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A VECTOR AUTOREGRESSIVE MODEL OF SAUDI ARABIAN INFLATION

I. Introduction

Saudi Arabia is, arguably, the single most important
actor in the determination of world oil prices.l/ As the
world's largest oil exporter, Saudi Arabia, given its small
population, has been able to play the "balance wheel™ or to
operate as the "marginal producer” in the global oil price
setting system. However, Saudi behavior is at least partially
predicated on the impact of world economic pressures on the
Saudi economy. Global inflation or recession may eventually
lead to intermal pressures on the Saudl government, pressure
that has at least occasionally been relieved by changing oil
prices and/or production.

It has also been widely recognized that oil prices

have likely had a major impact on both U.S. and global real

: 2
gross domestic product (GDP).“/ In addition, many studies

have shown that o1l prices have had potentially major impacts
on both U.S. and global inflation.éf

Given the importance of Saudi Arabia in the
determination of world oil prices and given the importance of
0il prices on world inflation and world GDP, the structure of
the Saudi economy becomes an issue of much greater significance
than one would expect for most nations of similarly sized real

gross domestic product.

In this paper we are primarily interested in trying to

model Saudi inflation. It would be reasonable to expect that



the Saudl government would respond to whatever variable was
perceived to be causing the most severe internal economic
difficulties. Cleron (1978) has argued that during the mid-
and late 1970's inflation was the most sericus problem in the
Saudi economy. Thus, Saudi governmental policies would be
aimed largely at controlling Saudi inflation.

Government economic policies in Saudi Arabia could
include the traditional mix of fiscal and monetary policies.
However, both Saudi fiscal and monetary policies are largely
derived from oil revenues. Thus, it makes more sense to talk
of "oil policy” which would include traditional fiscal and
monetary policy tools. From the expenditure side, Alam (1982)
has argued that revenues from oil sales when those sales are
increasing will tend to have an inflationary impact on an
oil-based economy such as Saudi Arabia. In addition, the most
common methods of disbursement of government o0il revenues in
Saudi Arabia tend to increase the money stock which is also
generally considered inflationary.

A number of efforts have been made to econometrically
model Saudi inflation. Past studies of Saudi inflation can be
divided into those which have focused solely on inflation, for
example, Keran and Al-Malik (1979) and Rosser (1983), and those
which have focused on a more general model, for example,
Al-Bashir (1977), Cleron (1978) and Zanoyan (1980). The
results of both the single equation studies, as well as the

mere general modeling efforts, have been ambiguous. For



example, Keran and Al-Malik (1979), including only lagged
currency and a glcbal inflation index in an inflation equation,
found that their measure of the money supply was the more
important independent variable. Rosser (1983) found a number
of significant independent variables in his inflation equation
including an import price index, government loans for
agriculture and housing production (a supply-side stimulus) and
the money supply. The money supply, however, appeared in only
a marginally significant role, while import prices appeared to
be the most important variable. In contrast, Al-Bashir (1977)
found money was the only significant explanatory variable of
Saudi inflation, while an import price index was insignificant.

This paper represents an effort to combine aspects of

both the single equation and the system approaches to examining
Saudi inflation. In this paper we develop a small model of the
Saudi economy, paying attention to institutional
charécteristics, and focusing on the implications for Saudi
inflation.  The methodology employed is vector autoregressive
(VAR) analysis of this system of several macro variables., The
VAR procedure allows a more detailed and realistic examination

of the reduced form relationships occurring within the Saudi

economy than is possible in a single equation framework. The
model presented here, however, is much smaller in scale than
the large-scale models mentioned above. By considering smaller
scale vector autoregressive models we retain enough degrees of
freedom to compare alternate specifications and to more

completely examine alternate lag structures.



The model used here contains five variables: the
Saudi consumer price index (CPI), Saudi money supply (M1),
Saudi exports, Saudi crude oil prices and a Saudi import price
index. The empirical results below suggest the following
direct relationships: inflation is a function of both money
and import prices; money is dependent on exports; exports are
determined by oil prices and by import prices; oil prices are
functions of Saudi inflation and import prices; and import
prices are dependent on oil prices. Due to the complexity of
the lag structure in the vector autoregressive system one
cannot ascertain all the causal relations between variables
solely from the estimated equations. Each variable potentially
has impacts on all others, if only indirectly. Thus, the total
relationships between variables, both direct and indirect, are
more appropriately analyzed by examining model
simulations;é/ The model simulations reported below imply
that oil price changes and import price changes have the
greatest total impacts, direct plus indirect, on the Saudi
economy ia general and on inflation in particular. In
contrast, monetary changes have had much less impact over the
period under consideration. In Section II we briefly outline
the vector autoregressive methodology. Section III presents
the estimated equations, alternate specifications and model
simulations. Section IV details some implications for the
Saudi economy, while Section V presents a summary and some

remaining limitations.



II. VAR Techniques

Vector autoregressive techniques have recently been
extensively discussedgél Thus, the specific methodology
employed here will be presented in abbreviated form.

In this section it is assumed that all variables are
stationary series. To achieve stationarity all series employed
below are the first differences of natural logs. The analysis

begins with a set of reduced form equations of the form:

W o] [a,0  a,@  a,@  a, @  a @] [ [o]
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where the aij's are the estimated coefficlents; the L
indicates a lag cperator; and the variables are defined as
follows:

P =z Saudi consumer price index,

0 = Saudi crude c¢il price index,

bt
i

Saudi import price index,
M = the Saudi money supply and

X = total Saudi imports.

All the series except I were taken from International Financial

Statistics. The import price index series was interpolated

from an annual series found in the Hijra 1401 Annual Report of

6
the Saudi Arabian Monetary Agency (SAMA)e“/ Equations were



estimated over the period 1969 to 1980 using quarterly
data.l/ It should alsc be noted that all data are probably
subject to a steadily improving degree of accuracy over the
course of the observation period.

The above system of equations represents the most
general model possible, given our choice of included
variables. Anderson, Johannes and Rasche (1983) have
demonstrated that time series methods and structural
econometric models both involve the imposition of constraints
on a system of equations such as above. Some constraints, such

as the requirement of finite lag lengths, are necessary simply
to permit estimation. The technique employed here, following
Hsiao (1981, 1982) and Caines, Keng and Sethi (1981), permits

testing of at least some of the constralnts imposed.
We begin by estimating a sequence of autoregressions

for each of the variables in the system:

wiere R is sequentially increased from one to ten. The maximum
lag length, here ten quarters, must be specified a priori.
Akaike's final prediction error (FPE) criterion is then used to
determine the appropriate lag length and thus the appropriate
value for R. The original lag lengths specified should be

generous to avoid imposing inappropriate restrictions. (With

five variables this procedure implies estimating fifty

equations. )



The next step is to sequentially add variables to the
five equations chesen in the above step. For example, the

equation

1s estimated where R is now fixed from the previous FPE and §
is sequentially increased from one to ten as above. Again, the
maximum lag length S is specified a priori. Equations of this
form are estimated for all 1 # j. The equations finally chosen
are again those which minimize the FPEs. (For each of the five
dependent variables there are sequentially ten lags of each of
the four other variables for a total of 200 equations.) This
process is repeated, adding variables to the above preferred
equations as required. (There are at most 300 additional
equations required.)

When this process has been repeated until no further
improvenent in the FPE is possible, them the individual
equations are collected into a system of equations that is
deliberately overfit and underfit, and the standard diagnostics
such as the F statistics are calculated to ascertain the
overall gocdness of fit of the estimated model. The model is
deliberately overfit and underfit to guard against the model

selection being determlned in part by the ordering of inclusion

of the variables. Of course, in a model of this size it is

impossible to test all possible specifications. In general, in



a system of n variables with a maximum lag length of order R on
all variables, there would be n(R+l)n different model
specifications. In this example there are roughly 150,000
possible specifications. While we do nct undertake a
comprehensive search, the procedure employed here searches the
likelihood function in a relatively efficient manner, although
it cannot, of course, guarantee a global minimum. This point

is examined in more detail below.

It should be noted that the VAR analysis is a reduced
form technique. Thus, it is difficult to ascertain the
underliying structural relationships from the estimated
equations. However, as Filscher has noted, vector
autoregressive analysis is ", . . a convenient way of
summarizing empirical regularities and perhaps suggesting the

predominant channels through which relations work.” That will

be its use here.

I11. Estimation Results

-

n selecting an appropriate model the FPE test was
used to determine a preliminary estimate of the appropriate lag
length as mentioned above. Alternate specifications were then
compared using standard F-tests to determine the final equation
specirications. These final equations are presented in the
appendix. Again, the limitations on the interpretation of the
egtimated coefficients should be kept in mind. The results are
summarized below in equation (4) where the values in

parentheses indicate the final estimates of the lag lengths.



Equation (4) is simply the final estimated form of the general

representation given by equation (1J.

4 [p1 To 0 a (1) s, 0 1 P
0 a21(5) 322(1) a«z(ﬁ) 0 G i 0
I{=10 ag,(4)  agy(ly O 0 i 1
M 0 0 0 344(4) 345(9) M
(X _O arZCS) a53(6) 0 aSS(%} LX_

A summary of some of the overfitting and underfitting tests 1is
presented in table 1. We briefly focus on the estimated
equations and the overfitting and underfitting specification
tests.

Saudi inflation is apparently directly determined by
Saudi import prices and by Saudi money growth. These results
should not be surprising. The Saudi economy is an open economy
and is significantly influenced by world inflation as it spills
into the Saudi economy in terms of higher ilmported prices. Im
sddition, an increase in Saudi money growth leads to additional
inflation. While individual coefficients and coefficient sums
must be interpreted with care in any VAR, it should be noted
that the sum of the estimated coefficlents on monay in the
inflation is significantly less than one.

The specification tests in table 1 suggest that the

restriction that the coefficients on oill prices, a_,, are

iz

equal to zeroc and the restriction that the coefficients on

exports, a.., are equal to zero cannot be rejected. However,

15



the restriction that either the import price coefficients or
the money ccefficients can be restricted to equal zero can
easily be rejected.

The specification tests reported in table 1 represesnt
a subset of the specification tests actually underteken., For
evample, alternate cowmbinations of the zero restrictions were
tested as well as restrictions on coefficients corresponding teo
alternate lag lengths on the right-hand-side variables. In the
inflation equation the tests were uniform in concluding that
imports and money were significant, while other variables were
insignificant. This finding that the specification results
were not sensitive tc lag length or to the inclusion/exclusion
of other varilables generally was true for all equations,

The oil price eguation impliesg that Saudi oil prices
are influenced by Saudi Inflation and Saudi import prices. The
Saudis have consistently stated when increasing oil prices that
those increases have been prompted inm part because of world
inflation. The o0il price equation suggests that those
statements are accurate. Higher world inflation, as seen fron
the Saudi perspective In terms of their import prices, has led
to higher o0il prices., In addition, higher Saudil inflation has
also had a direct impact on oil prices. Neither Saudi money
nor Saudl exports have any direct impaect on Saudi oil prices in
the context of this model. Again, the specification tests

indicate that the restrictions that the coefficients on the

excluded variables are equal to zero cannct be reilected, while



restrictions that the included variables are equal to zerc cam

be rejected.

¢

Given the small size of the Sauvdl economy relative to
the rest of the world, one might expect Saudi import prices to
be exogenous to the Saudi economy. Actions internal o the

2
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-
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Saudi economy may be expected %o have limi mpact on import
prices and, by extension, on world prices. With one exception,
that is the rconclusion of the estimated equations. The
exception is that oil prices did have an impact on import
prices. This fipding is consistent with the “global
inflationary feedback mechanisn” suggested by Resser and

Simply stated, oil price increases have led to
which in turn has led to further oil price

nd the Saudis mav have attempted to increase

of oil while the rest of the world hsas

of oill to appreximately its previous value .~
Saudi money growth is largely explained by the

the Saudi economy. Saudi money 1s

directly influenced ouly by Saudi exports which are in turn
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primarily oll based. This finding is consistent with Saudi
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determining wonetary peolicy than to talk of

monetary policy, This peint is discussed in more detail in the



next section. Again, the specification tests confirm the
estimation results, and the reported specification tests are
not sensitive to the lag lengths or included versus excluded
variables.

ation, indicates that

Saudi exports are primarily determined by Saudil oil prices as

well as by Saudi import prices. Neither of these findings

Saudi exports are

m 'y
&
@]
[~
}.‘,A
o
jo
I
w
£
i
=
B
j=to
0
oy
&
o
w
ot
I
29
?/110
i
)
<
;,‘41
5
ot

primarily o1l and o1l derivatives. Thuz, an increase in Saudi

course, on the elasticity of demand for Saudl oil). In

addition, the direct impact of imported prices on Saudi exports

is simply another manifestsaticn of the global inflatiocnary
feedback mechanism., An dncreazse in the price of Saudl imports

leads to increases in Saudl oil prices as well as increases in
Saudi exports. This result suggests that an lncrease in world

to an increszsse in oil

prices and oll exports would be positively

g EI |

related is consistent with the apparent official thrust of

Saudl oil policy zince the inicial large price increase of
i973. That is, the Saudi oil policy has acted as a

©n the global c¢il market. This has
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led them to increase preoduction and exports when oll prices are
rising as in 1979 and 1980 and to lower production and exports
when oil prices are falling or weak as in 1677 and 1978 and in

1984 and 1985 also ' 1a , this finding may be due to

4 L
iirect

Cxa

The resulus discusssd above mention only the
impacts. For example, what impact does money have directly on
inflation? They say nothing about the possible indirect

effecrs. Following the suggestions of Sims (1980 and Fischer

93]

(1981}, we sublected the estimated model %o a series of
sensitivity tests to ascertain not only the direct but alsoc the
indirect impactes of each variable on other variables in the

.

system. This sensitivity analysis allows us to simulate the

S

model's response Lo specific shocks in alternate variables over
an extended period of time. The major purpcse here is to

expose the full intercommections between the variables as

exprazsged complete model, in contvast to the linkages
suggested simply by the individusl squations.

°

The vesuits of this analysis are summavrized in

table 2. The table states the response of each of the
endogenous to 2 one standard deviation initial shock

et b

.

in ezch of the variables of the system. One difficulty with

th approach involves the assignment of contemporary

fedo
(o}

correiations and implicitly the ordeving of the right-hand-side
variables., The results presented in tzble Z assume that all

contemporansous correlations equal zero. The simulation



-t o amc a © @
N
1]
el v = e £ o @ e
s o o gt 0 e &4 s @ 0 o
i ot £ o} o o [0 0 o Q @
8] i [ &) e} o] Q) =} R op] s o & 7
o3 [w) (4] a3} ot Eal (8] b=} et GJ (&) (53]
T el et A & & ot w4 w @
I R ¢ H oo 9w = 8 0
5 a @G = 3 o] £ © w 8]
g E &4 O & Al o} 2] e @ o [«
fe) (3] o ) o 4t &} o=~ a [ ©) o}
) W &3 s} & =) At )
il ) 4 ot b= [»} & = =¥ s W
bt [ < erd 4 it ) oo g
o o s o 3
o, @ & o ¥ 4eb e
B £ £ W @ ot
a 53 & = o,
@ e}
Ut o o & o}
o i ot
] o o
] o 5
B, o} w0
L] £ “
[ =] B
) by o] @ dad
. = s b o o o
! @ W 44 & &
o € ft
mw m“ o o
! oo
i [N &) m, B
) =i @b
" b ot
foi] e
42 o] 3]
i} b
]

i
g

3]
o

5
Li
3

G
=
X

LB

Iy

@ 8 I o .
& 3] e i
be > o 4 5 o o
by J o) 5] e i
£ po8] [0} 4 193] ool Mm
3] W dab o] fuok ) - ) 9]
Ew ] ored [ [ ) ot
ol & o8 o o By § 34
o O (&) fed @ ¥
e o @ o s i B
4 @ 4y @ @ & L i :
e} L -t 29 Q W = $t L o}
o 3 o R &) = w [w} s e
o o0 @ opf 4 ) i 34 v
o i~ 5t @ £ b # ai o et
3 o W [s¥] [T 43 a = = < =




4 po v
[} e 0o}
@ ¥ - T 10} © U
& 80 ] @ B B s, @ © $4 o
] <3 o o o 1 ] U < i
=] © & ool [41] 3] ol o >N {
& - — d Eei o ) [l [6)] [¢3)
o o o [N B [ = @ o 15} @ 31 @ =)
il @ 4] £ W 2 6] @ @0 o w 4]
“ Qo = > el & = ord AR O o e o
ot =] [ o ey = o [0 bt w kel $ o ® 1 o
&) ) @ In? a $t §d 2 =
4 [ 2 D) ) o) a5 > i)
b . © @ = -
dod 3] K [e) eor at ] ] opd «
b &1 st =¥ o [a¥ o] A3 < o -~
“ % B! L > o
@ ted 3 @ L e = @ el
SN o 5 4 o e o =
° o a3 o ] & ol
[} a @ 4
[ @ sl 4! (Nl . a)
s} o o ol ; W +d
i el ﬁ = m @ =t
@ i vt
5] W L 3
@ S @ o0 o
al wm ] @ mw gnd
el = 9 o bt
! ) i J;M 7& m& 54
. o 4 oy [} >
Y N o o A g bt
i 0 = 0 43 Ry $4
, ! e e e=d 4
£ 5] et e U =} vt
o] e e} Eal 0] ] &
@ 2 i = L @
] e o} b] e 4
a} 13 [ [l 4 = UYed
g ¢ e 0 - @
w4 o3 o [J} ot 2 @ je
@ & o & & kR @ . o £
& @ =} (] o §ud e s B0
bt et C @ & b
(W) o e o & e el Eal (8]
] 3] oved o o wd x| 7 et
I ) ] o s 4
e %t O “ &0 o S 1 o
) @ b o e [ O 0 24 [
£ © m & Y3 5
N 3 =y & w w3 £ e >
v ¢ ] ) e o © @ - < >y
! o @ o el & = =t
@ e o ) 5ol 5] s - o
orrd . o Sn O & ° o ol
& i i > o m 3 bl & i
= © @ Es Y £ &3 @ o ot i
m ot wm &0 v} ,m @ wm ot 3 H
E et A { s L Kl e £ i o
] @ = @ ! b s 2 = t % & “w
Ee) W W = = [ 5 o 4 o Nl o] o]
= = = @ Q e 9] s ot Ut = 3] @) ] S
74} o at o [or i) > w & o] [a¥ £ £ e =]




o
. [}
5] b o <
2 Q o ]
53] £ 2
[} »«W o [&]
4 w =
X joe} m et
@l $
& R 5w
B o .
[ £1 [
r ord
0 = -
¢ o

ie

£ B
&ﬁ\u_ ¢ 4\1«,“
ot o 5
|8 =} 6] =]
By el Q
ot B @ o
R4 34} o
o] ER ot} o A2
(=% i =i Q
=] o
od o= o e 4
b L o
a3} a3 e ot
e @ % Q
B U O |5} e
e el epd o
3 Tt 4 a o}
&% © £ =
el == e L
m b et 4t
L ] v
o & opn [
4ub O
@ # o R
o e e=d &
U 4t Q
=} - < ]
o (&1 ¢4 w

indicator of the ¢

more limited

ord

e}
&

vari

cther

Hid

mone

5
e

b
RS

in

o=

2363 O
Shes i

S

T/

inc

th

audi economy.

a
o

from the

8

to the

¥

A
<

[

O

3
RN WP

il

)

C

CRan

A

P
bei
')

]

imp



ot 1

o
ke

o
[S92]

a

L o ] )
a @ Ty
N /

Y

o
T
L

¥ 3
o,
L3
o a
. w o
i &5
v ed

h
i

-
o}




Tun

hort

ink

o

OF

py

i

1y
PR

endogenc

A Y

—
e




ol

[
4

a
24
"

i?’h

e,

p

4
o




Sunn

o w

interest

B4
e

o

A

&

[

1
i

-
jo T

s




4
3
a

4
M

W

there

e

W

aoney

[y

Sa




in
[ o i . )
1) @ o et O
34 A o a) £
o 3 = v 3¢]
U v
4 Q o]
3] bt 4ot e
e
4 a0 =

o
o
£
£
&
=3
wl

3 e} ,x.L
juf -~ o !
] f™a ) ob

: ]
B o
-} £
e 4
[ G
I e

dot
o
ot
e
o
«
-
un
[
e al
et iy
@ L
Ea
= /4
(o9
[aa
-
N
b
@ o~
] e
o [ne)
[ [oR)
a «,.IL
[y et




- 23 -

iﬁ/ Adding government spending and fiscal policy to the

model yielded government spending a functlon of oll experts, as

expected. No variables in the model were influenced by
government spending. Thus the model estimated including
government spending 1Is not reported here.

};] See Knauerhase (19753} and Looney {(1982).
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Table 1
Specification Tests

Degrees of

Constraints F-statistics _freedom
aj1(4) =0 2.05 4,29
ajp(4) =0 1.65 4,29
a;3(1) =0 8.18%x 1,31
a1,(2) = 0 8.58%% 2,31
aj5(4) =0 1.34 4,29
az1(5) =0 2.77% 5,24
agy(1) = 0 8.67%% 1,24
a53(6) = 0 6.80%* 4,20
an(4) =0 1.68 4,20
ar5(4) =0 .68 4,20
a31(2) = 0 1.27 2,29
a3g(4) =0 6.94%% 4,31
a33(1) = 0 34,91 %% 1,31
azs(4) =0 .52 4,27
azs(4) = 0 .57 4,27
a41(5) = 0 2.28 5,15
azg3(5) = 0 1.07 5,15
ag3(4) = 0 1.39 4,16
ang,(4) =0 6.61%% 4,20
az5(3) = 0 4, 50%% 9,20
a51(4) = 0 .27 4,19
agy(5) =0 8.38%=* 5,23
a53{(6) =0 4, 05%% 6,23
ag,(4) =0 .24 4,19
as5(1) = 1 10.66%% 1,23




Table 2
Simulation Tests

After 20 quarters

Change
P 6.2%
0] 3.6
I .2
M 2.8
X 5.2
Change
P 63.7%
0 272.4
I 36.3
M 97.7
X 183.4
Change
P 11.9%
0 11.0
I 3.8
M 20.9
X 13.7
Change
P 5.1%
¢ -.6
I .1
M 14.8
X -4.4
Change
P 5.9%
0 1.6
I .0
M 17.1
X 11.3

in

in

in

in

in

After 100 quarters
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26,
14.
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APPENDIX

P(t) = -.014 + .476 * M(t-1) - .112 * M(£-2) + .710 * I(t-1)
(-.94) (5.39) (-1.32) (1.56)
SE = .034 D.W. = 1.51 ®%= .43

0(t) = 014 + .478 * 0(t-1) + 2.038 * I(t-1) + .426 * I(t-2)

1(t)

M{t)

(.34 (2.83) (.92) (.15
+ 10.722 * 1{(t-3) - 16.770 * I(t-5) + 5.696 * I(t-6)
(3.34) (-4.80) (1.88)
+ 474 % p(t-1) - .580 * p(t-2) + .783 * P(t-3)
(.88) (-1.25) (1.65)
+ .6B8 * p(t-4) — 1.442 * P(t-5)
(1.46) (-2.71)
SE = .241 Durbin's h = —.06 R? = .60
= ,006 + .734 * I{t-1) + .004 * O(t-1) + 001 * 0(t-2)
(2.64) (5.68) (.37) (.09
+ .015 * 0(e-3) - .032 * 0(c-4)
(1.47) (-3.51)
SE = .002 Durbin's h = .15 R%= .61
= ~,008 - .044 * M(t-1) + .049 * M(t-2) + .046 * M(t-3)
(~.37) (~.26) (.30) (.32)
+ ,554 % M(t-4) + 052 * X{(t-1) - .049 * X(t-2)
(3.85) (1.08) (-1.00)
+ 073 * X(e=-3) + .102 * X(t=4) - .012 * X(t-5)
(1.45) (1.93) (-.21)
+ 084 * X(t-6) + .145 * X(t-7) + .046 * X(t-8)
(1.61) (3.01) (.84)
+ ,099 * X{(t-9)
(1.72)
's h = .09 R? = .53
SE = .047 Durbin's h .0 ]



X(t) = .046 ~ .816 * X(t-1) + 1.556 * 0(t-1) - .194 * 0(t-2)
(1.04)(-3.92) (5.80) (-1.09)

+ .019 * 0(t-3) - .396 * 0(t-4) - .266 * 0(t-5)
(.12) (-2.29) (-1.27)

+ 2,496 * I(t-1) + .346 * I(t~2) + 1.206 * I(t-3)
(.83) (.10) (.38)

+ 5.829 * I(t-4) - 13.746 * I(t-5) + 9.598 * I(t-6)
(1.85) (-3.95) (3.23)

- .042 * S1 - .165 * S2 - .041 * S3
(-.73) (-2.57) (-.68)

i

SE = .229 Durbin's h = -.24 R 68



