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1 Economists disagree sharply about the role of financial sector in economic
growth”, Levine (2004, p. 1).

Economists have not reached a consensus with regard to the direction of causality
between these two variables”, Ang (2008, p. 537).
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In 1940 the wheel was not in general use in most areas of the nation. Saudi Arabia
had a pastoral economy based on the raising of goats, sheep and camels. The
majority of the urban population lived in small villages built of mud brick and
earned a living from subsistence agriculture. The nomads drove their herds of
animals across the desert in search of forage, carrying their meager belongings on
camel back from grazing area to grazing” ; Knauerhase (1978, p. 57).
3 Saudi Arabia used to be regarded as an open economy through in many respects a
closed society”. Wilson et. al. (2004, P. 2).
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long and short-run, which is consistent with the expectations. The
impact is large in magnitude in the long-run compared to the short-run.
In addition, the results indicate that there is a positive impact of the
structural break 2003Q1 on stock prices in both the long and short-run,
but its effect is big in size in the long-run. Moreover, the estimated
structural break 2008Q1 affects stock prices negatively and statistically
significant only in the long-run.

These findings should be of interest to stock market participants
when making their decisions about investing in the market. In fact,
knowing the impact of oil prices and exchange rates on the Saudi stock
market may decrease the level of uncertainty about the market. In
addition, these results may help policymakers in Saudi Arabia to
formulate their policies in a way that does not hurt their economy.

Modelling the relationship between stock and oil prices is an
important issue for future research, especially for economies dependent
on natural resources or politically unstable ; therefore, this relationship
might be investigated in such economies using econometric techniques
that take into account more than one-time unknown structural break,
since these economies are more likely to face multiple structural breaks
that may affect the stability of the cointegrating relationship between

the variables.
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Moreover, the estimated structural breaks 2003Q1 and 2008Q1
have different impacts on Saudi stock market. The structural break
2003Q1 affects stock prices positively in the long and short-run, since
it reflects the start of new phase of oil price increases. But its impact is
large in magnitude in the long-run. In fact, TASI index increased from
2518.08 point in 2002 to 4437.58 point in 2003. The impact of the
estimated structural break 2008Q1 is negative on the stock prices in
both the long and short-run, but statistically significant only in the long-
run. During the year 2007, TASI index was 11038.66 point and dropped
dramatically to 4802.99 point in 2008, which could be related to global
financial crisis.
7.Conclusion:

This paper aims to empirically investigate the relationship
between stock prices and oil prices in Saudi Arabia using quarterly data
from 1985Q1 to 2018Q4. Since the economy of Saudi Arabia depends
heavily on oil, econometric techniques that take into account structural
breaks are applied, namely those of Zivot and Andrews (1992), Perron
(1997), Gregory and Hansen (1996), and Bai and Perron (1998). The
results indicate that there is only evidence of cointegrating relationships
between stock and oil prices after considering endogenous structural
breaks in the analysis. The multivariate model is used instead of the
bivariate model, by adding the nominal exchange rate as a determinant
variable to analyze the relationship between stock and oil prices.

The results indicate that there is a positive and statistically

significant impact of oil prices and exchange rates on stock prices in the
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cointegrating relationship between the variables could not be found
unless two structural breaks are taken into consideration (2003Q1 &
2008Q1). In such, this paper takes into account endogenous structural
breaks in the analysis, rather than exogenous structural breaks, since the
effect of structural breaks may not occur instantly and need some time
to get its full impact.

The unit root and cointegration tests that take into consideration
only one unknown structural break may not be suitable for countries
with low economic diversification such Saudi Arabia. In fact, most of
the estimated structural breaks from both unit root and cointegration
tests are related to oil shocks. Consequently, using Bai & Perron to
estimate multiple structural breaks might be the appropriate technique
to use when analyzing the relationship between stock and oil prices.

The results indicate that there is a positive effect of oil prices
and exchange rates on stock prices in both the long and short-run;
however, the effect is large in magnitude only in the long-run. The
results are consistent with the expectation. Saudi Arabia is one of the
largest oil exporting countries, and the increase of oil prices would
increase the disposable income and consumption thus the firms’ profit
and the expected cash flows would increase. Since Saudi Riyal is
pegged to US dollar, an appreciation of the US dollar against Chinese
yuan, may benefit the economy of Saudi Arabia by decreasing the cost
of its inputs. Thus, the firms in Saudi Arabia can import more inputs at
low cost. As a result, the domestic stock prices are affected positively

by exchange rates.
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Table (8): Results of the short-run

coefficients F stat (p-value) T stat (p-value)
Alopg_; 0.076 *** 11.67 (0.00)
Alnex,_; 0.09 ** 2.42(0.02)
€1 -0.103 *** -4.293 (0.00)***
DMO03Ql1 0.128 *** 3.986(0.00)***
DMO08QL1 -0.014 -0.695 (0.48)
Adj. R? 0.71
Breusch-Godfrey (B- 1.471 (0.117)
G
Harvey 0.677 (0.77)
Ramsey Reset 1.22 (0.29)

6. Results Discussion:

When modeling the relationship between stock and oil prices,
the analysis should not depend on bivariate models to avoid the problem
of misspecification. Narayan and Narayan (2010) indicate that using
bivariate models instead of multivariate models may lead to an omitted
variable problem. Therefore, this paper followed Narayan and
Narayan’s multivariate model by adding another determinant variable,
namely nominal exchange rates.

Moreover, the economy of Saudi Arabia is oil-based, which
means that the economy might be unstable due to structural breaks that
may be caused by oil shocks. Therefore, the cointegrating relationship
between stock and oil prices may be affected by these structural breaks
and need to be considered in the specification (1). It is obvious from
Figure (1) that there might be more than one structural break, which

may affect the stability of the model (1). The results point out that the
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exchange rates, the sum of the coefficients of each variable are obtained
and examined by using F test to check whether they are statistically
significant.

The results are reported in Table (8) and show that the short-run
effects of oil prices and exchange rates are positive and statistically
significant at 1% and 5%, respectively. However, the effects are small
in magnitude compared to the long-run. In addition, the effects of both
structural breaks are consistent with the long-run analysis; however, the
structural break 2008Q1 is not statistically significant comparing with
the long-run.

The coefficient of speed of adjustment on the residuals term
with one lag (&;_1) is negative and statistically significant at the 1%
level, which is consistent with the expectation. The coefficient is 0.103,
which is considered to be low. This means that only 10.3% of the
adjustment to the long-run equilibrium occurs on the following quarter
of the shock.

The diagnostic tests are applied, and the results are reported in
Table (8). The result of the Breusch-Godfrey serial correlation LM test
(henceforth B-G) reveals that the null hypothesis of no serial correlation
is accepted, since the value of Breusch-Godfrey is 1.471 and the p-value
is 0.117. In addition, the result of Harvey test indicates that there is no
heteroskedasticity, since the value of the F test is 0.677 and the p-value
1s 0.77, which means that the null hypothesis of homoscedasticity is
accepted. Also, the result of the Ramsey reset test reveals that there is
no misspecification problem in the model, since the value of the F test

is 1.22 and the p-value is 0.29.
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lop 0.264%* 2.52(0.013)
Inex 0.367* 1.679 (0.095)
constant 5.251%%* 9.719 (0.00)
DMO03Q1 1.074%%* 6.945 (0.00)
DM08Q1 -0.69%** -4.034(0.00)

* ¥k %% denote significance levels at 10%, 5% and 1%, respectively.

5.3.2 Sheort-Run:

Since there is evidence of a long-run cointegrating relationship
between stock prices, oil prices, and exchange rates, the error correction
model (henceforth ECM) is applied to estimate the short-run oil price
and exchange rate impacts on stock prices. To consider the effect of
structural breaks on stock prices in the short run, we allow both breaks
2003Q1 and 2008Q1 to take the form DM03Q1, = ADMO03Q1 and
DM08Q1; = ADMO08Q1 in the ECM with zero lag, and can be written
as follows:

Alspe = a + XP2, Buidlspe; + N2 Baiblope_; + XPog Bsiblnex,_; +
8,ADM03Q1, + 6,ADM08Q1, + @&, + & (12)

where f8,; and f3; indicate the short-run oil price and exchange rate
effects; §; and §, represent the effect of structural breaks 2003Q1 and
2008Q1 in the short-run, respectively; ¢ is the speed of adjustment,
which represents recovery speed from short- run disequilibrium to the
long-run equilibrium convergence; and &;_; is residuals with one
lagged that was obtained from the long-run relation (model 1), and is
expected to be negative and statistically significant. AIC is used to

choose the lag length. To get the short-run impact of oil prices and
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2008Q3 are added as fixed regressors to equation (1). The estimation
results of the FMOLS and CCR are reported in Table (7). The FMOLS
and CCR estimates of the oil prices elasticity (y1) are about 0.258, and
0.264 respectively, and statistically significant at the 5% level. This
means that there is a statistically significant positive impact of oil prices
on stock prices, which is consistent with the expectation. Consequently,
for every one percent increase in oil prices, the stock prices increase by
about 0.26.

The results of FMOLS and CCR indicate that the exchange rate
elasticity is about 0.376 and 0.367 respectively, and statistically
significant at the 10% level. This means that there is a positive impact
of exchange rate on stock prices. The results point out that a 1%
increase of exchange rate of US dollar increase stock prices by less than
1%. Also, the impact of the estimated structural break, which occurred
in 2003Q1, is positive on stock prices snice this break may refer to the
new era of oil price increases (2003 to June 2014). However, the case
is different with the structural break, which occurred in 2008Q1. The
impact of 2008Q1 is negative on stock prices since this break may
related to Global financial crisis (2007-2008).

Table (7): Results of the long-run elasticities

FMOLS coefticients T stat (p-value)
lop 0.258 ** 2.158 (0.03)
Inex 0.376* 1.70 (0.090)
constant 5.255%%* 9.210 (0.00)
DMO03Q1 1.085 *** 6.682 (0.00)
DMO08Q1 -0.694%** -4.032(0.00)
CCR coefticients T stat (p-value)
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analysis may lead to misleading results. For instance, when testing the
long-run relationship between the variables in Saudi Arabia using
Gregory and Hansen’s test, we could not reject the null of no
cointegration in all the models for Z, and Z statistics. However, when
the ARDL-Bound cointegration test was utilized with two structural
breaks estimated endogenously by Bai and Perron, the results provide
evidence of a cointegrating relationship between the variables.

Table (6): Results of ARDL - Bound test with two endogenous
structural breaks

Number of F stat Lower bound Upper bound Null hypothesis: no long run
independent 1(0) 1(1) relationship : y; = y, =
variables (K) y3=10

2 4.490 3.1 3.87 Reject the null

Lower and upper bounds are reported at a 5% significance level. ** denotes rejection of the null hypothesis

at a 5% significance level.

5.3 Long and Short Run:
5.3.1 Long Run Elasticities:

Since the structural breaks do not take the form DM03Q1, =
DMO03Q1,_; in equation (11) of ARDL-Bound cointegration test, the
long-run oil prices and nominal exchange rates elasticities are estimated
by Fully Modified Least Squares (FMOLS), and Canonical
Cointegrating Regression (CCR)>. To take into consideration structural

breaks on the regression, two dummy variables for the year 2003Q1 and

3 From equation (11), the long run oil prices and nominal exchange rates elasticities
can be estimated by ECM-ARDL respectively as follows: ¥, /y;, and y5/y;. However,
the long-run impact of structural breaks cannot appear in the long run estimation since
we consider them as fixed regressors in the ECM-ARDL.
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Alspe = a + yqlspi_q1 + volopi—q + y3lnex,_4

pl p2 p3
+ Zﬂn’AlSPt—i + Z BoiAlop;_; + z BsiAlnex;_;
=1 i=0 i=0

+ 6,DM03Q1, + 5,DM08Q1, + &,  (11)

where DM03Q1; denotes the dummy variable corresponding to the
year 2003 in quarter Q1, and DM08Q1, denotes to a dummy variable
corresponding to the year 2008 in Q1. The dummy variables are defined
as DM03Q1 =0 fort <t and DM03Q1 =1 for t > 7. Similarly, DM08Q1
=0 for t <t and DMO08QI1 =1 for t > 7 . In order to take into account
the impact of structural breaks in the cointegrating relationship, we
added the two dummy variables to model (11) as fixed regressors with
zero lag. For instance, the two dummy variables do not take the form
DM03Q1;, = DM03Q1;_4 in model (11); However, we consider them
as fixed regressors (DM03Q1,,DM08Q1; ) with zero lag.

The results of the ARDL-Bound cointegration test after
considering two structural breaks are reported in Table (6). The results
provide evidence of a long-run relationship between the variables. Two
conclusions can be derived from these results: First, these results
demonstrate that neglecting the effect of structural breaks in the
analysis of a cointegration relationship may provide a distorted
conclusion, and that was obvious when the ARDL-Bound cointegration
test (model 6) was applied without considering the structural breaks.
Second, in analyzing the relationship between economic variables,
whether at the macroeconomic or microeconomic level in countries
with a less diversified economy such as Saudi Arabia, it is important to

consider more than one unknown structural break; otherwise, the
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rates (op, sp, nex), structural breaks need to be taken into account in the
specification (model [1]).

The date of the structural breaks that occurred in 2003Q1 is
consistent with the one obtained by Gregory and Hansen’s test in all
three models (GH1, GH2, GH3). The structural break, which occurred
in1991Q1, may refer to the final effect of the Second Gulf War.
Moreover, the structural break that occurred in 2008Q1 might be related
to the 2007-2008 global financial crisis.

Tables (5): Results of Bai and Perron test

The null hypothesis: Test stat Critical values at Break date
5%

no breakpoints vs. m Sup Fr(1) =247.256** 13.98 1991Q1 Reject Hy
breakpoints Sup Fr(2) = 54.634** 15.72 2003Q3

no breakpoints vs. 1 UDmax = 247.26 ** 14.23 2003Q1 Reject Hy
<m<U WDmax = 247.26** 15.59 2008Q1

m breakpoints vs. m Sequential Sup Fr 15.72 2003Q1 Reject Hy
+ 1 breakpoint ¥ | 1)=154.63 ** 2008Q1

** refers significance level at 5%.

The second step is to re-investigate the cointegrating
relationship between the variables (op, sp, nex) after considering the
two endogenous structural breaks, which were obtained from the Bai
and Perron test, in the specification. Two dummy variables are added
to the model (6) of ARDL-Bound cointegration test as fixed regressors,

and the new form of model (6) can be written as follows:
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Ve= X't aj + & (10)

where Yy, is the dependent variable sp for j= 1, ... , m+1, where m is
the number of breaks. x'; is the vectors of covariates (1, op, nex), and
a; refers to vectors of coefficients. In order to obtain the least squares
estimate a; for each number of break partition (Ty, ....,Tm), the sum of
squared residuals is minimized (Choi and Jung, 2009). Bai and Perron
suggest three methods to determine the number of structural breaks as
follows:

1. sup Fr(m), which tests the null Ho, in which there are no
breakpoints against the alternative Hi, where there are m
breakpoints.

2. UDmax and WDmax , where UDmax refers to double maximum
statistics and WDmax indicates weights double maximum
statistics. The null hypothesis under this method is that Ho: no
breakpoints against the alternative Hi: 1 <m < U where U refers
to the upper bound of the breakpoints’ number.

3. Sequential sup Fr(m+1 | m), which tests the null hypothesis Ho:
m breakpoints against the alternative Hi: m + 1breakpoint.

The estimation results of structural breaks by Bai and Perron
(1998) are reported in Table (5). All the three tests of Bai and Perron
provide evidence of multiple structural breakpoints at the 5%
significance level. The results of these tests indicate that there are
significant structural breaks that occurred in 1991Q1, 2003Q1-3, and
2008Q1 that affected the stability of model (1); therefore, when testing

the long-run relationship between oil prices, stock prices, and exchange
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2014, a boom cycle is revealed due to an increase of oil prices. In fact,
2002Q4 could represent the end period of oil price decreases, and
2003Q2-3 show a new phase of oil price increases.

Table (4): Results of Gregory and Hansen’s test

Model ADF* Break Z'a Break Z't Break Null
date date date Hypothesis:
No
cointegration
GH1 -5.142 2002Q4 -36.175 2003Q2 -4.395 2003Q2 Only reject
2)** the null for
ADF
GH2 -3.714 2002Q4 -34.603 2003Q2 -4.275 2003Q2 Don’t reject
“
GH3 -5.150 2002Q4 -37.928 2003Q3 -4.543 2003Q3 Don’t reject
@

The critical values are reported in Gregory and Hansen (1996). The number of lags is chosen based on AIC,
and the number between parentheses are lag length.

4.2.3 Cointegration Test Results with Two-unknown Structural
Breaks:

From the results of Gregory and Hansen, it is clear that there
might be more than one structural break that affects the cointegration
relation between the variables (sp, op, nex). Consequently, our analysis
is extended by investigating the long-run relationship between the
variables using a cointegration test with two unknown structural breaks.
This can be done in two steps: The first step is to take advantage of Bai
and Perron (1998) method and estimate two unknown structural breaks.
The second step is to add these two endogenous structural breaks to the
ARDL-Bound cointegration test as fixed regressors. The form equation

of Bai and Perron (1998) method can be written as follows:
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where 3; shows the intercept before the shift, and 8, shows the change
in the intercept when the shift occurs. Also, y; is the cointegrating slope
coefficients before the regime shift while y, is the change in the
cointegrating slope coefficients when the regime shift occurs. DM, =
0 for t <t and DM;; = 1 for t > 7, where 7 denotes the time when
structural change occurs, and t=1, ...... .

Gregory and Hansen’s test is a joint test, is comprised of three
test statistics, and can be written as follows: ADF* = inf,.r ADF (1),
Z'a = infoer Z, (7), Z°t = infrer Z (). This test examines the
smallest values of all the three statistics, ADF* , Z*a, and Z*t, because
these small values of the test statistics provide evidence against the null
hypothesis of no cointegration.

Table (4) represents the results of Gregory and Hansen’s
cointegration test of the three models. The results of Z, and Z; indicate
that there is no evidence of a long-run relationship between oil prices,
stock prices, and nominal exchange rates in all the models GH1, GH2,
and GH3. Therefore, the null hypothesis of no cointegration is not
rejected at a 5% significance level. However, the results of ADF* after
considering one-time unknown structural break, which occurred in
2002Q4, reveal that there is a long-run relationship between the oil
prices, stock prices, and nominal exchange rates only in the level shift
model (GH1).

The date of the structural breaks that occurred in 2002Q4 and
2003Q2-3 correspond to important events that affect the economy of
Saudi Arabia. During the period from 1985 to 2002, there was a

decrease of oil prices, which reveals a deficit cycle; and from 2003 to
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Table (3): Results of ARDL-Bound test

Number of F stat Lower bound Upper bound | Null hypothesis: No long run
independent 1(0) I(1) relationship : y; = y, =
variables (K) Y3 =0
2 1.444 3.1 3.87 Don’t reject

The lower and upper bounds are reported at a 5% significance level.

4.2.2 Cointegration Test Results with One-unknown Structural
Break:

The cointegration relationship between stock prices, oil prices,
and exchange rates could be affected by structural breaks. Thus, the
Gregory and Hansen (1996) test (henceforth, GH) with one unknown
structural break is performed. Gregory and Hansen point out that the
standard ADF test, which does not consider a one-time regime shift in
the cointegration analysis, might lead to a misleading conclusion about
the long-run relationship between variables. Therefore, the three
models with one-time unknown structural break of GH are applied, and
they have the following form:

Level shift (henceforth, GH1):

Ve = P1+ B2DMyc + vir x2e + & (7)
Level shift with trend (henceforth, GH2):
Ve = P1+ Bo2DMy +at+ yicxoc + & 3
Regime shift (henceforth, GH3):
Ye = P1+ B2DMyr + Vi Xor + VorX2e DMy + & )
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4.2 Cointegration Test Results:
4.2.1 Autoregressive Distributed Lag (ARDL) Bound
Cointegration Test:

In this section, the long-run relationship between oil and stock
prices is investigated by using the ARDL-Bound test, proposed by
Pesaran et al. (2001). The rationale of using this method is that the result
of unit root tests with structural breaks indicate that the existence of
structural breaks is not that important for oil and stock series, or there
might be more than one significant structural break that may affect the
stationarity of the series. Meanwhile, the conventional unit root tests
are biased toward accepting the false null hypothesis when there is both
trend and structural break in the data. Therefore, we take advantage of
this test since it does not require pre-determining the order of
integration of the variables. Also, it is still valid to test the long-run
relationship between the variables, even though the variables are not
from the same order of integration (1(0), I(1)).

The ARDL - Bound test model can be written as follows:

Alsp; = a + y1lspi—q + yalope—1 + yslnexq_4

p1 2 p3
+ zﬁu‘AlSPt—i + Z.BziAlOPt—i + zﬁgiAlnext_i
i=1 i=0 i=0

+ & (6)
where p refers to optimal lag length, and Table (3) shows the results of
the ARDL- Bound cointegration test. The results provide evidence of
no long-run relationship between stock prices, oil prices, and exchange

rates since the value of F statistics is less than the lower-bound value.
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Table 1: Results of unit root tests without structural breaks

Variables ADF t stat P-value Ho: there is ADEF t stat in P-value Hy: there
in levels at 5% a unit root first at 5% is a unit
in a series differences root in a
series
sp -1.094 (4) 0.926 Don’t -4.161 (4)*** 0.007 Reject
reject
op -2.544 (4) 0.307 Don’t -5.487 (4)*** 0.000 Reject
reject
nex -1.910 (4) 0.644 Don’t -3.682 (4) ** 0.027 Reject
reject
Variables KPSS LM- Critical Hy: there is KPSS t stat in Critical Hy: there
stat in value at no unit first value at is no unit
levels 5% root in a differences 5% root in a
series series
sp 0.138 0.146 Don’t 0.053 (8)** 0.146 Don’t
(9)** reject reject
op 0.184 (9) 0.146 Reject 0.121 (5)** 0.146 Don’t
reject
nex 0.328 0.146 Don’t 0.145 (0)** 0.146 Don't
(9)** reject reject

** denotes the significance level at 5%, while the number in parentheses is lag length.

Table 2: Results of unit root tests with a structural break

Variables ZA t stat in t stat at 5% Hp: there is a unit root with Breakpoint Date
levels critical a structural break in both
value the intercept and slope
sp -3.880 (4) -5.08 Don’t reject 2003 Q2
op -3.317 (4) -5.08 Don’t reject 2004 Q2
nex -7.531 (4)** -5.08 Reject 1993 Q2
Variables Perron t stat in t stat at 5% Hy: there is a unit root with Breakpoint Date
levels critical a structural break in both
value the intercept and slope
sp -3.861 (4) -5.59 Don’t reject 2003 Q1
op -3.331 (4) -5.59 Don’t reject 2004 Q2
nex -7.541 (4)** -5.59 Reject 1993Q1

The numbers between parentheses are lag length that is chosen by AIC.
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Similar to the ZA unit root test, Perron (1997) examines a unit
root with one unknown structural break, and uses three models (shift in
intercept, shift in slope, and shift in both), but this test differs from the
ZA test by including one time break dummy variable (DTB is one if t =
time break + 1). The model with shift in intercept and slope can be
written as follows:

k
Ye= O+ 8y, +at + DM, + yuDT, +v, DTB, Y oy Aye_;+ & (5)
=1

The results of ZA (1992) and Perron (1997) are presented in Table 2.
All the results indicate that the null hypothesis of a unit root with a
structural break in the intercept and slope is accepted for all data series
at a 5% significance level except nominal exchange rates, meaning that
the variables (sp, op) are not stationary in levels. For nominal exchange
rates, we could reject the null after considering a significant structural
break, which occurred in 1993Q1-2. During the year 1993 two
measures adopted by the Chinese government. First, in March 1993, the
government allowed Chinese residents to take 6,000 renminbi abroad.
Therefore, some banks started handling the conversion renminbi in
Hong Kong. Second, the former administrative measures to control the
foreign exchange market were changed to Foreign Exchange

Stabilization Fund (Jianping, 1998).
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In order to determine the lag length, Akaike Information
Criterion (AIC) are performed; but for KPSS test, truncation lags are
chosen based on the Newey-West method. Table (1) represents the
results of unit root tests without taking into account structural breaks.
From the results of ADF, we are unable to reject the null hypothesis of
a unit root in level data. However, when the first difference is taken
from all the variables, the null hypothesis is rejected at a 5% level,
which means that all the variables are stationary and integrated of order
one I (1). However, the results of KPSS indicate that stock prices and
nominal exchange rates are stationary in level, which means that the
null hypothesis of no unit root in level series for both variables is
accepted at 5% significant levels.

The ZA (1992) utilizes three models to examine a unit root with
one unknown structural break, shift in intercept, shift in slope, and shift
in both intercept and slope. If the model with shift in intercept and slope
was applied while structural break occurs in the model with intercept
shift or slope shift, the power loss would be minimal (Banafea, 2014).

Thus, the model with shift in intercept and slope is utilized as follows:
k

Vi =0+ 6y;_1+at + BDM; + yDT; + Zgoi Ayi_j + & 4)
j=1

where DM and DT indicate a mean and trend shift, respectively. A
refers to the first difference; DM; =1 and DT;=t — Tbreak if t > Tbreak.
Tbreak refers the time where the breakpoint occurred; &, is error term,

which assumes white noise.
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structural breaks in our analysis. Also, Figure (1) shows that all the
variables, stock prices, oil prices, and nominal exchange rates show a
trend. Therefore, the tests of unit root are applied with intercept and
trend.

Figure (1): The log-level data of the variables
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considered high compared to other countries. In fact, the imports from
China increased from 81.8 billion riyals in 2018 to 105.6 billion in
2019, and the exports from Saudi Arabia to China raised from 146.7
billion riyals in 2018 to 179.7 billion in 2019. All the prior data are
obtained from SAMA.

The empirical analysis consists of three steps. The first includes
testing the stationarity of the series using unit root tests with one
unknown structural break to determine the order of integration. The
second involves the cointegration relationship between variables being
examined using techniques with two unknown structural breaks.
Finally, the long- and short-run impact of oil prices and nominal
exchange rates on stock prices will be estimated.

4. Approach and Empirical Results:
4.1 Unit Root Test Results:
In this section, two unit root tests are preformed, namely

Augmented Dickey- Fuller (1979) (henceforth, ADF) and Kwiatkowski
et al. (1992) (henceforth KPSS). Neither test takes into consideration
the effect of structural breaks. The null hypothesis under ADF is that
there is a unit root, but under KPSS, the null is that there is no unit root.
Since structural breaks may affect the properties of the series, two unit
root tests, which take into account one unknown structural break, are
applied, namely Zivot and Andrews (1992) (henceforth ZA) and Perron
(1997). The ZA and Perron tests have the same null hypothesis: There
1s a unit root with a structural break in the intercept and slope.

The plot of the log-level data in Figure (1) indicates that
structural breaks might be important. Thus, it is important to consider

(55)



Waheed A. Banafea, Structural Changes and the Relationship
Haung et al. (1996) and Narayan and Narayan (2010) indicate

that oil prices may affect stock prices through expected inflation and
real interest rate. For importing countries, an increase of oil prices
would put downward pressure on a country's exchange rate and upward
pressure on the domestic inflation rate. As a result, when expected
inflation increases, the discount rate will increase, which affects stock
prices negatively.

The impact of exchange rates on stock prices may differ from
an import- dominant country to an export-dominant country. For the
export-dominant country, an increase of its exchange rate may lead to
a decrease in the competitiveness of its exports; therefore, its exports
would decrease. As a result, the domestic stock prices would be affected
negatively. On the other hand, for an import-dominant country, an
appreciation of its exchange rate may lead to a decrease in the cost of
its inputs. As a result, the domestic stock prices may be affected
positively (Narayan & Narayan, 2010).

Quarterly data is used from 1985Q1 to 2018Q4!. The Tadawul
All-Share Index (TASI) is used as a proxy for stock prices; the OPEC
basket with base year 2005 is used as a proxy for oil prices; and the
Chinese Yuan is chosen as the exchange rate against US dollar?,

because the volume of trade exchange China and Saudi Arabia is

! High-frequency data, such as daily and weekly data, or low-frequency data such as
annual data may not help when we analyze the relationship between oil and stock
prices, since oil shocks may not appear clearly in such data. Consequently, the data is
transformed from annual frequency to quarterly frequency using Denton-Cholette’s
method, proposed by Dagum (2006).

2 Since Saudi riyal is pegged to US dollar, and oil exports are paid by dollar, we use
Yuan against US dollar as a proxy for nominal exchange rates.
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error term. The theoretical relationship between oil and stock prices can
be expressed as follows. Oil prices can impact stock prices through the
stock valuation channel. The relationship between stock prices and

returns can be presented as follows:

R = ( Insp, ) @

Inspe—4

where R is the stock returns, and economic theory indicates that the
discounted future cash flows are reflected by the current stock prices as
shown in the following equation
E(Cn)
lnspt: 2=t+1 (1—E(T‘n)) (3)

where C, is the cash flow at time n, r is the discount rate, and E(.) is the

expectation operator. Equations 2 and 3 indicate that the stock returns
can be affected by factors that can impact the expected cash flows and
the discount rate (Degiannakis et al., 2018).

Oil prices can affect stock prices (returns) through demand and
supply channels. From the supply side, oil prices may affect the
disposable income and consumption of exporting countries positively.
Therefore, an increase of oil prices may lead to an increase in the
disposable income, and this would increase the consumption thus the
firms’ profit and the expected cash flows would increase. On the
demand side, changes of oil prices may affect stock prices negatively
through the production cost. Therefore, an increase of oil price may
increase the cost of the firms and reduces their profit thus the cash flows

would decrease.
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spillover effects, there is a unidirectional effect from oil to some sectors
for returns. However, for the volatility patterns, there is bidirectional
effect.

Akoum et al. (2012) examine the co-movements of stock
markets and crude oil returns in the GCC countries and two non-oil
markets, namely Egypt and Jordon, from January 16, 2002 to May 31,
2011 using the Wavelet Coherency method. The results indicate that
there is no strong link between stock market and oil returns in the short
term for all the countries, but there is evidence that stock and oil returns
co-move in the long term.

Our review of the literature highlights the fact that there is a lack
of consensus about the relationship between oil and stock prices. The
contradictory results of the studies could be due to the econometric
techniques applied, different frequency of the data used, and the type of
structural breaks (endogenous vs. exogenous) includes in the analysis,
the different types of data (aggregate vs. disaggregate) used, and the
different models. This study attempts to fill a gap in the literature by
examining the relationship between oil and stock prices in Saudi Arabia
with consideration of endogenous structural breaks.

3.  Methodology and Data:

To express the relationship between oil prices and stock prices,
this paper makes use of the model proposed by Narayan and Narayan
(2010). The model can be written as follows:

Insp, = yo + yq Inopy + v, Inery + & D
where [nsp is the natural log of stock prices, [nop is the natural log of

oil prices, and [ner is the natural log of nominal exchange rate, ¢ is the
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volatility except bank and insurance sectors during the 10™, 25%, and
75" quantiles. Also the results of Quantile regression analysis for
wavelet nonlinear denoising with a soft thresholding series reveal that
only aggregate market index, transport and telecommunication sectors
are not sensitive of oil price volatility during the 75" and 90" quantiles.

Degiannakis et al. (2018) survey the literature on the
relationship between oil price and stock market, and found that most of
the research focuses on the effect of oil markets on stock markets. They
also revealed that results vary between the studies due to several factors:
The type of data used, specifically whether it is aggregate or
disaggregate data of stock indices; whether the country is net oil
exporting or net oil importing; and whether the change in oil price is
symmetric or asymmetric.

Using quarterly data covering the period 1994Q4-2015Q2 for
eight countries, including Saudi Arabia, Simohammed et al. (2016)
utilize Panel-ARDL and SVAR techniques to examine the impact of oil
prices on stock prices. The results indicate that there is both a short- and
long-term relationship between oil and stock prices; also, the results
point out that there is a positive impact of oil prices on stock prices in
Saudi Arabia.

Jouini (2013) investigates the relationship between world oil
price and stock markets in Saudi Arabia using the VAR-GARCH
process and weekly data from January 10, 2007 to September 28, 2011.
The results conclude that there is evidence of both volatility and return

transmission between stock sector markets and oil price. For the
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impact of oil price slump during 2014-2016 period, the data are divided
into the pre-oil price slump and slump period.

In the pre-slump period, the results of the GCC countries reveal
that there are asymmetric long run impacts of oil price fluctuations on
the aggregate market index except for Saudi Arabia and Qatar.
However, in the slump period, there is evidence of asymmetrical long
run impacts in all GCC countries. The results of the short run indicate
asymmetrical impacts of oil prices on the aggregate index in the period
of pre-slump in all GCC countries except for UAE. During the slump
period, the findings show asymmetrical impacts of oil prices on the
aggregate index in all GCC countries.

deJesus et al. (2020) investigate the dynamic relationship
between oil and stock prices in the long run using daily data from March
13, 2001 to August 25, 2017 for selected oil exporting and importing
countries including Saudi Arabia. To consider structural breaks in the
analysis, the approach which is proposed by Rafailidis and Katrakilidis
(2014) are applied. For oil exporting countries, the results indicate that
there is a positive relationship between oil and stock prices in the long
run. The results of oil importing countries depend on whether they are
developed or emerging economies. There is a positive relationship in
the case of emerging economies while a negative relationship in
developed economies.

Using monthly data from 2006 to 2017, Hamdi et al. (2019)
examine the relationship between oil price volatility and the stock
sectoral returns in the GCC countries by using quantile regression

analysis. The results indicate that all sectors are interdependent of oil
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Cevik et al. (2021) examine the dynamic relationship between
crude oil and stock returns in Saudi Arabia using weekly data from 2001
to 2018, and time-varying causality in the mean and variance tests. To
take into consideration any leverage impacts in the volatility of stock
returns, an APARCH process was utilized. They find that crude oil
prices have significant impacts on stock returns. Their empirical results
showed that there is a bidirectional causality relationship between oil
prices and stock returns. Also, there are presence of risk spillovers
between oil prices and stock returns.

Jiang and Yoon (2020) utilize two types of wavelet method to
study the dynamic co-movement between oil and stock markets in six
countries including Saudi Arabia using weekly data from 13 January,
2006 to 29 December, 2019. The main findings indicate that there are
feedback relationships between the price movement of oil and stock
markets in all six countries. The results of the wavelet coherence
analysis reveal that the pairs of oil and stock returns in oil exporting
countries have high co-movement during the period from 2007 to 2017,
and the returns of oil prices affect the stock returns of Saudi Arabia,
Russia, and Canada during that period. Also, stock returns in oil
exporting countries are more influenced by oil prices compared with oil
importing countries.

Siddiqui et al. (2020) analyze an asymmetric impact of the oil
prices on stock prices in GCC countries and other largest oil importing
countries. The Nonlinear ARDL approach was applied using weekly
data from the period 14 July, 2008 to 29 August 2016. To capture the
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Secondly, most of the previous work examine the impact of
exogenous structural breaks on the relationship between oil and stock
prices in Saudi Arabia, and little attention has been paid to endogenous
structural breaks. Also, most of studies used daily and weekly data, and
this frequency may affect the cointegration relationship between
variables since the structural breaks, which may be caused by oil
shocks, may not appear clearly in such frequency. In fact, the stability
of the model is an important issue when examining the relationship
between variables; therefore, choosing the daily or weekly data when
analyzing the relationship between oil and stock prices could lead to
misleading results.

Lastly, oil shocks may cause structural breaks, and the effect of
these breaks may not occur instantly. Consequently, we use
econometric techniques, namely those posed by Gregory and Hansen
(1996) and Bai and Perron (1998), to take into account endogenous
structural breaks.

The reminder of this paper is organized as follows: Section 2
reviews related literature. Section 3 presents methodology and data.
Section 4 presents empirical results. Section 5 discusses results. Section
6 concludes the paper.

2. Literature Review:

A large body of academic literature is devoted to empirically
investigate the link between oil and stock prices (returns) in both oil
exporting and importing countries. This section provides a brief review
of recent studies on the relationship between oil and stock prices

(returns) in Saudi Arabia.
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including Saudi Arabia (Cevik et al.,2021; Jiang and Yoon, 2020;
Siddiqui et al.,2020; deJesus et al.,2020; Hamdi et al.,2019;
Degiannakis et al., 2018).

From the literature, it is obvious that there is no consensus about
the relationship between stock prices (returns) and oil prices in Saudi
Arabia. In fact, most of the studies evaluate the relationship between oil
and stock prices in Saudi Arabia during unstable periods such as the
2007-2008 global financial crisis, the oil shock, which occurred in June
2014, the 2003-2011 Iraqi war, and the collapsed of Saudi stock market
in 2006. All these events likely created structural breaks, and the final
effects of these events may not appear instantly but need some time.
Consequently, this paper aims to re-examine the relationship between
oil and stock prices in Saudi Arabia using econometric methods, namely
Gregory and Hansen (1996), Bai and Perron (1998), which include
endogenous structural breaks in the relationship between oil and stock
prices.

What distinguishes this paper from the previous work on Saudi
Arabia is that this paper utilizes two econometric techniques to test the
long-run relationship between oil and stock prices, with consideration
of multiple endogenous structural breaks. The economy of Saudi Arabia
1s less diversified since it depends heavily on natural resources such as
oil and natural gas. Therefore, changes in oil or gas prices may create
structural breaks. Neglecting taking into account structural breaks in the
analysis of the relationship between oil and stock prices may lead to

distorted results.
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Structural Changes and the Relationship

Between Stock and Qil Prices in Saudi Arabia

1. Introduction:

Many studies on the literature have focused on the link between
oil price shocks and various macroeconomic variables. Hamilton
(1983), a pioneer study, found that there is a negative impact of oil price
fluctuations on economic output in the U.S. This study motivated many
researchers to further investigate the effect of oil price shocks on
various economic conditions, such as economic growth, interest rates,
inflation, etc. (Mork, 1989; Hooker, 1996; Kilian, 2008). Therefore, the
link between economic conditions and corporate cash flows and interest
rates may affect the stock price markets.

Jones and Kaul (1996) wrote a pioneer study that shed light on
the effect of oil price fluctuations on the stock markets by examining
the impact of oil price fluctuations on stock markets in the US, Canada,
UK, and Japan using the standard present value model. The results
indicate that there is a significant and negative impact of oil price
fluctuations on stock market returns through its impact on cash flows
for all four countries. Following Jones and Kaul, several studies have
investigated the relationship between oil price changes and stock prices
(returns). More recently, there is an abundance of studies that
investigate the link between oil and stock prices using various

econometric techniques in both oil exporting and importing countries
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Structural Changes and the Relationship

Between Stock and Qil Prices in Saudi Arabia

Waheed A. Banafea”

Abstract

The purpose of this paper is to investigate empirically the
relationship between the stock and oil prices using quarterly data from
1985Q1 to 2018Q4. Since the economy of Saudi Arabia is an oil-based
one, econometric techniques that take into consideration structural
breaks are utilized. The results indicate that the long-run relationship
between stock prices, oil prices, and exchange rates could not be found
until two endogenous structural breaks are taken into consideration in
the analysis. The findings show that there is a positive and statistically
significant impact of oil prices and exchange rates on stock prices in
both the long and short-run; however, the impact is big in size only in
the long-run. Also, the impact of the structural break, which occurred
in 2003Q1, on stock prices is positive and significant in both long and
short-run. The structural break, which occurred in 2008Q]1, affects
stock prices negatively and significant in the long-run. The impact of
both structural breaks is large in magnitude only in the long-run. These
results may help market participants to make their decisions under a

low level of uncertainty in Saudi Arabia.
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stability of the key macroeconomic aggregates. The findings can also
provide important policy implications for the other GCC countries
given their common economic and institutional features with Saudi
Arabia. It is also found that the recent money decreases do not lead to
noticeable liquidity lack and, thus, to inflation declines.

The present framework can be adapted to other research issues
as well. For example, an analysis of the long-run money demand
function for the Middle Eastern and North African (MENA) countries
can be interesting to check for consensual results. The application of
panel methods to investigate the cointegrating relationships in the
framework of the money demand function may be attractive given the

economic and political similarities in the sub-regions of MENA region.
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6. Conclusion:

The study focuses on the estimation and stability properties of
the long-run money demand function for the Saudi economy over
1994-2017 wusing efficient estimation methods of cointegrating
relationships and tests for cointegration breakdown that are well suited
in case of a break date at the end of the sample. This aims to check
whether the recent declining money growth rates exhibit a structural
change in the long-run money demand function, which has implications
on the monetary policy to follow by policymakers in order to achieve
macroeconomic stability. Findings reveal long—run relationships
between demand for money and the considered forcing variables.
Another interesting result is that the constraint that income elasticity of
demand for money is unity is not rejected for all money aggregates,
which does not support the scale economies in money management. The
estimate results are aligned with the underlying theory of demand for
money, as the responses of money demand to changes in real income,
interest rate, inflation, and equity market variables are correctly signed,
pointing to economically intuitive conclusions. Additionally, it is found
that although money aggregates induce break dates in their time-
varying patterns, the long-run money demand equation is stable during
the estimation period, as the money declines recorded from 2015 do not
exhibit a structural change irrespective of whether equity market
influences are taken into account. This result formally highlights a
robust stability of the long-run money demand function for the Saudi

economy, which can help authorities make proper decisions to achieve
(38)



Economic Studies: Volume 27, 14

Figure 4. Liquidity lack by FIML for money aggregates
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cannot be attributed to the equity market falls recorded at the end of the
sample (Figure 2), and tells us about the robustness of the findings, as

shown above.

Figure 3. Liquidity lack by FMOLS for money aggregates
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5. Liquidity Lack:

The final issue in our analysis involves determining whether the
recent persistently money declines lead to liquidity lack in Saudi Arabia
and, thus, to inflation reductions. Toward this end, for the above two
long-run money specifications, we consider the FMOLS and FIML
estimates to measure the liquidity lack by means of the equilibrium
errors, that is, the difference between the observed money and the fitted
money that is derived from the estimated long-run money demand
function. The measures estimated from the baseline and augmented
specifications for each money aggregate are displayed in Figure 3 for
FMOLS and Figure 4 for FIML. It turns out that there is no indication
of noteworthy liquidity lack since 2015Q3 for narrow money and
2015Q4 for broad money irrespective of whether equity market
variables are incorporated into the money demand specification for both
estimation methods. This finding may reflect the no cointegration
breakdown of the long-run money demand function after these dates
(Tables 7 and 12), and imply that the recent declining money growth
rates do not generate liquidity problems and, thus, inflation reductions
for the Saudi economy, which can be seen in the consumer price index
(Figure 1) that tends to increase at the end of the sample. Additionally,
the liquidity lack measure that includes the effects of equity market
variables generally produces results that are similar to the results
produced by the measure that neglects these effects for each money

aggregate. This suggests that the recent persistently money declines
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Table 12. Cointegration breakdown test results

RM1 FMOLS FIML
Pa 0.053 (0.605) 0.031 (0.865)
Pb 0.050 (0.605) 0.044 (0.757)
Pc 0.033 (0.632) 0.026 (0.878)
Ra 1.398 (0.434) 0.629 (0.757)
Rb 1.297 (0.461) 1.220 (0.622)
Re 0.571 (0.421) 0.438 (0.622)
RM2 FMOLS FIML

Pa 0.014 (0.949) 0.033 (0.855)
Pb 0.008 (0.999) 0.036 (0.855)
Pc 0.006 (0.999) 0.021 (0.829)
Ra 0.333 (0.744) 1.027 (0.737)
Rb 0.129 (0.936) 1111 (0.724)
Re 0.058 (0.936) 0.612 (0.579)
RM3 FMOLS FIML

Pa 0.010 (0.962) 0.042 (0.776)
Pb 0.006 (0.999) 0.064 (0.592)
Pc 0.005 (0.999) 0.045 (0.513)
Ra 0.143 (0.885) 1.228 (0.632)
Rb 0.022 (0.999) 1.983 (0.526)
Re 0.019 (0.987) 1.334 (0.368)

Notes: The tests are applied to the FMOLS and FIML procedures. For the Phillips-
Hansen FMOLS estimation method, a Parzen kernel with automatic plug-in band-
width parameter selection is used to calculate the nonparametric correction; and for
the Johansen FIML estimation method, an optimal lag length of two picked by the
Schwarz information criterion is used for the three money-based level VAR systems.
P-values are calculated based on a parametric subsampling method (Andrews and
Kim, 2006). Simulated p-values are reported in parentheses.
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policy analysis.!” The implication of such a finding is that it would have
been natural for SAMA to opt for money supply as a well suited tool
for monetary policy decisions.

In other empirical studies, Rao and Kumar (2009) provide
evidence of a stable narrow money demand function for Asian countries
during 1970-2005, implying that central banks should consider money
supply in framing a monetary policy. Kumar et al. (2013) show a stable
money specification for Nigeria using the narrow measure over 1960—
2008, although there is a regime-shift in the money demand relationship
for 1986. They also outline that the use of money supply may be
considered a monetary policy instrument. El-Shazly (2016) examines
the stability of money demand function for Egypt and the implications
for the implementation of monetary policy. He finds evidence of
regime-shifts in the money demand function, and that the short-term
interest rate is the main policy instrument. More recently, Kjosevski and
Petkovski (2017) reveal that the money demand function for seven

Southeast European economies is relatively stable from 2005 to 2014.

17 A similar result is found by Hamori and Hamori (2008) who reveal that the money
demand function for 11 European Union (EU) economies is stable over 1999-2006 as
per the money aggregate M3, suggesting that such an aggregate is suitable for the
European Central Bank’s formulation of the monetary policy.
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cointegrating relationship between demand for money and the
explanatory factors are stable over time against the alternative
hypothesis of structural instability at one unknown break date. The
results (not presented to preserve space) reveal instability of the long-
run money demand function during the estimation period for all money
aggregates, with a break date being occurred around 2013, thus
implying that demand for money and the related determinants are
cointegrated with an unstable relationship. This finding underlines that
either the long-run money demand function is really unstable or the

structural stability null hypothesis is erroneously rejected, as the SupF

test is not typically suitable to the situation of a break date at the end of
the sample. Therefore, given the well-established stability of the money
demand function for the Saudi economy over different study periods
(Darrat, 1984; and Bahmani, 2008), it seems that the application of well
suited tests for long-run stability that are designed for the case of a break
date over a relatively short time period at the end of the sample leads to
pertinent conclusions, giving support to policymakers to make a
judicious monetary policy in order to achieve macroeconomic stability.

As a comparison between the empirical findings of narrow and
broad money in terms of compliance with the underlying theory of
demand for money and structural stability, we retain the results of the
augmented specification with second broad money estimated by FIML.
Indeed, in addition to guaranteeing the stability of the long-run money
demand function over the study period, this specification provides
correctly signed coefficients. Accordingly, these estimation results can
be dependably employed by Saudi authorities to design an adequate
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Like the baseline specification, we consider the cointegration
breakdown tests of Andrews and Kim (2006) to gain more evidence on
structural stability of the long-run money demand function. The results
displayed in Table 12 indicate that for all money aggregates, the
persistently money falls do not induce a strucrural break for the
augmented specification, thus suggesting stability of the long-run
money demand function over the estimation period by all of the tests
applied to FMOLS and FIML, although there are break dates located in
the money aggregates (Table 3). Like the estimation issue, taking into
account the equity market influences does not affect structural stability
of the long-run money demand function. Hence, demand for money,
real income, interest rate, inflation, and stock market variables are
cointegrated with a stable relationship, implying that the recent
persistently money declines do not lead to stability problems of the
long-run money demand fucntion. This finding gives support to the
views put forward by Darrat (1984) and Bahmani (2008) that money
demand function is stable even though it was during previous study
periods (1962—1981 and 1971-2004), thus pointing to strong evidence
of stability for money demand in Saudi Arabia.

The stability of the long-run money demand function (baseline

and augmented specifications) is also analyzed by the SupF test,

developed by Hansen (2002), that is adapted for cointegrated regression
models, making use of the Phillips-Hansen FMOLS estimation method.
The test allows testing the null hypothesis that the coefficients of the
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Table 11. Estimates of the long—run money demand function

RM1 FMOLS FIML
Constant 3381 (0.963) 5360 (1.005)
RGDP 0.9487 (0.045) 1.051 (0.071)

Interest rate

-0.100™ (0.019)

-0.120™ (0.024)

Inflation rate

4888 (1.884)

-10.273" (2.262)

Share price

0.073 (0.045)

-0.020 (0.076)

Volatility -4.254™ (1.836) 0.684 (2.977)
RM2 FMOLS FIML
Constant -0.930 (0.817) -0.995 (0.911)
RGDP 0.834"(0.038) 0.845™ (0.061)
Interest rate -0.042™" (0.016) -0.0647 (0.021)

Inflation rate

-1.116 (1.598)

-5.883""(1.989)

Share price

0.1827" (0.038)

0.153" (0.067)

Volatility -5.323"" (1.557) -1.065 (2.699)
RM3 FMOLS FIML
Constant 1.969™ (0.772) 2.519" (0.841)
RGDP 0.734™" (0.036) 0.717" (0.064)
Interest rate -0.052™" (0.015) -0.086™" (0.022)

Inflation rate

0.573 (1.510)

-6.886" (2.101)

Share price

0.1727 (0.036)

0.155" (0.070)

Volatility

-4.335™ (1.471)

1.924 (2.844)

Notes: For the Phillips-Hansen FMOLS estimation method, a Parzen kernel with au-
tomatic plug-in bandwidth parameter selection is used to calculate the nonparametric
correction; and for the Johansen FIML estimation method, an optimal lag length of
two picked by the Schwarz information criterion is used for the three money-based
level VAR systems. Standard errors are displayed in parentheses. ™ and ™ denote
significance at the 1% and 5% levels.
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Table 10. Perron-Rodriguez test results

MSB statistic

Z_rho statistic

Dep. variable Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
RM1 0.140 0.159 0.140 -33.570 -25.52 -33.510
RGDP 0.105™ 0.106" 0.105™ -54.480"" -51.14" -54.410"™
Interest rate 0.173 0.164 0.173 -16.920 -20.520 -16.910
Inflation rate 0.240 0.146 0.240 -12.980 -26.050 -12.930
Share price 0.125 0.118 0.125 -42.810™ -47.810" -42.790™
Volatility 0.123 0.118 0.123 -43.380™ -48.210™ -43.360"
Dep. variable Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
RM2 0.130 0.132 0.130 -36.330° -30.420 -36.330°
RGDP 0.131 0.132 0.131 -35.050° -34.700 -35.050°
Interest rate 0.190 0.170 0.190 -13.500 -18.830 -13.500
Inflation rate 0.169 0.166 0.169 -20.250 -18.720 -20.240
Share price 0.119" 0.118 0.119 -46.590™ -47.620" -46.580™
Volatility 0.117 0.117 0.117° -47.890™ -49.560™" -47.890"
Dep. variable Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
RM3 0.134 0.137 0.134 -33.720 -27.940 -33.720
RGDP 0.134 0.137 0.134 -32.960 -31.830 -32.960
Interest rate 0.185 0.163 0.185 -14.590 -20.950 -14.590
Inflation rate 0.203 0.158 0.203 -14.790 -20.730 -14.780
Share price 0.121 0.120 0.121 -44.420™ -46.170™ -44.410™
Volatility 0.118" 0.117 0.119 -46.090™ -49.320™ -46.080"

Notes: Model 1: constant and non-trending data; Model 2: constant and time trend
(with or without trending data); and Model 3: constant with trending data (determin-

istic cointegration).

respectively.
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The share price has a predictability power only for broad money
aggregates regardless of the estimation method, with similar impact.
The significant impact of stock price on demand for money (significant
wealth effect) implies that financial assets are considered alternatives
to holding money.'> This result can be attributed to reforms established
in equity markets of the GCC region in the mid-2000s. Long-run
demand for money is negatively and significantly linked to equity
market volatility regardless of the money aggregate using FMOLS
procedure. Volatility coefficient estimated by FIML is positive but not
significant for narrow and second borad money aggregates.!® Stock
market coefficients estimated by FIML are correctly signed for the
second broad money aggregate, although volatility coefficient is not
statistically significant, which is aligned with the findings of Friedman

(1988).

15 In similar studies, Caruso (2001) finds a significant wealth effect for a set of 25
economies, and Kontolemis (2002) shows evidence of significant responses of
demand for money to changes in stock prices in the euro area.

16 European Central Bank (2003) reveals that increased uncertainty in stock prices
leads to opt for safe and liquid assets rather than equities.
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Table 9. Johansen test results

Trace Statistic Max-Eigen Statistic
Null hypothesis Model 1 Model 2 Model 1 Model 2
None 118.015™ 98.677"" 43.453™ 40.406™
At most 1 74.562" 58.271 26.031 24.669
E At most 2 48.531 33.602 24.201 13.678
2 At most 3 24.330 19.925 11.697 10.852
At most 4 12.633 9.073 9.214 7.327
At most 5 3.419 1.746 3.419 1.746
Null hypothesis Model 1 Model 2 Model 1 Model 2
None 132.174™ 107.660™ 52.327™ 44526
At most 1 79.846™" 63.134 29.193 21.250
E At most 2 50.653" 41.884 20.834 17.027
2 At most 3 29.819 24.857 16.567 13.011
At most 4 13.251 11.846 10.069 9.817
At most 5 3.182 2.030 3.182 2.030
Null hypothesis Model 1 Model 2 Model 1 Model 2
None 142.962™ 119.305™ 61.426™" 53.099™
At most 1 81.536™ 66.206" 29.555 23.219
E At most 2 51.982° 42.987 21.513 18.561
2 At most 3 30.469 24.426 17.345 12.792
At most 4 13.124 11.634 9.870 9.448
At most 5 3.254 2.1862 3.254 2.186

Notes: Model 1: restricted constant and no deterministic trend; and Model 2: linear
deterministic trend. The optimal lag length picked by the Schwarz information

criterion is two for the three money-based level VAR systems. ™, ** and * denote
rejection of the null hypothesis at the 1%, 5% and 10% levels, respectively.
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Regarding the long-run effects, the estimation results provided
in Table 11 indicate that the coefficients of real GDP, interest rate, and
inflation behave similarly to those of the baseline specification in terms
of sign and significance across estimation methods, with the exception
of inflation that becomes significant for broad money using the FIML
estimation procedure.!* As to magnitude, the income and interest rate
elasticities are in the estimation range obtained for the baseline
specification. However, for inflation, the differences in the estimated
coefficients are relatively mediocre for each money aggregate across
estimation methods. Overall, controlling for stock market variables in
the long-run money demand function does not generally alter the
responses of demand for money to the fluctuations in real GDP, interest

rate, and inflation.

14 In a similar context and using annual data from 1971 to 2004, Bahmani (2008) finds
that inflation negatively and significantly affects demand for money measured by the
second real money aggregate for Saudi Arabia, thus suggesting that inflation can be
used as a proxy for cost of holding money.
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From the unit root test results presented in Table 8, share price
and equity market volatility are /(1),'* suggesting that we can analyze
cointegration properties of the augmented specification of the money
demand function. The test results displayed in Tables 9 and 10 reveal
that demand for money, real GDP, interest rate, inflation, and stock
market variables exhibit cointegrating relationships at the conventional
significance levels irrespective of the included money aggregate, thus
supporting the augmented specification of the long-run money demand

function for the Saudi economy.

Table 8. Unit root test results

PP ERS NP
Level breaks | Level and
Intercept Trend Intercept Trend
slope breaks
Share price -1.482 -1.529 35.968 16.200 -0.682 -2.110
-7.850" -7.919™ 0.908™ 2337 -9.324™ -8.984™
Volatility -1.914 -1.838 4.960 13.442 -0.367 -1.478
-8.692" -8.654™" 0.581° 2.012" -16.820™" -16.080™

Notes: Top value: level series; and Bottom value: First-differences. The null hypoth-
esis of unit root is tested by all tests. For PP and ERS tests, we estimate two regres-
sions with only an intercept as well as with an intercept and time trend, and the Band-
width is selected by the Newey-West method using Bartlett kernel. For NP test, we
estimate two regressions with only level changes as well as with level and slope
changes by accounting for two endogenous structural breaks, and the procedure of
Hall (1994) is used to select the optimal lag length. *** denotes stationarity at the 1%
level.

13 The stock market variables experience two break dates located at 2006Q3 and
2008Q3. The second break coincides with the September 2008 fall of Lehman
Brothers, reflecting the substantial declines in equity price (Figure 2).
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this vein, Carstensen (2006) outlines that augmenting the euro area
money demand function with stock market variables affects stability of
the specification.!! Regarding the expected coefficient signs, Friedman
(1988) argues that share price and equity market volatility are assumed
to have positive wealth and risk-avoidance effects, respectively.'? This
implies that when stock price and financial uncertainty rise, investors
generally invest in safe and liquid assets more than in equities; however,

the situation would be reversed once equities and financial uncertainty

diminish.
Figure 2. Time-varying patterns of stock market variables
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"' In a similar context, Bahmani-Oskooee and Baek (2017) reveal that the inclusion
of output and monetary uncertainty measures leads to stability of the money demand
function in Korea.

12 There is evidence of positive dependence of money aggregates with stock market
variables, as correlation coefficients are close to 0.6 for share price and to 0.15 for
equity market volatility.
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4. Robustness Check:

To give support to the above estimate results in order to check
for their robustness, we control for the effects of share price and equity
returns volatility on demand for money. Toward this end, for each
money aggregate, we augment the specification given by Eq. (1) with
share price and volatility as follows:

RM, = a, +a,RGDE + a,Interest, + a,Inf, + a,Stock, +aVol, +v, @
where Stock, denotes share price, and Vol, denotes stock returns

volatility.!® This study is the first to examine equity market influences
in the framework of long-run money demand function for the Saudi
economy. Theoretically, these variables are assumed to reflect investor
expectations as regards holding money or stocks. In this context,
investors can revise their expectations progressively over time as new
information arrives. The inclusion of equity market variables in the
long-run money demand function is motivated by the fact that, like
money aggregates, there is evidence of decreases in the share price and
stock market volatility over the same short time period at the end of the
sample (Figure 2). Accordingly, these synchronized declines in money
demand and stock market variables may be indicative of a potential
relationship between them. Additionally, it is important to examine
whether taking into account the equity market effects can be useful in

affecting structural stability of the long-run money demand function. In

10'We estimate the stock market volatility from the univariate GIR-GARCH model
developed by Glosten et al. (1993). The model allows for asymmetry in volatility to
highlight the effects of negative and positive shocks of equal magnitude on equity
market volatility.
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Table 7. Cointegration breakdown test results

RM1 FMOLS FIML
Pa 0.088 (0.250) 0.033 (0.703)
Pb 0.071 (0.461) 0.039 (0.581)
Pc 0.050 (0.500) 0.030 (0.676)
Ra 3.054 (0.053) 0.715 (0.432)
Rb 2.388 (0.118) 1.008 (0.297)
Re 1.510 (0.066) 0.573 (0.297)
RM2 FMOLS FIML

Pa 0.007 (0.999) 0.031 (0.868)
Pb 0.007 (0.999) 0.014 (0.999)
Pc 0.006 (0.999) 0.007 (0.999)
Ra 0.051 (0.987) 0.752 (0.579)
Rb 0.035 (0.987) 0.234 (0.776)
Re 0.013 (0.999) 0.055 (0.961)
RM3 FMOLS FIML

Pa 0.008 (0.999) 0.064 (0.605)
Pb 0.011 (0.987) 0.027 (0.908)
Pc 0.007 (0.999) 0.013 (0.999)
Ra 0.136 (0.910) 1.971 (0.474)
Rb 0.235 (0.821) 0.769 (0.645)
Re 0.117 (0.885) 0.285 (0.658)

Notes: The tests are applied to the FMOLS and FIML procedures. For the Phillips-
Hansen FMOLS estimation method, a Parzen kernel with automatic plug-in band-
width parameter selection is used to calculate the nonparametric correction; and for
the Johansen FIML estimation method, an optimal lag length of two picked by the
Schwarz information criterion is used for the three money-based level VAR systems.
P-values are calculated based on a parametric subsampling method (Andrews and
Kim, 2006). Simulated p-values are reported in parentheses.
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persistently money declines do not induce a break date for the baseline
specification as all tests do not reject the null hypothesis, thus
suggesting that demand for money, real income, interest rate, and
inflation are cointegrated with a stable relationship over the study
period regardless of the estimation method. For narrow money, stability
of the long-run money demand function is not rejected except for the
Ra and Rc tests applied to FMOLS procedure at the 10% significance

level.
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show evidence of declines from 2015Q3 for narrow money and from
2015Q4 for broad money (Figure 1), and to allow valid inference, the
stability of the long-run money demand function is analyzed by tests
developed for the case of a break date occurring at the end of the sample
(2015 for the current study). In this vein, we apply tests for
cointegration breakdown proposed by Andrews and Kim (2006) who
outline that the breakdown of the long-run relationship at a relatively
short time period at the end of the sample might be due to a change in
the cointegrating vector or in the disturbances from being stationary to
being I(1). The study implements six cointegration breakdown tests (Pa,
Pb, Pc, Ra, Rb, and Rc) that show in general good size and power
properties for a wide range of cases (Andrews and Kim, 2006). The tests
are applied to the FMOLS and FIML procedures that are employed to
estimate efficiently the cointegrating vectors. The p-values of the tests
are calculated based on a parametric subsampling method. The test
setup evaluated in this study consists of testing a break date at the start
of the persistently money declines in 2015Q3 for narrow money and in
2015Q4 for broad money. Under these conditions, the cointegration
breakdown tests allow testing the null hypothesis of cointegration
prevailing from 1994Q2 to 2017Q4 against the alternative hypothesis
of cointegration breakdown during the postbreak time period, namely
2015Q3-2017Q4 for narrow money and 2015Q4-2017Q4 for broad
money. In other words, under the null, the relationship between the
variables is stable over both subsamples; however, under the
alternative, cointegration breaks down in the second subsample. The

test results displayed in Table 7 clearly reveal that for broad money, the
(20)
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Table 6. Estimates of the long—run money demand function

RM1 FMOLS FIML
Constant -3.634™ (0.782) -4.872™ (0.895)
RGDP 0.979"" (0.029) 1.026™ (0.035)
Interest rate -0.130™ (0.016) -0.1207 (0.018)
Inflation rate -6.480™" (1.871) -9.776™" (2.178)
RM2 FMOLS FIML
Constant -3.758™ (0.828) -4.198™" (0.952)
RGDP 0.996" (0.031) 1.013™ (0.036)
Interest rate -0.058™ (0.017) -0.0517""(0.019)
Inflation rate -1.646 (1.983) -2.934 (2.249)
RM3 FMOLS FIML
Constant -0.865 (0.845) -1.464 (0.987)
RGDP 0.893" (0.032) 0916 (0.036)
Interest rate -0.062"" (0.017) -0.053™(0.019)
Inflation rate 0.870 (2.024) -0.761 (2.285)

Notes: For the Phillips-Hansen FMOLS estimation method, a Parzen kernel with au-
tomatic plug-in bandwidth parameter selection is used to calculate the nonparametric
correction; and for the Johansen FIML estimation method, an optimal lag length of
two picked by the Schwarz information criterion is used for the three money-based
level VAR systems. Standard errors are displayed in parentheses. " denotes statistical
significance at the 1% level.

3.4. Stability Analysis:

It is by now well-established that the only empirical studies to have
examined the stability of money demand function for the Saudi
economy is Darrat (1984) and Bahmani (2008) who outline that the
money demand function is stable for the samples 1962—-1981 and 1971-
2004, respectively. As documented above in the introduction, the
stability tests used in these empirical studies suffer from regression
problems. As demand for money, real income, interest rate, and

inflation are clearly cointegrating (Tables 4 and 5), as money aggregates
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across different sample periods and methodologies may be considered
as a first sign of long-run stability of the money demand function for
the Saudi economy.

Interest rate exerts a negative and relatively weak impact on
demand for money regardless of the estimation method, with money
demand sensitivities being smaller (around half) for broad money than
narrow money, pointing out the noticeable predictive ability of interest
rate for narrow money compared to broad money. The finding of small
responses of demand for money to changes in interest rate is in line with
most empirical works that underline the diminishing effect of interest
rate on money demand in developing countries. This may be due to the
lack of development in financial markets where the interest rate is
determined, and to social and religious considerations of the Saudis.

The inflation semi-elasticity is very high in absolute terms for
narrow money compared to broad money. The extent of this
predictability impact is greater in terms of magnitude than that of
interest rate, suggesting that inflation is the dominant explanatory factor
of demand for money based on the narrow measure. Additionally, the
fact that the inflation semi-elasticity exceeds one implies that demand
for money varies at a faster rate than inflation, suggesting that domestic
macroeconomic developments greatly affect money holdings. For
broad money, inflation does not have the power to influence demand

for money over the study period.

(18)
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3.3. Long-Run Effects:

We now estimate the long-run money demand function using
the Fully Modified Ordinary Least Squares (FMOLS) procedure of
Phillips and Hansen (1990) in order to draw economically intuitive
conclusions from the sensitivity of demand for money to changes in the
related determinants. As a cross-check, it is quite straightforward to
assess the long-run effects using another efficient estimation method of
the cointegrating relationship, such as the Full Information Maximum
Likelihood (FIML) of Johansen (1988, 1991). The estimate results
presented in Table 6 comply with the underlying theory of demand for
money irrespective of the money aggregate included in the specification
for all estimation methods, except of inflation for the second broad
money using FMOLS. They reveal that demand for money responds
positively to the fluctuations in real GDP to almost the same extent for
the three money aggregates across estimation methods. In this context,
a rise of 1% in real GDP leads to an increase of 0.979% (1.026%) in
narrow money, 0.996% (1.013%) in the first broad money, and 0.893%
(0.916%) in the second broad money for the FMOLS (FIML) method.
The constraint that the long—run income elasticity of money demand is
unity is not rejected for the three money aggregates across estimation
methods.’ The long—run elasticity for narrow money is similar to that
obtained by Darrat (1984) who finds that such elasticity is equal to
1.112 during 1962—-1981. The fact that the income elasticity is similar

° Rao and Kumar (2011) examine the US narrow money demand function from 1960
to 2008, and outline that the hypothesis that income elasticity is unity is not rejected
during the sub—periods separated by the structural break located at 1998.

(17
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Table 5. Perron-Rodriguez test results

MSB statistic Z_rho statistic

Dep. variable Model 1 | Model 2 Model 3 Model 1 Model 2 Model 3
RM1 0.109" 0.166 0.108™ -47.620™ -22.620 -48.490™
RGDP 0.105™ | 0.098"™" 0.104™ -52.360™" -56.950""" -53.330"™
Interest rate 0.189 0.188 0.188 -14.070 -14.910 -14.240
Inflation rate 0.206 0.146 0.204 -15.090 -25.440 -15.470
Dep. variable Model 1 | Model 2 Model 3 Model 1 Model 2 Model 3
RM2 0.108" 0.134 0.108™ -48.730™ -27.860 -48.700™
RGDP 0.102"™" | 0.102™ 0.102" -53.530"" -53.500"" -53.540™
Interest rate 0.236 0.221 0.236 -8.791 -10.670 -8.801
Inflation rate 0.233 0.168 0.232 -11.240 -18.160 -11.370
Dep. variable Model 1 | Model 2 Model 3 Model 1 Model 2 Model 3
RM3 0.138" 0.143 0.138" -30.810™ -23.570 -30.810™
RGDP 0.136" 0.138 0.136" 31.610" -30.970" -31.610™
Interest rate 0.229 0.218 0.228 -9.617 -11.050 -9.630
Inflation rate 0.227 0.163 0.226 -11.860 -19.130 -12.00

Notes: Model 1: constant and non-trending data; Model 2: constant and time trend
(with or without trending data); and Model 3: constant with trending data (determin-

SRk Kk

istic cointegration). "™, ™ and " denote cointegration at the 1%, 5% and 10% levels,
respectively.

Overall, demand for money, real income, interest rate, and
inflation co-move over the long—run irrespective of the included money
aggregate, which gives support to the baseline specification of the long-
run money demand function. Tang (2003) outlines that cointegration
can be interpreted as a sign of stable nexus between variables over the
study period. In our context, stability of the long-run money demand

function will be assessed later using suitable structural change tests.

(16)
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Table 4. Johansen test results

Trace Statistic Max-Eigen Statistic
Null hypothesis Model 1 Model 2 Model 1 Model 2
None 78.548" 59.573"" 42533 40.005™*
s At most 1 36.015" 19.568 24.256" 12.735
2 At most 2 11.758 6.834 6.747 6.744
At most 3 5.012 0.090 5.012 0.090
Null hypothesis Model 1 Model 2 Model 1 Model 2
None 76.946™" 53.666" 35.108™" 32,551
S Atmost 1 418387 21,115 25.0187 14.085
2 At most 2 16.820 7.030 10.426 6.404
At most 3 6.394 0.626 6.394 0.626
Null hypothesis Model 1 Model 2 Model 1 Model 2
None 73.071°" 50.009" 28.472° 28.407*
b At most 1 44.599™ 21.602 25.088" 14.240
2 At most 2 19.511° 7.362 13.140 6.376
At most 3 6.371 0.986 6.371 0.986

Notes: Model 1: restricted constant and no deterministic trend; and Model 2: linear
deterministic trend. The optimal lag length picked by the Schwarz information
and * denote

criterion is two for the three money-based level VAR systems.
rejection of the null hypothesis at the 1%, 5% and 10% levels, respectively.

(15)
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between the variables, we conduct the Perron and Rodriguez (2016)
cointegration procedure that is based on a single-equation static
regression.’ In this vein, for each money aggregate, we consider four
linear regressions in which a given variable is considered as dependent
and the remaining variables are considered as independent. A model
with a constant and non-trending data, a model with constant and time
trend (with or without trending data), and a model with a constant only
in the regression with trending data (deterministic cointegration) are
estimated. The findings reported in Table 5 comply with those of the
Johansen’s procedure, as the variables are clearly cointegrating for all
money aggregates across test equations. Indeed, the variables
experience two long-run relationships for the first and third test
equations, and one cointegrating relationship between the variables for

the second test specification at the conventional significance levels.®

7 We consider two statistics, MSB and Z rho, which allow us to test the null hypothesis
of no cointegration between variables.

8 The exception is the third money aggregate where there is no evidence of
cointegration for the second test equation by the MSB statistic.

(14)
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Figure 3. Break dates for variables in levels

Level breaks Level and slope breaks
Variables Date 1 Date 2 Date 1 Date 2
RM1 1999Q3 2004Q3 1999Q3 2004Q3
RM2 2002Q3 2004Q3 2002Q3 2004Q3
RM3 1999Q3 2004Q3 1999Q3 2009Q4
RGDP 2003Q4 2006Q1 2003Q4 2006Q1
Interest rate 2009Q3 2010Q2 2004Q1 2009Q3
Inflation rate 2007Q1 2008Q1 2007Q1 2008Q1

Note: The trimming factor is set at 0.2.

The (1) property of the variables supports recourse to the
Johansen (1988) approach to analyze the cointegration properties of the
money demand function. The approach is applied to the VEC
representation of a linear VAR model consisting of all variables for
each money aggregate. A model with a restricted constant and no
deterministic trend, and a model with a linear deterministic trend are
estimated. For both test equations, the lag order is optimally picked by
the Schwarz information criterion and is two for the three money-based
level VAR systems, guaranteeing non-autocorrelated residuals. The
trace and maximum eigenvalue test results are depicted in Table 4. The
variables exhibit two cointegrating relationships for the first test
equation at the conventional significance levels regardless of the money
aggregate;® however, for the second test specification, there is evidence
of one long-run relationship between the variables for the three money-

based VAR systems. To confirm the presence of long-run relationships

® The exception is the second broad money where there is evidence of three
cointegrating relationships.
(13)
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Table 2. Unit root test results

PP ERS NP
Variables Intercept Trend Intercept Trend Level breaks | Level and slope
breaks
RM1 0.002 -2.191 507.035 38.794 -0.083 0.335
-8.482™" | -8.442™ 0.544™ 1.919™ -9.167™" -9.182"™"
RM2 -0.734 -0.777 874.841 31.277 -0.798 -0.222
-8.381™" | -8.378"™ 0.732"™ 2.369™" -8.814™" -9.078""
RM3 -0.678 -0.809 609.128 33.495 -0.244 -1.376
-8.313™" | -8.298™ 0.773™ 2.414™ -9.714™ -9.992"
RGDP -0.444 -2.581 227.022 9.375 -3.343 -4.473
-8.882™" | -8.815™ 1.055™ 3.817" -9.913™ -9.849™
Interest rate -1.485 -1.666 13.418 12.862 -1.631 -0.232
-5.824™" | -5.819™ 0.779™ 2.811° -6.339" -7.314™
Inflation rate -1.964 -2.644 5.823 18.721 -2.935 -4.445
-9.564™ | -9.571™ 0.517™ 1.923™ -16.360""" -9.748""

Notes: Top value: level series; and Bottom value: First-differences. The null
hypothesis of unit root is tested by all tests. For PP and ERS tests, we estimate two
regressions with only an intercept as well as with an intercept and time trend, and the
Bandwidth is selected by the Newey-West method using Bartlett kernel. For NP test,
we estimate two regressions with only level changes as well as with level and slope
changes by accounting for two endogenous structural breaks, and the procedure of

Hall (1994) is used to select the optimal lag length.

level.

(12)
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3.2. Unit root and Cointegration Analysis:

To conduct the cointegration analysis, we must first ensure that
all variables are /(1). Toward this end, we employ the PP (Phillips and
Perron, 1988), ERS (Elliott et al., 1996), and NP (Narayan and Popp,
2010) tests.> The NP test is particularly well suited in presence of
regime-shifts in the variables, as conventional tests without breaks are
not powerful in this situation. It accounts for two unknown break dates
in the level and in the level and slope of trending variables. The test
results reported in Table 2 reveal that all variables are /(1) for all test
equations, as they are non—stationary in levels and stationary in first-
differences. The detection of break dates in the level variables when
opting for the NP test (Table 3) suggests that domestic and international
crises and shocks alter these variables, and outlines the necessity of

examining the stability of the money demand function.

5 All tests allow for the testing of non—stationarity under the null hypothesis.

(11)
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Table 1 provides the empirical unconditional correlations be-
tween demand for money and the related determinants. The results
show positive dependence between money aggregates and real income
and inflation, with real GDP being the most correlated with money ag-
gregates, suggesting that economic activity is strongly linked to the cre-
ation of money. However, money aggregates are highly and negatively
linked to interest rate. An interesting result is that correlations between
money aggregates and the related determinants are largely similar for
the broad measures, which can be explained by the close definition of
such measures. The correlation calculations provide an initial assess-
ment of the linkages between demand for money and the considered
determinants, but do not precisely determine the causal relationships
between them. To this effect, a reliable econometric analysis is needed

to achieve our objectives.

Table 1. Empirical unconditional correlations

RMI1 RM2 RM3
RGDP 0.979*" 0.990"*" 0.988""
Interest rate -0.770™" -0.766™" -0.775™"
Inflation rate 0.404™ 0.488™" 0.510™*

Note: “** denotes statistical significance at the 1% level.

(10)



Economic Studies: Volume 27, 14

thus providing more relevant information that lead to accurate results.
Overall, the sample period is sufficiently long to study the long—run
linkages between demand for money and the related determinants based
on cointegration approaches.

3.1. Descriptive Analysis of Data:

The graphs of the series plotted in Figure 1 reveal that money
aggregates behave similarly throughout the study period, and record
decreases from 2015Q3 for narrow money and from 2015Q4 for broad
money, which may be explained by the strong falls in oil price from
mid-2014. These persistently money declines over a relatively short
time period at the end of the sample might lead to an unstable money
demand function when using unsuitable stability tests, which could
mislead policymakers about the monetary policy that allows achieving
macroeconomic stability. The graphs also provide preliminary insights
into an eventual cointegrating relationship between demand for money

and the other variables, which will be discussed later in the study.

Figure 1. Time-varying patterns of level variables
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demand and determinants during 1987-2009 using cointegration
techniques and reveals a cointegrating relationship among the variables.

It is clear that the sample periods considered in the literature
related to Saudi Arabia neglect recent international crises and events
that might influence the sensitivity of demand for money to the
fluctuations of the related determinants. Our study then revisits the issue
from 1994 to 2017 in an attempt to account for these shocks and
examine their effects on estimation and stability of the money demand
function for the Saudi economy.

3. Empirical Analysis:

To explore the empirical evidence on the above baseline
specification of the long-run money demand function, we proceed as
follows. First, we present a descriptive analysis of data to apprehend the
relationship between demand for money and the related determinants.
Second, unit root and cointegration tests are used to reveal a long-run
money demand function. Third, the long-run money demand function
is estimated to determine the sensitivity of demand for money to
changes in the considered determinants. Finally, structural stability tests
are conducted to establish a stable long-run money demand function
whose usefulness for policy analysis mainly pertains to its structural
stability.

The analysis is based on quarterly data from 1994Q2 to 2017Q4
(yielding 95 observations)* that are collected from the SAMA database.

The use of quarterly data allows us to exhibit a large time dimension,

4 The time frame was chosen according to the available data.

(8)



Economic Studies: Volume 27, 14

All the variables, except for inflation and interest, are converted
into natural logarithm? so that the associated coefficients are interpreted
as elasticities that measure the responses of demand for money to
changes in the corresponding determinants. Regarding coefficient
signs, the underlying theory stipulates that demand for money is
expected to respond positively to the fluctuations in real GDP and
negatively to the changes in interest rate and inflation. All
macroeconomic aggregates included in the long-run money demand
function are assumed to be integrated of order one, /(1), and
cointegrated for stability purposes.

Little attention has been paid to the analysis of money demand
function in the economic literature for Saudi Arabia. Indeed, Darrat
(1984) estimates the money demand function for Saudi Arabia using
quarterly data during 1962—-1981 and shows that the considered
determinants have predictability power over money demand. Alkswani
and Al-Towaijari (1999) study the determinants of money demand in
Saudi Arabia during 1977-1997 using cointegration techniques, and
conclude in favor of a long—run relationship between demand for
money and the considered determinants. Bahmani (2008) reveals
cointegration between demand for money and the related determinants
from 1971 to 2004 based on the bounds-testing approach. Abdulkheir

(2013) investigates the long—run relationship between Saudi’s money

3 Miyao (2002) argues that considering the interest rate in log form allows us to obtain
more stable elasticity compared to semi-elasticity determined without log
transformation, thus providing reliable results.

(7
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conduct a robustness check for the estimation and stability results by
controlling for stock market variables. Section 5 examines the effects
of the recent persistently money decreases on liquidity. Section 6
provides concluding comments.

2. Long—Run Money Demand Function:

The literature embodies a lot of empirical studies on estimating
the money demand function and testing its stability over time.
Regarding the specification issue, researchers generally model the
demand for money as a function of the level of transactions in an
economy (income) and the cost of holding money (interest rate). In this
study, we consider the following baseline specification:

RM, = a,+a,RGDP + a,Interest, +a,Inf, +v, (1)
where RM, is real monetary aggregate,’ RGDP is real GDP

(level of transactions in the economy), Inferest, is foreign nominal

interest rate (cost of holding money),> Inf, is inflation rate that is
computed as the first logarithmic difference of the consumer price

index, and v, is the disequilibrium.

!'In this study, we consider three money aggregates measured in real terms (RMI,
RM2, and RM3) as the nominal aggregates deflated by the consumer price index.

2 Typical choices of the money cost measure include inter alia the government bond
rate (Golinelli and Pastorello, 2002), the spread between the long- and short-term rates
(Muller and Hahn, 2001), and the spread between the short-term interest rate and the
own rate of money (Carstensen, 2006). In this study, we estimated other specifications
with different money cost measures, and found that the foreign nominal interest rate
is a suitable choice in terms of sign, significance, and magnitude.

(6)
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applying the roboust estimation technique is is to draw reliable
conclusions for the policymakers to achieve macroeconomic stability
through appropriate monetary policies.

Results reveal that demand for money and the related
determinants exhibit cointegrating relationships, and that the constraint
that the long—run income elasticity is unity is not rejected for all money
aggregates. The underlying theory of demand for money is justified,
provided the reactions of money demand to the fluctuations of the
related determinants are correctly signed, thus leading to economically
intuitive conclusions. Further, the recent money declines do not pose
any exceptional threat to stability of the long-run money demand
function over the study period, although there are structural changes in
the money aggregates. The implication is that SAMA formulates
stabilization policies by opting for money supply as a well suited tool
for monetary policy decisions. We also find evidence that the recent
declining money growth rates in the Saudi economy do not reflect
noteworthy liquidity lack and, thus, inflation falls. Given the economic
and institutional linkages of the other GCC economies with Saudi
Arabia, the results will also be helpful for these countries in establishing
judicious monetary policies in order to achieve macroeconomic
stability.

The remainder of the paper is structured as follows. Section 2
introduces the long-run money demand specification. Section 3
discusses the estimation and stability results for the long-run money

demand function, and presents policy implications. In Section 4, we

)
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and the appropriate monetary policy in Saudi economy. To gain more
evidence on monetary stability and particularly to take into account of
recent money fall, , we extend the dataset for the period from 1994 to
2017. Additionally, we conduct a comprehensive analysis by applying
appropriate structural stability tests. This tests provide valid inference
required for pertinent policy implications by considering a break date
within the sample periods.

Third, unlike prior studies on Saudi Arabia, this study is unique
as it considers an alternative money demand function augmented with
share price and equity market volatility where demand for money is
related to real income, interest rate, and inflation. The stock market
variables are relevant to consider because of the with the trend of
financial liberalization and reformation in the stock markets of the Gulf
Cooperation Council (GCC) region in the mid-2000s. This trend
stimulated economic activities through the participation of international
investors in GCC markets. Since Saudi Arabia is a major oil exporter in
the world and has a key role in the region, oil price fluctuation has
significant impacts on its stock prices and economic activities. In this
connection, there can be a causal relationship of gradual fall in both
demand for money and stock market price from 2015. In this paper, we
examine the effects of equity market developments on money growth
in order to provide new insights on the topic and fill in certain gaps in
the related literature.

Fourth, we conduct an empirical study by applying roboust
estimation and testing procedures as compared to the other studies

focusing on traditional methods in Saudi Arabia. The main goal behind

4
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on single money aggregate determinant. Unlike these studies, the
present paper adds three determinants of money demand function into
the literature. The incentive is that development of consumption and
investment in Saudi Arabia encourages the extensive use of narrow and
broad money, and the Saudi Arabian Monetary Agency (SAMA) has
the ability to control narrow and broad aggregates. We examine whether
the estimation and stability results change and to what extent across
narrow and broad money.

Second, Darrat (1984) and Bahmani (2008) are the only few
who examine the structural stability of money demand for Saudi Arabia,
but during 1962-1981 and 1971-2004, respectively, using traditional
testing procedures, the Chow (1960) test and the CUSUM (cumulative
sum) and CUSUMSQ (cumulative sum squared) tests (Brown et
al.,1975), that suffer from regression problems. Indeed, the critical
values of the Chow test are valid only for stationary relationships,
questioning the reliability of the findings and conclusions in confirming
cointegration between demand for money and the related determinants.
The CUSUM and CUSUMSAQ tests may wrongly reject the stability of
demand for money, as they are not typically suitable to the situation of
a structural change through out the sample. This leads to fallacious
conclusions to the monetary policymakers to achieve macroeconomic
stability. This limited evidence on the stability issue along with many
international shocks that have occurred during the last three decades,
and particularly the recent fall of money growth rates necessiates to

revisit the money demand function by examining the structural stability
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Do Recent Declining Money Growth Rates Affect the
Stability of Money Demand for the Saudi Economy?

1. Introduction :

The money demand function plays a key role and provides
useful information in making appropriate monetary policies to predict
fluctuations in macroeconomic aggregates. Thus, establishing a
relationship between demand for money and related determinants is
appearing crucial to the monetary authorities for designing suitable
macroeconomic stabilization policies. In this context, many studies
investigate the money demand function both in advanced and
developing economies. Some of these studies focus on the structural
stability of the money demand function over time, but their findings are
quite ambiguous without providing specific direction to initiate proper
monetary policy. In addressing this issue, , this study revisits the
linkages between demand for money and its’ determinants and stability
of money demand function in Saudi Arabia. It applies a cointegrating
framework by considering the occurrence of a break date when the
money declines recorded from 2015 in the Saudi economy.

The motivation of conducting this study on the stability of
money demand function for Saudi economy is direced by four reasons.
First, there is limited evidence on the issue, as only Darrat (1984),
Alkswani and Al-Towaijari (1999), Bahmani (2008), and Abdulkheir
(2013) deal with the estimation of the money demand function based
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Do Recent Declining Money Growth Rates Affect the
Stability of Money Demand for the Saudi Economy?

Nizar Harrathi*

Abstract

This paper examines the relationship between long-run money
demand function and money growth rates in Saudi Arabia. It considers
structural break in 2015 which created negative effect on money growth
rates in Saudi economy. By applying stability tests, the paper reveals
that the recent money falls do not exhibit a break, leading to stability of
demand for money, although there are break dates in money aggregates.
In addition, money declines do not lead to noteworthy liquidity lack.
Policymakers can achieve macroeconomic stability by considering

money supply as an effective tool for long-run adjustment.
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