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Is Saudi Real GDP Difference or Trend Stationary? Evidence
and Implications

Al-Siddig A. Schamboul”

Abstract
This study is an attempt to analyze the time-series behavior of the
Kingdom's real GDP covering the period spanning 1980-2011.
Behavior in this context refers to the underlying stochastic process
that characterizes the GDP series over this period. More
specifically, the focus is primarily on the extent to which GDP
behavior over this period may be characterized by the presence of a
deterministic time trend process (known as trend stationary process,
TSP) or alternatively by the presence of stochastic trend process
(known as difference stationary process, DSP). These two processes
have different time series properties with important economic
implications and consequences. Building on the work of Nelson and
Plosser (1982) and employing ADF univariate unit root test, our
analysis shows that movement in the natural log of KSA real GDP
is characterized by a difference-stationary process (DSP) rather than
evolving as trend-stationary process (TSP). The KPSS null
stationarity test is also performed on the same set of data. Results

" The comments and suggestions of two anonymous referees are highly
acknowledged.
(1)
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from KPSS test are consistent with those obtained by ADF test
providing further evidence for our findings. Our finding implies
that temporal shocks to real GDP tend to have permanent effects.
The economic implication is that supply or real shocks being
random in nature, such as technology shocks, are contributing much
more to output path relative to nominal demand shocks. The
conclusion reached is consistent with findings reported by Nelson
and Plosser (1982) that US GDP is difference-stationary i.e. has a
unit root in its AR representation.

I Introduction

The issue of whether GDP is best characterized as trend stationary
process (TSP) or difference stationary process (DSP) is one of the
widely investigated topics in macroeconomics following the
publication of the seminal paper by Nelson and Plosser in 1982.
Prior to that highly influential work the common practice of
macroeconomists was to model GDP, as well as other
macroeconomic time series, as a sum of secular component and
cyclical component. According to this conventional representation,
the secular component is represented by a nonstationary
deterministic trend (being linear or non linear) and the cyclical
component is assumed to be stationary process. Hence, fluctuations
in economic time series are viewed as temporary (short-run)
deviations around the (long-run) deterministic trend. If the cyclical
component is assumed to be stationary, the deterministic trend must
be linear. The basic characteristic of this model is that shocks
(positive or negative) in the observed series tend to dissipate over

(2)
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time and eventually converge to the trend path with no bearing on
the long-run behavior. Since these shocks are temporary in nature,
aggregate nominal demand shocks, fiscal and monetary, are
typically assumed to be the primary source of fluctuations in output.
In their paper, Nelson and Plosser (1982, p. 140) challenged this
time-honored view and argued persuasively that “the class of
integrated stochastic process exemplified by the random walk, also
exhibit secular movement but do not follow a deterministic path”. If
this is the case, then shocks tend to “persist” over time without
reverting to specific trend or “attractor” a feature referred to as
“mean reversions” in time series nomenclature. This conclusion is
obviously inconsistent with the conventional view which represents
business cycle as temporary stationary fluctuations around the
natural real output. If movements in GDP are random as it is
under random walk characterization the conventional trend-cycle
decomposition through "detrending” is unduly incorrect
(Rudebusch, 1993).

Nelson and Plosser attributed this “persistence” to shocks induced
by the supply-side or real factors on the ground that such shocks
(e.g. technology shocks) are random in nature. This is in stark
contrast with the conventional view of the “mean reverting”
stationary version with profound economic implications and
interpretations. For example, if real GDP is best represented by DS
class then supply shocks such as technological innovation not the
demand shocks are perceived to be the primary cause of changes in
output since the latter is assumed to be temporary whilst the former

3)
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will have permanent effects and will therefore persist for ever. In
addition, Nelson and Plosser (1982) emphasized the fundamental
difference between the two processes with respect to the appropriate
method of trend removal or what is generally referred to as
transformation required to induce stationarity in time series
jargon__ an issue originally raised and analyzed by Nelson and
Kang (1981).

The widespread acceptance of the DS characterization of
macroeconomic variables has swiftly triggered a large and growing
number of empirical studies designed to test the presence or absence
of a unit root in observed macroeconomic data. Notable early
contributions testing univariate unit root include Nelson and Plosser
(1982), Stulz and Wasserfallen (1985), Stock and Watson (1986)
Campbell and Mankiw (1987), Perron and Philips (1987), Cochrane
(1988), Christiano and Eichenbaum (1990), Rudebusch (1992,
1993), and more recently Lucke (2002), and Jannati et al. (2013).
Campbell and Mankiw used long-run component method to test for

the presence of unit root and concluded that “indeed, it hard to
reject the view that the postwar US real GDP is as persistent as a
random walk with a drift”. Cochrane using a different method found
that the random walk component of the GDP is one-third of the
innovation variance and based on this finding concluded that”if
there is a random walk component in the GDP at all, it is small”.
Lucke examined the German GDP using ADF and KPSS tests and
found that both tests suggest a difference stationary model i.e. has a
unit root. Jannati et al. employ linear and nonlinear tests on 16

(4)
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Asian countries taken individually including KSA. Their results are
mixed.
Recent empirical studies designed to test unit root use panel data
procedures within international, continental and sub-continental,
industrialized, and specific economic group contexts in an attempt
to improve the power and size of the test. For example, Rapach
(2002) applied panel unit root test to international real GDP and real
GDP per capita data and found that results overwhelmingly indicate
nonstationarity. Narayan (2008) examined whether per capita GDP
for 15 Asian countries is panel stationary and finds evidence of
stationarity for 10 out of 15 countries. Murthy and Anoruo (2009)
apply the non-linear unit root test (KSS) to the per capita real GDP
time series in 27 African countries over the period from 1960 to
2007. The results show that in one-third of the countries, the series
are stationary with non-linear mean reversion.
Hadri and Rao (2009) apply the panel stationarity test allowing for
structural breaks to examine whether 14 macroeconomic variables,
including real GDP, real GDP per capita and nominal GDP, of
OECD countries can be best represented as random walk or
stationary fluctuations around a deterministic trend and they
reported that the null of stationarity cannot be rejected for all the 14
macroeconomic variables examined in the study. All in all, the
results produced by different unit root tests procedures are mixed.
The Saudi economy has constantly been subject to several
innovations (shocks) being fiscal, monetary and/or real in nature
over its historical path. These shocks or innovations tend to have a

()
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dynamic impact on the behavior of the overall economy. The nature
and extent of the impact of these shocks depend on whether the time
series are stationary or nonstationary. Stationary time series tend to
have temporary effect of innovations while nonstationary series
tend to have permanent effect. Therefore, knowledge of whether
these shocks may have permanent (persistent) or transitory
(temporary) impacts on the long-run path of the economy depend
crucially on the underlying data generating process (DGP). The
broadest measure of the overall economic activity of the economy
during a specified period of time is the Gross Domestic Product,
often abbreviated (GDP). According to the received economic
theory, GDP tends to grow over time suggesting that the underlying
series is nonstationary. The methods used for modeling the trending
behavior in economic time series consist of the DS and TS. These
models have fundamental statistical differences with profound
economic implications and consequences and hence it is imperative
to determine which model best represents the observed time series
in order to infer the economic implications of each.

This paper contributes to the issue of nonstationarity by applying
the Augmented-Dickey-Fuller (ADF) and KPSS tests to the natural
log of KSA real GDP to distinguish between DSP and TSP. Jannati
et al. (2013) examined the time series properties of KSA real per
capita GDP for the period 1970-2009 as part of 16 Asian countries
using ADF, DF-GLS, and the nonlinear KSS tests. The results
obtained from ADF test are consistent with our findings but the
other two tests indicate stationarity of the KSA real GDP. It should

(6)
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be noted that critical values for the DF-GLS are calculated for 50
observations and may not be accurate for a sample size of 31
observations as in our present study.
The present study is organized as follows: section | provides a
statement of the problem and the maintained hypothesis. Section Il
sets forth the description of the two stochastic processes used to
model nonstationary time series and explore the difference between
them. Section 11l reviews the Kingdom real GDP concentrating on
its evolution and how it is related to nonstationarity. Section IV
describes methodology and data. Empirical results are presented in
section V. Section VI concludes.
| Statement of the Problem
Nominal and real GDP series, like many other macroeconomic
series, exhibits obvious trending behavior (upward or downward
movement) when plotted against time. The basic notion of a trend,
represented asAy, =y, —vy,,, IS @ process that changes over time.

These changes or movements are represented by two major
functional forms in economic modeling: deterministic and
stochastic trends. When the trend changes with a constant scalar
coefficient over period, the process is described as deterministic
trend whereas when the change in the process is random between
successive points in time the process is described as stochastic
trend. These two functional forms belong to a class of nonstationary
models classified as trend-stationary (TS) and difference-stationary
(DS) respectively. Although both models are nonstationary,
however they differ fundamentally in their statistical properties in

(7)
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terms of forecasts of the series, dynamic multipliers, variance of the
forecast error, and transformation required to induce stationarity
(see Hamilton, 1994, p. 438) with important implications and
consequences. The primary objective of the present study is to
identify the underlying model that best characterized the data series
of the Kingdom Gross Domestic Product (GDP). The basic tool
used to achieve the stated objective is the unit root test.

Formally, consider the observed data y=(y,,y,..... y,) and the first

order autoregressive process model assumed to generate such data
Y, =a+py, +E+e [1]

Where y, is the logarithm of the observed data, «, o, 5 are constants,

t is time index and{g}is white noise usually referred to as

innovations or shocks. This model embeds both the TS and DS
processes. Consider further the maintained hypothesis that:

Hy p=1

H,;p<l
Here, H, is the null hypothesis and H, is the alternative
hypothesis. We want to test which value of pis consistent with the
observed data. If the estimated value pis congruent with H we

conclude that the behavior of the system is of the DSP class i.e.,
contains a unit root and if, on the other hand, the estimated value p

(8)
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Is consistent with H , we conclude that the behavior of the system is

of the TSP class.

In practice, the unit root hypothesis may be tested in a number of
ways including DF and ADF tests, Philips-Perron PP test,
Kwiatkowski-Phillips-Schmidt-Shin KPSS test, Sargan-Bhargava
SB test. The first three tests have nonstationarity as a null while the
KPSS test has stationarity as a null. The SB is in the Durbin-Watson
framework (see Maddala and Kim 1998 for details). In this paper,
the Augmented Dickey-Fuller (ADF) test is used to test for the null
hypothesis of the unit root in the natural log of real GDP. The ADF
test is an extension of the DF test with first difference terms of the
variable added for the purpose of removing serial correlation in the
error terms. The ADF remains the most common unit root test used
in practice. To check the robustness of the results obtained from the
ADF test, the study also applies the KPSS test which has
stationarity as null hypothesis on the same set of data.

Il Deterministic versus Stochastic Trends

An observed univariate time series{y, } is a collection or realization

of a sequence of random variables representing a sample path over
an interval of time (see, for example, Patterson, 2010, p.17). Such a
sequence of random variables is referred to as stochastic process in
time series jargon. Critical to understanding the underlying
characteristics of the sample time path of such process, is the

' The case of p >1 makes the process explosive and, though nonstationary, is usually
ruled out in economic applications.
9)
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concept of stationarity. In the econometrics literature, there are two
types of stationarity: strict and weak stationarity. Strict stationarity
requires that the joint probability distribution of Y,,...,Y; is the same

as the joint probability distribution of Y,,,....Y;, for all t and k.

[SSELLE
Weak stationarity is defined in terms of the first and second
moments of the series and in practice is less restrictive and is
commonly preferred. Weak stationarity is assumed throughout this
paper. Formally, a process is referred to as weakly, second-order or
covariance stationary, if for an arbitrary t and k, t # k:

Mean: g[y,]=u< forallt,

Variance: var[y,]= E[Y, - uf = o? <
Autocovariance: cov(Y,,Y,,,)=E(Y, - u)Y,.. — )=y, forall tand k

In other words, weak stationarity implies that mean and variance of
a random or stochastic process generating the data are invariant to
time shift and its autocovariance depends only on the lag length k
and not on the specific value of t.

A stochastic process that is not stationary is said to be
nonstationary process. Therefore, violations of any or all of the
above mentioned properties render the process nonstationary: in the
mean, variance or autocovariance. In this paper we are focusing on
the nonstationarity in the mean. As a matter of fact, many observed
macroeconomic variables are exhibiting features that are consistent
with nonstationarity. This feature is manifested empirically in the
trending behavior (upward or downward) of the variable when
plotted against time. This is the case, for example, for the level of

(10)
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GDP in Figure (2). The trending behavior underscores the presence
of nonstationarity that must be incorporated in any entertained
model of such series. However, nonstationarity may arise as a result
of the presence of deterministic trend or stochastic trend. These two
processes are different and modeling time series without regard to
the nature of the underlying data generating process leads to serious
misspecification.
Therefore, the first and critical task is to examine the presence of
nonstationarity in observed data using time plot, diagnostic and
descriptive tools. Having established that, the next step is to
determine the appropriate form of trend in nonstationarity i.e., is it
deterministic or stochastic trend? These two forms, though both are
nonstationary, have different statistical properties with profound
economic implications.
This section provides a detailed description of TSP and DSP models
and discuses the connection between them and the concept of
nonstationarity outlined above. Their properties with respect to the
concept of persistence, or dynamic multipliers, will also be explored
in the section.
mTrend-Stationary Model (TS)
The (TS) model is the conventional and popular approach used
routinely by macroeconomists to model macroeconomic variables
prior to 1982 (see Blanchard, 1982). In the case of output, the basic
idea is to decompose output into independent secular or trend
component and cyclical component. Typically, the secular
component is viewed as being a representation of the long-run

(11)
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unabated deterministic trend or growth rate and the cyclical
component is viewed as short-run stationary fluctuations around the
deterministic trend. As noted by Christiano and Eichenbaum (1990,
p. 6) if the cyclical component is assumed stationary, the
deterministic trend must be linear. The linear deterministic trend
plus a stationary component model has the following specification:

Yo =By + Bt +0(L)e, [2]
Where y, denotes the natural logarithm of raw data (real GDP in our

case), B, and p are scalar constants representing the intercept and

the slope respectively and t is time index. The trend is supposed to
grow at a constant rate g each year and hence is deterministic or

fixed. The sequence }is a series of white noise, which requires that
B(e)-0:E(?)=0> fOr all 't andgg, )-o, fort=k. Here
6(L)=1+6,L+6,1% +..., is a polynomial in the lag operator L for which
Ly, =y, and o(L)is assumed to be invertible that is the roots of
0(z)=o0are outside the unit circle. In light of the foregoing
specifications, fluctuations of{y,}are viewed as stationary

(temporary) bounded deviations around the line of the deterministic
trend expression g, + Bt. By virtue of independence, the cyclical
component is computed as a residual of the observed series less the
estimated trend a process referred to as "detrending”. Residuals thus
obtained are stationary. For this reason the model is commonly
called a trend-stationary (TS) in time series literature.

(12)
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To establish the nonstationarity of the TS model we need to
compute its mean and variance. The unconditional mean and the
variance of the above process are:

E[yt]: B+ bt [3A]

=gy [35]

It is clear that the variance does not exist wheng >1. While the
variance of the TS model is time invariant, however its mean is time
dependent and the process is consequently rendered nonstationary
in the mean by the definition of nonstationarity. Note that whilst the
TS model is nonstationary, the cyclical component is stationary.
Such a process is also referred to as "mean reverting" since the
mean serves as an attractor towards which the process is always
gravitating after perturbation.

m The Difference-Stationary Model (DS)

The conventional representation of real output as a TS model was
challenged by Nelson and Plosser (1982) who argued persuasively
that integrated stochastic model also exhibits secular movement but
do not follow a deterministic path. In the case of output, the
stochastic model maintains that changes (or growth rates) between
successive points in time are random not fixed. In other words, the
trend evolves over time in a stochastic unpredictable manner. This
type of behavior, as remarked by Nelson and Plosser, is exemplified
by a random walk representation with fundamental difference in
statistical properties compared with the TS model. These

(13)
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fundamental differences will be discussed shortly. Consider the
following specification:

Y, =a, + Y, +& [4]
Equation [2] is an example of first-order stochastic difference
equation known as random walk with a drift in time series literature.
According to this specification, the value of y, at time t is expressed

as a function of its own first lagged value vy, , plus a random shock,
¢, with statistical properties as defined before.
Taking the first difference of equation [4] yields:

Ay, =a, +& [5]
Where the symbol A is the difference operator such that
Ay, =(1-L)y, =y, —y,,and L is the lag operator as defined before.

Here the value of y, changes by a, +& which is seen to be random
asay,, is likely to be above a, as below it. In other words, changes

are unpredictable with no foreseeable pattern. In this formulation,
both the mean and the variance are invariant and the process is thus
stationary, hence the name “difference stationary”. The random
walk with drift model implies that the original series is
nonstationary and, following Box and Jenkins, needs to be
differenced in order to induce stationarity.

In order to compute the mean and variance of the process in
equation [4] we need to solve the first-difference equation. If the
process in [4] is assumed to start at t = O then by recursive
substitution, the solution of the difference equation is

(14)
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Y. =Y +a,t+ 261 [6]
Here y,is the sum of the deterministic trend a,tand stochastic trend

Z;gt and the behavior of y,is governed by these two nonstationary

components. Indeed, as Enders (2010, p. 186) noted a random walk
with a drift is a pure model of a trend; there is no separate stationary
component. The nonstationary component resembles the Beverage-
Nelson decomposition of the permanent component into
deterministic trend plus stochastic trend. Maddala and Kim (1998,
p. 29) describe such type of variation as systematic but is hardly
unpredictable and the sequence is said to have a stochastic trend.
Based on equation [6] the mean and variance are:

Ely.]=yo +act [7.A]
varly,]=to,> — « as t—ow [7.B]
Hence, both mean and variance of the random walk with drift are

time dependent rendering the process, as a result, nonstationary.

As an illustration we simulated three time series generated by the
deterministic time trend model (TS), the stochastic trend model
(DS) and the trend model (Trend). The series are generated by the
trend-stationary process, the stochastic trend process and the trend
process. Figure (1) is a picture of the time path of the simulated
processes with g,= 0.5 and p,= 0.5. TS is the plot of the

deterministic trend model computed as a sum of the deterministic
linear time trend g, + Atand the stationary component (L )e, while

the term "Trend" represents only the estimated trend.

(15)
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Figure (1) Simulated Random Walk with drift
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As the plot clearly shows, the DS model appears to resemble closely
the evolution of the GDP as portrayed in Figure (2) below compared
with the TS model. Notice the stationary fluctuations around the
deterministic time trend.

We now come to the discussion of the basic differences between DS
and TS models. The DS representation in equation [6] is seen to
look similar to the TS representation in equation [2]. However,
these two processes have different statistical properties arising
primarily from the different MA representation of each. The
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fundamental difference between TS and DS was originally
emphasized by Nelson and Plosser (1982, pp. 142-143). Hamilton
(1994, pp. 438-444) provides detailed account of comparison
between TS and DS in terms of forecasts of the series, dynamic
multipliers, variance of the forecast error, and transformation
needed to achieve stationarity.

To start with, the basic fundamental difference between TS and DS
is that shocks to the former are transitory while shocks to the latter

are persistent. This feature is referred to as “mean reversion” or

“visits to the origin” in the sense that the mean is the origin towards
which the system is always gravitating after a temporal shock. This
feature is generally interpreted as implying that transitory shocks
have no long-run impact on the series trend while persistent shocks
do have long-run cumulated effects. In the case of output, if the
secular movements are represented by a DS model, then the impact
of temporal shocks continues to persist in the indefinite future while
iIf movements are represented by the TS model, then the impact of
temporal shocks tend to decay off over time with no effect on the
long-run behavior of output.

The second fundamental difference is the transformation operation
required to achieve stationarity in each process. Applying
“differencing” operation to a TS process introduces a unit root in
the MA representation; a process referred to as over-differencing.
On the other hand, applying “detrending” operation to a DS process
does not remove nonstationarity; a process referred to as under-
differencing (see Maddala et al. 1998, p. 18-19 for details). This
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pitfall was first recognized and explained by Nelson and Kang
(1981). In the case of output, if the data generating process is of the
DS class, then “detrending” operation will not accomplish
stationarity while if the data generating process is of the TS class,
then “differencing” operation will not induce stationarity. As noted
by Nelson and Plosser (1982, p. 140), models based on
inappropriate operations are miss-specified.

11 KSA Real GDP

GDP is the official and primary measure of the total final goods and
services produced within a given year in a country valued at current
market prices. GDP expressed in current market prices is known as
nominal GPD. Two factors make up the increase in nominal GDP
over time; first the increase in prices of goods and services over
time, second the increase in the production of goods and services
over time. Economists are interested in the changes of physical
production over time as it reflects the status of welfare and standard
of living. For that reason real GDP is often used rather than the
nominal one. Real GDP measures the value of total production of
final goods and services using the prices of a common base year
(CDSI is now using 1999 as a base year). The key features of real
GDP are its level and the rate of growth over time. The level of
GDP is concerned primarily with its magnitude and fluctuations in
the short-run and thus is viewed as being in the domain of business
cycles, while the rate of growth is concerned with long-run
performance of the economy and is thus viewed as being in the
domain of economic growth. Based on the data compiled and
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published by the Central Department of Statistics and Information
(Hereafter, CDSI) the Kingdom's real GDP grew by a factor of 1.7
from SR 540.6 billion in 1980 to SR 935.1billion in 2011.
Equivalently, the increase in real GDP corresponds to a compound
annual growth rate (CAGR) of 1.73% per year for the same period.
The long-run rate of growth though apparently appears to be small
can have important effects on the standard of living of the people. If
KSA economy continued to grow at the rate of 1.73 percent per
annum for the next 30 years, the level of GDP would be 67% higher
than it is level today ((1.0173)*° ~1=67%). The long-run rate of
growth in GDP is the focus of the present study because trend is
associated with the rate of growth and the trending behavior of the
output is what this study seeks to discern and analyze statistically.
The time plot of Real GDP, like most macroeconomic variables,
typically exhibits upward trending behavior reflecting the long-run
growth of the economy as suggested by economic theory. Figure (2)
shows the time plot of the natural log of annual Saudi real GDP,
with goods and services measured at their 1999 prices, for the
period spanning 1980 through 2011, a total of 32 observations.
Expressing real GDP in logarithm has the desirable property that
changes in the log of the variable are approximately equal to
relative changes in the variable itself2. Visual inspection of the plot
of real GDP in Figure (2) indicates that the series have an obvious

“Let(L—L)logy, =109 ¥,/ Y,s < ¥/ Yes =1= (¥, = Yoa)/ Y,y - The last term is seen to
represent rate of growth of the variable.
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steadily increasing pattern most of the time, which reflects the fact
that the economy has been growing over time. Such a trending
behavior (upward or downward) is quite common in economic time
series and is a visible symptom of nonstationarity in the data
generating process.

Figure 2: Evolution of the Saudi Annual Real GDP over the
Period 1980-2011
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Besides visual inspection, estimation of the autocorrelation
coefficients in a time series is another way of evaluating the
stationarity or nonstationarity of the mean of the time series.
Autocorrelation denoted by the symbol{,} fork=01,...,n

measures the magnitude of similarity between the variable and a
time shifted version of itself. If the mean is time-independent, in
other words stationary, then the estimated ACF drops off rather
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quickly towards zero. By contrast, if the mean is time-dependent
then the ACF drops off slowly towards zero. Box and Jenkins
(1976, p. 33) suggest that the maximum number of useful estimated
autocorrelations is roughly n/4, where n is the number of
observations. Here we have 32 observations, so the number of
useful autocorrelations computed is 8. Table (1) reports the
estimated sample autocorrelations coefficients, t-values, and Ljung-
Box-Pierce Q® test statistics for the KSA real GDP data in levels.
Furthermore, the plot of the autocorrelation function- known as the
correlogram- which represents the pattern of dependence is also
shown.

Table (1) Estimated Sample Autocorrelations
Correlogram AC value t-values Lag (k) Q-stat Probability

oo 0915 5169 1 29.365  0.000

issialeialel 0.825 4.661 2 54.042 0.000
[Frx**x 0.722 4.079 3 73.618 0.000
[xx* 0.608 3.435 4 87.969 0.000
[xx* 0.496 2.802 5 97.879 0.000
[*** 0.385 2.175 6 104.09 0.000
[**. 0.283 1.599 7 107.56 0.000
> 0.192 1.085 8 109.24 0.000

A 2
® Ljung-Box-Pierce Q test statistic is defined by the equationQ:n(n+2)zk P,
n-k
where n is the number of observations, and k is the maximum lag. The statistic is
distributed as a 2 distribution.

(21)



Schamboul, Is Saudi Real GDP Difference or Trend Stationary?

The column labeled "t-value™ measures the statistical significance of
individual autocorrelation coefficient (AC). Use is made of Bartlett
(1946) approximation that the asymptotic distribution of p,is

normal with mean zero and standard deviation1//n where n is
sample size to compute the t-statistics. Since n is 32 in our data, the
standard deviation is1/+/32 = 0.177. The dotted lines represent two

standard errors around zero. As the Table shows, the first six
autocorrelations have absolute t-values exceeding 2.0. The ACF of
the GDP time series is thus behaving in a pattern similar to the ACF
of a random walk (See Nelson and Plosser, 1982:147)".
Furthermore, Pankratz (1983: 43) suggested that if estimated
autocorrelations have absolute t-values greater than roughly 1.6 for
the first five to seven lags, this is a warning that the series may have
nonstationary mean.

While the t-statistic measures individual autocorrelation
coefficients, the “Q-Stat” measures whether any group of
autocorrelation coefficients is statistically significantly different
from zero at specified level of significance. Since the statistic is
distributed as ,2as asserted in footnote (3) then if the calculated

4
For nonstationary time series the autocorrelation coefficient is defined as

0.5
pi=[e=k)] so that for large t with k considerably less than t, 2w is close to unity.
Hence, the correlogram for a trending or nonstationary process is characterized by
autocorrelations that decay gradually or slowly from unity.
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sample value of Q exceeds the critical value of ,2with appropriate

degrees of freedom, we conclude that the group of sample
autocorrelations is statistically different from zero. The estimated Q
values indicate that this is indeed the case providing further
evidence for our earlier findings using individual sample
autocorrelation.

The major two operations employed to induce stationarity when the
original data series is nonstationary are “differencing” and
“detrending”. As noted in the previous section, differencing of time
series generated by a stochastic trend induces stationarity. Table (2)
shows the sample autocorrelation coefficients of the first-
differences of same set of data. It is quite evident that taking the
first-differences has essentially reduced autocorrelations to zero and
thus has the effect of inducing stationarity in the series.

Table (2) First Differences
Correlogram  AC value t-values Lag (k) Q-Stat Probability

PR 0318 179 1 3.4384  0.064
PR 0339 1915 2 7.4856  0.024
o 0.066  0.372 3 7.6424  0.054
e -0.043  -0.242 4 7.7113  0.103
e -0.012  -0.067 5 7.7167  0.173
Ao -0.168  -0.949 6 8.8672  0.181
e -0.040  -0.225 7 8.9371  0.257
Kl -0.204  -1.152 8 10.783  0.214
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Since the first-differences of the GDP series are stationary based on
the behavior of the correlogram they are referred to as integrated of
order zero denoted I (0). This result is generally interpreted to mean
that the level of the original series are integrated of order one
denoted | (1) i.e. nonstationary. While the autocorrelations of the
first-differences show positive autocorrelations at the first three
lags, there are many negative autocorrelations thereafter. This is
generally interpreted as implying return towards, albeit not all the
way back to, its previous forecast level following a shock. Based on
Beverage-Nelson decomposition of | (1) data into random walk with
drift component and stationary component and the fact that some of
the autocorrelations are negative, the full impact of the shock will
depend on the outcome of these two components.

IV Methodology and Data

Our primary objective is to test the null hypothesis that the log of
real GDP contains a "unit root" and thus is of DSP class versus the
alternative hypothesis that the log of real GDP contains a root of
less than one and is thus of the TSP class using the same set of data.
Therefore, the entertained model used for testing the maintained
hypothesis must be capable of containing both hypotheses nested as
alternatives. As noted by Hatanaka (2003, p. 17) there exists two
methods to distinguish DS and TS. One is in terms of the presence
or absence of long-run component, and the other whether the
dominating root of the characteristic polynomial is equal to or less
than unity. Following Nelson and Plosser (1982) we opt for the
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dominating root method in this paper. We begin by assuming that
{y, } series is generated by the following specification:

y =0+ p+u, [8]
According to this specification, u, follows a zero-mean ARMA

process of order p and q:

¢(L)Jt = H(L)EI [9]
(1—¢51L—¢52L2 —...—¢pL”) AR (p) polynomial [10.a]
L+6L+6,12+..+6,L9) MA (q) polynomial  [10.b]

The polynomials #(L) and o(L)are assumed to satisfy the conditions

for stationarity and invertibility respectively. The specification in
[8]-[9] is a general form that allows alternative hypotheses to be
embedded in a common model. From [9] equation [8] can be
expressed as:’

_se s 2L, 11
V=0t P e [11]

In general the autoregressive polynomial ¢(L) can be factored as:
L-gL-gl2—. —g,L°)=@1-ALY1-4L).[L—2,L) [12]
Where all of the eigenvalues 4,,4,....,4,are inside the unit circle.
Then ¢(L) can be written as (1—4,L)¢"(L)with ¢"(L)now of order
(p-1). On multiplying both sides of equation [4] by (1-AL) we

obtain®:

> See Hamilton, 1995 p. 437 and McCallum, 1993 p.17 for an account of the derivation
of these equations
® This is the same as equation [6] in Nelson and Plosser paper (1982, p. 144)
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@-AL)y, =[6(1— 1)+ AB]+ A - Ak +y (L)s [13]
Where " (L)=0(L)p" (L)
Equation [13] is seen to be of the same form as equation [2] and
since|4,| <1 for all i,y is now trend-stationary. If, on the other

hand, 4, =1i.e., the autoregressive polynomial ¢(L)has a unit root
and |4|<1fori=2, 3,..., p, then equation [13] yields:

@-L)y, =4y, =B+y (L) [14]
This is of the same form as the first difference of stochastic-trend
process represented by equation [5]. Consequently, equation [13]
incorporates both hypotheses as alternatives and thus furnishes the
basis for testing the maintained hypothesis whether or not 1 =1". As
explained concisely by McCallum (1993, p. 17), the researcher
maintains the hypothesis that [2] is true, represents it as in equation
[13], and then test the ("null™) hypothesis that 4 is equal to one.
In light of equation [13], the null of a unit root hypothesis becomes
the joint hypothesis|(4, 8) = (1,0)], and the strategy is to test this joint
hypothesis. If the null hypothesis is correct then the process is
described as difference-stationary (DS) whereas if the alternative
hypothesis is correct then the process is described as trend-
stationary (TS).

’ Bhargava (1986, p. 372) suggested the following model to test for a unit root:
Yi =45 +U;

u =pu,+e (t=1..,T)

This model seems to capture the same features presented in equation (13).
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Nelson and Plosser (1982) employed the foregoing approach to test
for the presence of a unit root in 14 US macroeconomic variables
including real GDP employing ADF test. They found that,
excluding the unemployment rate, the unit root hypothesis cannot
be rejected in 13 macroeconomic variables indicating that these
variables are characterized as DSP class.
The Data
The data set used in this paper is the annual real GDP for the period
spanning 1980 through 2011. The original data set is compiled and
published annually by the Central Department of Statistics and
Information (CDSI). This data set was transformed into natural
logarithm before processing. Appendix (A) to this paper provides
the original series of GDP as reported by CDSI.
V Empirical Results for Unit Root Testing
The well-known Augmented Dickey-Fuller (ADF) t-type unit root
test was employed to distinguish between DS and TS alternative
hypotheses. The number of augmenting lags is determined by
minimizing Akaike information criterion and by selecting the lag
that produces high Durbin-Watson statistic. To test the null
hypothesis of DS i.e. has a unit-root against the alternative of TS the
following equation is employed:

AY, =a+W,, +R+OAY, , +0,Ay, , +é&, [15]

Where A is the difference operator such that (1-L) and L is as

defined before. The test is conducted under the assumption that
errors may be serially correlated. To remove serial correlation in
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error term, lagged terms of y,are added to the original DF test. The

basic idea is to include enough lagged terms so that the error term is
indeed serially uncorrelated. The null in this formulation remains
the same i.e. y =0. Notice that equation (15) has an intercept and a
time trend. The OLS technique is used to compute the coefficients
of interest. However, under the null hypothesis of a unit root, the
obtained estimates do not follow a standard t-distribution or have a
normal distribution even asymptotically.

Dickey and Fuller (1979) have shown that, under the null
hypothesis of unit root, the t-statistic for 7 follows Brownian
process and came up with a modified t-test called t-test to be used
when the DGP contains a unit root. Table (3) reports the results
obtained from the regression of the GDP data series (logged) using
univariate ADF unit root equation [15]. EVIEWS 7 is used for all
computations and simulations.
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Table (3). ADF Unit Root Test Results
Regression: Ay, =a+p, , + ft+0.Ay, , +0,Ay, , +&,

Variable Coefficient Std. Error t-Statistic ~ Prob.

Yia -0.355 0.133 -2.660  0.014

Ay, 4 -0.008 0.156 -0.053  0.958

AY,_, 0.285 0.138 2.064  0.050

o (constant) 4.560 1.709 2.669 0.013

t (trend) 0.009 0.004 2.728 0.012
R-squared 0.403 Mean dependent var. 0.025862
Adjusted R-squared 0.304 S.D. dependent var. 0.036597
S.E. of regression 0.031 Akaike info criterion -3.9841270
Sum squared residuals 0.022 Schwarz criterion -3.7483863
Log likelihood 62.770 Hannan-Quinn criterion. -3.9102959
F-statistic 4.054 Durbin-Watson statistic 1.9342584

Probability (F-statistic) 0.012

Note: The critical values for the ADF tests at 1, 5, and 10% levels are -4.310, -3.574, -
3.222, respectively (source: MacKinnon 1996).

The 1 -statistic corresponding to the coefficient of the variable
(y,,) is equal to (-2.66) which is greater than the ADF critical
values at all conventional significance levels indicating that the null
of unit root cannot be rejected.

Jannati et al. (2013) performed several tests (ADF, DF-GLS, and
KSS nonlinear tests) on the KSA per capita real GDP as part of
study including 16 Asian countries. Results produced by these tests,
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however, are mixed especially with respect to KSA and some other
countries. Table (4) shows results reported by Jannati et al. for the
KSA produced by different tests.

Table (4) Results of Tests for KSA

Test Lag length Results
ADF (with constant) 2 -2.547
ADF (with constant and trend) 7 -2.980
DF-GLS (with constant) 1 -3.622***
DF-GLS (with constant and trend) 1 -3.270*
KSS (demeaned data) 2 -2.66*

KSS (detrended data) 7 -3.70**

Source: Jannati et al. (2013), Tables (2, p. 11), (3, p.12), and (4, p. 12)
*, ** ***indicate the rejection of unit root hypothesis at 10%, 5% and 1% significance
level respectively.

It is evident that the unit root hypothesis cannot be rejected under
ADF tests at all conventional significance level. Our results in table
(3) are consistent and very close to results reported here. However,
the results produced by DF-GLS and KSS tests reject the unit root
null hypothesis and thus support the alternative null hypothesis of
stationarity. As noted by the authors, the AD-GLS tests reject the
unit root null hypothesis only for the KSA and for all remaining 15
countries included in the study the overwhelming evidence of
nonstationarity in levels is supported. It is interesting to note that
performing DF-GLS tests to our data produce results that suggest
that the null hypothesis of unit root should not be rejected i.e.
(30)



Economic Studies: Volume 10, 20

supporting the evidence of nonstationarity but such results may not
be accurate for a sample size of 31 as test critical values are
calculated for 50 observations and for that reason results were not
reported.

To check the robustness of the results obtained from the ADF test,
the study considers application of alternative tests. One such
alternative is to test the hypothesis of stationarity against the
alternative of nonstationarity. There are several tests for stationarity
(e.g. Tanaka (1990), Park (1990), Kwiatkowski, Philips, Schmidt,
and Chin (1992), Saikkonen and Luukkonen (1993), Choi (1994),
Leybourne and McCabe (1994) and Arellano and Pantula (1995))
however, the test developed by Kwiatkowski et al. (often referred to
as KPSS) is the most widely used stationarity test in time series
literature. The KPSS test starts with the following model

Y, =&+r1, +é, [16]
Where &,is stationary process and ris a random walk with

innovation variance equal too®. The null hypothesis of stationarity
is formulated as:

H,:0°=0
Under the null hypothesis of zero, the random walk componentr,
reduces to a constant.® Table (5) provides details of the results

obtained by performing KPSS test on the same time series data on
KSA real GDP.

®On all this see Maddala and Kim 1998 for details, p. 120-122
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Table (5) KPSS Test

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.690778
Asymptotic critical values*: 1% level 0.739000
5% level 0.463000

10% level 0.347000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

The results indicate that the null hypothesis of stationarity in the
real GDP should be rejected at the 5% and 10% levels of
significance. The test is unable to reject the null of stationarity at
1% level of significance. Taken together, the results from ADF and
KPSS tests suggest that KSA real GDP is best characterized as
nonstationary process.

To help make comparison with previous studies on the same
subject, Table (6) presents a summary of results produced by ADF
unit root tests univariate and panel procedures on real GDP for
selected studies and countries.
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Table (6) ADF Univariate & Panel Tests

Author(s) Scope Results by test type
Univariate Test Panel Test
Nelson and Plosser USA Nonstationary
Lucke Germany Nonstationary
Jannati et al. 16 Asian countries:
15 countries Nonstationary
KSA Nonstationary
Murthy & Anoruo 27 African countries:
26 counties Nonstationary
Narayan 13 Asian countries Nonstationary Nonstationary™
13 Asian countries Stationary**
Hadri and Rao 14 OECD countries Stationary**

Source: Nelson and Plosser (1982, table 5, p. 151); Lucke (2002); Jannati et al. (2013,
table 2, p.11); Murthy and Anoruo (1982, table 1, p. 4); Narayan (2008, table 1, p. 443);
Hadri and Rao (20009, table 3, p. 436)

Note: Nonstationary indicates that the null of unit root cannot be rejected and the DGP
thus contains a unit root i.e. is DSP while stationary suggests that the unit root null
hypothesis should be rejected indicating that the DGP is a trend stationary process (TSP)
*without structural breaks, ** with structural breaks

As the Table clearly shows, the univariate ADF test similar to the one applied in our
study produces results for different group of countries that are overwhelmingly
consistent with our findings. Moreover, ADF panel test not allowing for structural
breaks also produce results that suggest nonstationarity. Results however are reversed
when the panel test allows for structural breaks suggesting that real GDP is stationary in
this case. Structural breaks could be responsible for the different results produced.
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The Economic Interpretation and Implications

As the outcomes of the unit root tests clearly show, KSA real GDP
has a unit root and therefore behaves like a random walk with drift
i.e. DSP. Under such condition, any stochastic shock to output
represents a permanent shift in the level of output in all future
periods and hence the effect of the shock tends to persist forever. By
comparison, the impact of stochastic shock to trend stationary series
(TS) is temporary and dissipates over time as the output converges
eventually to its trend path. Therefore, the unit root hypothesis
appears to have important implications for the macroeconomic
policy. The aggregate demand shocks like monetary shocks are
assumed to be transitory and therefore their impact on output
fluctuations will tend to be temporary and die out quickly. On the
other hand, supply side or non-monetary shocks such as technology
shock are viewed as real and random therefore their impacts on
output level persist forever. Accordingly, the unit root hypothesis
implies that real supply side shocks are the main source of
fluctuations in KSA real GDP.
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VI Conclusion

The main objective of the present work is to test whether the natural
logarithm of the KSA real GDP for the period spanning 1980 to
2011 is best characterized as DSP or TSP. To achieve the stated
objective, we employed the univariate ADF unit root test. To further
support our findings, the KPSS test which has stationarity as its null
hypothesis was employed. Results from this test were consistent
with ADF results. Our analysis indicate that the natural logarithm of
the KSA real GDP is of the DSP class i.e., contains a unit root in its
autoregressive representation. Under condition of unit root, GDP is
said to contain a stochastic trend and economic shocks to output
tend to have permanent effects and will therefore persist forever.
This is in stark contrast with the effect of a shock in stationary TS
model in which shocks are transitory. The economic interpretation
of our findings imply that non-monetary shocks or supply-side
shocks such as technology shock are the main source of GDP
fluctuations compared with nominal demand shocks which are
perceived to have a transitory impact on the path of GDP.
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Appendix A: Saudi Real GDP, 1980-2011 (SR, Billion)

Year Real GDP Year Real GDP
1980 540.558 1996 576.433
1981 480.566 1997 591.378
1982 441.080 1998 608.141
1983 427.458 1999 603.589
1984 408.974 2000 632.951
1985 429.792 2001 636.417
1986 412.670 2002 637.230
1987 446.608 2003 686.036
1988 446.887 2004 722.173
1989 484.106 2005 762.277
1990 528.178 2006 786.348
1991 552.625 2007 802.211
1992 552.769 2008 836.133
1993 552.769 2009 836.938
1994 556.448 2010 875.787
1995 557.566 2011 935.119

Source: Central Department of Statistics & Information (CDSI)
Note: All data are in 1999 prices i.e., in real terms.
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The Causal Relationship Between the Quantity of Money and Some
Macroeconomic Variables in the Kingdom of Saudi Arabia

Abstract
The main objective of this study is to investigate the direction of the
causal relationship between money and dynamics of the macroeconomic
activity, such as GDP, interest rates, exchange rates and prices in the
Kingdom of Saudi Arabia in the period from 1971 to 2013. The
methodology used is the Bounds co-integration tests based on
Autoregressive Distributed Lag Model, ARDL which was developed by
Pesaran and Shin, 1999 (Pesaran et. al., 2001). After confirming the
existence of a long-term relationship, Granger causality was used in the
Multivariate Model Vector Error Correction (VECM), to see the direction

of the causal relationship between the variables.

The Bounds test revealed that there exists a long-run relation among real
output, money supply, interest rate and exchange rate when the M2, price
and GDP variables were the dependent variable. The short-run causality
found evidence of bidirectional causality between money and prices and a
unidirectional causality running from price and money to real output was
found. A unidirectional causality running from exchange rate to money
and to prices was found. The exchange rate was found to be independent
of changes in money. The causality was found from output, to money,
which follows the real business cycle theory (RBC theory), more than, the
key macroeconomic model such as Keynesian and monetary school of
thinking.

Therefore if the main objective of the government is to maintain a high
rate of economic growth and curb inflation, government should therefore
concentrate on long-run structural policy changes. Because any
expansionary monetary policies are likely to cause relatively high impact
on nominal variables, such as prices or exchange rates rather than the
total real output. In an economy that is exposed to the effect of external
factors, such as oil prices.

Key words: Saudi Arabia, Macroeconomic variables, ARDL, Granger causality.
JEL Classifications: E41, E52, C22.
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bl (Uadll mpmiai datia 7 3sai (pe AN aisa dasn Lidly ol rial
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o @i sl O 1Y Ly dpudall Shuriall e g (K) 3 Al

Coplaiall Uadll s = 3gai Lgie Baaly IS 688 0 ¥ alaal) (4 220 3geaiall ()
ade

3

(")



Aleall 4 LS Lolaiiy) O piiall anss 258l LpaS Sy dpssaad) DD 6357 ¢ Clns il
o Sl il e o A5V A ganal) Gl L) 4nie sl [ 5 aald
She 13 (Gl b ASla el G AY) desandll (miE e (G gsiva
10), o Al A deadiiaall ) paiall Alaiaall Gliaill e Jaid 29as
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Al i 2xy ECM Uadll aa Zihaliie e i ) i aadiis g

f O zagaill a5 43 Hendry 44,k ¢ Lok

n n n
Alth - O(O + T[llAlth_i + z T[lelnYt_i + Z 1T13Alnpt_i
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n n
+ Z T4 AInR_; Z MysAInE,_; + p ECM_; + v,
i=1 i=1
ECM;-; = InM_; — Bo — B1InYi—; — B2InPey + B3InRe; —
B4InE 4 (4)

("7)



iSlaall 6 LI DoleaBY) piial inss 5l DaS Gy Lsaal] DDl ¢85 ¢ il

P MUYGRRGE s oJoY) @il oo A ey odlel 58l Zilall b
Clye el zdsadll 3y Cus Al saaad) JSI ala@Y) i
el clyrial) ol 5S 8ye IS 8 (asall) 8 Aracaiall Clpsiall 2ac)
o Alee J8 @iddl Jalsill agay Hlial (Say G Al il e
¢ Hp:Br =By =PBs =PBs =0 adall Lo o Line ouadll c¥aladl)
tolaals Foagaall jlad) aladinly Ja¥) gl Ale aag Y 43l i Al
Qa5 agay e Xl G a3 dieg Hyipy =0 o pall Ll
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.(Banerjee et. al, 1998) dilcas) ANy b 585 )y

sAgldal) gilidl). ¢

Glpridl (aillad Jo Gl padl delsil)l cloa) Guls clly
DLEY el e saagll i clladl eha) & L Auhall G deddi)

(V%)



(V7)) i (81 €72) Ciny o(¥+) 2aedl o) +) Asal i panall SLeaiB] diman] dualedl ALkl

SO culd
i le L Al Clyiie ) A

LM2 LY
15 145
14
14.0
13
12 13,5
114 13.04
104
125
9
8 T T T T T T T T 12.0 T T T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010
LP LR
5.2 3
48 | 2
4.4 | 1
4.0 | 04
3.6 - -1
3.2 T T T T T T T T 2 T T T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010
LE
18
1.7
1.6
151
1.4
134
12

T T T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010

(Vo)



iSlaall 6 LI DoleaBY) piial inss 5l DaS Gy Lsaal] DDl ¢85 ¢ il

\\‘_s_m‘) 4alag CELS.I 3.3;)” J.JA L_Ibl_\:ta\ | djﬁaj‘

© Y, YOoTA—

OABACALE

©**—¢,YYVvay .

O*-Y,YYovid

Oy uld lis) casall Jld S laal
S o sl SV Gyl sisall < paciall
] @FF-Y,0VVTNY | ()FE- T, AYVIED | g - Y, evave
©*+Y,Y YAV €= @*= ¥,YEVI AL ®* 0,8V \ V¢ OF —TXYYVVVY LY,
@ =-Y o, AEAT ()**=Y, 31 YOAA Lp
0 ¥, 40T VA= ©),+) )+ YA DFNTOAE | - TeYe1v) =
LE,

sl e %)

%o ) Qe 3aa ) J.A.; Q99 eJ’J\ 2.}...4)9 Ul &‘ Ol j R R R

(MacKinnon, 1996) one-sided p-values (3 da)all audll A

o dhll 8 Aaidl) el Judladl (s of Gl Jsaad) (e
Wl (LY, LR, LE, LM,) ks J¥) (35,80 & 2L oK1 o ssianall b 4L
JalSi dape adia) e Jy e gsied) @ oSle asls [P juid)
Chaiall n Ja¥) sk D s LYy A Ay il

SVl rige o ol sl Jalsl

J}JAJ\ GG_.\A eli._\.m;

oaa) e olasdl 1Y) skl 8 slae ) Kys Lde sl Al colidalgll
() Jsaall 8 4l el G5 F gliaa) aladinly (Wald Testalls

Coeliy gasall L8 S0 Aslae Ly ooy i) anially (Ll dygiee Jlas) 5 (V)
. axially whldll 33y Gulad e LY 5 13 dnially wlaldl) dgine

(")




(V7)) i (81 €72) Ciny o(¥+) 2aedl o) +) Asal i panall SLeaiB] diman] dualedl ALkl

il G Ja) Alsha 2Dl deay laal) il 1(Y) Jsaad
i) Jol&all dejsall Ayl culidalaiall I lasi¥) = 3sad aladinly

(25 o)
Ja) Lol ) F el o Jalaa Al
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AlnM, Cl] [ T11.1 T12.1 1317141 151 1 [Alth—l]

AlnY, ¢ Ta11 221 M231M241T251 || AlnYi—q
[ AlnP; | = Cs +| 311 M32.1 T33.1M34.1 T35 || AlnP,_4 [+ -
AlnR, Cy l7T41.1 Ta2.1 431 Taq.1 Tas51 | AlnR,_,
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