(Houthakker. 
and Taylor, 1966, p. 164).



Table 2
The Sub-model's Forecast for 1970 and 1971

Year
y90(1)

in
M.M.T.

0(2)
in

M.M.T.

y90(3)
in

M.M.T.

ActualIIM.M.T. U1 U2 U3

Actual 
Posted Price 
of S.A.O. 

U.S. $/M.T.

Est. G.I. 
from S.A.O.
exports 

in M.U.S.D.

Est.
G.I.
by
(1)

Est.
G.I.
by
(2)

Est.
G.I.
by
(3)

1971
1970

186.2
169.4

209.6
173.3

208.2
174.8

219.67
174.90

.121 .036 .040
16.583
13.119

3651.0
2296.0

3087.8
2222.3

3466.9
2273.5

3452.5
2293.2

Note:
a. M.M.T. = Million Metric Tons. Note that Saudi Arabian oil exports are recorded by barrel

(1 barrel = 42 U.S. gallons). But since OECD oil statistics and U.N. energy
statistics use M.M.T., we were obliged to convert to M.M.T. We did this by dividing
total exports of oil of Saudi Arabia by 7.370. This is the conversion factor the 
OECD oil publication indicates for Saudi Arabian crude oil. This factor was used 
-despite the knowledge that Saudi Arabia exports approximately 10 per cent of its 
total oil exports in refined form.

b. 1 refers to the final method of forecasting.
c. 2 refers to the reduced method of forecasting.
d. 3 refers to the structural method of forecasting.
e. S.A.O. = Saudi Arabian Oil
f. M.U.S.D. = Millions of U.S. Dollars
g. G.I. = Gross Income
h. For data used in the construction of Table. 2, see the Statistical Appendix, Talhe 31.
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form included eleven predetermined variables 9 most of which need to be 
forecast until 1975. This is certainly more involved than the method 
we adopted.

The procedure we used is based on equations 4.12, 4.139 4.14, 4.15, 
and the identity. This involves the projection of C^,, MNA, Cj and
Xqaas from 1972 to 1975. The assumptions we made are:
1. .C^g’s annual rate of growth will be 8 per cent from 1972-1975.

From the data we used in the oil sub-model, C 1s average rate
of growth per annum was 10.51 per cent from 1967-1971. The reason
for using a lower rate of growth in CTTC, is the belief that theWii
rate of economic growth in Western Europe from 1972-1975 will be 
less than that which prevailed in the late 1960’s.

2. MNA will increase by 10 per cent per year from 1972-1975. Its 
average rate of growth from 1967-1971 was 9.78 per cent.

3. Cj’s annual rate of growth will be 10 per cent from 1972-1975.
Our data indicated that its average rate of growth from 1967-1971 
was about 16.11. We rationalize the lower rate of growth from 
1972-1975 in Cj by the same reasoning used for Western Europe.

4. XqAAS*S average rate of growth per annum from 1967-1971 was 
13.15 per cent. We assumed this rate would continue until 1975. 
Based on the above assumptions and using the equations referred to, 
we constructed Table 3 on the following page.
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Table 3

Forecasting from 1972-1975

Year
Estimated
Yo ln

M.M.T.
Estimated 

Posted Price (a) 
U.S. $/M.M.T.

Estimated 
Gross Income 
from Oil Export 
in Million U.S. $

1975 295.70 23.488 6945.46
1974 270.76 22.368 6056.34
1973 248.38 21.299 5290.32
1972 229.86 18.793 4319.88

(a) Annual posted price was estimated as follows:
1. The Tehran Oil Agreement of February 1971 postulated that

posted prices must increase by 5 per cent per year from the
December 31 price of each preceding year until 1975. We 
used this percentage plus:

2. An 8.49 per cent increase due to the U.S. dollar devaluation
in 1972 which was agreed upon in 1972, plus:

3. An 8.49 per cent increast due to the U.S. dollar devaluation
in 1973 which we assume will be realized (exact figure not
available at the time of this writing.)

Note: The Saudi Arabian posted price of oil was 2.25 U.S. dollars
per barrel at the end of 1971. Based on this plus the 3
points above, we calculated the price of oil per metric 
ton until 1975.
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No one can tell at this point whether this forecast will over

estimate or underestimate the actual Yq and its gross income for the 
period 1972-1975= But based on our qualification that no structural 
change would have taken place, this researcher is inclined to state 
that the forecast of Table 3 will be on the conservative side. The 
reason for such a belief is based on two factors:
1. Decision makers in Saudi Arabia are giving every indication, 

through public statements, that the kingdom's rate of oil produc
tion will be higher in the 1970’s than that rate which prevailed 
in the sample period of the sub-model. We have not been able to 
incorporate such public statements in the forecast because there 
has not been a concrete quantitative statement regarding rate of oil 
production for 1973 to 1975.

2. If the energy shortage of the United States is real, as many claim, 
and if it persists until 1975, one would be inclined to predict 
that Saudi Arabian oil exports to the United States will increase 
at a rate higher than that which prevailed in the period 1956-1969. 
Here, of course, we are assuming that this increase will not be 
offset by a decline of exports to other regions in the sub-model.



CHAPTER 5

OTHER SECTORS 

Introduction
Sectors included in this chapter can be classified as two main

types:
1. The traditional sectors which existed in the country before the 

oil sector’s dominance in the economy (early 1950’s). These 
include the wholesale and retail trade (WR) and the agriculture (A) 
sectors. was important before the early 1950's, and it
remains so. However, the agriculture sector’s importance in the 
economy (measured by its contribution to the total GDP) is dimin
ishing . It (A) was the second most important after oil in 1962 
and dropped to being the fifth in 1969 (see Table 23, Statistical 
Appendix).

2. Modern or post-oil dominance sectors. These activities, realis
tically speaking, derive their incomes from oil's impact on the 
economy through government expenditures. The public sector’s share 
in their income is very great. These sectors are; transportation 
and communications (TC); construction (C); service (S); and manu
facturing (MN).

There is no doubt that the above separation of sectors is to 
some extent arbitrary. Certainly, there were construction and manu
facturing sectors before the early 1950's, for example. But they were

80
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insignificant compared with the WR and A sectors, whether judged 
by the amount of income generated or the employment provided. Three 
sectors (WRS A and MN) are almost exclusively private. One sector (S) 
is almost 100 per cent public. The remaining two sectors (TO and C)
can be classified as semi-private. The government’s contribution is
measured mainly by its direct investment which amounts to around 50 
per cent of the two sectors’ total investment.

What follows is a summary analysis of each sector and its speci
fication. We have avioded mentioning the specifications which were 
rejected from statistical or economic (or both) points of view and 
which contributed very little in hints or insight to our understanding
of each sector’s GDP determinants.

Wholesale and Retail Trade Sector (WR)
This sector usually absorbs most less-developed countries’ 

entrepreneurial abilities and the available private savings. Saudi 
Arabia is no exception:
1. The country lacks almost all necessary goods, whether of the 

investment or consumption type. And due to the abundance of 
foreign exchange, because of oil income, the kingdom is able to 
meet its needs by imports. The government has followed a policy 
of no restriction and no intervention regarding the amount and 
type of goods imported. This dependency on importation has led to 
the development of a vital trade sector.

2. Among illiterate persons, the establishment of a trade enterprise, 
no matter how primitive, is more common than the establishment of
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an industrial enterprise^ even if the latter is more profitable« 
Most Saudi Arabian businessmen found in this sector the first 
opportunity to invest their savings * In addition to such ease of 
establishment9 one is inclined to believe (with no quantitative 
evidence) that the rate of profit is higher than in most other 
economic sectors,

Building an equation(s) for such a sector is a hard task, if 
for no other reason than the lack of datae Saudi Arabian data are 
almost non-existent * The only reliable data are those of total
imports of the country (M) . Therefore, we took M as an important
variable in explaining the gross domestic product of this sector (Y^), 
and we specified its effect to be positive. In addition, the GDP 
estimate of the country was determined by taking the gross domestic 
product of the agriculture sector (Y ) as a variable affecting posi- 
tively Y^.

The two above-mentioned variables (M and Y^) were used in the 
first estimation with the result;

(5.1) Yttd = -296.851 +-.368M + .419Y, R2 = .99 
WR (.036) (.307)

Where: Yrm = GDP of the sector in millions of current Saudi Riyals
  “  (M.S.R.)

M = value of imports in M.S.R.
Y^ = GDP of the agriculture sector in M.S.R.

1960-1970 = period of observation 

We rejected equation 5.1 for the following reasons:
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1. The coefficient of is insignificant at the 5 per cent level.
2. From a specification point of view, including and excluding 

other sectors' GDP’s appears to be arbitrary. For example, in 
reality the income of the transportation sector will also affect 
Y

The second estimate of YTTn was based on variables whichWR
usually are from the expenditure side of the national income accounts.
We used M and the total consumption, excluding the rural population’s
consumption (Ĉ ) lagged one year.

(5.1.1) Yt -= -159.963 + .172M.+ .161C- , R2 = .99
OLS WK (.064) (.042)

(5.1.2) Y = -160.398 + .165M + .1650 . R2 = .99
2SLS WK (.067) (.044rX

Where: C1 = government's and urban population’s total consumption in
M.S.R.

Equations 5.1.1 and 5.1.2 are better than equation 5.1 because:
1. From a specification side they are superior as we argued above.
2. All their coefficients are significant.
3. The residuals of 5.1.1 are better.
4. As far as 5.1.1 and 5.1.2 are concerned, the difference is not sub

stantial and both of them are acceptable on statistical as well as
economic reasoning. However, the residuals of the 2SIS estimate
(5.1.2) are better in the sense of being smaller than those of 5.1.1. 
But here also we were worried about our specification validity. 
Because the rural population’s consumption, no matter how small.
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has to affect positively, we postulated that the country's
total consumption (C) is more appropriate than in explaining
Y^. Therefore, we selected the following equation as the final 
estimate, and the one to be incorporated in the model.

R?
(5.1.3) Y - -268.020 + .150M + .164C, .99
OLS WK (.055) (.034)

(5.1.4) Y = -262.869 + .156M + .1610 . .99
2SLS (.054) (.033)

Whether one prefers the OLS or 2SLS estimate, equations 
5.1.3 and 5.1.4 give almost identical values for the regression coeffi

cients. The curious result is between the coefficients of C ^ and
C insets 5.1.3-5.1.4 and 5.1.1-5.1.2. Comparison of the OLS estimation 1—1
coefficients or the 2SLS's gives nearly the same results. In both 
sets, Y ^  and M are the same, but the total consumption is differ
ently defined (C vs. C^). A priori, one expects the coefficient of 
0 ^ to be smaller than because C > 0^, or that if they remain
the same, the coefficient of M would drop appreciably. But the 
latter did not significantly change (.165 in 5.1.2 vs. .156 in 5.1.4). 
One can rationalize this result as due to one or both of the following 
factors:
1. The rural population's consumption is very small compared to the 

government's and urban population’s consumption, and for all 
practical reasons can be taken as an almost perfect proxy for
C. This point will be discussed in detail when we analyze the 
consumption function (Chap. 6).
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2. Wholesale and retail trade is urban oriented, and due to the dual 

nature of the country's economy, one expects to find that the rural 
population’s consumption has very little effect on Y^.

The Agriculture Sector (A)
There are three main factors of production which affect this 

sector's income.
1. Land under cultivation. Time-series data for this factor do not

exist. Therefore, it was eliminated from the specification of a
model for this sector.

2. Total labor force measured in 1,000 workers (L^).
3. Capital stock in millions of current Saudi Riyals (K^).

We used and K^, but finding an acceptable equation for
this sector proved to be a difficult task, regardless of the functional 
form (linear vs. log-linear).

(5.2) In Y = -3.365 + .009 In K + .770 In L R2 = .89
(.033) A (.593)

Equation 5.2 states that the elasticities of with respect
to and (eY^K^ and eY^L^) are .009 and .770, respectively.
Knowing how primitive the agriculture sector is and how ineffectively 
financial resources are invested in it, one may accept eY^K^ as .009. 
This result means that almost all the GDP of the sector (Ŷ ) is due 
to the productivity of the labor force. The total of the two coeffi
cients in equation 5.2 is less than 1 which implies decreasing returns 
to scale in the sector. However, even if we accept the findings of



equation 5.2 with regard to the coefficients of and we would
still reject it, because none of the coefficients is different from 
zero at the 5 per cent level. To eliminate or minimize any inter
dependency between and (Cramer, 1971, p. 235) we estimated
as follows:

Equation 5.3 implies that the Saudi Arabian agriculture sector 
is subject to increasing returns to scale. But, in view of equation 
5.2 and the findings of previous international studies (Walters, 1963, 
pp. 22-39), one doubts that this is the case. If we assume, for the 
sake of argument, that equation 5.3 implies constant returns to scale, 
then the finding of this particular equation means that K^'s produc
tivity is negative.

that, the coefficient must sum to one, implying our acceptance of 
constant returns to scale. Then, we fitted:

If our hypothesis about the production function and the returns
to scale hold, then equation 5.4 leads to a coefficient of approxi
mately .07 for K^. Suppose we accept that. Then the extraneous 
estimator method (Stone, 1954, Chapter 19) is the appropriate procedure

(5.3) R2 = .99

Despite the disappointing results, we postulated that: =
CK^L^ is the true production function of the sector, a priori; and

(5.4) In Y. = -.5335 + .929 In L. 
A (.158) A

R2 = .89
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to use in checking the validity of our hypothesis. This method works 
as follows: Suppose we have a model such as, Y = a +
If we have an a priori notion about the value of (in our case
Bg 2  .07), then the proper procedure of estimation is, Y - BgXg = 
a + B^X^. When we followed this method in log-linear form, we ended 
with the coefficient for equivalent to around 2, which is unac
ceptable ,in the light of equation 5.4.

The final step in the estimation was to use the linear instead 
of log-linear form, despite our awareness of the difficulties involved 
in interpreting the coefficient(s) of such a functional form. When 
we estimated equation 5,2 in linear form, the coefficient of 
became negative. One cannot accept this value for K^, although this 
researcher is willing to accept a zero coefficient for this variable 
for the following reason:

There is no doubt that there exists private investment in the 
agriculture sector. But it is very small and one doubts it has a 
significant impact on the sector. Most investment in the sector is 
public in nature. And as with most public projects, these require a 
longer time to complete (dams, for example) and so their impact is not 
immediate. In the case of Saudi Arabia, most public projects are not 
yet productive, due to incompletion. For ease in working with a linear 
equation system, then, we accepted the following which we incorporated 
in the model.

(5.5) Y = 86.773 + 1.736L R2 = .88
(.299)



Disappointingly, we believe this sector's estimate is the most 
unsatisfactory finding in the whole model.

The importance of this sector in the country's economy is not
due to its share in the GDP (see Table 23» Statistical Appendix),
but because it is a source of livelihood for the majority (about 60 per
cent according to the Ministry of Agriculture) of the population, 
regardless of how meager a life it provides.

The Construction Sector 
This sector, certainly, is the healthiest sector in the economy 

after the oil sector. It includes public and private (commercial and 
residential) construction. And because most public as well as private 
investments can be classified as construction oriented, this sector's 
activity is the best indicator of the country's economic activity.

The first estimation was based on a Cobb-Douglas type produc
tion function where capital stock (K^g) and total labor force in the 
sector (L ) are the determining variables of the sector's GDP (Y ). 
The result showed decreasing returns to scale. As a matter of fact 
the sum of the coefficients of K^g and never reached .5.

The final estimation which was linear in the parameters as 
well as in K^g and was included in the model.
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The Service Sector (S)

This sector includes, as far as this analysis is concerned, the 
following components of the national GDP statistics.
1. Banking, insurance, and real estate
2. Public administration and defense
3. Education and health
4. Other services (mainly religious and Ministry of Information 

activities)

Truly, this sector can be classified as a completely public 
sector because the private components are minute. All except 1 are 
almost 100 per cent government financed. Banking, insurance, and real 
estate are the only activities which can be classified as private, and 
their contribution to the total GDP of the country in 1969 was 102.7 
million out of 15.8 billion Saudi Riyals.

Due to the way we defined this sector, we felt that the best 
specification to explain the sectors GDP (Ŷ ) was to let the total 
consumption (C) of the country be the independent variable. The result 
is:

R?
(5.7) Y = -423.313 + .3990 .98
OLS b (.022)
(5.7.1) Y = -424.645 + .3990 .98
2SLS (.022)

One may object to this specification on the ground that item 
3 is not a service. Education and health (3) should be classified as 
investment in human capital, and that which determines a service
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income is logically different from the variable(s) which explain 
investment. This may be true, but this researcher did not feel the 
data were available to pursue this as a separate category.

We were faced with a choice of either including this sector 
as we defined it, or excluding it completely. We felt that including 
it in the econometric model was useful, because this sector’s GDP 
(Yg), according to the national GDP statistics, contributed about 15 
per cent of the total GDP. An econometric model such as ours, which 
claims that one of its major aims is to estimate the country’s GDP, 
would be handicapped by the exclusion of such a major sector.

Transportation, Storage and Communications (TC)
The country’s GDP account defines this sector to include:

1. Trans-Arabian Pipeline (Tapline). It transports Saudi Arabian oil 
from the east coast of Saudi Arabia to Sidon, Lebanon, on the 
Mediterranean.

2. Post, telephone, and telegraph.
3. Airline, railway, and ports.
4. Mechanized road transport (taxis, buses, etc.) .

Items 1 to 3 are government owned and operated activities.
They contribute the least to the total gross income of this sector 
(Y^g). In the year 1969, for example, they contributed only 224.2 out 
of 1172.1 million Saudi Riyals. The growth of item 4 and its predom
inance in the sector started around 1960. In that year major road con
struction began to link the kingdom’s cities and coasts.
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Because of the importance of mechanized equipment in this sec

tor, captial stock (K̂ ,) must be taken as an important factor of pro
duction. The other factor is labor (L ). To estimate Y based on 

and L^, we fit a log-linear function:

(5.8) In Y = 4.828 + .112 In 4- .221 In K_n R2 = .99
1C (.044) 1C (.043) 10

Equation 5.8 confirms the belief that capital is an important 
factor of production in this sector. As a matter of fact, of all sec
tors we estimated by log-linear function (using capital stock and labor 
force as independent variables), this is the only sector which shows 
that the is higher than the CYTqLTq - Also, both coeffi
cients of 5.8 are significant at the 5 per cent level. However, the 
sum of the two coefficients (.112 + .221 = .333) implies decreasing 
returns to scale in this sector. We rejected this result. Then we 
estimated 5.8 with a linear function, and none of the coefficients was 
significant. We accepted the following estimate, despite its limita
tions .
(5.9) Y ^  = 459.380 + 5.826L„r + .839I__  ̂ R2 = .98

1C (1.973) (.272)

The limitations of equation 5.9’s specification are based on 
the belief that Y ^  in period t will not only be affected by 
at period t-1, but also by I ^ in period t-2, etc. That is, the 
capital stock, which is the sum of yearly investment starting from a 
certain point in the past, should be the explaining variable rather
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than But due to many unsuccessful tries to incorporate
we accepted 5.9 as the best available equation for this sector. The 
lag structure, of 5.9's specification is based on the conviction that 
no government investment will be productive before the lapse of a year. 
(Real experience in Saudi Arabia indicates that the lag structure in 
government investment whether in this sector or others should be 
about two years.) The same reasoning, a one year lag, is applied to 
the private part of I ^ because most mechanized equipment must be 
imported. And there is no doubt that arranging for the importation of 
an item, such as buses, will take time. However, in the case of non
specialized mechanized equipment, such as taxis, a lag of one year is 
a long one; because most demands for such cars can be met from dealers’ 
stocks. And so, because of the diversity of investment characteristics, 
we took one year as a compromise between 2 years (government invest
ment) and almost immediately productive investment (most private 
investment).

The Manufacturing Sector (MN)
This sector is still in its infancy, and it is the least 

significant in the economy when measured by its contribution to the 
total GDP (Table 23, Statistical Appendix). The output of almost 
all industries in the sector are consumer goods in final form. Inter
dependency, in the sense of the i*"*1 industry’s output being used as

thinput in the production process of the j industry, is almost non
existent. Furthermore, due to the lack of locally available raw 
materials, imports are the source of needed materials. Most of this
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sector’s activities are concentrated in soft drinks» printing and 
paper products, building materials (especially cement), furniture, 
clothing, and lastly food. From this list one can see that heavy in
dustry is totally absent. This is expected in a country which just 
started its modem development in the early sixties, with private 
investors being almost the sole source of capital. However, this trend 
may not continue because the public sector has recently begun to invest 
in directly producing activities such as petrochemical industry.

Empirical studies of the process of production in the manu
facturing sector, whether inter-firm or inter-industry, are based 
mainly on two well-known production functions: Gobb-Douglas (CD)
(Walters, 1963) and constant' elasticity of substitution (CES) (Brown,
1967). Capital stock and labor are the most frequently used factors 
of production in both functions. Capital is usually measured in value 
terms while labor is measured in man years. There are exceptions to 
these measurement practices, especially in labor input. For example 
labor is sometimes measured by the total wage bill in firms or indus
tries (Murty and Sastry, 1957). In the past, most econometric studies 
of the manufacturing sector, whether national or international, found 
that constant returns to scale represented the behavior of production 
in the sector. However, exceptions have begun to surface showing 
increasing returns to scale (Bodkin and Klein, 1967).

In estimating the production function of the manufacturing 
sector in Saudi Arabia, we used the CD function. The first estimate 
is based on time-series data from 1960-1970.
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(5.10) in Y_-t = -.203 + 1.276 In L-T + .164 In K_T R = .99
“  (.080) ^  (.022)

Where: = GDP of the sector in.M.S.R.

= No. of workers in 1,000 of persons 

= Capital stock in M.S.R.

Equation 5.10 is statistically acceptable. The coefficients
2are all significant and of the right sign. The R is high, and the

sum of the coefficients is statistically different from 1, based on 
the size of their standard errors and the application of the t test. 
The equation shows that elasticity of with respect to =
1.276 and with respect to that of capital = .164. Their sum is 
= 1.440, signifying increasing returns to scale in the sector. A 
priori, based on previous studies on the international scene, this 
researcher was of the opinion that, this sector would exhibit constant 
and not increasing returns to scale. When equation 5.10 did not agree 
with our expectations, we hesitated to accept it immediately. And so, 
we restricted the sum of the coefficients to unity and regressed

(5.11) R2 = .96

Equation 5.11 is acceptable. The coefficient is statistically signifi- 
2cant, and the R is high. It shows that the elasticity of output 

with respect to capital stock is equal to .325. And with the



restriction that a + g = 1, it implies that the elasticity of output 
with respect to labor is equal to .675.

The question we are trying to answer is whether or not the sec
tor's production is subject to increasing returns to scale. Certainly, 
equation 5.10 answers in the affirmative, but the findings of equation 
5.11 cannot be relied upon due to the restriction of a + g to unity.

From a survey of most modern factories in the sector (Bashir,
1968), we were able to fit the following equation based on cross-
section data:

(5.12) In Y_t = 1.227 + .418 In L. + .114 In K_. + .449 In R R2 = .97
m  (.102) * (.063) m  (.065)

Where; = Total wage bill in each factory

R = Value of raw materials in each factory 
Number of factories = 37

Equation 5.12, although different from 5.10 (L^ vs. and R) 
supports to some degree the existence of constant returns to scale in 
the sector. However, when we put the two equations (5.12 and 5.10) on 
the same footing to compare the findings of cross-section and time- 
series data the scale characteristic changes.

(5.13) In Y,„, = 2.402 + 1.009 In L + .075 In K,„t . R2 - .90
“  (.148) ” (.116)

Although the coefficient of log is unacceptable accord
ing to conventional statistical tests, equation 5.13, as it stands, 
shows increasing returns to scale. However, the sum of the
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coefficients is not statistically different from 1. Note that we are 
not of the opinion that cross-section studies should agree with time- 
series results, especially as far as the values of the coefficients in 
the function are concerned. It does seem that as far as the type of 
scale is concerned, the two might agree. However, even this last 
statement is questionable. Some past studies (Kuh, 1959) argued that 
cross-section data reflect a long-run phenomenon where most firms are 
adjusted toward their equilibrium levels, while time-series data 
reflect short-run behavior. If we accept that the rate of increasing 
returns to scale will level off with the passage of time, the type of
scale may differ in cross-section studies compared to time-series

, . 10analysis.
Later, we decided that in cross-section data should beMN

measured in value added (i.e., - R) and we regressed log(Y^ - R)

°n L„ and Km -

(5.14) In (Y , - R) - .692 + .917 In L + .160 In K.„ R2 - .80 
“  (.275) " (.271)

Here again, the coefficient of log is insignificant.
But statistically speaking the sum of the two coefficients is not dif
ferent from 1 based on the size of the standard errors (i.e.,

10. This point is based on the relationship between the rate 
of increasing returns to scale and the firm's size, which was found to 
be negative (Brown, 1967, p. 304 and especially footnote 50). If we 
assume that at an early age the size of a firm producing under increas
ing returns to scale will be a function of time, then we reach the 
hypothesis above.
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Hq5 8^ + $2 = 1 and then applying the t test)„ Accordingly, equation 
5.14 shows constant returns to scale.

The above analysis, whether based on time-series or cross-
section data, did not solve the question we tried to answer (i.e., if
there were increasing or constant returns to scale). Equation 5.10, as 
mentioned before, reflects increasing returns to scale, but statisti
cally equation 5.14 shows that constant returns to scale characterize 
the sector. Thus the type of scale is left unresolved. From the esti
mates of the equations, the following observations were deduced:
1. The coefficient of and is high compared to most find

ings of past empirical studies of the CD function.
2. The coefficient of is low by the same reasoning used in (1).

There are two main reasons for such elasticities. First, the 
labor force in the sector has a very high percentage of foreign skilled 
workers. The percentage is at least 50 per cent of the total, accord
ing to a survey of establishments in 1967. Due to this high percentage,
one expects labor productivity to be high. But this reason is not a
sufficient and convincing cause for elasticity of output with respect 
to labor to reach 1.227 as in equation 5.10. Even in industrialized 
countries where most of the total labor force in the manufacturing 
sector is skilled, such high elasticity did not appear. Second, the 
capital stock in our estimates is book value and not capital in use."^

11. Out of 87 factories investigated by this researcher in 
1968, only 3 (all cement factories) could be classified as working at 
full capacity in an engineering sense. Other factories (such as soft 
drinks) are shut completely or partially almost 6 months of each year.
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Assuming that the book value of K is larger than the K in use, we 
could expect the coefficient of log K to be biased downward. This 
measurement in K and the apparent overwhelming effect of L on K 
every time the two factors of production are included in the same equa
tion is most likely due to multicollinearity; so one might be justified 
to claim that both coefficients’ estimates are biased (elasticity with 
respect to L, upward— and that with respect to K, downward).

tion (a) between labor and capital. According to the inventors of the 
CES production function (Arrow, et al.,1961, p. 228) a can be 
measured by the coefficient of the average wage rate (w) in a log- 
linear function:

Equation 5.15’s estimate is based on cross-section data from 37
factories. The coefficient of In w is high compared to available
findings from other less-developed countries (Behrman, 1972, found a = 
.76 in Chile). If such magnitude of the elasticity of substituting 
continues in the future, "labor’s share rises when wage rates increase 
more rapidly than technological procress," (Arrow, et al.,, 1961, 
p. 244). Also, a a = .97 ^  1 gives us confidence in the adequacy 
of the CD production function as representing the production process
in the sector (Cramer, 1971, p. 249).

The above analysis serves to detail the major characteristics 
of the sector. We felt free to use log-linear function for that

Another feature of the sector is a high elasticity of substitu

te.15) =.592 + .970 In w 
(.230)

R2 = .60

f
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purpose. But, when it came to incorporating the sector in the model 
of the economy we shifted to a linear function in the two factors of 
production to avoid any non-linearity in the model. The result was:

(5.16) - -162.659 + 7.99YI^ + .031%^ ^  " •«(.446) (.019)

Amost all production function empirical studies in the manu
facturing sector assume that factors of production are paid the value 
of their marginal product. But, in Saudi Arabia there is no competi
tive market, either in inputs or output. Accordingly, one should not 
be startled by the fact that the relative share of L is much lower 
than the estimated coefficient of . log L in equation 5.14. From the 
data of 51 factories in the cross-section studies, the percentage 
share of the total wage bill in total output is .23. And, if we sub
tract the value of raw materials trom the total output, the share of 
the wage bill in net product is .41. These two percentages are cer
tainly much lower than the elasticity of output with regard to labor 
that we found in equations 5.10 and 5.14. Shall we explain this as an 
exploitation of the labor force in Saudi Arabia? There is, no doubt, 
a degree of truth in this, but one cannot say that this is definitely, 
so without knowing the relative share of K estimated in the two 
equations is the real value. This we cannot prove due to the existence 
of under-employment of K in the reported data.



CHAPTER 6

THE CONSUMPTION FUNCTION 

Introduction
Saudi Arabia is an exceptional case when compared to most less- 

developed countries (LDC). This is so mainly because the country's 
wealth is characterized by being very recent and of a sudden nature. 
Based on these two peculiarities of wealth, the liberal import policy
of the government, and that Saudi Arabia is a less-developed country
one expects the marginal propensity and the average propensity to con
sume to be high. The main reasons for such an expectation are:

1. The country's dependency on imported goods and services in meeting
its demands introduces new kinds of goods and services almost every 
year. The awareness of the existence and the availability of such 
new goods and services in the local market means the demonstration
effect is an important inducement to spend more. Here we are
assuming, of course the availability of the means (income) to
purchase such goods and services.

2. An illiterate individual who suddenly finds himself wealthy is 
more inclined to spend most of his income on consumption than an 
educated person who may be more aware of the importance of saving 
for investment purposes. Certainly this is a short-run phenomenon

100
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because even an illiterate person may learn with time the impor
tance of saving. Based on this shortsightedness 3 and knowing that 
the Saudi Arabian population was almost completely illiterate, the 
liklihood of finding a high marginal propensity to consume (MFC)

. is very probable.

3. Satisfaction of consumption needs, if it is ever achieved, takes 
time to materialize. Therefore, starting from a primitive base of 
consumption, in the sense of limited kinds of goods and services 
in a consumer's basket and recent wealth, one expects that a 
country and its people will at first indulge themselves with high 
and rising total consumption. After that more rational behavior 
may prevail and divert part of the resources from a conspicuous 
type of consumption to investment purposes.

The above three factors can be described as sociopsychologi- 
cal factors and when taken together make a high MFC in Saudi Arabia 
an appealing hypothesis. However, explaining an almost pure economic 
phenomenon with sociopsychological factors is not convincing if 
economic factors are not included in the reasoning. We can theorize 
about the magnitude of MFC and the peculiarities of the consumption 
function in the country based on the experience of other less devel
oped countries, but we have to take the special characteristics of 
Saudi Arabia into account. To this we shall turn.
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12The recent and sudden wealth of Saudi Arabia is based on 

income from oil which is owned exclusively by the government and 
foreign oil companies. Therefores construction of the consumption 
function must reflect the phenomenon that the country is wealthy as 
far as the public sector is concerned, but is as poor as most other 
LDC as far as the majority of the population is concerned„ A con
sumption function which does not consider this dichotomy between pri
vate and public incomes will be of limited use. As a matter of fact, 
it may lead to uninformative and erroneous conclusions, particularly 
about the magnitude of the MFC, as will be shown below.

Before the discussion of the consumption function specification 
and estimates, a few defensive points are in order. It has been sug
gested by most previous empirical consumption function studies (Evans, 
1969, Chapter 3) that:

1. An income or a proxy of it used as an independent or explanatory 
variable in a consumption function should be measured in real and 
not money terms. This is so because a variable measured in real 
terms will better represent the true effect of an independent 
variable on a dependent one, aside from specification errors, and 
will not be clouded by money illusions. We used current GNP, 
because available time-series data of the real GNP is very short, 
even by our sample size's standard. Furthermore, even if the

12. Wealth, in our analysis, is measured by.present official 
GNP statistics. This is a far from exact measure, but we shall use 
the GNP remembering that it is no more than a proxy for the 
country's production of wealth.
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available government GNF statistics in real terms were accurate9 
the difference between real and current GNP is almost negligible, 
reflecting one of the most stable price systems in the world (see 
CDS, The Gross Domestic Product, 1970, Figure 3, p. 3)."*"̂

2„ If an aggregate consumption function is estimated without regard to 
a high percentage of foreign workers in the total labor force, then 
that function cannot be claimed to be truly representative of the 
country. A survey of most business establishments in Saudi Arabia 
in 1967 showed that foreign workers accounted for about 50 per cent 
of the total labor force in some sectors. Thus, we need two 
consumption functions —  one for the natives, and a second for for
eigners. A comparison between the two functions will indicate 
whether there is a significant difference. If the MFC's differ, 
then the aggregate consumption function could, for example, be 
based on the incomes of the two groups as independent variables. 
Another possibility is weighting the coefficients by some measure, 
such as the percentage of foreign workers in the labor force or

13. This investigator does not believe in the statistics for 
the following reasons:
1. Constant prices are constructed on the basis of a very crude Whole

sale Price Index (WPI) which supposedly changed 1.5 per cent per 
annum on the average since 1963 (for this index see Saudi Arabian 
Monetary Agency Annual Report of 1970). One doubts such a percent
age change in WPI in a country that imported almost all its needs 
from abroad (especially from the Western World and Japan), in a 
time of rising international prices.

2. The GDP bulletin itself doubts the validity of such a constant 
value (CDS, The Gross Domestic Product, 1970, p. 46).
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the population. We were not able to do either because neither the 
foreign workers' income and consumption, nor the country's popula
tion are known.

Specification and Estimation 
Having mentioned the above two points, let us turn to estima

tion, keeping in mind that all variables are measured in aggregate 
current terms. They are:

GNP = Gross National Product in Millions of Saudi Riyals 
(M.S.R.)

GNP_^ = GNP lagged one calendar year

C = Total consumption in M.S.R.
C ^ = C lagged one calendar year

Y. - Personal income of rural population (farmers and nomads)
in M.S.R. = GDP of the agriculture sector

Yp = Urban population's personal income in M.S.R. The Yp
and personal disposable income of this category of the 
population, if it were available, would show that they 
are almost equal, because income tax and other taxes, 
although stated in books, are in actuality non-existent.

Yp = Yp + Y^ = Total private personal income in M.S.R.
1
Cp = Total private personal consumption in M.S.R.

Gp = Total government revenues in M.S.R.

Gp_p = Total government revenues in M.S.R. lagged one year

C = Total government consumption in M.S.R.§
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= 0^ + (Cp - Y^) = Government and urban populations' con

sumption (in M.S.R.) after assuming that the rural popu
lation's total consumption is equal to their total 
income (Y^). This assumption is validated later.in the
analysis.

Yqp = Oil companies' share in total oil income in M.S.R.

Period of observation is from 1960-1970.

From the list of variables tried in estimation, one can visual
ize how small is the pool of available variables from which one can
choose. As a matter of fact, the above list is the most disaggregated 
one available, given the present state of the country's statistics.
Some of the variables (Yp and Y , for example) were reached by

1
this investigator only after a few assumptions. Also, from the list 
one is able to see the major components of the economy as we visualized 
them. They are:
1. Rural income and consumption
2. Urban income and consumption
3. Oil companies' income and consumption as an independent entity in 

the economy which affects but is little affected by the country's 
economy

4. Government income and consumption'as independent variables in their
own right. This is so because G and C , unlike those of otherK g
countries, do not reflect a transfer of income from the private to 
the public sector. The causality in Saudi Arabia is the opposite,
since almost all G comes from the oil sector.R
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Because we will be dealing with a short-run MPC (MPCg) and

a long-run MPC (MPC^), let us define them. Given a consumption
function such as: C = a + a_Y + a.C. MPC = cu . This measurest 0 I t  z t—1 s 1
the effect of a change in Y in period t on C in the same period. 
But the MPC^ has to be derived on the assumption of a stationary 
state where C^ = C^_^ (Malinvaud, 1970, Chapter 4; or Cramer, 1971,

sct iChapter 8). Based on this assumption MFC = ttt- ----------» In ourL di oL ̂ i --- — —̂
ai 9Ct-iexample, then, MPCT = •=-----  .

2
In estimating this function, we started from the simplest 

specification and gradually built more acceptable functions from which 
we chose the one considered to be best. The criterion was to reflect 
the real characteristics of the economy as much as possible and the 
ability of the specific function to predict. Of course, the statisti
cal significance of each coefficient was embodied in this criterion 
of judgment.

(6.1) C = 814.168 + .469GNP R2 = .99
(•008) MPCT = MPC = .469Li S

Equation 6.1, at first glance, looks pretty good: the sign of
the coefficient is as expected a priori; the standard error of the

2coefficient is very low and the R is almost equal to one, signify
ing that the independent variable explains almost all the variance of 
the dependent variable. Despite all these favorable signs, equation
6.1 underestimated the actual consumption worse than any estimated



107
equation. An MFC = .469 is low and tells us very little about the 
consumption function of the country. The reasons are:
1. According to Table 25 in the Statistical Appendix, the annual MFC's 

fluctuated between approximately .50 and 1.2 in eight out of ten 
years. There was an annual MFC equal to 1.2 in 1968. The proba
ble reason was an increase in government withdraw! from the reserve 
fund in the face of a slow rate of growth in oil income because of 
the 1967 war in the Middle East. The simple average (excluding
1968) of the annual change was .60. In the remaining two years 
(1965, 1966), the annual MFC's were .40 and .35, respectively. 
These last estimates cast great doubt on all the consumption data 
because: they are low compared to the other MFC's; and, more 
importantly, the government cash expenditures in 1965 and 1966, in 
particular, as a percentage of government revenues were the highest 
in the period 1964-1970 (see Table 4 in this chapter). Therefore,
we believe that part of the low MFCT = MFC = .469 ~ .47 to beL s —
deficient statistics.

2. MFC "47 is biased downward due to "considerable variations in 
the distribution of income" (Malinvaud, 1970, p. 133). There as no 
doubt that unequal distribution of income does exist in Saudi 
Arabia, but the extent of the inequality is no more than a guess at 
this stage of the analysis.

Equation 6.1 was rejected because it leads to underestimation 
of the aggregate MFC and its informative power is really very limited. 
Then we introduced lagged GNP and C as:
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MPC MPCt   L
.346 .482

.321 .494

A few interesting results, not unexpected based on previous empirical 
results (Zellner, 1957)"*"̂ , emerge from equations 6.1.1-6.1.2.
1. MPC increased by about the same percentage point, from ^  .47 to 

.48 to .49.
2. The coefficient of the GNP dropped appreciably with the introduc

tion of GNP_^ and C_^.
3. The introduction of GNP_^ demonstrates: first, that its effect on 

C is almost negligible; and second, that it leads to an increase 
in the standard error of the coefficients, making the coefficients 
statistically not different from zero.

4. The inclusion of lagged consumption (Brown, 1952) in the function 
demonstrated how effective past consumption is as an explanatory 
variable for present consumption.

5. Residuals of 6.1.2 are smaller; and those of equation 6.1 are the 
worst. It is no wonder, then, that 6.1.2 resulted in the best fit.

14. We are aware that Zellner’s findings (and most literature 
cited there) were based on variables different from ours (i.e., real 
value vs. current value). Also, most data used there were of a quar
terly nature vs. our annual measure. However, with regard to this last 
point, he seemed to minimize the difference between a C function 
based on quarterly data and that based on annual data (see his refer
ence to Brown's findings, p. 566).

R2
(6.1.1) C = 810.337 + .346GNP + .136GNP.

(.204) (.225)

(6.1.2) C = 522.676 + .321GNP + .350C .99
(.135) (.320)
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From equations 6.1-6.1.2 we reached two conclusions; first, 

that C_2 is a powerful explanatory variable and should be included in 
the specification of the function; second, that a simple equation such 
as 6.1 cannot be expected to give adequate results. Next, we turned to 
the disaggregation of income into its major components as listed on page 
105.
(6.2) C = 878.781 + .277G + .947Y - .058Y + 1.109Y R2 = .99

(,063) (.165) (.086) (.519)

Every coefficient in 6.2 is significant and of the correct sign,
except Y^p. We don’t need to go into detail, because we rejected this
equation. However, it serves a purpose in showing us that Y ^  does not 
belong in the consumption function. Most probably, its direct effect 
is already accounted for through Yp. We estimated:

(6.2.1) C = 417.396 + .2460 + .539Y + 1.073Y + .3080  ̂ R2 = .99
(.060) (.231) (.548) (.217)

Contrasting equation 6.2.1 with 6.2, one is inclined to claim some 
improvement based on:
1. The residuals of 6.2.1 are smaller than those of 6.2.
2. MFC of G from 6.2.1 = .355 is more acceptable than .277 in 6.2;

also MPCp of Yp from 6.2.1 = .779 compared to .947 in 6.2.
Again, we are tempted to accept this latter MPC^ for the time 
being.

3. The shortcomings of 6.2.1 are: first, the coefficient of C_p is
not significant; second (which is also true of 6.2), the MPCT of
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is still greater than 1. The only rational explanation for 

MFC greater than 1 is that there is a huge transfer payment from 
either the government or urban population or both to the rural popu
lation. Because the country's income account does not report trans
fer payments to the rural population, some general observations 
might offer insight. We are definitely certain that almost all the 
government's transfer payments are still concentrated in the urban 
centers. Furthermore, their amount is insignificant even if they 
were transferred completely to the rural population. Regarding the 
urban population's transfer payment to the rural population, we are 
uncertain. But we are sure of one thing. Most National Guard and 
lower-ranking armed forces personnel are of rural origin, primarily 
bedouins. There is no doubt that these personnel transfer some 
undetermined amount of funds to their rural relatives. Here again 
a sophisticated guess induces us to believe that even this transfer 
cannot explain why MFC of is greater than 1.

The disaggregation of income into its major components undoubt
edly improved the specification of the consumption function and pro
duced some interesting results as discussed above. This was so despite 
the fact that in each equation (6.2 and 6.2.1) one coefficient was 
statistically insignificant. Faced with such interesting but unsatis
factory results, we turned to the disaggregation of total, consumption 
itself:

(6.3) C 2 (L, + Cr g
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(6.3.1)

(6.3.2)

. Equation 6.3.1 suffers from the fact that the parameter of 
is insignificant: otherwise, we can accept it. Note that, for all
practical purposes, MFC with respect to is equal to one. However,
this is not the end of the story. Equation 6.3.2 when contrasted with
6.3.1 validates strongly the contention we made in the discussion of 
aggregate C in equation 6.2. That contention was that Y ^  does not 
belong in the consumption function of the country. Here, by 6.3.2, we 
see also that it should not even be included in the private consumption 
function, because the effect of Y ^  on C or Cp is already account
ed for through Yp. The proof of such an idea is very strong due to 
the fact that the inclusion or exclusion of Y^p (6.3.1 and 6.3.2) does
not change the remaining parameters significantly. As a matter of fact

15they remained almost the same, and the constant changed very little. 
Furthermore, the exclusion of Y q ^ led to a better estimation of the

15. Apparently, the increase in the intercept by about 9,1 
from equation 6.3.1 to 6.3,2 absorbed a major part of the effect of 
Yqp on Cp. However, if this increase measures the true effect of Y^p
on Cp, then Y^p is an insignificant variable in the C^ function to
begin with, as such a small effect does not justify its inclusion. An 
interesting observation about the increase in the intercept is that it 
is almost equal to 5 per cent of the total wage bill paid by the oil 
companies. The countryrs national account statistics subtracted from 
total wages and salaries paid by the oil companies is about that. This 
represents the amount of wages paid outside of the country by oil com
panies.

£
Cp = 1165.680 + .403Y + .004Y + 1.015Y .99
e (.025) (.019) (.111)A

Cp = 1174.752 + .408Y + 1.007Y .99
^ ( nnov f noa')
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parameters by their all being significant; and the MFC of was
reduced further, making it nearer to unity than ever in this analysis.

From equation 6.3.2, we are led to believe that disaggrega
tion of consumption and income gives more acceptable parameter esti
mates, and it provides more informative results about the private con
sumption function. One of these results is the extreme inequality 
between the MFC of the urban population and that of the rural areas 
(.408 vs. 1*0, respectively). Such inequality, as far as this 
investigator is concerned, can be explained by:
1. The urban population contains a high percentage of non-Saudi 

nationals whose main aim in being in the country is to work and 
save as much as possible. Therefore, the MFC in the urban centers 
must be lower than in the rural areas. However, this reason is not 
enough to explain the high difference between the two areas.

2. We mentioned at the beginning of the consumption function discus
sion that unequal income distribution exists in Saudi Arabia, but 
we were not able to say how extreme it is. Here, we are almost 
obliged to admit that the most probable explanation of such a high 
difference in the MFC's is an extreme inequality in the distribu
tion of income. (This conclusion should be looked at with caution 
due to the deficiency of data.)

Equation 6.3,2 does not tell us the precise magnitude of the
0.

MFC in the private consumption function (MPC^). To get MPC^, then, 
we estimated the following function:
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(6.3.3) Cp = 801.333 + .254Yp + .485Cp_1
(.054) 1 (.132)

Equation 6.3.3's parameters are all significant by any conven
tional statistical test, and the equation gives an almost perfect fit.
It also shows the importance of lagged consumption in determining the 
Cp function in the country. From it, too, one sees that MPCg = .254
and MPC_ = .493. This last MFC (i.e., MPCL) clearly shows how little L
weight rural consumption exerts on the total MFC of the private con
sumption function. Interestingly enough, when the coefficient of Yp 
in equation 6.3.2 is compared to the MPC^ of 6.3.3, the difference is 
almost exactly the contribution of the agriculture sector's GDP to 
the total GDP. This might be due to an assumption, made from the out
set, that the C of the rural population is equal to the GDP of the
agriculture sector.

Having determined Cp, it is time to turn to G .
R2

(6.4) C = -21.877 + .242G + .6340 . .99
8 (.054) (.109)8

(6.4.1) C = -61.344 + .294G + .278G .99
8 (.083) (.089)

Both the C equations are excellent. They give a very good
fit statistically as well as making sense economically. We cannot,hope
for better. 6.4 shows, as we have already seen in the Cp function,
how important is previous consumption in the government. In most

R_
.99 \  = yp +  ya
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governments’ budgets, when new expenditures are introduced in period t,
the probability of these new expenditures being continued in period
t_j_̂ is high. If this is so, one is inclined to state with confidence
that in Saudi Arabia such a probability will be almost unity. From the
employment side alone, the government is the major employer in the
country. There is an open-ended situation where the government force
almost has to increase every year to absorb a high portion of the new
entrants to the labor force.

Equation 6.4.1 reflects the effect of the government's past
revenues (G_ -) on C in period t. In most years since 1960, theR-l g
government has not been able to spend all its revenues in the same year. 
The remainder, usually, is transferred to the reserve fund to be used 
when needed. In 1965 and 1966 government cash expenditures (GC) as a 
percentage of those two years’ GR were 109.9 and 110.1 per cent, re
spectively. The gap between GC and G in those two years was 
closed by the withdrawl from the reserve fund of 133 and 165 million 
Saudi Riyals. Given this kind of reserve and the liberty to withdraw from 
it, G^ ^ certainly must affect C^. Now let us turn to the specific 
results of the two equations:
1. The short-run MFC (MPC^) in 6.4 < in 6.4.1 (.242 vs. .294).

This is expected, as we mentioned before, based on previous studies 
and is confirmed by the Cp function. We believe that both of 
them are low due to the introduction of lagged variables.

2. The most interesting result is the MFC®. In 6.4 it is = .661 
and in 6.4.1 = .572. The question, then, is which is the best
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estimator of the true MFC®. In a sense, this means which equation 
(6.4 or 6.4.1) better represents the government consumption func
tion. This researcher is inclined to accept 6.4 for the following 
reasons:
a. Eight out of eleven residuals of 6.4 are smaller than those of

6.4.1.
b. Although all parameters in both equations are significant, 

certainly thbse of 6.4 are more so than those of 6.4.1.
c. The most recently published government statistics support an 

MFC® = .661 rather than .572. This is the main reason why we 
accepted 6.4. Table 4 (page 116) summarizes in percentages the 
budget since 1960. There are four sections in the annual budget.
The first three are referred to as the current budget (AC, column 5), 
the fourth is the development budget (DB̂ , column 3). AC includes 
wages and salaries plus maintenance, furniture, etc., and in practice 
is taken as Ĉ . DB^ is the government allocation for capital forma
tion (1̂ ) purposes. We are certain that these distinctions are not 
exact. AC’s part includes some items which should be classified in
I , and by the same token, some items in DB. should be included in AC. g  ̂ A
These ideas have been recognized by the government itself, but 
apparently nothing has been done about it —  maybe due to off
setting effects (SAMA, 1971). Until now, our discussion of

16. One may ask why we did not incorporate them in the model. 
The reason is simply that they arrived after all the calculations had 
been done. These latest figures, in reality, would not have changed 
our findings, because a separate C was not included in the model.



116

Table 4
Allocated Government Revenues (G^)$ Allocated and Actual Development 

■ .Budget (03 ,̂ DBc), Allocation for Current Expenditures (AC) and 
Government Cash Expenditures ( G C ) A l l  in percentages.3

(1)

Year

(2)

gr

(3)
DB. as A
% of G^

(4)
DBC as
% of DBa

(5)
AC as
% of Gr

(6)
GC as
% of G ■

(7)
C as S
% of Gr

1970 100.0 45 80.6 55 90.8 54.5
1969 100.0 47 72.3 53 89.2 55.2
1968 100.0 45 79.3 55 96.1 60.4
1967 100.0 35 45.9 65 90.9 74.8

1966 100.0 36 52.6 64 110.1 91.1
1965 100.0 39 47.6 61 109.9 91.3

1964 100.0 26 47.8 74 90.4 78.0
1963 100.0 23 N.A.C 77 IT. A.
1962 100.0 19 IT.A. 81 IT.A.

1961 100.0 17 IT.A. 83 IT.A.
1960 100.0 7 IT.A. 93 N.A.

Source; SAMA’s Annual Report, 1971.
a. Data used to construct these percentages is placed in the 

Statistical Appendix, Table 25.
b. GC does not include the Saudi Arabian government’s financial aid 

to some Arab countries, which began in 1967. Such aid has amounted 
to 10 to 12 per cent of the G^ per year.

c. N.A. means not available.
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DB^ and AC is in terms of appropriation. To get actual
government total consumption, the following simple equality will 
do: 0^ = GC - DB^ (DB^). This means what is not actually
invested out of GC must he consumed. Based on this simple 
equality, we constructed column 7 as equal to the percentage of 
annual in Ĝ . Comparing column 7 with 5, we find the
actual Cg > the appropriated C^ in all years except 1970. 
Due to the fact that GC is an actual expenditure, this in
equality means that part of the unspent percentage of DB^ has 
been transferred to close the gap between the appropriated and 
actual Cg*s (certainly, the reserve fund can be utilized, 
too). If our simple equality is valid, then, this investigator 
will be hard pressed to find any item of expenditure to be
included in GC that is not in I or C . All this leads tog g
the fact that published figures of total C^ are highly under
estimated.
From the Cp function we found that MPcj? = .49. But, in

light of the Cg discussion, even this MPcj? probably is subject to
error (most likely, underestimated). The reason for such a conclusion
is simple. If C , which can be estimated from available government g
budget data, showed this much underestimation, it stands to reason that 
the probability of error in measurement of Cp is even greater. For 
one reason, Cp data are not based on surveys or sales records. 
Furthermore, the Cp estimate is based mainly on the consumer goods 
portion of imports and the agriculture GDP, the latter being only



approximate. But let us accept the as being based on the best
available statistics. From the discussion, we also convinced our
selves that an MPC*F = .66 is more valid than .57.

Due to the low number of observations (i.e., 1960—1970), we 
tried to avoid increasing the number of predetermined variables in the 
system. Accordingly, we did not split C into and despite
our belief that such disaggregation is desirable. At any rate, the 
search for a single equation consumption function continued. We were 
looking for an equation which would be aggregate enough to result in a 
good estimate of C and to give more information about consumption 
from different incomes. Based on these two criteria, especially the 
first, we were obliged to compromise even if doing,so conflicted with 
results we believed valid based on C and Cp functions.

(6.5) C. = 583.879 + .234G + .470Y +> .406C1 . R2 = .99
1 (.049) (.204) (.169)

(6.6) C = 623.128 + .204GR + .516Yp + .415C_^ R2 = .99
0LS (.053) (.246) 1 (.212)

(6.6.1) C = 588.528 + .194Gr + .487Yp + .4510^ R2 = .99
2SLS (.072) (.320) 1 (.282)

Where: Cp = government’s and urban population’s consumption

Yr = urban population’s personal income

C = Total consumption



119
Table 5

Marginal Propensities to Consume

Equation MPCSs MPC® MPCPs
pmpc£ piMFCs

P1MPCl V p V Pl

6.5 .234 .394 .470 .791 —•— -— .99
6.6 .204 .349 — — —— .516 .882 — .99 ***■“-

6.6.1 .194 .353 ——— —— .487 .886 - — .99

Source; Equations 6.5, 6.6 and 6.6.1.

A few comments about equations 6.5-6.6.1 and their summary table are in 
order:
1. All parameters in 6.5 and 6.6 are statistically significant. In the

2SLS estimate of 6.6 only the coefficient of G„ is significant.
But we were not worried about such insignificance, because, as 
Table 5 shows, the parameters' values remained almost the same. 
Equation 6.6 and its 2SLS estimate are the one's used in the deri
vation of the model's reduced form. We felt 6.6 was the best 
aggregate consumption function we could derive. Also, it is superi
or to a specification of C = f(GNP) in the sense of best fit and 
more information.

2. All equations had lower estimates for MPC^ and MFC® compared to
equations 6.4 and 6.4.1 on page 113.

p3. Equation 6.6 and its 2SLS estimate over-estimated the MFC and
P P1 P1 SMPC^ (referred to as MPCg and MPC^ in Table 5) compared to

the findings of equation 6.3.3 on page 112. Even equation 6.5
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overestimated both parameters compared to 6.3.3, although the com
parison is not as valid due to the presence of Cp vs. and
Yp vs. Yp , respectively.

1
What rational explanation can one advance to explain observation 

2, in particular? Here we are almost certain that high multicollinear- 
ity between G and and G with Y exists. If we take theK  i: ix r  2
simple correlation coefficient (r Y s r y , etc., in Table 5) as an

Sr P grXP1
indicator of the presence or absence of multicollinearity between these 
variables, then one is led to believe that such a phenomenon is present. 
If Gp and Yp or Yp are included as independent variables in the

same equation, the effect of one of them will be to overwhelm the 
other’s effect on C- or C (in our case, Yp or Y overwhelmedi r fp
G ). One may wonder, then, why we did not.exclude G from equationix ix
6.6. There are two main reasons:
1, The effect of Gp on C is still significant, no matter how low it 

is in absolute magnitude..
2. • Formulating equation 6.6 as it stands is superior to a formulation

which excludes either Gp or Y . This is due to the fact that
*1

this specification reflects the real separation between the public 
and the private sectors.

There is no doubt that further refinement of the consumption 
function is desirable. But, given the state of available data, the 
above analysis is the best we can presently achieve. We refer to analy
sis of this function and not to an equation or a model for this function
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deliberately. This is because our most important goal, as we mentioned 
in the introduction of the dissertation, is not only to construct an 
econometric model, but in addition and more importantly, to use result
ing quantification to uncover the structural aspects of the economy and 
interdependency among the sectors. This is why we felt it appropriate 
to go through such a detailed analysis of the consumption function. In 
almost every estimated equation we uncovered something new about the 
consumption function. And, as the disaggregation was applied exten
sively, we feel that we put our fingers, as near as possible, on the
main characteristics of the consumption function in the country. It
might be useful to summarize them:
1. Saudi Arabia is not different in its consumption habits from most

other less-developed countries. The majority of its people (i.e., 
rural population) save almost nothing —  a characteristic which 
cannot be discovered from a simple aggregate consumption function
(i.e., equation 6.1, p. 106).

2. Although the MPC of the majority of the population is extremely 
high, due to their low percentage share in the GNP, their MPC 
exerts a small effect on the private consumption function (equations
6.3.2, p. Ill and 6.3.3., p. 113) in particular and the aggregate 
consumption in general.

3. Lagged consumption is an important independent variable in the con
sumption function.

4. The actual MPC^ cannot be less than .57, and we are inclined to 
accept .66 as the best estimate (equations 6.4 and 6.4.1, p. 113)—
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still very low, by the standards of most governments. As far as 
the MFC® is concerned, we are not very certain due to the biased 
estimate of the MFC® caused by the introduction of lagged vari
ables. However, almost all estimated functions, whether the aggre
gate or the government1s alone, placed the MFC® between .20 and 
.29 (equations 6.4, 6.4.1, p. 113 and Table5, p. 119). Therefore,
MPC^ = .24 is acceptable. This is not because it is almost the 
simple average of .20 — .29, but rather due to its value in equation 
6.4 (p. 113), which we considered the best estimate of the govern
ment’s consumption function.

5. So far, we have not given a concrete answer to the value of the
country’s MFC^. We rejected an MPC^ v. »5 from equations 6.1.1—
6.1.2 (p. 108) as too low. But now, and especially due to the 
informative results of the disaggregation (Ch and Cp) and equation
6.6 (p. 118), we are able to give an estimated value for MPC^ 
which we regard highly. MPC^ is approximately equal to .6 based
on the following analysis: p

MFC® + MFC
From Table 5, p. 119 (in reference to equation 6.6) ----- —̂ --

is equal to .61. This is too simple a procedure for explaining the 
country's MFC^. But we also found, from the disaggregation analysis, 
that MPC^ = .49 and MFC® = .66, with their simple average approxi
mately equal to .58. Again, we reasoned this is crude and may be due

17to an accident of luck. Accordingly, we tested the following equation

17. Government consumption is almost equal to 50 per cent of 
total consumption which makes the simple average applicable.
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which convinced us, at last, that MPC^ .6.

(6.7) C = 532.054 + .228Y* + .6220  ̂ R2 = .99
(.052) (.112) •L * m

R P1

Equation 6.7 from statistical as well as economic analysis is 
almost perfect. The parameters are significant by any conventional 
test; the signs are valid; and the fit is excellent. Also, equation
6.7 gives MPG^ = .607 which confirms the simple observations we made.
What about the MPCs? Here we are not on as solid ground as in the case
of MPC^. The simple average gives us ^  .25 from equation 6.3.3
(p. 113) and 6.4 (p. 113). But from Table 5, it gives .36. Lastly,
MPCg -23 from equation 6.7. Certainly, the difference between 6.3.3 
and 6.4 compared to equation 6.7 is small. But the result from Table 5
based on equation 6.6 differs greatly. And so, the MPCg is a matter
of conjecture. This researcher is inclined to accept MPCg = .36, 
rather than .25 or .23. This is based again on the information we
gained from disaggregating C into C and Cp , plus the high inter-8 r
dependency between and in equation 6.6. From 6.6 MPCg =
.204, but it is = .24 from 6.4. The difference really is not great.

pHowever the MPCg from equation 6.6 = .52, but it is = .25 from
6.3.3. Certainly here the difference is substantial. So, we can say

2 pthat equation 6.6 underestimated MFC and overestimated MFC ,s s’
because Y^ overwhelmed G^’s effect on C. We have a feeling, that 
although this might be attributed exclusively to high multicollinearity 
between G^ and Y^ , it may be explained by a hidden reason. From



6o5? MPC^ = .23, nearly the same as we found it in equation 6c4 (i.e., 
.24); but it dropped to .204 when we included the agricultural popula
tion* s consumption in equation 606. Knowing that MPC^ = MPC^ in the 
agricultural area, its inclusion in consumption in equation 6.6, along
with the multicollinearity, led to an underestimation of MPC^ and an

Poverestimation of MFC .



CHAPTER 7

IMPORTS AMD GROSS FIXED INVESTMENT 

Imports (M)
Few countries in the world depend on foreign trade as does Saudi

Arabia. We have seen that the country has to export almost all of its 
oil production (the Oil Sector chapter). For all practical purposes, 
oil export is the country*s total exports. The import side (M) of the 
foreigri trade sector is a dominant factor in meeting the country's needs 
for goods and services. The primitiveness of the economy in meeting 
the country*s total consumption and the importance of oil as a source 
of foreign exchange make Saudi Arabia almost totally dependent on the 
international market.

There are two main indicators to quantify in supporting the 
argument discussed above: marginal propensity to import with respect
to the GNP (MPM) and the marginal propensity to import in relation to 
total exports (MPX).

(7.1) M = -411.194 + .259GNP 
(.014)

98

(7.2) M = -390.334 + .355X (.021) .98

Equations 7.1 and 7.2 show that MPM ̂  .26 and MPX .36. 
Certainly both coefficients are significant by any conventional test.

125
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The amount of leakage due to import with respect to GNP and X is 
~ .26 and •36. These coefficients are not high when measured rela
tive to X earnings (see Table 15, Statistical Appendix). However, 
the earnings from exports is not the property of the country alone, be
cause the oil companies' share is included. We don't have completetime- 
series data of the share of oil companies in imports, but certainly it 
is not as high as an X which °̂ 0. Accordingly, the amount of leak
age due to imports with respect to X should not be measured by MPX 
in equation 7.2, but by the coefficient which is the result of regress
ing M on X (excluding the oil companies* share in both M and X). 
Most probably, this coefficient will fluctuate between .5 and .6 (SAMA, 
1971, pp. 228-234). This is still a relatively low coefficient compared 
to most less developed countries.

Whether this sector's characteristics are a curse or a blessing 
for the country is hard to say. So far the country has been lucky 
because the international market for oil in particular has avoided any 
major crisis. One may wonder for how long the kingdom will remain in 
such a position and how healthy, economically, such a situation is.
No one wants to suggest that there is a need for tightening belts' in 
order to reduce imports, but with economic development as the ultimate 
goal, some kind of a rational policy to encourage local production of 
some imported commodities is needed. For example, the kingdom imports 
cement for construction activities. The percentage of local production 
to total consumption increased from 26 per cent in 1960 to 59 per cent 
in 1970 (SAMA, 1971, p. 106). This is an improvement. But the three
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local factories have been unable to meet the country’s demand for cement 
despite the fact that they are working at full engineering capacity 
(i.e., 24 hours). Raw materials are available and certainly the govern
ment has the needed funds if the private sector is unable to raise the 
required capital for either the expansion of existing factories or the 
establishment of another. One is pleased to see that the Development 
Plan, 1970-1975 made this proposal. There are other imported commodi
ties (i.e., tomato paste,glass, tires, etc.) where most needed raw materi
als are available and where high technical skills are not required, 
which can be produced locally.

Equations 7.1 and 7.2 are simple import functions. We tried 
different functions, including price index of imported materials, and 
lagged GNP and X; but we were unsuccessful in deriving an acceptable 
equation.

(7.3)

(7.4)

We tried to rationalize the introduction of (M_^) in equations
7.3 and 7.4 by an expectation hypothesis. One expects that a country's 
imports, at period t + 1 (M^^) would be nearly equivalent to M at 
period t. Certainly such an idea does hot exclude the possibility of 

< Mt (especially due to inventory changes). As a matter of fact 
t̂-f-1 > . *s the true representation of imports of Saudi Arabia since

One such trial is:
R2

M = -392.573 + .243GNP + .073M . .98
(.086) (.393)

M = -306.153 + .228X + .396M_1 .98
(.082) (.271)
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1960, except in 1967—1968 when —  ̂ 1968 C2258.3 to 2212.4
million Saudi Riyals). However, the coefficient of in both equa
tions is not different from zero by any conventional test. But equations
7.3 and 7.4 confirm our beliefs about the MPM and MPX in 7.1 and 7.2. 
In the latter equations, the long-run MPM and MPX equal those in 7.1 
and 7.2.

Finally, we selected the following aggregate import function to ■ 
be included in the model:

. £
M = -388.056 + .212Yn + .277Y .99

(.122) (.270) 1

M - -497.695 + .074YQ + .577Yp .98
(.152) (.331) 1

Where: Y = personal income in M.S.R.
*1

Yq = gross income from oil in M.S.R.

We accepted this import function despite the high standard error of
each coefficient, for the following reason: The economy of Saudi
Arabia exhibits one of the most clear separations between the private
and public sectors, and the above function represents this very well.
(The coefficient of Yq is the MPM of the public sector and oil
companies; the coefficient of Y_ is the private counterpart.)

1
Before ending the discussion.of the import function estimate, 

one would like to add a note about the findings when we disaggregated 
total imports.

(7.5)
OLS

(7.6)
2SLS
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C7‘7) M H M F + MB1ac + MB + Moth
Where: = Total imports of food in M.S.R.

M^ac = l°tal imports of machinery, including consumer durable

Mg ” Total imports of building materials

M ^  = Total imports of others (textiles, chemical, etc.)

(7.8) Mp = -20.245 + .544Mf_1 + .137Yp R2 = .99
(.216) (.047) 1

(7.9) M = 54.134 + .310M.. + .7421__. . R2 = .97
maC (.220) ( . H O ) ™ " 1

Where: = Total import financing of machinery in M.S.R.

T̂MA. == Total investment in Transportation, Manufacturing and
Agriculture sectors.

R2
(7.10) M_ = -10.243 + .SSIW^ + .282Ip . .96

B (4.539) (.195) 1

Where: Wp = price index of building materials

Ig = gross investment in construction sector

(7.11) M . = 98.321 + .128Y + .234M , R2 = .95
°th (.054) (.344)

Equations 7.8-7.11 with the identity (7.7) give the best fit 
for the aggregate import function, and most of the coefficients are 
acceptable. The least satisfactory equations, based on the statistical 
significance of their coefficients, are 7.10 and 7.11.

At any rate, we were unable to incorporate this disaggregation 
in the model for the following reason: The disaggregation of imports
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increases the number of predetermined variables in the system, which in 
the light of our small sample size makes the use of 2SLS difficult. 
(The difficulty involved in a 2SLS estimate in the presence of such a 
phenomenon is discussed under estimation procedures in chapter 2).

Gross Fixed Investment (I)

Introduction
Investment in Saudi Arabia is characterized by two features:

1. At least 50 per cent of the annual gross fixed investment, since 
1960, has originated from the government budget (Central Planning 
Organization, 1969). As expected, almost all government investment 
has been in social overhead projects (roads, hospitals, schools, etc.)

2. Most investment in the country (private as well as public) is going 
into construction activity (houses, roads, etc.). The only excep
tion is an insignificant amount of the total investment (Statisti
cal Appendix) which went into the small manufacturing sector.

The above two features of investment in the country make con
struction of an investment function(s) almost impossible if we follow 
traditional economic theory. The theory, and especially empirical 
studies about industrial countries, specifies that interest rate, pro
fit, total sales, income of a sector or a country, mortgage rates, etc. 
(Kuh, 1971), should be used, selectively or in combination, as indepen
dent variables. Most of these variables, even if statistics were 
available, would not be seen as the main factors in explaining invest
ment in Saudi Arabia. This is so because most of these variables are
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Irrelevant to Investment as far as the governmentts investment is con
cerned and possibly in the case of the private sector's investment also.

For example, we don't believe that the absence of an interest 
rate or profits from our estimated investment functions reduces their 
validity. As a matter of fact, we believe the opposite. There is no 
doubt that interest rates exist in Saudi Arabia despite all the laws 
against them. But, as we said before, such a variable is not a deter
minant of investment in the country. The government's part of invest
ment gives the best grounds to support this contention. Due to the 
abundance of government revenues which come from oil and the confidence 
they generate in decision makers' minds, no social preference rate 
(i.e., discount rate) was ever applied to determine whether or not a 
public project should be adopted. We are dealing here with government 
investment decisions which derive their justification from the country's 
physical needs for highways, schools, hospitals, etc. And given the 
wealth of the government, these projects will be implemented (political 
reasons aside) whether they are profitable or not.

As far as private investment is concerned, we cannot be as sure 
about the effect of interest rates or profit as we are in the govern
ment sector, but we find support in the abundance of idle funds 
(savings) here. The Industrial Studies and Development Center (a 
government agency) found in 1969, after surveying almost all manufac
turing establishments in the country, that most factories were managed 
and financed by the owner (usually, a family). 80 per cent of invested 
capital in all surveyed factories was the owner's capital (i.e., no
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borrowing). Given such a finding, one is inclined to discount the 
interest rate, in particular, as a determining factor in investment 
decisions.

Specification and Estimation
From the analysis in the introduction we are left with one main 

variable to explain investment functions. This variable is either pri
vate or givernment income, or both. We split gross fixed investment 
into three parts:
1. = gross fixed investment in the Transportation and Communica

tions sector.
2. I = gross fixed investment in the Construction sector.

3. = gross fixed investment in the Manufacturing sector.

The following independent variables were used in the investment 
functions:
Y - = GDP of Transportation and Communications sector lagged one year,

in M.S.R.
^MN-1 = of Manufacturing sector lagged one year, in M.S.R.

Y = Total private personal income, in M.S.R.
*1
G^ = Total annual government revenues, in M.S.R.

^AITC ” Government6s annual appropriation for investment in the Trans
portation and Communications sector, in M.S.R.

G^ics = Government's annual appropriation for investment in the Con
struction sector, in M.S.R.

G = Government's annual appropriation for investment in the Manu
facturing sector, in M.S.R.
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Using the OLS and 2SLS estimates, we derived the following 

equations for gross fixed investment:
R2

(7.12) I_p = -159.714 + .265G,TTft + .541Y .98
OLS TC (.254) (.194) 1

(7.12.1) IT„ = -170.745 + .219G,Ttr_ + .576Y .98
2SLS ■ (.268) (.206)

(7.12.2) G.— , = -189.177 + .155G_ .96
OLS AITC (.014)

(7.12.3) G = -193.531 + .157G .96
2SLS AliL (.013)

(7.13) I g = -493.373 + •528GAICg + -406Yp .99
0LS (.134) (.054) 1

(7.13.1) = -493.592 + .528GATPC + .406Yp .99
o q t  Q  L b  AJ-Ob r.
2SLb (.138) (.055)

(7.13.2) GATnc = -323.629 + . 245G_, .96
OLS AICS (.021)

(7.13.3) Gat_q = -325.232 + .246Gp .97
2SLS A1Ub (.020)

(7.14) ^  = -5.867 ^ . 7 3 6 ^ . 3 0 8 ^

-6.162 +(;7180AIMi, . 3 1 3 ^

(7.14.2)
OLS GAIMN 7,667 + (,o20)AICS .74
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R2
=a™ - 7-972 +( :”2> = s

Equations 7.12, 7.13, 7.14 and their supporting equations-are 
the investment equations we included in the model. Their coefficients 
are of the right signs, and they are all statistically significant, 
except the coefficient of G.__ in 7.12 and its 2SLS estimate. TheAJL1L#
2R *s are high, except those of 7.14.2 and it's 2SLS. Based on these 
favorable outcomes, we believe the specification of gross fixed invest
ment functions in Saudi Arabia works, and it reflects the sources of 
investment as accurately as the available data permit. Here a few 
specific observations are in order:
1. One expects the coefficient of (equation 7.12) to be higher

than that found, because government investment in the sector is at 
least 50 per cent of total investment. A marginal propensity to 
invest (MPI) .265 out of the is low. It should be higher
since all funds are considered for investment by the govern
ment. It is low because: 1. There is a strong multicollinearity
between and G^.^, (based on a simple correlation coeffi
cient) in which the former’s effect overwhelmed the letter's impact 
on ijQ? and 2. This is also a relevant comment in regard to 

^AICS ant* ^AIMN* ^bese government investments are allocations 
rather than actual expenditures for investment purposes. In all 
years since 1960, the G^^’s > actual government investment.
As a matter of fact, the highest percentage the government was able
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to actually spend out of the development budget was 80 per cent in 
1970. Before that year, and especially from 1960-1968, the percent
age fluctuated between 40-60 per cent. Based on the inability of 
the government to spend that which was allocated for investment in 
most years, one should not be shocked by the low coefficients of the 
G^ifs. Economists were justified in their emphasis on a country's 
absorptive capacity (Adler, 1965). Availability of funds for in
vestment purposes is important to generate economic growth, but 
what matters more is how much of the available funds a country actu
ally spends for investment. The Saudi Arabian government's appro
priations for capital formation is a concrete example of such 
limited absorptive capacity, if for no other reason than the short
age of complementary inputs such as skilled workers and efficient 
decision makers.

2. In the consumption function estimate, we found that the MFC with
respect to Yp was alomst .5. Here, from equation 7.13, the MPI 

1
out of Y 2i °41. If these marginal propensities estimates are 

1
accepted, we certainly can claim that we have accounted for most of
the private sector expenditures. To avoid misunderstanding one
should emphasize; 1. the sum of the two coefficients should be
nearer to 1; 2. Y is the personal income of the entire sector

1
and does not represent, for example, household income only. The 
country's national account has not yet reached that level where a 
clear distinction between business earnings and household income 
can be made.



Equation 7.14.2 is a compromise in the sense that we were unable 
to obtain an acceptable estimate for * f(G^) as we did in
equations 7.12.2 and 7.13.2. At any rate, G^^^. is an insignifi
cant amount compared to G^.^ or And no matter how large
the margin of error in the estimation, its impact on the model’s 
findings will be small.
The sum of the coefficients of G^ in equations 7.12.2 and 7.13.2 
is exactly = .40, which has been the percentage for development in 
the government’s total budget since 1964; It is a high percentage 
for capital formation by the standards of most governments. But, 
as we said, appropriating funds from the budget for investing is 
very different than actually spending it for that specific purpose.
A convincing indicator found in the consumption function analysis 
is that unspent funds for investment purposes were transferred to 
close the gap between actual government consumption and appropriated 
revenues for consumption purposes (the former has exceded the 
latter in every year since 1960, except in 1970).
The introduction of the G^'s in equations 7.12, 7.13 and 7.14 as 
explanatory variables serves to measure the effect of the oil sec
tor’s income on 1^, I^g, and through government expendi
tures. This in turn shows the influence of oil income on the three 
sectors' GDP’s. Nowhere did this interdependency become clearer 
than when we solved the econometric model (i.e., the reduced form). 
The oil sectors income via G^ affected each sector in the model
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except the agriculture sector. To us this is a very Important 
result which reflects the validity of the systemts specification.

From, the above analysis of investment in Saudi Arabia, one can 
see that neither the public nor the private sector’s investment went in 
high proportion to directly producing sectors such as manufacturing 
and agriculture. We don't claim, here, that building a highway, a 
school, or residential houses is not productive, especially in the long- 
run. But we were hoping that investment in the country would exhibit 
a balance between investment in construction activities, for example, 
and those sectors which can produce goods (especially those to reduce 
the country’s dependency on imports). The public sector’s investment 
went to the traditional activities (i.e., social overhead projects), in 
line with the actions of most other governments. But one might expect 
that a government which directly controls about 50 per cent of the GNP 
would be far-sighted enough to diversify its investment in ways that 
would strengthen the now thin productive base of the economy. If such 
an investment policy were followed, the dependency of Saudi Arabia on 
imports would be reduced. The picture, as far as private investment is 
concerned, is not much different. It seems as if private investors 
regard the government’s emphasis on construction activities the best 
lead to follow. Most of their investment went for villas, apartment 
houses, etc., rather than to factories and the agriculture sector’s 
development. If such trends continue in the public and private sectors.
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the economic growth of Saudi Arabia will be predominantly in one sec
tor (i.e.$ oil) and the country's almost total dependency on imports 
will continue for a long time to come.



CHAPTER 8 

THE REDUCED FORM AND FORECASTING .

Introduction
The previous five chapters have been concerned with the speci

fication and analysis of each sector in the model. This chapter is 
mainly concerned with how the predetermined variables affect each sec
tor. Furthermore, an attempt to forecast 1971 values for a few impor
tant variables will be presented. This forecast should be looked at 
as preliminary for two reasons;
1. Only a few variables’ 1971 actual values are available.
2. The available data for 1971 are still provisional.

The Reduced Form of the Model (RF)
RF was obtained by the process of elimination. For example, 

the and equations of the model can be written as (excluding
the constant):

and all others are predetermined variables. To solve for the RF of 
G^ we have to express G^ as a function of all predetermined

(8.1)

(8.2)

In equations 8.1-8.2, G^ and are endogenous variables,

139
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variables in the two equations (i.e., G^_^, GNP̂ .). So

(8.1.1)

Accordingly:

where and

4  = “l62

and are the reduced form coefficients of Ĝ . By applying
the same procedure of elimination as outlined in this example, we con
structed the RF of the model, excluding the monetary sector. The
reason for its exclusion is due to the fact that neither S., nor PTTTM W1
are included as explanatory variables in any of the real sectors.

From the reduced form table (page 141 and 142), we can make the
following general remarks with reference to OLS estimates (2SLS esti
mates can be interpreted similarly):
1. Although the oil sector’s income was not included directly as an

explanatory variable in each sector, the solution of the model
shows that it affected each sector either immediately or after a
lag of one year. The immediate effect or the impact multiplier
(see Chapter 4) of on other sectors is measured by the reduced
form coefficient of GNP reading column-wise. The transmissionw
mechanism is from GNP Y. G_ -> other sectors. One may argueW O K
that this kind of transmission mechanism does not in reality
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Table 6

The Reduced Form of the Model 

Predetermined Variables

Equation ltc la Lc SlN ^ ( w ) Kcs C-1 YMN-1 gr-i To_i ITC-1 YTC-1 ^MN ,

OLS -> .252390 .075205 .045357 .346439 .000027 .004245 .171105 .013570 .036346 .001819

YWR 
2SLS -» .576296

1.250610
.173431
.372650

.103567

.224749
.784914

1.725073
.000010
.000033

.009693

.021037
.177163
.200789 .036522

.005194

.016513
.082992
.180099

.003363

.009015

Ys 1.244076 .374394 .223575 1.694429 .000026 .020926 .214841 .039632 .012799 .179159 .007260

ytc 5.826000 .839000

Yc 1.047000 .098

ya 1.736000

YMN 7.997000 .031000

Yo .000820 .409000

1.68259 .501371 .302382 2.309594 .000181 .028303 .047364 .090447 .242309 .0121298
M

3.694205
3.134361

1.111737
.933960

.663892

.563281
.663892

4.302349
,000067
.000083

.062141

.052724
.062141
.503231 .091535

.033295

.041387
.532001
.451378

.021559

.022596
C

3.117986 .938329 .560338 4.246691 .000064
.000338

.052448 .538449 .099328
.448700

.032074

.168557
.449019 .018196

gr .000305
.000014

.512000

.018403
.152148
.006923 .541000

ITC .000011 .017604 .005231 .576000
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Table 6, Continued

Equation ltc la Lc ^MN ^ P(w) Kcs C-1 V ' MN~1 Gl-1 Y0~l PTC-1 YTC-1

2.465813 .734860 .443202 3.385182 .000055 .041484 .069422 .058044 .027312 .355154 .017779
ĈS 2.599389 .782263 .467140 3.540362 .000044 .043725 .072942 .066503 .021894 .374337 .015169

.000004 .30800 .005664 .002127

.000004

.000052
.31300 .006239

.069549
.001854
.026126

gaitc .000045
.000083

.080384

.109932
.023887
.041296

gaics .000075
.000006

.125952

.007695
.037428
.002891

gaim .000005 .008691 .002583

ocs .000385

.000385

.191821

.191821

YP 6.074343 1.810000 1.091630 8.337886 .000027 .102177 .170991 .013568 .874764 .043790
P1 6.402435 1.926755 1.150592 8.720104 .000011 .107696 .179567 .005250 .922012 .037364

GDP
7.328999

7.646372

2.183856

2.283825

1.317106

1.374142

10.068512

8.414344

.000880

.000860

.123282

.128621

.371894

.392004

.036522

.0396318

.439083

4269913

1,055446

1.101151

.041835

.044623

GNP
7.328999

7.646372

2.183856

2.283825

1.317106

1.374142

10.068512

8.414344---------

.000495

.000475

.123282

.128621

.371894

.392004

.036522

.0396318

.247262

.235170

1,055446

1.101151

.041835

.044623

Source: The solution of the model.



measure the effect of Y. but that of GNP on other sectors.0 w
This may be true; but, in the absence of oil, AGNP^ will have
almost no effect on the Saudi Arabian economy. Accordingly, we
shall interpret AGNP^ on the GDP of the kingdom as measuring
the impact of on the GDP. For example, the impact multiplier
of Y on the GDP in period t is equal to the sum of GNP ’s 0 w
coefficient with respect to Y^, Yg, and Y^. The sum is equal 
to .0008801. This is a small coefficient as far as its absolute 
value is concerned. However, it is huge when one remembers that it 
is to be multiplied by GNP^. The sum of the coefficients states 
that every one million Saudi Riyal change in GNP^ benefits the 
GDP of Saudi Arabia by about 800 S.R.
An example will make clear how we calculated the impact multiplier
of AGNP^ on a few endogenous variables. ^yRiqyo ~ Ywr.1969 " 76.6
M.S.R., and GNP^^yg ~ GNP^ggg = 1295280.0 M.S.R; the reduced
form coefficient of YTm with respect to GNP from Table 6 isWR r w
.000027. Accordingly, the multiplier of AGNP on AYT is:W  W K  n

000027(1295280 0) = Applying this procedure, we constructed

the following multipliers with respect to AGNP :w

Y Y 1=1 +1 4-TWR  S_ CS TC MN M GNP GDP
2.19 2.25 1.70 1.70 1.78 1.50

The most interesting multiplier is that of AGNP^ on GDP (equal 
to 1.50). It is approximately equal to the foreign trade
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multiplier. This latter multiplier is calculated by

where MBS = marginal propensity to save andAGDP _ 1
AGNP MPS + MPM $ w
MPM is marginal propensity to import. From the consumption func
tion analysis, MPS = .4; and from Chapter 7, MPM = .25. Accord

ingly, fg^p— = — = 1.54. This is not a startling result because, 
w

as we explained, AGNP^ on GDP is channeled through the oil sec
tor whose income represents total exports of the country.

1971 Forecast
It is useful to see how the constructed model forecasts or 

predicts beyond its sample period. This model was based on the. 1960- 
1970 period. Actual values of a few endogenous variables for 1971 are
now available. To make the forecast for 1971, we are obliged to esti
mate the values of a few exogenous variables and one endogenous vari
able. Specifically, we assume that the rate of growth for L^, L^, 
L^j,Lc$ and C between 1970 and 1971 will be the same as between 
1969 and 1970.

Two methods of forecasting are used. They are the structural 
and the reduced form techniques as discussed in the oil sub-model. 
Chapter 4. The following table embodies the results of the 1971 fore
cast of a few endogenous variables.

From Table 7 (page 145), one can deduce the following remarks
based on the percentage error of the forecast:



Table 7
1971 Forecast (All in M.S.R.)

Variable Actual 
Value 
of the 
Variable 
(1971)

Structural 
Forecast 

OLS 2SLS 
(1) (2)

Reduced Form 
Forecast. 

OLS 2SLS 
(3) (4)

Percentage Error 
of the Forecast

(1) (2) (3) (4)

yw r 1322.7 1394-5 1397.3 1475.8 1485.1 .053 .056 .107 .122

Ys 2674.1 2455.2 2453.8 2803.7 2774.6 —.082 — .082 .048 .038

y tc 1433.7 1668.8 bsame same same .164 —— ——— --

YC 1602.8 1714.3 same same same .069 —— -- —-

ya 1035.9 1022.1 same same same -.013 -- — —

y_ t 416.3 418.3 same same same .004 —-- —  - —  m uMN
GDP-Yq 8485.5 8673.2 8674.9 9102.6 9083.5 .022 .022 .072 .071

Y0 12790.8 12682.5 same same same -̂.008 —r— —- --
, GDP 21276.3 21355.7 21357.4 21785.1 21766.0 .003 .003 .024 .023
c 7956.3a 7917.3 7910.0 8083.2 8070.7 -.004 -.004 .016 .014
gr 6704,0 7505.0 7402.7 7123.5 7071.0 .119 ' .104 .063 .055

\
_

2670.1 2756.2 same — .032

Source: All figures used in the forecast are placed in Table 28 of the Statistical Appendix.
a. This is an estimate: The actual value of C is not available.
b. The word "same" refers to two things: 1. some equations (i.e., Y^) have no 2SLS

estimate; 2. an equation which has no 2SLS estimate is already in its reduced form.
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1. The OLS and 2SLS estimates give almost identical results. How

ever, in terms of the forecast, which is an important equa
tion, the 2SLS forecast appears to be better than the OLS (.104 
vs. .119 for the structural forecast and .055 vs. .063 for the 
reduced form forecast) regardless of the method used.

2. The structural and reduced form predictions receive almost identical 
scores based on their forecasts of Y TO, Y , GDP - YA, GDP and GD.

WiX b U iX

The structural forecast has smaller percentage errors compared with 
the reduced form as far as Y ^  and GDP - Y^ are concerned, and 
there is almost a draw with respect to the GDP forecast.

3. If one judges the structural forecast by the seven sectors’ pre
dictions which constitute the GDP, the results of those for Y^ 
and Y^, are very disappointing. However, and mostly due to aggre
gation, the unsatisfactory forecasts are not transmitted to the 
forecast of GDP — Y^, which shows a .022 percentage error.

4. The most welcomed result is the forecast of the oil sector, Y^’s 
predicted value for 1971 is almost perfect. Due to the importance 
of Yq in the GDP, this leads to a very good prediction of GDP, 
whether by the structural or reduced form method.

5. The structural forecast of G^ is certainly the most disappointing 
result in Table 7. Because of the importance of G^ in reflecting 
the effect of Yq on the economy, we tried to find the causes of 
this unsatisfactory forecast. The estimated values of G^ during 
the sample period overestimated the actual Ĝ , And apparently due 
to the presence of positive autocorrelation, the forecast of 1971
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was affected. The following table indicates this is probably the
case:

Table 8 
Gj/s Estimated Residuals

Year
Actual G^ 
in M.S.R.

OLS 
Estimate 
of Gr

2SLS 
Estimate 
of Gr

OLS
Residuals

2SLS
Residuals

1960 1579.0 1517.3 1449.9 61.6 129.0
1961 1720.0 1853.5 1896.5 -133.5 -176.5
1962 2085.0 2057.9 2135.4 27.0 -50.4
1963 2365.0 2386.9 2486.3 -21.9 -121.3
1964 2656.0 2910.4 2796.7 -254.4 -140.7
1965 3082.0 3200.5 3233.6 -118.5 -151.6
1966 3928.0 3743.6 3656.4 184.3 271.5
1967 5025.0 4443.0 4382.2 581.9 641,7
1968 4937.0 5033.2 5202.2 -96.2 -265.2
1969 5535.5 5447.4 5383.5 83.0 151.9
1970 5966.0 6284.3 6254.2 -318.3 -288.2

Source: The estimation of the equation in the model.

The forecast of 1971 cannot be judged precisely until we obtain 
the actual values of the exogenous variables and the one endogenous 
variable we mentioned on page 144. However, judging by the forecast 
values of the aggregate indicators of the economy (GDP, GDP - Y^, and 
in particular Yq ), one is inclined to state that based on percentage 
errors the model appears to forecast satisfactorily beyond the sample 
period.



CHAPTER 9

CONCLUSION

Throughout this research, comments have been made about the 
technical aspects and economic findings of the model. It seems appro
priate here to regroup and briefly summarize what was said in scattered 
places.
1. The model's estimates, whether based on the OLS or 2SLS method, in

the majority of the structural equations, produced coefficients
which are statistically significant and have the right signs as far 
as economic theory is concerned. Not a single coefficient has a 
perverse sign. This is a welcome result considering the over
whelming obstacles concerning the availability of data and the 
small sample size.

2. In the equations where the Durbin-Watson statistical test was con
clusive, it appears that most of the structural equations are free 
from positive autocorrelation.

3. Although multicollinearity is a common occurance in most economic 
studies, it seems to be harmful in only one instance. Specifi
cally, it appears to have led to large standard errors in the 
coefficients of government revenues and personal income in the con
sumption function, as was discussed in Chapter 6.

4. The model's forecast beyond the sample period gave satisfactory 
results as far as most aggregate economic indicators were concerned.



However, a word of caution is appropriate with regard to the model's 
forecasting ability. Because of oil price increases and devaluation 
of the dollar, the GDP's absolute amount has probably changed 
drastically since 1971 and will continue to do so as long as the 
oil price changes. The model was not built for forecasting purposes. 
This was apparent from the start, because we did not include a 
variable(s) to capture economic or policy structural changes. 
Accordingly, any attempt to use this model for more than one year's 
prediction must include extra variables as proxies, in particular 
for future policy and price changes pertaining to the oil sector. 
After using the labor force and capital stock as independent vari
ables in a few sectors, it appears that labor is the more important 
factor of production. This might be because; a, the capital 
stock variable is measured by book value and not the actual capital 
in use; b, the labor force in all sectors except agriculture has a 
high percentage of skilled foreign workers.
Most government as well as private sector investment went to con
struction activities. The least amount of investment was in the 
agriculture and manufacturing sectors. The emphasis of government 
investment on construction is as expected where social overhead 
projects are required to serve as a base for future growth and 
development. It seems that quick and secure returns on investment 
in villas, apartment houses and in trade activities (i.e.,

imports and exports) were the main interest of most private sector 
investment.
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7. The dependency of the country on imports is great. But, because of

the relatively huge income from the oil sector, the marginal pro
pensity to import is low compared to most less-developed countries.

8. The solution of the model showed that the oil sector affected almost
every other sector in the economy. Its impact multiplier with rela
tion to a few important endogenous variables ranged between 1.50 
and 2.25. The size of these multipliers, although difficult to 
judge in comparison with other multipliers, points to the predomi
nance of the oil sector in the kingdom's economy. This is despite 
the great leakage to the outside world measured by the sum of the 
oil companies' share and the country's imports.

9. The consumption function analysis resulted in an aggregate marginal 
propensity to consume of .6. This is a very low MPC in compari
son to most less-developed countries. The disaggregation of the 
function pointed to the fact that the majority of the people (i.e., 
rural population) consume all their income; and because this group 
commands a low share of the GNP, the country's MPC is low.



STATISTICAL APPENDIX

Notes to the Statistical Tables

The abbreviations below are used when indicating the sources for 
tables in the Appendix. For full title, publisher, etc., see 
References.
ADL

ER 
ESJ 
GDPS A

OEEC

OECD 
OECD (1)
OECD

OECD

OECD

OECD

OECD

PSB
SAMA

(2)
(3)

(4)

(5)

(6)

- Arthur D. Little, Inc. Opportunities for Investment in 
Construction and Building in Saudi Arabia. (1966)

- CPO. The Economic Report (1st draft) (1969). Saudi Arabia.
- EPA.. Economic Statistics (1967-1969). Japenese Government«
- CDS. The Gross Domestic Product of Saudi Arabia 1963- 

1969 (1970. Saudi Arabia.)
- Organization for European Economic Cooperation. Statis

tical Bulletins: Trade by Commodities (1959-1962).

- Organization for Economic Cooperation and Development.
- OECD. Main Economic Indicators (1964-1972).

- OECD. Oil Statistics: Supply and Disposal (1963, 1966,
1968).

- OECD. Statistics of Foreign Trade: Trade by
Commodities (1962-1971).

- OECD. Statistics of Energy 1953-1967 (1969).

- OECD. Main Economic Indicators: Historical Statistics
1957-1966 (1968).

- OECD. Oil Today (1964).

- MPMR. Petroleum Statistical Bulletin (1971). Saudi Arabia.
- Saudi Arabian Monetary Agency. Annual Reports (1961- 

1971).
151
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SRV - CDS. Survey of Establishments 1967 (1968). Saudi Arabia.
SY - CDS. Statistical Yearbooks (1967,196% 1970) Saudi Arabia.
U.N.^j - U.N. World Energy Supplies (1955-1969).

U.N.(2) 

U.N.(3) 

U.N. (4)

- U.N. Statistical Yearbooks (1955-1969).

- U.N. Monthly Bulletins of Statistics (1968-1972).

- U.N. Commodity Trade Statistics (1970).

With the exception of oil, most statistics of Saudi Arabia are based
on the Hegira rather than the Gregorian year. Using recent govern
ment publications, such as the Saudi Arabian Annual Reports, as a 
guide, we converted the years as follows:

Hegira Year Gregorian Year
1378 1959
1379 1960
1380 1961
1381/82 1962
1382/83 1963
1383/84 1964
1384/85 1965
1385/86 1966
1386/87 1967
1387/88 1968
1388/89 1969
1389/90 1970

Starting with Table 12 of the Appendix, the titles of most tables 
include equation numbers. These numbers refer to the model equa
tions in the Estimate of the Model section in Chapter 3.



Table 9
Labor Force Estimation

Year
Total number foreign 
workers entering countr; 
to work in TC sector

Total number foreign 
workers entering country 
to work in C sector

% of foreign workers 
in total labor force 
in TC sector

% of foreign workers 
in total labor force 
in C sector

1970 29818 51815
1969 28622 72572
1968 26003 38872
1967 18337 55618 36 38
1966 10672 72364
1965 10223 31508
1964 2635 33224
1963 2030 24508
1962 2148 30200
Sources: Labor force statistics are not available for the entire period under study. To generate
the time series of the labor force in the transportation and communications (TC) and construction 
(C) sectors, we relied on Statistical Yearbooks (1967-1970) which contain the number of foreign 
workers entering the country, classified by profession, from 1962-1970 and on Survey of Establish
ments 1967 (1968) which gave the total labor force in each establishment, classified by profession and 
nationality. The table was constructed from these two sources. As an example of how we used the 
table, in 1967, 18,337 foreign workers were supposed to have been in the TC sector. This number, 
according to the survey, equalled 36 per cent of the total labor force in that sector. Thus,
18 337— 2  50.9 thousand workers. Assuming that the percentage was constant from 1962-1970, we 153



Table 9, Continued
obtained the labor force total in the TC and C sectors. For the total labor force in TC and C from
1960-1961, we reduced the total in 1962 by 22 per cent and 18.3 per cent, respectively. These 
percentages are the simple average percentage increase in the total labor force in each sector 
from 1962-1970. The generation of data through this procedure is not completely satisfactory, 
but given the state of available data, this is the best procedure we could envisage.
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Table 10
Government Appropriation (Ĝ ) for Development 

in some Sectors in Millions of Saudi Riyals (M.S.R.)

Year

Ga in

% of actual 
spending out of 
appropriation.

Agriculture
Sector

GAIA

Transport, Storage 
and Communications 
Sector

GAITC
Construction
Sector

GAIC
Service
Sector
GAIS

Manufacturing
Sector

GAIMN
1970 300.1 705.6 559.4- 1045.9 66.4 82.0

1969 398.8 794.4 638.5 1004.2 70.6 73.5
1968 380.3 526.9 555.0 118.7 49.2 73.5
1967 251.3 538.8 477.0 628.4 61.5 53.5
1966 203.8 382.0 404.8 575.2 104.5 53.5
1965 149.0 443.4 307.1 272.8 102.6 46.1
1964 86.6 193.9 206.2 235.7 32.1 46.9
1963 34.3 175.9 131.3 192.3 9.3 66.7
1962 40.3 134.5 69.3 144.2 6.0
1961 62.5 79.8 58.8 131.4 4.4
1960 8.5 29.7 20.0 42.5 1.7
1959 

_  _  .......
27.4 

- _______ .
21.2
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Table 10, Continued
Sources: u Gaxa- gaitc- gm s . -  W  g s  C  g%8)0> .

1961-1962 from SAMA. (1961-1965)
1960 from applying the percentages of each sector in 

1961 to the total appropriation for 1960. For example, in 1961 was ^  Per cent
of the total allocation; 27 per cent of the total 1960 allocation of 110.0 amounted to 
29.7 M.S.R.

1. G - There is no separate allocation for construction by government. But, because the 
private sector has investment in construction, this column was created based on 
the ADL (1966, p. 17) which showed how much of each ministry's allocation could 
be considered as going to construction. Then, we assumed the percentage of 
total allocation to have been constant from 1959-1970.

3. Percentages of actual spending out of appropriation - 1968-1970 from SAMA (1968-1971); 
1963-1967 from ER (1969).



Table 11
Total Private Investment (Ip) in M.S.E.

Ip. xn

Year
Agriculture
Sector

V

Manufacturing
Sector

IpMN

Service
Sector
Ips

Construction
Sector

h e

Transportation
Sector

^PT

1970 32.3 111.1 49.1 850.7 264.2
1969 28.0 98.3 41.7 780.5 187.4
1968 24.0 87.0 35.4 716.1 164.4
1967 39.0 77.0 30.0 657.0 160.7
1966 25.0 68.0 25.0 519.0 154.6
1965 12.0 60.0 16.0 352.0 137.1
1964 5.0 57.0 20.0 307.0 124.4
1963 3.0 51.0 15.0 323.0 105.5
1962 32.0 12.3 393.9 85.4
1961 41.3 10.1 267.4 73.5
1960 37.2 8.3 243.3 56.9
1959 35.0 6.5 214.8 53.8
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Table 11, Continued
Sources: 1. I - 1963-1967 from ER (1969)

 ̂ 1968-1-970 from SAMA (1969-1971) and by applying the procedure used in the ER
(i.e., the farmer matched each Riyal loaned by the Agriculture Bank with
two Riyals).

2. I - 1968-1970 based on annual change in import of machinery given in SAMA (1969-1971)
P 1963-1967 from ER (1969)

1962 is equal to the amount of imported machinery (SAMA, 1962-1964)
1960-1961 calculated by using the 1963 figure as a reference point. The reason 

for not using 1962 as a base is that total import in 1962 was less than in 
1961. It appears that the average rate of growth from 1963-1970 in
fluctuated between 10-13 per cent per annum. We applied a 10 per cent 
reduction per annum starting from 1963 going back to 1961 and 1960.

1959 derived by reducing the 1960 amount by 6.0 per cent (The lower 1959-1961 
percentages were used with the belief that the rate of growth of I was less 
in the earlier years.) P J

3. I s - 1963-1967 from ER (1969)
p 1959-1962 and 1968-1970 derived by applying the average rate which prevailed in

1963-1967.
4. I ^ - 1963-1967 from ER (p. 282, first draft, 1969) by adding items 1 and 3.

p 1968-1970 projected from ADL (1966) which assumed a 9 per cent rate of growth
per annum.

1959-1962 also derived by applying the ADL rate
5. I £ - 1963-1967 from ER (p. 282, first draft, 1969) by adding items 2 and 6.

P 1959-1962 and 1968-1969 calculated by applying the rate of change per annum in
the imports of transport equipment prevailing in those years from SAMA 
(1961-1971).
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Table 12

Data for Equations 3.1, 3.1.1, and 3.2

Year Ym M C-1
RF of 
M YTC ltc ITC-1

1970 1252.5 3212.9 6541.5 3207.9 1519.6 82.8 771.3
1969 1175.9 2803.9 6019.8 2798.3 1367.8 79.5 551.7
1968 988.9 2212.3 5614.2 2225.1 1241.3 72.2 449.0

1967 876.3 2258.3 4940.9 2241.5 1141.3 50.9 359.0
1966 823.2 2058.1 4533.5 2084.9 1005.8 29.6 341.5
1965 718.0 1692.7 4264.8 1696.8 867.6 28.3 215.3
1964 ,599.7 1357.7 3986.5 1374.2 749.4 7.3 228.3
1963 516.0 1266.0 3663.6 1235.3 638.2 5.6 175.1
1962 445.3 1155.1 3377.6 1160.5 564.2 5.9 126.1
1961 393.4 1053.0 3116.7 1065.2 498.8 4.6 80.7
1960 339.5 917.6 2889.7 , 908.0 440.9 3.6 68.6

Sources: 1. Y - 1963-1970 from GDPSA (1970) and SAMA (1969-1971).
1960-1962 determined by applying the average rate 

of growth used in ER (1969) from 1963-1969. .
This amounted to 7.11 per cent per annum.

2. M - from SAMA (1961-1971) and SY (1967, 1969, 1970).
3. C - from Table 17 in the Appendix.
4. Y - 1963-1970 from GDPSA (1970) and SAMA (1969-1971)

1960-1962 from taking the average rate of growth 
to be 11.6 per cent after using the same 
method as in source 2 above.

1959 (not shown in the table but used in the model) 
assumed to have been less than in 1960 by 8 
per cent and amounting to 405.6 M.S.R.

5. 1^^ - from Table 9 in the Appendix.
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Table 12, Continued

6. I r = I _ from Table 11 In the Appendix plus the actual lu pi
government investment in the sector based on Table 10 
in the Appendix. For those years (in Table 10) where no 
percentages are available, we assumed that actual invest
ment was 80.0 per cent, 66.7 per cent and 66.7 per cent 
of the appropriation in 1960, 1961 and 1962, respectively.
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Table 13

Data for Equations 3.3, 3.3.1, and 3.4

Year Ys C RF of 
C ya la

1970 2280.7 7214.3 7207.0 1002.3 523.1
1969 2184.6 6541.5 6518.7 974.4 507.8
1968 2042.1v 6019.8 6058.2 , 895.7 493.0
1967 1952.7 5614.2 5546.9 862.4 478.7
1966 1628.0 4940.9 5023.9 939.4 464.7
1965 1482.3 4533.5 4547.8 874.4 450.8
1964 1327.5 4264.8 4284.7 908.8 437.3
1963 1140.2 3986.5 ' 3947.0 866.2 424.1
1962 990.3 3663.6 3605.0 809.9 411.4
1961 860.1 3377.6 3429.7 757.3 399.1
1960 747.0 3116.7 3103.9 708.1 387.1

Sources: 1. Y - 1963-1970 from GDPSA (1970) and SAMA (1969-1971)
1960-1962 from ER (1969). The 6.5 per cent average 

rate of growth given therein was applied.
2. - 1966 from ER (1969). For all other years, we assumed

a 3.0 per cent rate of growth.
3. Y - 1963-1970 from GDPSA (1970) and SAMA (1969-1971).

1960-1962 from applying a 13.1 per cent rate of 
growth by the same reason as in source 1.

4. C - from Table 17 of the Appendix.
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Table 14 

Data for Equations 3.5 and 3.6
Year

1970
1969
1968
1967
1966
1965
1964
1963
1962
1961
1960

374.1
340.7
305.4
272.4
244.1
216.4
191.3
172.5
155.3
139.8
125.8

MN
64.6
60.2
56.1
52.3
49.2
46.2
43.4
40.8 
39.0
37.4
35.9

696.7
630.5
561.4
509.5
447.2
346.6 
241.4
188.7
154.2
122.8 
92.1

1495.9
1435.2
1341.1
1201.1 
1095.4
931.7
773.3
692.8
636.3 
583.5 
535.1

136.3 
190.9 
102.2
146.3
190.4
82.9
87.9
64.4
79.4
64.9 
53.0

ĈS
10170.0
8652.3
7116.4
5692.8
4536.3
3500.0 
2731.7
2148.3
1598.9
1148.1 
703.7

Sources: 1. - 1963-1970 from GDPSA (1970) and SAMA (1969-1971)
1960-1962 from applying an 8.3 per cent per annum

rate of growth which the ER (1969) found between 
1963-1969.

2. Lg - from Table 9 in the Appendix.

3. Kgg and based on the model’s identities (nos. 3.21
and 3.22) and Table 20 in the Appendix.

4. Y ^  - 1963-1970 from GDPS A (1970) and SAM (1969-1971)
1960-1962 from applying a 10 per cent average rate

of growth by the same reasoning as in source 1.
5. L.'MN 1966 data from ER (1969), after subtracting the 

total labor force in oil (14,000) which was 
included under Manufacturing, Mining and 
Quarrying therein.

1967-1970 from applying a 7.3 per cent per annum 
increase in the labor force in the sector 
according to Development Plan (p. 75, 1970).
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Table 14, Continued

1963-1966 from assuming a 6 per cent increase*
1960-1962 from assuming a 5 per cent increase per 

annum,
(These last two percentages are assumptions based on 
the belief that the sector?s labor force before 
1967 was less than after 1967*)
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Sources:

Table 15 
Data for Equation 3.7

Year V GNP(W) V i
1970 10332.0 9003240.0 8952.9
1969 8952.9 7707960.0 7852.1
1968 7852.1 7086690.0 7614.3
1967 7614.3 663304 .0 6838.4
1966 6838.4 6099520.0 5984.4
1965 5984.4 5623650.0 5597.2
1964 . 5597.2 5164290.0 4631.7
1963 4631.7 4818280.0 4231.0
1962 4231.0 4452920.0 3888.5
1961 3888.5 4193410.0 3316.5
1960 - 3316.5 3292500.0 2947.9
1959 2947.9 3109760.0 2914.9
1958 2914.9 3028460.0 2470.7

. Y0 - SAMA (1961-1971)

. GNP/tA - equal to GNPT + GNPr_ + GNP„. + X . i n  Table 24(W) J WE NA AAS
of the Appendix.
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Table 16
Data for Equations 3.8 and 3.8.1

Year

1970
1969
1968
1967
1966
1965
1964
1963
1962
1961
1960

M

3212.9
2804.0 
2212.4
2258.3
2058.4
1692.7
1357.7
1266.0 
1155.2
1052.9 
917.6

0

10332.0
8952.9
7852.1
7614.3
6838.4
5984.4
5597.2 
4631.7 
4231.0
3888.5
3316.5

5040.8
4537.0 
4006.3
3582.1
3305.8
2977.0 
2733.7
2548.6
2324.1 
2120.0
1934.6

RF of
Yo

10287.0
8771.4 
8163.3
7472.5 
6683.9
6134.1
5360.8
4912.2
4471.5
4023.8
3132.3

RF of

5042.3
4528.7
4014.1
3571.1
3316.6
2984.0
2757.8
2510.7
2315.8
2136.0
1935.0

Sources; 1. M - from SAMA (1961-1967) and SY (1967-1970).
2. Yq - from Table 15 of the Appendix.

3. Y - based on identity no. 3.19 in the model and GDPSA
^1 (item cs p. 44j 1970)

4. RF Y - the estimated value of Y from Equation 7 of the
0 model. 0
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Table 17
Data for Equations 3.9 and 3.9.1

Year C gr Y
P1 C-1

RF of
gr

RF of

1970 7214.3 5966.0 5040.8 6541.5 5976.8 5042.3
1969 6541.5 5535.0 4537.0 6019.8 5484.4 4528.7
.1968 6019.8 4937.0 4006.3 5614.2 4989.8 4014.1
1967 5614.2 5025.0 3582.1 4940.9 4913.6 3571.1
1966 4940.9 3982.0 3305.8 4533.5 4030.2 3316.6
1965 4533.5 3082.0 2977.0 4264.8 3164.4 2984.0
1964 4264.8 2656.0 2733.7 3986.5 2684.4 2757.8
1963 3986.5 2365.0 2548.6 3663.6 2309.9 2510.7
1962 3663.6 2085.0 2324.1 3377.6 1896.3 2315.8
1961 3377.6 1720.0 2120.0 ' 3116.7 1831.1 2136.0
1960 3116.7 1579.0 1934.6 2889.7 1596.6 1935.3

Sources; 1. C - 1963-1969 from SAMA (1969)
1959-1962 from applying a 4.7 per annum rate of growth, 

which was SAMA's average rate for 1963-1969.
1970 from applying 6 per cent over 1969. This per

centage is the average rate of growth in C from 
1967-1969.

2. Gr - from SAMA (1961-1971) and SY (1967-1970)

3. Y - from Table 16 of the Appendix. 
P1



Sources:

Table 18
Data for Equations 3.10 and 3.10=1

Year gr Yo V i
RE of

Yo
1970 5966.0 10332.0 5535.5 10287.0
1969 5355.5 8952.9 4937.0 8771.4
1968 4937.0 '7852.1 5025.0 8163.3
1967 5025.0 7614.3 3928.0 7472.5
1966 3928.0 6838.4 3082.0 6683.9
1965 3082.0 . 5984.4 2656.0 6134.1
1964 2656.0 5597.2 2365.0 5360.8
1963 2365.0 4631.7 2085.0 4912.2
1962 2085.0 4231.0 1720.0 4471.5
1961 1720.0 3888.5 1579.0 4023.8
1960 1579.0 3316.5 1355.0 3132.3

1. 0^ - from Table 17 of the Appendix.
2. Y - from Table 15 of the Appendix.
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Sources:

Table 19
Data for Equations 3.11, 3.11.1, 3.11.2, and 3.11.3

Year TTC gaitc YTC-1
BP of
gaitc

1970 842.8 705.6 1367.8 707.2
1969 771.3 794.4 1241.3 786.5
1968 551.7 526.9 1141.3 524.7
1967 449.0 538.8 1005.8 563.9
1966 359.0 382.0 867.6 369.1

- 1965 341.5 443.4 749.4 426.1
1964 215.3 193.9 638.2 217.1
1963 228.3 175.9 564.2 152.9
1962 175.1 134.5 498.8 148.7
1961 126.7 79.8 440.9 86.3
1960 80.7 29.7 405.6 21.9

1. - from Table 12 of the Appendix

2. G - 1961-1970 from SY (1970)
1959-1960 determined by applying the 1961 sector's 

appropriation out of the total development 
budget, 27 per cent, on the development bud
get of 1959-1960

3. Y^g - from Table 12 of the Appendix
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Year

Table 20
Data for Equations 3.12, 3.12.1, 3.12.2,
3.12.3, 3.13, 3.13.1, 3.13.2,and 3.13.3

CS Pi AICS ‘"Sin aimn M—1
RF of
gaimn

1970
1969
1968
1967
1966
1965
1964
1963
1962
1961
1960

2034.9
1954.5
1754.5
1416.6
1234.7
920.7
700.8 
635.0
510.9 
480.5
375.9

5040.8
4537.0 
4006.3
3582.1
3305.8
2977.7
2733.7
2548.6
2324.1 
2120.0
1934.6

929.9
1107.0
874.5
918.8 
760.3 
558.7
324.9
174.9
115.6
125.7 
30.2

165.5
150.2
123.2 
114.7
146.2 
140.0
72.0 
58.3
38.0 
45.7 
38.9

66.4 
70.6 
49.2
61.5

104.5
102.6 
32.1
9.3 
6.0
4.4 
1.7

340.7
305.4
272.4 
244.1
216.4
191.3
172.5
155.3
139.8
125.8 
115.7

64.1 
50.8
80.1
73.5
88.4
87.4
36.1
16.6 
1.06 
-5.4
15.2

Sources: 1. AICS derived from Table 10 in the Appendix. 
GAICS = GAIA + GAIMN + gaic

2. Y - from Table 17 of the Appendix

3. GAIMN - 1961-1970 from SAMA (1961-1971) and SY (1967,
1969, 1970): appropriations for the Minis
tries of Petroleum and of Commerce and 
Industry, plus the appropriation for the 
Petroleum and Mineral Organization 

1960 obtained by applying 1.5 per cent to the
total development budget of 1960. This was 
the percentage of G in the 1961 develop
ment budget. A
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Table 20, Continued

4\ ICS “ XpA + ^pMN + + rpC + IpTC ln Table 11 + GAIC
actually spent in Table 10. We assumed that all
was spent from 1959—1961 and 80 per cent in 1962 to fill 
the gap for those years in Table 10.

5. 1 ^  = I jjjj in Table 11 + the amount actually spent from
- G.T1,_T in Table 10. We assumed that all G.T>_T was spent AIMN AIMN
from 1959-1962 to fill the gap for those years in Table 10.



Table 21
Data for Equations 3.14 and 3.14.1

Year . OCS Yo
RE of
Yo

1970 5158.4 10332.0 10287.0
1969 4682.4 8952.9 8771.4
1968 3681.5 7852.1 8163.3
1967 3523.4 7614.3 7472.5
1966 3284.7 6838.4 6683.9
1965 3002.7 5984.4 6134.1
1964 3242.8 5597.2 5360.8
1963 1897.1 4631.7 4912.2
1962 2387.3 4231.0 4471.5
1961 2189.3 3888.5 4023.8
1960 1814.8 3316.5 3132.3
1959 1773.7 2947.9 i
1958 1798.9 2914.9
1957 1359.6 2470.7
1956 1584.1 2672.3
1955 829.0 2107.0

Sources; 1. OCS from SAMA (1961-1971)
2. Yq from Table 15 of the Appendix
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Table 22

Data for Equations 3.15 and 3.16 and for the
Analysis of S in Chapter 3

M2

Year
\

B GNP
RF of 
GNP pWI

RF of
%

1970 2383.5 1733.9 13410.1 13403.0 113.5 2381.9 2881.9
1969 2244.2 1614.1 12318.2 12333.0 110.7 2245.7 2683.1
1968 2108.9 1515.2 11254.1 11257.0 109.2 2109.3 3561.2
1967 1870.4 1357.5 10117.6 10089.0 108.5 1862.4 2153.5
1966 1617.2 1204.7 8936.6 8947.8 103.7 1627.1 1805.7
1965 1473.9 1106.7 8057.5 8071.7 102.0 1476.1 1635.8
1964 1384.8 1058.1 7257.2 7225.0 101.7 1371.2 1491.1
1963 1181.9 930.4 6484.7 6527.8 100.0 1205.8 1275.4
1962 1064.5 804.1 5969.9 5972.6 98.5 1046.7 1130.1
1961 937.8 722.9 5492.6 5447.7 96.9 947.2 985.9
1960 892.3 679.5 5053.2 5074.9 95.4 885.3 932.5

Sources: 1. S , B, and S from SAMA (1961-1971)
\  2'

2. Prjr - 1963-1970 from SAMA (1969-1971)
1960-1962 from applying SAMA's rate for the 1963- 

1970 A in I-5 per cent per annum

3. GNP - 1963-1970 from SAMA (1969-1971)
1959-1962 from assuming the average rate of growth 

of GNP to be 8.0 per cent per annum, almost 
the same as in the oil sector.



Table 23
Gross Domestic Product of Saudi Arabia 

by Industrial Origin
Industry Group 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
Agriculture 708.1 757.3 809.9 866.2 908.8 874.4 939.4 862.4 895.7 974.4 1002.3

Manufacturing 
and Mining

125.8 139.8 155.3 172.5 191.3 216.4 244.1 272.4 305.4 340.7 374.1

Wholesale and 
Retail Trade

339.5 393.4 445.3 516.0 599.7 718.0 823.2 876.3 988.9 1175.9 1252.5

Oil 3316.5 3888.5 4231.0 4631.7 5597.2 5984.4 6838.4 7614.3 7852.1 8952.9 10332.0

Service 747.0 860.1 990.3 1140.2 1327.5 1482.3 1628.0 1952.7 2042.1 2184.6 2280.7

Construction 
and Dwellings

535.1 583.5 636.3 692.8 773.3 931.7 1095.4 1201.1 1341.1 1435.2 1495.9

Transport and 
Communications

440.9 498.8 564.2 638.2 749.4 867.6 1005.8 1141.3 1241.3 1367.8 1519.6

GDP 6209.9 7121.4 7832.3 8657.6______110192.2 11074.8 12573.3 13920.5 14666.6 16430.5 18257.1
Sources; 1. All sectors, except oil, from 1963-1970 from GDPSA (1970) and from SAMA (1969-1971)

2. The oil sector’s income is the value of total oil export from SAMA (1969-1971). It was 
converted from U.S. dollars to Saudi Arabian Riyals at the then current rate of 
exchange. The value of total oil export was used because the GDP from the oil sector, 
which is less than the value of oil export, was available only from 1963-1969.

3. Other sectors from 1960-1962 from previous tables of the Appendix



Table 24
Data for the Oil Sub-model in Chapter 4

Year YqOWE YqONA OAAS Y0J CWE & A C0AAS COJ (gnp>we (gnp)ha XAAS
1969 74.10 13.22 42.87 46.88 532.00 194.10 78.01 126.40 672.50 1017.20 30.80
1968 71.81 11.69 40.00 28.99 492.60 177.20 73.95 115.60 616.30 927.90 26.90
1967 64.34 12.20 37.68 27.66 426.90 159.20 66.01 110.10 573.90 861.30 24.50
1966 61.33 14.16 28.27 21.54 391.50 155.70 63.67 91.30 543.30 809.90 24.20
1965 46.30 16.04 25.40 17.74 349.10 150.50 57.05 75.70 504.80 743.70 22.50
1964 39.22 13.40 22.10 15.72 306.10 137.70 54.56 65.60 464.90 686.70 21.50
1963 34.40 13.30 21.87 13.56 262.80 111.00 50.65 54.70 422.30 639.90 20.00
1962 32.33 12.51 20.47 13.02 233.70 107.80 46.69 42.20 386.80 607.00 18.90
1961 31.23 12.02 17.88 12.39 206.00 103.4 43.21 • 35.20 354.10 565.50 18.00
1960 30.03 12.06 13.66 9.77 181.40 101.5 40.52 28.90 322.90 548.80 17.50
1959 27.81 10.81 9.40 7.84 157.40 97.4 36.04 21.50 297.40 527.50 16.70
1958 25.83 10.27 7.52 7.74 137.40 86.9 35.41 15.00 291.00 488.90 15.00
1957 26.72 7.21 8.32 8.29 117.70 69.4 33.54 13.00 279.50 481.00 16.50
1956 23.94 8.89 8.01 8.14 115.0 71.0 32.37 10.90 257.60 447.10 16.20
1955
1954

23.23 8.73 8.12 7.74 106.4
99.00

64.8 29.54 234.70 431.20 15.40 174



Table 24, contined; Data for the Oil Sub-model in Chapter 4

Year (GNP)J (iV j
(GEM

WE
[GNP]

NA
/GNP]
Ic p tIj !Pw

[ m i l m
(— ) W \

CP J
(pw j

'we

1969 166.00 20.91 15.35 14.70 589.30 891.50 123.80 13.45 13.54 10.96 18.14
1968 141.80 22.12 18.30 14.61 561.30 848.20 111.20 16.72 13.77 11.45 19.95
1967 114.90 21.35 18.10 14.82 525.00 805.70 95.00 16.93 14.07 12.24 19.45
1966 96.40 20.16 17.70 14.93 499.40 765.50 82.80 16.72 14.43 12.82 18.48
1965 84.20 18.19 17.00 16.51 475.90 727.10 75.80 16.61 16.34 14.87 17.11
1964 76.40 22.06 16.18 15.39 450.20 679.90 73.40 16.01 15.39 14.79 21.35
1963 65.30 23.74 17.60 16.09 422.30 639.90 65.30 17.60 16.09 16.09 23.74
1962 57.80 24.88 17.45 16.68 396.00 613.10 62.30 17.62 17.02 17.95 25.43
1961 51.80 25.90 17.81 17.46 371.40 580.10 59.80 18.26 17.46 20.16 27.16
1960 42.50 24.91 19.46 18.45 342.00 565.80 51.50 20.06 18.63 22.33 26.41
1959 35.50 28.68 19.90 20.74 318.70 543.80 44.70 20.51 21.16 26.08 30.76
1958 31.40 29.61 20.59 23.66 312.30 506.60 39.90 21.33 24.39 30.06 31.84
1957 30.60 35.27 23.80 24.80 302.20 501.10 28.90 24.79 24.07 31.51 38.22
1956 25.88 29.65 21.55 22.17 287.30 475.60 33.80 22.92 21.95 29.05 33.16
1955 30.96 21.98 271.40 473.80 24.15 36.12
1954

175



Table 24, continued: Data for the Oil Sub-model in Chapter 4
Saudi Arabia exports a sizable portion of its oil to Bahrain. However, the Saudi 
Arabian statistics do not report this oil’s final destination. To derive the final 
destination, we took total oil export from Bahrain to Western Europe (WE), North 
America (NA) and Japan (N) in 1969 as a reference point. According to OECD^ (1969)
60.1, 14.7, and 25.2 per cent of total Bahrain oil export went to WE, NA and J, 
respectively. These percentages were applied from 1956-1969 on Saudi Arabia’s oil 
export to derive the portion of Saudi Arabian oil exported to WE, NA and J via Bahrain.
SAMA (1961-1971) and SY (1970) itemized Saudi Arabian oil export to Certain regions. 
There is one item called "Others" most of which we know means tankers’ consumption.
We split the item equally between WE and J, based on an assumption that most tankers
are Japanese or European.
Y^g, Yq^  and Y^. - from SAHA (1961-1971) and SY (1970) plus the percentages discussed
in sources 1 and 2 above.

YqAAS " fr°m SAMA (1961-1971)
(WPI) - average of the General item in the Wholesale Price Index of Western EuropeanWiL
countries from U N ^  and U N ^ , 1963 = 100

(WPI)^ and (WPI)j. - index of the General item in the Wholesale Price Index for the 
U.S. only (NA) and Japan (J) from UN^) and U N ^ , 1963 = 100

(CPI)j from U N a n d  UN^y, 1963 = 100

Sffi, & A  and C0J fr°m ™(i)» 0EEC» 0ECD(2) $ 0EC]D(4) and OECD^^



Table 24, continued; Data for the Oil Sub-model in Chapter 4 
9. (GNP)^,, (GNP)na and (GNP)J from UN(2), UN(3), OECD(1), and. OECD(5)

10. XM g  from UN(2) and UN(3)

11° P̂W^WE9 P̂W^NA and P̂W^J from ̂ (i)5 OEEC, and OECD 

1 2 ‘ COAAS fr°m ra(l)

177



Table 25
Data for the Disaggregate Analysis of the 

Consumption Function in Chapter 6

Year Cg gr C
P1

YP C1
*Y dba DBc GC AC*AY

1970 3394.6 5966.0 2817.0 4038.5 6211.6 11006.8 2682.0 2163.0 5417.0 CM

1969 2938.0 5535.0 2629.1 3562.6 5567.1 10072.0 2570.0 1860.0 4940.0 .46

1968 2652.0 4937.0 2472.1 3110.6 5124.1 8943.3 2147.0 1704.0 4744.0 1.2

1967 2437.0 5025.0 2314.8 2719.7 4751.8 8607.1 1717.0 788.0 4570.0 .49

1966 1915.0 3928.0 2186.5 2466.4 4101.5 7233.8 1402.0 734.0 4325.0 .35

1965 1624.0 3082.0 2035.1 2102.6 3659.1 6059.0 762.0 363.0 3389.0 .40

1964 1430.0 2656.0 1926.0 1824.9 3356.0 5389.7 550.0 263.0 2402.0 .58

1963 1244.0 2365.0 1876.3 1682.4 3120.3 4913.6 .64

1962 1050.0 2085.0 1803.7 1514.2 2853.7 4409.1 .50

1961 886.8 1720.0 1733.5 1362.7 2620.3 3840.0 .80

1960 743.0 1579.0 1665.6 1226.5 2420.3 3513.6

1959 627.0 1355.0 1103.8 2209.9
Sources: 1. C — 1963-1969 from SAMA (1969)

8 1959-1962 and 1970 derived by using SAMA's AC from 1963-1969, 15.5 per cents 178



Table 25, Continued
2. C = C - Y. —  Pi P A

C 1963-1969 from SAHA (1969)P
from Table 14 of the Appendix

C 1960-1962 and 1970 obtained by applying the same rate of AC which was determined 
Pi P1for the period 1963-1969

3. Y based on identity no. 3.19 of the model and Y = Y — YP P Pi A

4. from Table 18 of the Appendix

5. C1 -  Cp  ̂ + Cg

6 - y ’1 - ge +  yp1

7. DGa , DBc and GC from SAHA (1971)

AC8. The C used in —  from Table 17 of the Appendix
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Table 26
Data for the Disaggregate Analysis of 

Imports in Chapter 7
Year Mmac Moth Mif ITMA WB IC-1 YP
1970 1011.0 1018.0 413.0 784.0 583.8 1286.7 135.9 1249.8 4038.5
1969 926.0 1084.0 430.0 633.0 545.9 1242.6 125.1 1124.0 3562.6
1968 796.0 846.0 199.0 638.0 477.3 978.4 123.8 912.2 3110.6
1967 693.0 694.0 305.0 596.0 549.7 737.0 116.4 735.6 2719.7
1966 600.0 656.0 248,0 554.0 643.9 639.2 106.9 493.6 2466.4
1965 496.0 452.0 183.0 562.0 494.6 562.2 105.5 403.7 2102.6
1964 432.0 353.0 154.0 419.0 410.4 332.9 104.2 410.6 1824.9
1963 396.0 320.0 152.0 398.0 231.1 312.5 100.0 363.3 1682.4
1962 357.0 267.0 114.0 417.0 196.2 238.1 95.5 326.6 1514.2
1961 356.0 175.0 109.0 218.2 166.3 195.0 91.2 263.3 1362.7
1960 351.0 172.0 83.0 267.0 141.2 128.1 87.1 242.2 1226.6
1959 317.0 253.7 111.2

Sources: 1. Mg, and M ^ ^  from SAMA (1961-1971)

2. Mif - 1963-1970 from SAMA (1964-1971) 180



Table 26, Continued
1960-1963 determined by assuming AM^ equals the yearly change in total imports 

= + I from previous tables of the Appendix

1963-1970 from SAMA (1964-1971)
1960-1962 obtained by applying the rate of AW^ prevailing in the period 1963-1970, 

4.5 per cent per annum



Table 27
Data for the Cross Section of MN in Chapter 5

no. Q(1000 SR)
K

(1000 SR)
Lw

(1000 SR)
R

(1000 SR)
L

(persons)
1 56 585 32 11 8
2 92 738 16 29 4
3 179 1059 35 20 30
4 273 718 140 175 28

. 5 288 1082 103 63 28
6 245 2216 196 54 51
7 825 2163 303 119 47
8 917 690 291 365 42
9 949 1895 564 287 85

10 1063 508 446 510 50
11 1080 390 136 244 45
12 •1364 2779 452 557 73
13 1720 1568 307 325 51
14 2039 3533 408 1282 70
15 2468 5408 643 241 100
16 2674 2878 491 1215 100
17 3132 4960 762 1762 219
18 3246 5000 1044 1043 95
19 3400 3500 288 2172 145
20 3402 2184 602 1158 113
21 8510 7047 2199 7111 517
22 10416 48070 2721 803 391
23 15484 3297 1248 7573 80
24 60 76 17 34 4
25 73 124 21 4 2
26 87 142 28 29 9
27 96 280 23 20 7
28 182 165 73 49 12
29 186 127 ■ 15 136 17
30 200 56 48 . 85 9
31 276 239 120 132 35
32 330 86 36 186 10
33 500 138 83 111 28
34 560 130 192 264 34
35 620 400 114 132 30
36 668 360 221 326 36

Source; Bashir (1968)
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Table 28

Values of Variable Used in 1971 Forecast in Chapter 8

No.
Variables

and
Intercepts Value

1 Kcs 11479.4
2 Lc 150.0
3 ^MN 863.2
4 ^MN 69.3
5 la - 538.7
6 GNP(W) 10313010.0
7 Yo 12790.8
8 V i 10332.0
9

. GR-1 5966.0
10 M 3197.0
11 C-1 7214.3
12 ltc 86.2
13 ITC-1 842.8
14 B 1940.4
15 GNP 15929.7
16 yn r (ols) -351.02
17 :(2SLS) -349.56
18 Eq. Gr (0LS) -799.60
19 (2SLS) -700.80
20 Eq. C(OLS) 464.10
21 (2SLS) 452.50
22 Eq. Yg(OLS) -238.2
23 (2SLS) . -244.1



Table 28, Continued
Sources: 1. Variables 1-15 in the table, excluding GNP

previous tables and SAHA (1971)
2. GNP ,tTx from U N , a n d  OECD,-.W  (3) (1)

, from

3. Intercepts 16-23 in the table from the solution of the 
reduced form of the equations referred to in the table
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Table 29

Labor Force in Oil Companies

Year
Total Labor Force Saudi Arabs as % 

of total
ARAMC0a GETTYb ARABIAN0 ARAMCO GETTY ARABIAN

1970 9782 920 1241 87 82 50
1969 10865 924 1244 83 82 46
1968 11531 935 1165 82 82 45
1967 12073 945 1092 81 82 45
1966 12664 453 1027 81 81 45
1965 12783 963 928 80 80 43
1964 12880 988 903 80 79 41
1963 12988 894 745 80 77 42
1962 13573 . 653 636 80 75 33
1961 14066 545 394 78 67 -27
1960 14834 554 216 75 67 21
1959 16257 572 72 48
1958 17171 566 70 33
1957 18325 517 70 26
1956 19362 . 246 67 16
1955 20397 64 66 11
1954 21858 22 65 5
1953 21794 62
1952 24006 62
1951 21780 62
1950 16860 62

Source; PSB (pp. 42-43, 1971)
a. Arabian American Oil Company
b. Getty Oil Company
c. Arabian Oil Company (Japan)



Table 30
Average Price of Imported Oil by Japan 

and Western Europe in U.S. Dollars 
Per Metric Ton

Tear
Cif

(p )n r  we
Cif

1969 14.70 20.91
1968 14.61 22.12
1967 14.82 21.35
1966 14.93 20.16
1965 16.51 18.19
1964 15.39 22.06
1963 16.09 23.74
1962 16.68 24.88
1961 17.46 25.90
1960 18.45 24.91
1959 20.74 28.68
1958 23.66 29.61
1957 24.80 35.27
1956 22.17 . 29.65

Sources; (P^)j and (P^)^ from OE C D ^  - OECD^ and UN



Table 31
Data for the Oil Sub-model Forecast 
for 1970 and 1971 in Chapter 4
Variables 1970 1971

CWE 619.7 642.5

214.2 247.3

CJ 167.0 189.8

XAAS 34.4 40.2

^W^WE 22.0 27.6

(iV na 15.6 16.3

14.3 19.0

Sources: 1. X^g from

2. from OECD^^ and OECD^)

3. Cj from OECD^, OECD^) and

4. - 19.70 from
1971 from OECD (3)
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