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Inflation Impact on Average Productivity

Of Agricultural Investments in Saudi Arabia

By
Othman saad Al-nashwan

Adel Mohamed Ghanem

Abstract

The overall objective of this study is to measure inflation
rate, inflation gap in the saudi economy during the period 1985-
2003 and studying the relation between inflation and average
productivity of agricultural investments in long run. To achieve the
stated objectives, the study employed the standard economic
measures of inflation which included the implicit index number,
cost of living index, coefficient of monetary stability, excess
demand and excess money. Moreover the study depended on the
analysis of time series, the co-integration equation and the error
correction model (ECM).

The results of this study indicated that: the rates of apparent
inflation has decreased after the application of monetary and
financial policies in the saudi economy, inflation in the saudi
economy is the repressed type, the ECM results indicated that 10%

increase of inflation will cause 10.8% decrease of average




productivity of Agricultural investment in the long run and finally
the study suggests the continuation of the current monetary and
financial policies particularly under this policy of the decreasing
the government subsidy and accession of the kingdom of Saudi

Arabia to the World Trade Organization (WTO).

Key words: inflation, agricultural investments
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SETAR and ARMA Models for the Monthly Time
Series Returns of the Saudi Share Price Indices:

Forecasting Comparisons

Dr. AHMED A. A. ASSEERY
Economics Department, College of Administrative Sciences
King Saud University, P.O. Box 2459 Riyadh 11451
Kingdom of Saudi Arabia

ABSTRACT

The observed asymmetries in the majority of the monthly
returns series of the six share price indices of Saudi Arabia are
modeled using non-linear Self-Exciting Threshold Autoregressive
(SETAR) models over the period 1985m4-2002m6. The out-of-
sample forecasting performance of the estimated SETAR models is
compared with the standard Autoregressive Moving Average
(ARMA) models over the period 2002m7-2002m11 for all the
returns series. While the empirical evidence strongly suggests the
existence of limit cycles in the returns series of the majority of
these indices, it is also evident that the out-of-sample forecast
using the straightforward five-step-ahead forecast method lends

support to SETAR models over ARMA models.
Keywords:

Non-Linear SETAR, ARMA, Asymmetry, BDS, Forecasting.
JEL Categories: C51, C53.
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Economic Studies: Volume 6, 11

SETAR and ARMA Models for the Monthly Time
Series Returns of the Saudi Share Price Indices:

Forecasting Comparisons

1. INTRODUCTION:

There is a general belief in the market that the behaviour of
stock prices could be different according to whether the magnitude
of the return is positive or negative. It is, also, commonly observed
that the return distribution is skewed, which in turn has been
interpreted as evidence of asymmetry in the return generation
mechanism. Therefore, the focus on modeling macroeconomic
aggregates and financial series has, recently, shifted from
Autoregressive Integrated Moving Average (ARIMA) and
Generalized  Autoregressive  Conditional = Heteroscedasticity
(GARCH) models to other regime switching models such as
Threshold and Markov switching autoregressive models. A widely
popular non-linear switching regime model is the Self-Exciting
Threshold Autoregressive (SETAR) model, which has been used
for modeling economic and financial data, inter alia Pope and
Yadav [1], Krager and Kugler [2], Tio and Tsay [3], Potter [4],
Tong [5], Chappell et al. [6], Montgomery et al. [7] and Rothman
[8]. The conclusion regarding the improvement of the forecasting
performance when non-linearity is allowed for, however, is not

conclusive, De Gooijer and Kumar [9].
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One of the important features of the SETAR model is its
ability to produce limit cycle solutions, i.e. the time series
perpetually gravitates towards an endogenously determined
cyclical motion. Put differently, the SETAR model is capable of
producing the asymmetric periodic behaviour exhibited in the
returns time series.

The study focuses on examining the forecasting
performance of the traditional linear Autoregressive Moving
Average (ARMA) models in comparison with the non-linear
SETAR models that are estimated for the returns of a number of
Saudi share prices. The returns series as well as the residuals of all
estimated models will be tested for non-linearity using Brock,
Dechert and Scheinkman [10] test, denoted by BDS.

Monthly data are used for estimation covering the period
1985m4-2002m6 and leaving the period 2002m7-2002ml1 for
examining the out-of-sample forecasting performance of the
various models considered. Also, the study will take the task of
simulating the entertained SETAR models for all the series and
check for the presence of limit cycles.

Therefore, the study is divided into further three sections.
Section 2 presents the ARMA, SETAR models and offers some
motivations for modeling with SETAR. Section 3 discusses the

empirical results, while concluding remarks are given in Section 4.
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2. ARMA, SETAR MODELS AND MOTIVATIONS:

A univariate time series representation for a stationary
endogenous variable y; can be written in the form:

yet o Yer tot op Yip =Bot &+ Pi gttt P Eiq  eeennnnn (1)

and to ensure “whiteness”, [g] is defined as a sequence of zero
random variables with E[g] = 0, E[atz] =0 E[es &] =0, s # t.
Equation (1) is known as ARMA(p,q) representation. If y; is not
stationary and differencing is needed, then it is known as
ARIMA(p,d,q) representation, where d 1is the number of
differencing y; to render the time series stationary. Stationarity here
implies that the first, second moments and the autocorrelation
(autocovariance) are fixed. Equation (1) is a special case of a more
general model, which contains infinite parameters. Using the
notation of the lag operator, the above ARMA model can be

written in the form:

(L) V=B L) 6 woorreeeeeeeee e )

where, a(L) and B(L) are polynomials in the lag operator of order
p and q, respectively. Conditional on the invertability of a(L) and
the stationarity of y, then any general ARMA process can be
expressed as an infinite moving average, i.e. MA(x), process.
Also, the autoregressive representation of order p with a constant
attached to the process of the form:
O (L) Y= 00 F & e 3)

has the following Wold MA(wx) representation:
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Ve=00F QL) € ovveneii i (4)
where, @ = o' (L) a, o(L) = o' (L).

Here, invertability of a(L) is assumed and conditional on the
sequence [g] being strictly independent random variables then
linearity holds. This condition for linearity to hold means that a
correctly specified ARMA model yields white noise as implied by
zero correlation among the residuals of the model, but this will
result in a misspecified model if the underlying structural process
generating y; is non-linear in parameters and/or variables.

The seminal study of Hsieh [11] on non-linearities in the
USA stock returns, however, has drawn a considerable attention to
the fact that the main rejection of the identical independent
distribution (iid) hypothesis for the returns and hence the rejection
of the random walk hypothesis is due to the presence of non-linear
dynamics. A random walk in its simplest form may be given by:

Y= Yd e (5)
where Y is the stock price and ¢, is a disturbance term such that g ~ iid
(0, o).

The existence of a random structure implies that price
changes evolve in a rather unpredictable way, i.e. the conditional
expected value or prediction of future period price made in the
current period will be the price occurred in the current period and,
hence, forecasts for future price based on current period price can

not be improved by using also information incorporated in the past
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prices. Therefore, the most significant information needed for the
stock market participants is that provided by the most recent price,
which coincides with the definition of market efficiency.

In this literature a number of possible sources of rejecting
the iid hypothesis are identified. These are non-stationarity that is
synonymous with structural changes, the presence of low
complexity chaotic dynamics and conditional heteroscedasticity.
From empirical perspective, therefore, research is open for
exploring the potentialities of other non-linear models, since
GARCH-type models, which they were advanced to cater for non-
linearity, were dubbed “do not fully capture the non-linearity in
stock returns”, Hsieh [11].

In the search for an appropriate functional specification for
conditional heteroscedasticity a number of stylized facts in the
literature, a model has to be able at least to capture some of them.
These are, the leptokurtic non-conditional distribution of asset
returns; periods of high-low volatility are followed by periods of
high-low volatility, i.e. clustering; price movements are negatively
correlated with volatility, i.e. leverage effect; persistence of the
shocks on volatility; biases in evaluation of option prices arising
from the use of implied volatilities, i.e. smile effect; influence on
volatility of information arrivals due to the fact that frequencies of
information arrivals and prices recording are different; volatility

co-movements of speculative markets of different countries.
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Another class of non-linear models is the Threshold
Autoregressive (TAR) model discussed by Tong and Lim [12],
Tong [13] and Tong [5]. A subset of TAR known as the Self-
Exciting Threshold Autoregressive (SETAR) seems to be very
appealing for modeling economic and financial time series. The
basic intuition underlying TAR models is to start with a linear
model of y, and then allow the parameters to vary according to
values of a finite number of past values of some process. The idea
of the TAR model suggests that the occurrence of a regime at time
t 1s determined by an observable variable relative to a threshold
value. The SETAR model assumes that the threshold variable is the
lagged value of the time series itself y.4, where (d) is the delay
parameter. Both TAR and SETAR models are, generally,
interpreted as one member of the switching linear regression
models where the switching mechanism is controlled by the delay
variable y.4 and not by the time index t. The SETAR model which
1s assumed in this study to capture the asymmetric pattern of the
returns is linear within regimes for a certain integer d > 0 but liable
to move between regimes as the process crosses the threshold,
Tong [5] and Hansen [14], [15].

A time series is said to have a two-regime SETAR process
if it follows the following model:

Yi=(@10 T @1 Y1t oot Qrp1 Yep1 ) [[yea S1] +
(@0t 021 ye1 t oo T @22 Yep2 ) [ yea >1] oo (6)
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The indicator function (I) implies that y, will be estimated in
the first regime if the value of y.4 is smaller or equal to the
threshold value (r), otherwise, y; will be estimated within the
second regime. The above process may be written briefly as
SETAR(2; pi, p») which has a p™ order autoregression in each
regime. Since fixing the threshold variable renders the model linear
in the remaining parameters then it is possible to provide estimates
of them using Ordinary Least Squares (OLS).

Although the SETAR model uses the lagged endogenous
variable y.4 for a positive integer (d) as an estimator of threshold
variable, it is still the determination of the delay (or the lag-length)
parameter (d), the threshold value (r) and the order of
autoregression in each regime stand as a difficult problem in the
estimation process and they are referred to as structural or
“nuisance” parameters. To overcome the choice of (r) and (d)
among other values one may choose minimizing the residual
variance as a criterion or optimizing some other information
criterion taking into consideration that the appropriate choice of the
threshold value is the one that leaves at least 15% of the
observations in one regime as recommended by Franses and van
Dijk [16]. In this study we follow Tong [5] in using the
minimization of the Akaike Information Criterion (AIC) to identify
the appropriate values of (r) and (d), which is given for a two-

regime SETAR by the sum of the AICs for AR models in the two
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regimes. The threshold models are known to be able replicate some
key features that may be associated with some of the stylized facts
mentioned earlier. These include associating time irreversibility
and jump phenomenon with clustering, associating asymmetric
limit cycles with information arrivals and persistence and
associating bursts with fat tails in the returns distribution.

It is well-known that the computation of forecast points
using non-linear models is more complicated than using linear
models. However, a number of methods for a multi-step-ahead
forecast are advanced in this literature. These include the method
based on the Chapman-Kolmogorov relation that requires
computer-intensive sequence of numerical integration discussed by
Tong [5], the Mont Carlo method shown by Tiao and Tsay [3],
Tong [5] and Clements and Smith [17], [18], and the Normal
Forecast Error (NFE) method proposed by Al-Quassem and Lane
[19]. It is notable that the one-step-ahead forecast differs from the
multi-step-ahead forecast in that the former uses all original data
for computation while the latter uses the original data as well as the
forecast values of the past periods.

This study uses the straightforward multi-step-ahead
forecasting and compare the out-of-sample forecasting
performance of the non-linear SETAR with the ARMA models in
terms of some evaluation criteria, namely, the Mean Sum of

Squares of Prediction Errors (MSSPE) and the Root Mean Sum of
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Squares of Prediction Errors (RMSSPE). These two criteria are

given by:
MSSPE =Y (ewj)/p = 1D e, (7)
RMSSPE = (3 (ewj ) /p)'? 0= 1P e, (8)

where p is the number of forecast points.

The existence of non-linearity in economic and financial
data has been a subject for debate and it is possible to distinguish
between two different views in the way that they look at the
generating process of non-linearity. The deterministic approach
views the observed random behaviour in economic time series as
resulting from a non-stochastic process operating in a chaotic zone.
The stochastic approach, on the other hand, assumes that the
underlying process of linear and non-linear structures is subjected
to random shocks. Within the deterministic approach, Brock et al.
[10], introduced a family of test statistic based upon the correlation
dimension and it can be calculated as follows:

Let X(t = 1,..,T) be a univariate time series within an n-
dimensional deterministic economic model. Then to test for non-
linearity for the sake of identifying the dynamics of the system, it
is neither necessary to estimate all other time series, nor to know
the exact structural form of the system of equations to determine
the dynamics of the process. Owing to a theorem by Takens [20],

all information of a multivariate model is embodied within a
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univariate time series. Now an m-dimensional vectors, or m-
histories, can be defined in the manner:

X = (X s Xsseeees Xprmt ) weeeseneneneeeeeeeeeeeeee e )
where the process is referred to as m-history and the parameter (m)
is the embedding dimension. To measure the distance (€) between

two histories, this is given by the correlation integral:

Cont ()= Q2/Tw=Tw) 2D La(d— || X=X D, t<s .. (10)

where: t=1,..., T, s=t+1,..., T, Tn=T-m+1,

thm - X:]

is the Euclidean norm between X" and X

and Ig=1if, d = X" = X[

>0, 0 otherwise.

Grassberger and Procaccia [21] defined the correlation

integral as the cumulative distribution function of (€™ ):

Cont (€)= PE™ < E ) e, (11)
Therefore, under the null hypothesis that X, is (iid) and for
fixed (m) and (€):
Con (€) = Crr (€)™ @S T = 00 v, (12)

and it follows that the conditional probability for two trajectories to
stay within a distance (€) for (m-1) periods, and assuming
independency of (€ ), is given by:
PIE€™ <€) [ (€™ <€)] = Cmt (€)/Crr1 (€)= Ci1(€) ..... (13)
which is the correlation integral at embedding dimension 1.
The empirical distribution function for the inter-history

distances can be used to provide estimate for C,,r(€). This is




Economic Studies: Volume 6, 11

achieved by selecting €, =c 6k'1, (k=1,...,.K), where 0 <d <1 and
6 is the sample variance. The estimate Cmr(€yx) 1s given by the
proportion of distances less than €.

Using the theory of U-statistics, Brock et al. [10], arrived at
the following normalized estimable statistic:

BDS(m, €) = {C1(€) - C11 (€)™} / (0w / T oo . (14)

Under the null hypothesis that a series X; is iid process the
BDS test statistic is asymptotically distributed as a standard normal
variable, N(O, 1).

The test is quite powerful in detecting the departure of a
time series from linearity; see Asseery [22] and Asseery and Al-
Sheikh [23] and the references cited therein. The BDS test remains
valid if X 1s the resulting residuals from regression models. This
statistic, therefore, may be used as a diagnostic test where models
with leftover non-linearity may be dismissed as they are
functionally misspecified. Since we have only two hundred and six
observations available for estimating the models, we report the
calculated BDS(m,€) statistics for embedding dimensions (m) up
to four giving about fifty observations in each history and for each
history € = o, 0.50. Large estimated values of BDS statistics
indicate non-linearity.

The data used in this study are the share prices published by
the Saudi Arabian Monetary Agency (SAMA). The data are shown

on the web: (www.sama.gov.sa). Share indices are reported for six
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sectors, namely, the Agriculture sector, the Banking sector, the
Cement sector, the Electricity sector, the Industry sector and the
Services sector. Their log-differences are denoted in this study by,
AA, AB, AC, AE, Al and AS, respectively. The log-differences of
the monthly realizations of these indices represent the returns
series and they are calculated for the period 1985m4-2002m11.

3. THE RESULTS:

The study starts the empirical work with calculating the
mean, standard deviation, the coefficients of skewness and excess
kurtosis for each return series. The calculated moments are shown
in Table 1. Skewness and excess kurtosis measure the deviation
from a normal distribution and they are standard normal
distributions with the mean of zeros. This table also shows the
results of testing the return series for normality using Lin and
Mudholkar [24] statistic, denoted by (L-M), and for unit root using
the augmented Dickey-Fuller and the Phillips-Perron tests, denoted
by (ADF) and (PP), respectively. Although the results show that
most of the time series are skewed to the right with the exception
of the returns of the Banking and the Industry sectors, the evidence
of fat tails is quite strong. The non-normality of the returns
distribution is detectable only in the return series of the Electricity
and the Services sectors as indicated by the results of L-M test,
which has a standard normal distribution. The reported ADF and

PP statistics in the same table indicate that all the returns series are
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stationary processes. The residuals of the ADF regressions are free
from serial correlation as indicated by the reported statistics of the
Lagrange Multiplier test of serial correlation of the twelfth order,
denoted by %°(12). The results of applying the BDS test to the
returns distribution of all the series considered without any linear
or non-liner filtering are shown in Table 4. These estimated
statistics indicate the rejection of the hypothesis of linearity in all
the returns distribution with the exception of the Industrial sector
where the rejection appears only in the case of BDS(4, o).
Selecting the order of p and q for the ARMA(p,q) model in
each case is handled by first setting them equal to a maximum
value of three. Then for each series we run sixteen ARMA(p,q), (p,
q=0, 1, 2, 3), regressions over the same period 1985m7-2002mo6,
leaving the last five observations over the period 2002m7-
2002m11 for forecasting. Tables 2a and 2b report the values of the
AIC and Schwarz Bayesian Criterion (SBC) for all regressions. It
is evident from the maximum values of AIC and SBC reported in
this table that they coincide in selecting the same values of p and q
in four cases out of the six cases under investigation. Depending
upon the AIC, which is the widely used criterion in the empirical
literature, we find that the appropriate ARMA(p,q) specification is;
ARMA(2,1) for the returns series of the Agriculture Sector;
ARMA(1,0) for the returns series of the Banking, the Cement and
the Services Sectors; ARMA(3,3) for the returns series of the
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Electricity Sector; ARMA(2,0) for the returns series of the Industry
Sector.

The estimated SETAR models are based on a grid search to
specify the structural parameters, (d) and (p), using the Tong’s
algorithm. The parameter (k) is fixed since we consider only two
possible regimes. This is consistent with the rise and fall of the
returns around the chosen zero value for (r). This threshold value is
meant to capture the asymmetric behaviour of the returns series by
conditioning the previous rise (Y4 > 0) and fall (Y4 < 0). The best
fitted SETAR models using conditional least squares are displayed
in Tables 5a and 5b. The fitted SETAR(2, p;, p,) models are; a
SETAR(2; 2, 6) for the returns series of the Agriculture Sector
with a delay parameter of value five; a SETAR(2; 1, 1) for the
returns series of the Banking Sector with a delay parameter of
value two; a SETAR(2; 3, 1) for the returns series of the Cement
Sector with a delay parameter of value three; a SETAR(2; 11, 4)
for the returns series of the Electricity Sector with a delay
parameter of value one; a SETAR(2; 1, 6) for the returns series of
the Industry Sector with a delay parameter of value five; a
SETAR(2; 1, 1) for the returns series of the Services Sectors with a
delay parameter of value three. To conserve space the results of
this table are reported for the significant AR coefficients in each
regime only and it may be observed that the orders of the AR are

of the low nature in both regimes in the case of the Banking, the
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Cement and the services Sectors. Low orders of AR are, also,
observed in the first regime of the Agriculture and the Industry
Sectors and in the second regime of the Electricity Sector.

The signs of the AR coefficients in the case of the first
regime of the Agriculture Sector suggest that when the return five
months ago is negative the AR process depends on the two past
periods. On the other hand, the second regime of this sector shows
that the coefficients of the return series lagged three and six
periods have opposite signs. This implies that the time series
autoregulates itself when the return is positive five months ago.
This behaviour is consistent with bringing the rise in the returns of
this sector to an end. Similar pattern may be observed to some
extent in the behaviour of the returns series of the Industry sector.
The opposite behaviour may be noted in the result of the returns
series of the Cement sector. In this sector when the return is
negative three months ago the series autoregulates itself to bring
the fall of the return to a halt. For the Banking and the service
sectors the coefficients of AR(1) in both regimes are positive and
they are less than one implying that the estimated models are
globally stable. Although for other sectors there does not seem to
be a consistent alteration in the signs of the coefficients, the
asymmetrical pattern seems to be pervasive across the estimated
regimes. The high negative values of the AR(3) and AR(7)

coefficients in the first regimes of the Cement and the Electricity
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sectors, respectively, imply that the series repelled relatively fast to
the side of the positive returns, i.e. the two models have intrinsic
stabilizers. The estimated values of the AR(1) in the high regimes
of the Banking and the Services sectors are higher than those in the
lower regimes but markedly so in the case of the Banking sector. In
the latter case this implies that the series stays longer time in the
side of the positive returns, i.e. a Bull market, before crossing to
the lower regime, 1.e. a Bear market.

The estimated SETAR models seem to indicate cyclical
behaviour and to identify the pattern of the cycles in each case we
simulated the models using the noise-free skeleton, Tong [5]. The
results of the scatter plots of the simulated fifty points against its
own lag at lag length one are shown in Figures 1 to 5. These
figures show that self-replicating cycles seem to be the dominant
character. These limit cycles suggest successive cycles from peak-
to-peak of two months for the return series of the Banking sector,
three months for the return series of the Cement sector, five
months for the return series of the Electricity sector, twelve months
for the return series of the Industry sector and three months for the
Services sector. The simulated data for the Agriculture sector
indicates no evidence of the existence of a limit cycle since they
show collapse to a single point.

Although the SETAR models do not conform with the

characteristics of the Bull and Bear markets with regard to the
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variances of the two regimes, it is possible “but not guaranteed”
that speculators may be able to reap capital gains or to avoid
capital losses via monitoring the cycles of the share prices
documented in this study.

The study, further, investigates the statistical properties of
the individual return series, the residuals of the ARMA models and
the standadized residuals of the enetertained SETAR models using
the Ljung-Box (LB) and the BDS statistics. Table 3 shows the
probability (prob)-values of LB test statistics for these series,
denoted by LB(n), and for the squared series, denoted by LB*(n).
In the case of the returns series themselves the prob-values of
LB(n) and LB*(n) statistics indicate that the presence of
dependence in the first and higher moments is possible with the
obvious exception of the return series of the Electricity sector. The
prob-values of LB test conducted on the residuals of ARMA and
the standardized residuals of SETAR models indicate no evidence
of serial correlation with the exceptions of the LB(12) and LB(48)
in the case of the ARMA residuals of the Electricity sector. While
the prob-values of LB?(n) statistics of these series have no
consistent pattern, they indicate the presence of heteroscedasticity
in some cases. The results of the BDS test for leftover non-linearity
in the residuals of the estimated ARMA and SETAR models are
shown in Table 4. Depending on the dimension of the test the

results of this table clearly demonstrate that the hypothesis of
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leftover non-linearity is not rejected in the residuals of the ARMA
models and the standardized residuals of SETAR models. The
traces of leftover non-linearity in the residuals of the entertained
models may be interpreted as due to the existence of limit cycles
and if this is the case then the SETAR models of the return series
of the Agriculture sector may be misspecified. This is so because
the BDS statistics should lose their statistical significance in the
presence of limit points.

Finally, the calculated values of the two criteria MSSPE and
RMSSPE for examining the out-of-sample forecasting
performance of the estimated ARMA and SETAR models are
reported in Table 6. These results are calculated using the
straightforward five-step-ahead forecast method over the period
2002m7-2002m11. It is evident from the results of this table that
both evaluation criteria strongly lend support to the non-linear
SETAR models over the linear ARMA models with the exception
of the result of the Electricity sector.

4. CONCLUDING REMARKS:

This paper contributes to the existing literature by
examining the linear and non-linear characteristics of the monthly
time series representing the returns of the six share price indices in
Saudi Arabia. These share price indices are given by sectors and
they are for the Agriculture sector, the Banking sector, the Cement

sector, the Electricity sector, the Industry sector and the Services
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sector. The linear ARMA and the non-linear SETAR models are
fitted for all the returns series over the period 1985m4-2002m6,
leaving the period 2002m7-2002ml1 for examining the
performance of the straightforward out-of-sample forecast of the
various entertained models.

Non-linearity is indicated in the returns series of these share
prices and the threshold models confirm their asymmetric
behaviour. The cyclical behaviour of the returns series is
demonstrated by the estimated SETAR models and the study
identified the cyclical pattern in each case. The simulated figures
suggest that self-replicating cycles are the dominant character. The
documented successive limit cycles show cycles from peak-to-peak
of two months for the return series of the Banking sector, three
months for the return series of the Cement sector, five months for
the return series of the Electricity sector, twelve months for the
return series of the Industry sector and three months for the
Services sector. For the return series of the Agriculture sector the
result of the simulated skeleton shows convergence to a single
limit point.

While speculators may face difficulties in anticipating the
movements of share prices displaying endogenized cyclic
characteristics, the SETAR models may serve as indicators to the
future directions of the share prices via segregating the series to

two regimes that correspond to Bull and Bear markets. Hence,
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speculators using these models may learn how to predict the self-
replicating cycles, to create trading rules with which they may be
able to reap profit.

The study demonstrates that in five out of the six returns
series considered, the out-of-sample forecasting performance of the
entertained SETAR models is much better than the estimated
traditional ARMA models.

An 1mportant policy consideration rises from the study is
that government intervention based on the linear approximation of
the world to eliminate endogenous fluctuations in the market may

lead to distorted conclusions if the world is inherently non-linear.

Table (1)
Summary Statistics
Series | Mean ~ SD SK KU L-M  ADF-test x(12) AIC
test PP-test
AA | -0.0029 0.0377 0310 159 -1.39 —7.63(1) 122 3875
848  (0.429)
AB 0.0104  0.0555 0.097 140 -0.446 -7.35(1) 15.1 3275
-8.88  (0.236)
AC 0.0056  0.0530 0.495 3.06 -190 —-841(1) 11.6 326.6
~7.65  (0.476)
AE 0.0001 0.0602 283 193 -595 —-6.91(6) 169 2843
-9.55  (0.155)
Al 0.0063 0.0554 —0.195 542 0.630 —8.20(1) 12.6 311.6
—6.13  (0.401)
AS —0.0009 0.0471 0.804 268 —3.27 -7.86(1) 10.8 353.5
—9.05  (0.548)

Notes: A is the first difference operator. A, B, C, E, I, S are, respectively, the share
prices of the Agriculture sector, the Banking sector, the Cement sector, the Electricity
sector, the Industrial sector and Services sector. SD is the standard deviation. SK is the




Economic Studies: Volume 6, 11

Skewness. KU is the Kurtosis. L-M test is the Lin-Mudholkar test for Normality. ADF
is the Augmented Dickey-Fuller test for stationarity and the numbers in brackets are the
order of the ADF test. °(12) are the calculated values of the Lagrange multiplier test
for residuals serial correlation of the ADF regressions up to the twelfth order followed
in brackets by their significance levels. AIC is the Akaike Information Criterion of
ADF regressions. The results of PP-test are based on Newey-West adjusted standard
error’s Parzen weights with truncation lag 12. The critical value for both ADF and PP
test is — 2.88 and it is given by MacKinnon [25].
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Table (2a)
AIC and SBC for Selecting ARMA models
Variable Criteria p/q 0 | 2 3
AA AIC 0 377.719 377.797 381.304 381.137
SBC 376.060 374.479 376.327 374.501
AIC 1 378.256 382.349 382.511 380.144
SBC 374.937 377371 375.875 371.846
AIC 2 382.373 382.861* 381.998 381.404
SBC 377.396# 376.225 373.702 371.450
AlIC 3 382.679 381.863 381.580 381.042
SBC 376.043 373.568 371.626 369.428
AB AIC 0 299.754 314.003 314.672 314.411
SBC 298.095 310.685 309.695 307.775
AIC 1 317.273* 316.817 316.931 315.932
SBC 313.955#311.840 310.295 307.637
AIC 2 316.491 316.682 315.934 314.947
SBC 311.514 310.046 307.638 304.992
AIC 3 316.598 315.964 315.604 316.598
SBC 309.962 307.668 305.6497 304.984
AC AlIC 0 310.493 315.070 315.4698 314.531
SBC 305.834 311.752 310.493 307.531
AIC 1 316.057* 315.189 314.470 313.593
SBC 312.738#310.212 307.834 305.298
AIC 2 315.270 314.333 313.505 312.594
SBC 310.293 307.697 305.210 302.640
AIC 3 314.419 313.457 312.505 312.552
SBC 307.783 305.162 302.551 300.938
AE AlIC 0 281.928 281.579 382.232 281.579
SBC 280.269# 278.261 277.255 274.943
AIC 1 281.442 281.816 281.378 281.298
SBC 278.124 276.839 274.741 273.003
AIC 2 281.808 281.368 281.116 280.491
SBC 276.831 274.732 272.821 270.537
AIC 3 281.487 280.579 280.561 282.374
SBC 274.851 272.284 270.607 270.760*

Notes: To be continued in Table 2b.




Economic Studies: Volume 6, 11

Table (2b)
AIC and SBC for Selecting ARMA models
Variable Criteria p/q 0 | 2 3
Al AIC 0 299.834 299.768 300.928 299.930
SBC 298.175 296.450 295.951 293.293
AIC 1 300.045 300.999 299.937 298.940
SBC 296.730# 296.022 293.937 290.644
AIC 2 301.280* 300.326 299.579 298.809
SBC 296.303 293.690 291.284 288.855
AIC 3 300.316 299.460 300.646 299.828
SBC 293.680 291.170 290.692 288.214
AS AIC 0 334.495 340.312 341.164 340.839
SBC 332.836 336.994 336.187 334.202
AIC | 342.031* 342.007 341.112 340.372
SBC 338.712#337.030 334.476 332.076
AIC 2 341.987 341.020 340.377 339.457
SBC 337.010 334.384 332.081 329.502
AIC 3 341.040 340.468 339.480 338.480
SBC 334.404 332.173 329.526 326.867

Notes: The definitions of the series are as in Table 1. AIC and SBC are the Akaike
Information Criterion and the Schwarz Bayesian Information Criterion, respectively.
(*) and (#) are, respectively, the maximum values of AIC and SBC.
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Table (3)
The Prob-Values of the Calculated Ljung-Box Statistics for the
Returns Series and the Residuals of ARMA and SETAR Models

series LB(1) LB(12) LB(48) LB*1) LB*(12) LB*(48)
AA 0.081 0.000 0.030 0.093 0314 0.596
rAA21 0.954 0.787 0.979 0.036 0227  0.497
rAAd5 0.897 0.899 0.958 0.287 0.642  0.948
AB 0.000 0.000 0.000 0.001 0.001  0.006
rAB10 0.754 0349 0204 0.002 0.008  0.407
rABd2 0978 0341 0.147 0.010 0.040  0.579
AC 0.000 0.000 0.000 0.000 0.003  0.298
rAC10 0.874 0.557 0257 0.000 0.000  0.090
rACd3 0.943 0.705 0261 0.000 0011  0.224
AE 0312 0.165 0.040 0.682 0.846  0.998
rAE33 0.541 0.079 0.023 0.283 0974  0.990
rAEd] 0342 0945 0264 0.017 0.641  0.004
Al 0.107 0.094 0.005 0.000 0.002 0.616
rAI20 0.979 0.499 0.116 0.000 0.031 0915
rAld5 0.607 0983 0.345 0.001 0216 0.967
AS 0.000 0.000 0.003 0.030 0.000  0.005
rAS10 0.689 0346 0.640 0310 0.000  0.139
rASd3 0.574 0323  0.585 0.168 0.006  0.160

Notes: The definitions of the returns series are as in Table 1. LB(n) are the prob-values
of the Ljung-Box statistics calculated in order for the returns series, the residuals of
ARMA models and the standardized SETAR models up to the n™ order. LB*(n) are the
same statistics caculated for the squared of these series up to the n™ order.
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Table (4)
BDS Statistics for the Return Series and the Residuals of ARMA
And SETAR Models
Series Dimension:
m=2 3 4
€=06 050 o 0.50 c 0.50
AA 2.73 2.95 3.85 5.41 5.03 8.12
rAA21 249 253 3.55 5.95 452  8.69
rAAd5S 296 2383 395 4093 499 725
AB 6.11 8.53 5.98 8.55 5.72 9.00
rAB10 3.17 2.62 341 3.45 294 279
rABd2 258 1.72 327 2.70 3.05 2.65
AC 4.01 4.09 399 3.73 4.19 4.14
rAC10 3.04 1.84 3.03 1.73 341 2.71
rACd3 2.69 197 249  2.06 2.62 2.34
AE 423 593 488 741 4.75 8.65
rAE33 5.58 5.61 6.36 7.39 7.73 10.3
rAEd1 473 436 5.71 6.28 5.89 7.83
Al 2.03 1.74 2.33 2.33 2.79 2.80
rAI20 1.23  1.02 1.81 1.57 2.57 1.92
rAld5 2.55 2.59 3.16 2.69 4.03 3.95
AS 5.78 5.16 542 451 5.89 5.23
rAS10 279 281 3.00 2.88 3.90 4.37
rASd3 2.06 2.04 240 2.36 3.16 3.11
Critical -2.15 -2.64 -217 -292 -2.17 -3.37
Values 227 298 237 323 2.39 3.84

Notes: The definitions of the returns series are as in Table 1. BDS denotes the Brock,
Dechert and Scheinkman (1987) test for non-linearity. The values of the BDS test are
calculated in order for the returns series, the residuals of the ARMA models and the
standardized residuals of the SETAR models. Critical values for the BDS are the 95%
quantiles reported by Brock et al [26], (Table C.2).
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Table (5a)

The Estimated Parameters of Self-Exciting Threshold

Autoregressive (SETAR) Models

Variable k | Regression Results and Related Statistics
AA; 1 | —0.0041 +0.250 AA.»
(-1.05) (2.10)
no =103, np =3, var =0.0014
2 | —0.0051 +0.264 AA 3 — 0.261 AAys
(-1.00) (2.66) (—2.30)
no=93,np="7, var=0.0011, pv=0.0013, NC =— 6.67
AB, 1 | —0.0043 +0.235 AB;
(—0.741) (2.18)
no = 84, np =2, var = 0.0025
2 | 0.0110+0.435 AB,
(2.12) (491
no =121, np =2, var = 0.0025, pv = 0.0025, NC =—-5.95
AC, 1 | —0.015+0.256 AC,; —0.421 AC;
(=2.04) (2.57) (-2.90)
no = 85, np =4, var = 0.0020
2 | 0.0094 +0.229 AC,,
(1.77)  (2.42)
no= 111, np =2, var =0.0030, pv = 0.0026, NC = -5.91
AE, 1 | 0.0061 +0.249 AE, 4+ 0.284 AE. 5 — 0.510 AE.
(0.685) (2.08) (2.42) (-3.32)
—0.242 AE 1o+ 0.458 AE.;
(—2.01) (3.30)
no =101, np =12, var = 0.0035
2 | —0.0009 —0.186 AE., + 0.174 AE. 3 — 0.274 AE4
(-0.161) (—2.43) (1.81) (—2.49)
no =95, np =5, var = 0.0023, pv =0.0029, NC = —5.68
Al 1 | 0.0050 +0.298 Al
(0.962) (2.61)
no = 82, np = 2, var = 0.0022
2 | 0.0022 +0.198 AL, + 0.332 Als — 0.246 Al 4
(0.286) (2.26) (2.44) (—2.52)
no =114, np =7, var = 0.0032, pv = 0.0028, NC =—5.79

Notes: To be continued in Table 5b.
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Table (5b)
The Estimated Parameters of Self-Exciting Threshold
Autoregressive (SETAR) Models

Variable d | k | Regression Results and Related Statistics

AS; 3 11 |—0.0080+0.255AS,

(-0.300) (2.78)

no =107, np =2, var = 0.0017

2 | 0.0024 4+ 0.301 AS,;

(0.444) (2.86)

no = 89, np =2, var = 0.0025, pv=0.0021, NC=—-6.16

Notes: The definitions of the returns series are as in Table 1. (d) is the delay parameter.
Numbers 1 and 2 under (k) indicate the first and second regime, respectively. (no) is
the number of observations in each regime. (np) is the number of parameters in each
regime. (var) is the variance of each regime. (pv) is the pooled variance. (NC) is the
normalized criterion.

Table (6)
The Forecasting Performance of ARMA and SETAR Models
Variable Model Criteria

MSSPE  RMSSPE

AA ARMA(2,1) 0.0043497 0.065952
SETAR(2;2.6) 0.0026500 0.051500

AB ARMAC(1,0) 0.0016506 0.040627
SETAR(2;1,1) 0.0006200 0.024910

AC ARMAC(1,0) 0.0005130 0.022649
SETAR(2;3,1) 0.0005000 0.022290

AE ARMA(3,3) 0.0037987 0.061634
SETAR(2;11,4) 0.0152200 0.123380

Al ARMA(2,0) 0.0016503 0.040624
SETAR(2;1,6) 0.0013700 0.037010

AS ARMA(1,0) 0.0012855 0.035854
SETAR(2;1,1) 0.0011700 0.034160

Notes: The definitions of the returns series are as in Table 1. MSSPE and RMSSPE are
respectively, the Mean Sum of Squares of Prediction Error and the Root Mean Sum of

Squares of Prediction Error calculated for the forecast points from the specified models
over the period 2002m7-2002m11.
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Figure (1)
The Simulated Skeleton of the Return Series of the Banking Sector
Two Months “Limit-Cycle”
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Figure (2)
The Simulated Skeleton of the Return Series of the Cement Sector
Three Months “Limit-Cycle”
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Figure (3)
The Simulated Skeleton of the Return Series of the Electricity
Sector

Five Months “Limit-Cycle”
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Figure (4)
The Simulated Skeleton of the Return Series of the Industry Sector
Twelve Months “Limit-Cycle”
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Figure (5)
The Simulated Skeleton of the Return Series of the Service Sector

Three Months “Limit-Cycle”




Economic Studies: Volume 6, 11

REFERENCE

[1] Pope, P. F., and Yadav, P. K., (Modeling Financial Futures
Mispricing Using Self-Exciting Threshold Autoregressive
Processes), Working Paper, Series No. 211 (1990), Center for
the Study of Futures Markets at Colombia University.

[2] Krager, H., and Kugler, P., (Non-Linearities in Foreign
Exchange Markets: A Different Perspective), Journal of
International Money and Finance, 12, (1993), 195-208.

[3] Tiao, G. C., and Tsay, R. S., (Some Advances in Non-Linear
and Adaptive Modeling in Time Series), Journal of
Forecasting, 13, (1994), 109-31.

[4] Potter, S. M., (A Nonlinear Approach to U.S. GNP), Journal of
Applied Econometrics, 10, (1995), 109-25.

[5S] Tong, H., Non-Linear Time Series: A Dynamical System
Approach, Clarendon Press, Oxford, 1995.

[6] Chappell, D., Padmore, J., Mistry, P., and Ellis, C., (A
Threshold Model for the French Franc/ Deutsch Mark
Exchange Rate), Journal of Forecasting, 15, (1996), 155-64.

[7] Montgomery, A. L., Zamowitz, V., Tsay, R., and Tiao, C.,
(Modeling Non-Linearity in the U.S. Unemployment Rate with
unobserved Component Models), Technical Report, (1998),

University of Chicago, Graduate School of Business.




Asseery, SETAR and ARMA Models for the Monthly Time

[8] Rothman, P., (Forecasting Asymmetric Unemployment Rate),
Working Paper, (1998), East Carolina University, Department
of Economics.

[9] De Gooijer, J. G., and Kumar, K., (Some Recent Development
in Non-Linear Time Series Modeling, Testing and
Forecasting), International Journal of Forecasting, 8, (1992),
135-56.

[10] Brock, W. A., Dechert, W. D., and Scheinkman J., (A Test for
Independence Based on the Correlation Dimension),
Economic Working Paper SSRI-8702, (1987), University of
Wisconsin.

[11] Hsieh, D. A., (Chaos and Nonlinear Dynamics: Application to
Financial Market), The Journal of Finance, 46, (1991),
1839-77.

[12] Tong, H., and Lim K. S., (Threshold Autoregression, Limit
Cycles and Cyclical Data), Journal of the Royal Statistical
Society, B 42 (1980), 245-92.

[13] Tong, H., Threshold Models in Non-Linear Time Series
Analysis, Lecture Notes in Statistics 21, Springer-Verlag,
New York, 1983.

[14] Hansen, B. E., (Testing for Linearity), Journal of Economic
Surveys, 13, (1999), 551-76.

[15] Hansen, B. H., (Sample Splitting and Threshold Estimation),
Econometrica, 68, (2000), 575-603.




Economic Studies: Volume 6, 11

[16] Franses, P. H., and van Dijk, D., Non-Linear Time Series
Models in Empirical Finance, Cambridge University Press,
Cambridge, 2000.

[17] Clements, M. P., and Smith, J., (The Performance of
Alternative Forecasting Methods for SETAR Models),
International Journal for Forecasting, 13, (1997), 463-75.

[18] Clements, M. P., and Smith, J., (A Monte Carlo Study of the
Forecasting Performance of Empirical SETAR Models),
Journal of Applied Econometrics, 14, (1999), 123-41.

[19] Al-Quassem, M. S., and Lane, J. A., (Forecasting Exponential
Autoregressive Models of Order 1), Journal of Time Series
Analysis, 10, (1989), 95-113.

[20] Takens, F., (Detecting Strange Attractors in Turbulence), D.
Rand and L. Young, Eds., Dynamical Systems and
Turbulence, Berlin, Springer, 1981.

[21] Grassberger, P., and Procaccia, 1., (Measuring the Strangeness
of Strange Attractors), Physica, D, 9, (1983), 189-208.

[22] Asseery, A. A., (Evidence of non-Linearities in the Bilateral
Real Exchange Rates of the British Pound), International
Economic Journal, 19, (2005), 63-90.

[23] Asseery, A. A., and Al-Sheikh, H. M., (Chaos and Non-
Linearity in the Saudi Stock Market), Arab Journal of
Administrative Sciences, 10, (2003), 183-207.




Asseery, SETAR and ARMA Models for the Monthly Time

[24] Lin, C. C., and Mudholkar, G. S., (A Simple Test for
Normality Against Asymmetric Alternatives), Biometrika,
67, (1980), 455-61.

[25] MacKinnon, J. G., (Critical Values for Cointegration Tests),
in Engle, R. F. and Granger, C. W. J. (Eds.), Long Run
Economic Relationships: Readings in Cointegration,
Oxford University Press, Oxford, 1991.

[26] Brock, W. A., Hsieh, D. A., and LeBaron, L., Nonlinear
Dynamics, Chaos and Instability, MIT Press, Cambridge,
1991.




ALGudhea, Oil Price Uncertainty, Risk, and OPEC Production

OIL PRICE UNCERTAINTY,
RISK, AND OPEC PRODUCTION

Salim Nasser AlIGudhea”

Abstract

Economic theory suggests that price uncertainty and risk
play an important role in production decisions. In the last two
decades, crude oil prices have shown a clear tendency to be
volatile. Unlike other commodities, oil is a non-renewable resource
so oil price volatility i1s augmented with the risk of resource
depletion. Despite this apparent link between oil price uncertainty
(price risk) and oil production, scant attention has been paid in the
oil market and OPEC behavior literature to the relationship
between price risk and oil production. The aim of this paper is to
investigate whether OPEC members exhibit risk-aversion in
production decisions. Utilizing a GARCH model to characterize
the conditional mean and variance of expected prices in supply
equations of OPEC members, we estimate a two-equation price-
production model for each member country. @ We use a full

information maximum likelihood (FIML) estimator to

* Disclaimer: the views and opinions expressed in this paper are those of the author and
do not necessarily reflect views and opinions of the Saudi Arabian Monetary Agency
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simultaneously model a price equation with GARCH errors and a
structural supply equation with risk. We account for resource
depletion by incorporating the proven reserves of crude oil in the
production (supply) equation. After all, the empirical results fail to
identify oil price-risk as a "significant" determinant of OPEC

production decision-making process.
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OIL PRICE UNCERTAINTY,
RISK, AND OPEC PRODUCTION

Introduction:

High oil price signifies economic gains for exporters (at
least in the short run), whereas it could imply economic trouble for
importers generally in the form of high production costs, rapid
inflation, trade deficit, and budget deficit (Harri Ramcharran,
2002)[1]. Yet, when oil price is falling, importers gain while
exporters may suffer. Such ups and downs in oil price movements
are usually uncertain and occur in the very short run. The crude oil
price path in the last two decades clearly indicates such volatility
nature, where the range of volatility has lied between U.S. $10 and
U.S. $55' Figure (1). Economic sense tells us that such behavior
has its impact on both oil-exporting and oil-importing countries.

Notwithstanding whether oil price is rising or falling, the
uncertainty about such movements implies an obvious risk over oil
exporting countries, especially those that are highly dependent on
oil as the main source of income. For OPEC countries, slumps in
oil price simply mean economic downturns, and the resulted
uncertainty should influence production decision-making process.

Generally, oil producers like producers of other

commodities form expectations about future prices. Anticipating

! In real terms
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high oil prices, a producing country would increase its production
while it would decrease it if expecting low prices. Uncertainty is a
recipe for miss-anticipating the market. For instance, in November
1997 OPEC members agreed to increase the oil production based
on their expectations of 2.4% growth on demand for oil. However,
the remains of the Asian financial crises, the warm winter in North
America, the reduction of Chinese oil imports, and the Russian
crises all resulted in low demand for oil (Wilfrid L. Kohl, 2002)[2].
Consequently, OPEC members generated substantial losses as a
result of their increase of supply faced by low demand. The key
point is that if oil market were stable and less sensitive to shocks
(less volatile), OPEC would not have misjudged it and ended up
oversupplying. Furthermore, price-risk is augmented with the non-
renewability nature of oil, that makes production decision-making
process implies even greater risk.

The question to be addressed by this paper is whether price-
risk that stems from oil price volatility is a major determinant of
production decisions. Section 2 reviews key hypothesis which have
been trying to model OPEC behavior. Section 3 presents the
theoretical background and empirical methodology for
investigating the impact of price-risk over OPEC production, and
section 4 provides the empirical results. Section 5 demonstrates

the main findings.
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Oil Price-Rick and Modeling of OPEC Behavior:

Though OPEC is mostly viewed as a cartel, this view has
been challenged, and sometimes proven inaccurate.  Paul
MacAvoy (1982)[3] argued that rising oil price in the seventies
was primarily a product of supply disturbances, not the result of
OPEC cartel ambitions as it was generally believed. That makes
OPEC behaves in accordance to market fundamentals as he did
label it. He found his argument supported by the supply-price
positive correlation. Ali Ezzati (1976)[4], David Teece (1982)[5],
and Jacques Cremer and Djavad Salehi- Isfahani (1980)[6]
believed that oil producers’ needs for internal investment
significantly determine the level of production required to attain
targeted revenues. The price negative coefficient in OPEC supply
equations supported this view, and gave support to the Target
Revenue Model, as the model that better suit OPEC behavior. Ali
D. Johany (1978)[7] and Mead (1979)[8] in their Property Rights
Hypothesis believed that nationalization of international oil
companies lowered the producing countries effective discount rate
so producing countries appeared to value the future more, that led
to more conservative production decisions. Consequently, that led
to the observed price-output behavior.

Most of those hypotheses have been tested empirically, and
results varied drastically according time period and data quality.

Griffin (1985)[9] tested the four hypotheses for the period from
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1971 to 1983, and concluded that the partial market-sharing cartel
hypothesis is the most sound. Griffin’s supply equation takes the

form of (1) for the competitive model and (2) for the target revenue

model.
ann =a;t7, h’lR + &, (l)
ann:ai+7/i1npx+5ilnln+gn (2)

Where Q, is the quantity produced, P is the crude oil prices,
I, = PQ, represent the investment needs, and i=1,....,11; t=1,....,T

Clifton T. Jones (1990)[10] updated Griffin’s study using
quarterly data runs from the fourth quarter of 1983 to the fourth
quarter of 1988, and supported Griffin’s conclusion. Griffin’s
study covered a period of rising oil prices whereas Jones’s covered
a period of falling prices; nevertheless, they generally gave credit
to the cartel model. Sam Youhanna (1994)[11] used the same
methodology used by Griffin to test for the cartel and competitive
models. The only difference is his addition of lagged oil reserves
to supply equations of both models; however, this alteration did not
change Griffin’s conclusions.

Recently, Ramcharran (2002)[1] estimated a supply
equation akin to the one used by Griffin and Jones, but with an
expanded time period running from 1973 through 1997; results
were in favor of the Target Revenue Model. He traced that back to

his inclusion of phases of falling and rising oil prices.
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Noureddine Krichene (2002)[12] in his attempt to examine
the world market for crude oil and natural gas over the period
1918-1999 used a simultaneous equations approach to model
supply and demand in the energy market. His supply equation is
specified as:

Q =a+P°+NG, +7D +¢, (3)

Where, Qis the crude oil output, P°is the expected real

price for crude oil, NG is the natural gas output, and D is a dummy
variable for large swings in oil prices.

In terms of the risk aversion behavior of OPEC, Douglas B.
Reynolds (1999)[13] presented a game theoretic approach to
demonstrate that OPEC and non-OPEC countries do not enlarge
their production capacity because they appear to be risk averse to
exploration and development of oil fields. He constructed a model
that explains how risk aversion causes many OPEC countries and
some non-OPEC countries to not increase their production
capacity. He argued that an oil producer can often times gain a
higher utility by doing nothing than by exploring or developing oil
fields even when the expected net present value for such behavior
1s positive.

The key point of listing those prominent OPEC behavior
models 1s simply to articulate the overlooking of the obvious price-
risk as a determinant of production decision in the literature of

OPEC behavior. Whether testing the cartel, competitive, or the
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target revenue model, account for the price-risk faced by oil
producers is vital. We aim for investigating the risk-responsive
behavior of OPEC by estimating the supply relation for each
OPEC member.

Theoretical Background:

In order to demonstrate how the quantity produced is
negatively correlated with variations in oil price (i.e. price risk), we
present a model of a representative oil producer. As in Jacinto F.
Fabiosa (2002)[14], we assume the price of crude oil to be
normally distributed,

P~N(P%,0,), 4)
where P°is the mean and 0'; is the wvariance. The

producer’s oil revenue” is defined as:
R=PQ (5)

where Pis the price of crude oil and Q is the level of
production of crude oil. From (4) and (5), oil revenue is normally
distributed, with mean and variance given in (6):

R~ N{(P*Q),(P*Q*.c)}, (6)

Given a Constant Absolute Risk Aversion (CARA) utility
function, the expected utility can be expressed in the form, where

A denotes a positive constant,

? Net profit can be used instead, however, we use the revenue only since the physical
cost of oil production in OPEC countries is negligible. In any case, the outcome will
not change
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E(V) = —e R 0340 (7)

It is a common result that the maximization of (7) can be
equivalently expressed as

Max E(V)= Max(R®-0.515}) (8)

Substituting the first and second moments of revenue from
(6) into the maximization problem in (8), we get

ng {(P°Q)-0.54(P*Q%.c;)} 9)

The first order condition of (9) is
P -~ AP’Q.o2 =0 (10)

Solving for Q in (10), we get

Pe
= 11
APZ.GFZJ Q (i
From (11),
oQ 1
= >0 12
oP¢  AP’.o; (12)
0Q _—Pe(ipz)

= 13

80',2) (/1P2.0F2))2 (13)
According to (13), it is expected that volatility in the price

of oil reduces supply of crude oil. To be more specific, we require

o, being time-variant in order to use it as a proxy for price risk’.

* Later on, we call it h,
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Empirical Methodology:

As in Matthew Holt and Satheesh V. Aradhyula’
(1991)[15], we practically measure the risk elements by the time-
dependent conditional variance of expected prices. Afterwards, we
incorporate the measured risk into the supply equation. Consider
the following autoregressive process for crude oil price;

Po=pBLR + & (14)

where P is the current price of crude oil, A(L)is a
polynomial in the lag operator containing the unknown parameters
(b,,......b, ) to be estimated, and ¢, is a stochastic process with normal
distribution given by,

)., ~N(0,h), (15)

where h is the conditional variance of ¢ and Q_is the
information set available at time t-1, which includes past
realizations of price of crude oil. The conditional expectation of
P in period t-1 is

P, =B(L)P =b,+bP, +bP +...+bP, (16)

The predictions defined by equation (16) are frequently used
as instruments for unobservable expectations.  However, a
different picture arises with regards to using the conditional
variance of ¢ in (15) as a measure of risk. Specifically, if

h =o® for all t as in a standard AR models, then the conditional

and unconditional variance of ¢ in (14) are time invariant. In other
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words, the conditional variance associated with the regression
model in (14) does not vary over time and cannot be used in any
way as a measure of risk for the purpose of econometric
estimation.

Engel (1982)[16] introduced the Autoregressive Conditional
Heteroscedastic models. The distinguishing feature of an ARCH
process is that the forecast variance of a series P is allowed to vary
systematically over time. Such models could be used to generate
time-varying instruments for the conditional variance of P . The
key feature is that the forecast variances, h, , is conditioned on past
realizations of P, so that in general, an ARCH (p) model is written

as
h =h(P,.....,P_,a) (17)

where «1s a parameter vector to be estimated. The result is
that conditional expectations of h can be obtained in much the
same manner as the conditional forecasts of P in (16).

An ARCH process represents one useful alternative for
estimating non-constant variance terms, but in practice long lag
lengths are frequently required to obtain stationarity and to satisfy
nonnegativity constraints associated with the parameter vector « in
the h equation.  Realizing this, Tim Bollerslev (1986)[17]
proposed an alternative to the ARCH model known as GARCH

process. A GARCH process extends the information set to include
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lagged values of h , as well as lagged values of P. A GARCH

(p,q) process is written as

where
q P
h =, +zai8t2—i +Z:Biht—i
i=l1 i=l
=a, + A(L)el, +B(Lh,, (18)
p,q=>0,
a,>0, 20, i=1L...,0
£.20, i=L...,p

The nonnegativity constraints associated with the parameters in
the h equation are necessary to satisfy certain regularity conditions
with the GARCH model. Bollerslev shows that a sufficient
condition for the GARCH (p,q) process to be wide sense
stationary is that A(1) + B(1) < 1. The unconditional mean and
variance of ¢ are then given by

E(g,)=0,and var(g,) = a,(1- A(l)- B(1))" (19)

Thus, for a stationary GARCH (p,q) process, the
unconditional (long-run) variance of ¢is constant while the
conditional variance can change over time. Finally, using
equation (16) and the normality assumption in (15), it follows that
the conditional subjective probability function of price of crude oil
is given by

PQ,, ~N[B(L)P,.h,(AL)e,,B(L)h,,)] (20)
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In essence, if the data suggest that heteroscedasticity of the
form implied by (17) is present, then proxy variables for the
subjective expectations of both price and price risk could be
generated in a manner consistent with the GARCH (p,q) process.
These variables could be used to estimate risk effects in an
econometric model.

The estimation procedure used here is to estimate the
parameters of the supply equation simultaneously with the
parameters of the GARCH process used to define producers’
subjective probability distribution about uncertain prices.
Specifically, let

Q=a +aP +ah +aR  +¢, (21)
be the structural supply equation of each producer inside OPEC,
where, Q is the production level, P° is the expected real price of
crude oil at t conditioned on the information at t-1 (so that
P*=E_P), h is the expected variance of the price of crude oil in t
conditioned on the information at t-1, R is the proven reserve of

crude oil, and &, is a mean zero normally distributed error term
with finite variance o,. From (14) and (15), it follows that the

price equation used to generate the expectation in (21) can be

written as

P=b,+>bP. +e, (22)

i ot-i
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Assuming that &, follows a GARCH(p,q) process, then

¢,and ¢, are distributed jointly as

&, 0||lo, o,
"o |:th:| B NH:O:H:GIZ ht :H (23)

where o and o, are constants whose values are to be estimated

and
h=a,+Yas, +3 ph, (24)

To this end, the price and variance expectations included in

supply equation (21) are given by
P =E(RIQ,,)=b, + > bR, (25)

and
h =var(P|Q,,) (26)

With the above assumptions, the system of equations in
(21), (22), and (24) can be estimated using a nonlinear Maximum
Likelihood method.
Empirical Results:

This study uses monthly data cover the period from April
1982 through December 2003. The quota shares data are obtained
form OPEC Statistical Bulletin for the year of 2003. The actual
production data is provided by the U.S. Department of Energy, the
Energy Information Administration. Price of crude oil is deflated

using the CPI of the industrial countries; both series are obtained
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from the International Financial Statistics, which is published by
the International Monetary Fund.

The first step in our methodology is to test for the presence
of GARCH effect in the residuals of crude oil price. This is a
crucial step, if the null hypothesis of no GARCH effect is rejected,
then it is possible to model residuals of oil price as a GARCH
model then use the resulted time-dependent conditional variance of
expected price as a measure of risk.

It is clear that crude oil price is better described as an
Autoregressive process of order two, AR(2). Figures 2 and 3
present the correlogram of oil price, which is evident of AR(2)
process.

We use the well-known Lagrange Multiplier test (LM) to
test for the presence of a GARCH effect; the result is presented in
Table (1). LM test indicates the presence of GARCH effect in the
residual of the AR(2) process of crude oil price. Different GARCH
models of different orders are estimated; using the Akaike
Information Criterion (AIC) to find the best fitted model, we
conclude that GARCH(1,1) is the most appropriate model.

Our task then is to estimate the model described in
equations (21), (22), and (24) simultaneously using the method of
Full-information Maximum Likelithood (FIML). The FIML
estimates of the expected price, price-risk, and the lagged proven

reserve of crude oil are reported in Table (2). The estimated
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coefficient of the conditional variance, h , seems to be non-

significant for all of OPEC countries, however, it has the
theoretical sign for all countries except Saudi Arabia, Kuwait, and
Nigeria. Thus, price risk may not be a significant determinant of
the production decision-making process for OPEC countries. The

sign of the price expectation, p;, is negative for all countries

except Saudi Arabia, UAE, and Venezuela. In addition, it’s
significant for all countries except Iran. The negative sign in the
expected price indicates that producing country behaves according
to the so called Target Revenue Model (TRM) where the supply
schedule thereby generated will have the wrong slope.
Conclusions:

This study investigates the production decision-making
process within OPEC in the presence of volatile crude oil price.
We employ a GARCH model to characterize the conditional mean
and variance of expected prices in supply equations of OPEC
members. Price-risk 1s measured by the time-dependent
conditional variance of oil price generated using the specified
GARCH model. We, then, estimate a two-equation price-
production model for each member country.

Although economic theory suggests that price uncertainty
and risk play an important role in production decisions, it does not
seem to be the case for OPEC. Empirical findings fail to identify

oil price-risk as a significant determinant of production levels for
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OPEC members. Such finding may be traced back to possible
different factors. First, volatility may not be as harmful for OPEC
members as for producers of other commodities. Second,
engineering confines may restrict OPEC countries from adjusting
their production levels in accordance with variations in oil, which
exhibit daily swings. Third, such insignificance may be a result of
political considerations. OPEC production decisions are sometimes
driven by pure political factors where OPEC countries change the
level of production partially as a response of political pressure as
well as political courtesy. Fourth, data frequency used in this study
may be incapable of revealing high level of volatility since it is
more apparent in weekly or daily data than monthly data.

Thus, if daily or weekly production data about OPEC

production exists, replicating this study may yield different results.
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Table 1: Testing for GARCH effect in oil price

LM Test:

Null Hypothesis: No ARCH or GARCH effect

F-statistic 6.712 Probability 0.0101
Obs*R-squared 6.587 Probability 0.0102

Table 2: Estimation results of supply-price risk model

Coefficients
P’ h, R.

OPEC -0.057* -1.245 0.758%*
(-2.986) (-1.012) (5.155)

Algeria -0.068* -0.448 0.595*
(-5.279) (-0.986) (8.713)

Indonesia -0.034* -0.523 -0.111%*
(-1.748) (-0.404) (-4.611)

Iran -0.091 -0.911* 0.536*
(-1.149) (-1.04) (3.518)

Kuwait -0.385* 1.324 0.744%*
(-2.079) (0.155) (14.284)

Libya -0.081* -0.646 0.298*
(-2.744) (-0.546) (2.827)

Nigeria -0.259* 0.129 0.524%*
(-9.025) (0.084) (8.415)

Qatar -0.444* -1.012 0.331%*
(-7.907) (-0.366) (5.272)

Saudi Arabia 0.196* 0.474 0.76%*
(-5.46) (0.164) (75.13)

United Arab 0.095* -1.497* 0.942%*
Emirates (1.849) (-1.015) (46.75)
Venezuela 0.143* -1.622 0.666*
(5.88) (-0.505) (83.92)

Notes: 1. * significant at 10% or below. 2. t-statistics are given in
parentheses.
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