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Co-integration Relation for Oil Production in Alternative Hypotheses about OPEC Behavior
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Abstract

 This study estimates three hypotheses of OPEC behavior: market-sharing, target revenue and competitive model for the period 1980 to 2000 for all OPEC courtiers except Iraq. To examine co-integration relation for oil production, we use ADF test in OLS estimation. Also we use ARDL approach to examine these hypotheses and the long run relationship of them. Results indicate none of three hypotheses fit completely with OPEC behavior; Market sharing model is consistent with most of OPEC countries, but not for all; Saudi Arabia is consistent with market sharing and price maker. Some of estimations of Target revenue and Competitive models are spurious, but among countries, which have statistically significant estimations, none of them is consistent with competitive model. All estimations of Target revenue model with OLS to all OPEC countries are spurious except one (behavior of Iran is consistent with partial target revenue) and also the long run relationship of all estimations of Target revenue model with ARDL to all OPEC countries are meaningless except one (behavior of Qatar isn’t consistent with target revenue model). 
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 I- Introduction

Over the past half century, and in the foreseeable future, crude oil will be the most important energy source powering human society. On the supply side of crude oil market, people usually connect any oil prices change with the OPEC and successfully or not, OPEC tries to affect oil prices as a unified group (its share of world output is more than 40 percent and its cost production is extremely low). After first oil crisis in the early 1970's, economists have formulated many contradictory hypotheses about OPEC's behavior from different points of views
. Basically they can be categorized as cartel and non-cartel models. Cartel models usually refer to the market-sharing model (Griffin, 1985), dominant firm model (Gilbert, 1978; Adelman, 1982) and cooperative profit maximizer model (Pindyck, 1978). Non-cartel models including the competitive model (MacAvoy, 1982), regime property rights model (Johany, 1978; Mead, 1978) and Target Revenue model (Cremer and Salehi-Isfahani, 1980; Teece, 1982).

The purpose of this paper is to investigate the three competitive, target revenue and market-sharing models by traditional OLS (used by Griffin, but we additionally examine cointegration between variables of the models) and, in addition, by ARDL approach (to investigate the long run relationship between variables of the models). Also we use empirical models that used by Griffin (1985).

In section II, the brief history of OPEC behavior is described. Section III summarized previous studies of the OPEC behavior in the literature. Section IV specifies the basic model and econometric methodology (ADRL approach and its application to OPEC behavior hypotheses). Section V demonstrates the results. Section VI summarizes the conclusions.
II- A Brief history of OPEC (1960-2000) 

On September 14, 1960, five major oil exporters --Iran, Iraq, Kuwait, Saudi Arabia, and Venezuela-- announced the formation of OPEC, thereafter it was augmented by other countries (by Qatar in 1961, Indonesia and Libya in 1961, Abu Dhabi in 1967
, Algeria in 1969, Nigeria in 1971, and Ecuador and Gabon in 1973. Ecuador and Gabon left OPEC later in 1992 and 1995, respectively). OPEC countries in the 1960s sought to alter the inherited obligations that limited their control over the development and pricing of oil. Political events in the 1960s, such as the Arab-Israel; War of June 1967, and the Libyan revolution in 1969 also strengthened OPEC's power. In the late 1960's and early 1970's, the market conditions changed radically. In 1973 the so-called "first oil crisis" happened. In 1978, "second oil crisis" began to unfold, triggered by Iranian revolution. However, after the second oil crisis, the market developed in the direction of weakening the OPEC's power.

In 1982, OPEC approved a market-sharing formula that set the total production and individual country quotas and appointed Saudi Arabia as the swing producer to equalize OPEC production and market demand at the targeted market price.

The weak adherence to the quotas from many members and sharp decline in the production and market share of Saudi Arabia triggered the Saudi Arabia to lower the official prices sequentially and led them to renounce the role of "swing producer" in 1986.

With the exception to the short unrest caused by Gulf War, the market becomes tranquil to some extent from 1986 to 1997. In late 1998 and early 1999, the price of crude oil plunged to around $10. OPEC rallied in 1999-2000 and successfully pushed prices upward but overshot its target over $30 in 2000.

III- Literature Review 
Economists have formulated many hypotheses on OPEC's behavior from different points of view and most of them used mainly to predict the direction of future oil prices. An overview of them shows that these models can be divided into cartel and non-cartel models
. 

In cartel view, OPEC has been described as a monopoly; an oligopoly, and a cartel. The only model statistically tested is the single equation OPEC cartel model accepted by Griffin (1985) and Jones (1990) and partially accepted by Dahl and Yucel (1991). There are many version of the dominant firm model: OPEC, Saudi Arabia, and OPEC core countries as dominant firm in the world oil market. The later model includes two versions
: two-part cartel
 (saver/spender), and three-part cartel
 (the core/price miximizer/ quatitiy  maximizer).

In non-cartel view, OPEC has been described as the target revenue model (Teece (1982)), the competitive model (MacAvoy (1982) and Verleger (1987)), and the property right model (Johani (1979))
. All of non-cartel models were tested and rejected by Griffin (1985), Jones (1990), Dahl and Yucel (1991), and Alhajji (1995).Moran (1980 and 1982) introduced political model but none have been statistically tested. The competitive model has been introduced in single-equation versions. For example Verleger (1987) argues that the oil crisis occurred because of problems on the demand side, Adelman (1982) argues that the excess demand in 1979 caused the crisis at that time, and McAvoy (1982)
 explained world oil price by a competitive model
. OPEC behavior also is explained by game theory. Green and porter’s (1984) assumed that firms agree on a “trigger price” to which firms compare the market price while they select “the cournot strategy or collusive strategy”. Yang (2004) assumed each producer has country-specific trigger index and production function of each country represented by:
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Where 
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 is the war indicator variables for Iraq and Kuwait.
IV- Model

Nearly all of the statistical studies followed the path breaking study of Griffin (1985) in its single-equation approach and results
. We also follow this study, use its estimation approach (OLS) and try to examine some additional tests; therefore basic model of our study is as Griffin’s, which is briefly explaining in IV.A section. We examine co-integration test and also estimate models by ARDL approach, which is explaining in IV.B section.

A- Basic Model

Many different models with different views are specified to study world oil market, but we examine three models of them, target revenue, competitive, and market sharing models. All of them are gathered in Griffin (1985), empirical model of them specified by him:

The simplest Market sharing model is constant market sharing model. According to this approach the demand for OPEC oil (
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Using 
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 as other OPEC nations' production, this equation can be rewrite as following:
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Market-share fraction (
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) is assumed to be a function of price as following:
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and the empirical model of later equation can be specified as following:
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Where 
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 is the standard error term? Behavior of individual producer is consistent with constant market sharing If 
[image: image21.wmf]i

b

=1 and 
[image: image22.wmf]i

g

=0, with market sharing if
[image: image23.wmf]i

b

=1 and
[image: image24.wmf]0

i

¹

g

, and with partial market sharing if 
[image: image25.wmf]i

b

>0 and
[image: image26.wmf]0

i

¹

g

.

The competitive model specifies current production (
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) as a function of price (
[image: image28.wmf]t

p

), perceived user cost (
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As user costs are unobservable, and current extraction cost of OPEC memberships are very low, we follow empirical model specified by Griffin (1985) as the following:
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The target revenue model (Ali Ezzati, Teece, and Cremer-Isfahani) is argued that internal investment needs (
[image: image33.wmf]it

I

) effectively determine oil revenue needs and oil revenue needs determine oil production (
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q

) to satisfy the investment needs and price of oil (
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) is exogenous, the empirical target revenue model, is specified as following:
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Behavior of individual producer is consistent with "strict version" of target revenue theory if (i=-1 and δi =1, and with "partial version" when (i<0 and δi>0. "Partial version" shows that individual producer, occasionally produce excess of investment needs.

B- Econometric Methodology 

Griffin (1985) used OLS approach to estimate hypotheses about OPEC behavior. As we know co-integration test is necessary when time series variables that satisfy the model are I(d), when d is greater than zero. We use ADF test to examine co-integration between variables of the model after using Griffin's models and estimating them with OLS. In addition, we use ADRL approach to estimate long run relationship between the variables of the models. We will explain only ARDL methodology in the following B.1.
, and hypothesis of OPEC behavior is modeled by this approach in B.2.
B-1-ARDL Approach

For investigating the long run equilibrium (co-integration) among time series variables, several econometrics methods are proposed in the twenty five years ago. Univariate co-integration examples include Engle-Granger (1987) and fully modified OLS procedures of Philips and Hansen's (1990). With regard to multivariate co-integration, Johansen (1988) and Johansen and Juselius (1990) procedure and Johansen's (1995) full information maximum likelihood procedures are widely used in empirical research
. ARDL also deals with single co-integration. This method has certain econometric advantages in comparison to other single co-integration procedures (Pesaran, M.H. and Y. Shin, 1996): First, endogeniety problems and inability to test hypotheses on the estimated coefficients in the long run associated with the Engle-Granger method are avoided. Second, the long and short run parameters of the model are estimated simultaneously. Third, all variables are assumed to be endogenous. Fourth, the econometric methodology is relieved of burden of establishing the order of integration amongst the variables and of pre-testing for unit roots. In fact, ARDL model is implemented regardless of whether the underling variables are I(0) or I(1), or fractionally integrated.

According to Pahlavani, Wilson and Worthington (2005)
, the ARDL procedure is represented by the following equation:
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Where:
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 And
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Where 
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 denotes the dependent variable, 
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 is the 
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th independent variables, L is a lag operator and 
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 represents the deterministic variables employed, including intercept terms, dummy variables, time trends and other exogenous variables. The optimum lag length is generally determined by either the Akaike Information Criterion (AIC) or the Schwarz Bayesian Criteria (SBC). The long-run cointegrating vector is given by:
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Where in this equation
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By rearranging equation (4) in terms of the lagged levels and first differences of 
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The long run relationship between variables that specify the model can be tested as following:
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Where 
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 represents that the long run relationship is not exist and can be tested with Bannerjee, A., J. Dolado and R. Mestre (1998) approach as following manner:


 (9)

When calculated t is greater than the critical value of t, which is calculated by Bannerjee, Dolado, and Mestre
, 
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 rejected and the long run relation between the variables of the model verify.

B-2- ARDL Approach Application to OPEC Behavior Hypothesis

We specified empirical models of three hypotheses about OPEC behavior in first three equations. The long run relation and error correction model are specified in equations 6 and 8 respectively. By knowing exogenous and endogenous variables of one model, we can apply ARDL approach to it. In market-sharing model, for example, 
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 is independent variable, then long run relation equation rewrite as 10 equation. We categorized ARDL approach Application to OPEC behavior hypothesis into long run relationship and ECM
 as following:

1- Market Sharing Model:

1-1- Long run relationship: 
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1-2- ECM:
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2- Competitive Model:

2-1- Long run relationship: 
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2-2- ECM:
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3- Target Revenue Model:

3-1- Long run relationship:    
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3-2- ECM:
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Where 
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5- Results

In this section we examine the empirical evidence of OPEC behavior. Crude oil production data is taken from annually OPEC report (2004). Fixed capital formation, as national investment requirement is taken from WDI (world development indicator). Fixed capital formation data were not available for Qatar and Nigeria after 2000 and for most of OPEC memberships after 2002. Nominal crude oil price is adjusted with inflation and exchange rate indices. Data for Inflation and exchange rate indices are taken from IMF (International Financial Statistics, Direction of Trade Statistics, National Westminster Bank). Official crude oil price in 1980 and 1981 and the OPEC spot Reference Basket price during 1982-2000 are used as nominal crude oil price. Adjusted nominal crude oil price is taken from annually OPEC reports (2003, 2004). Because of limitation on fixed capital formation data, all data are annual (1980-2000). Among variables
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. We use ADF to examine cointegration test between variables of the models estimated with OLS. Pesaran and Smith (1996) argue that the SBC should be used in preference to other model specification criteria because it tends to define more parsimonious specification: the small data sample in the current study underline this preference. Since all observations are annual and the number of observation is limited, we choose 2 as the maximum lag length in the ARDL model. OLS estimation and ADF test is shown in table 1, table 2 gathered briefly ARDL estimation but existence of log run relationship of them are shown in table 2, and ECM of ARDL estimation are in later tables.
We categorized results of estimations by country and estimation approach as following:
( Algeria

1- OLS Approach

Estimation of CM
 with OLS is spurious, but TRM
 and M-SM
 are cointegrated at 90 and 95 percent level, respectively. In M-SM, 
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 is very low (near to zero), 
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 is meaningless and
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 is very low (
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=0.10), therefore behavior of this country isn’t consistent with TRM.

Table 1: OLS Estimation of three Hypotheses of OPEC Behavior
	
	Market Sharing Model
	
	Competitive Model
	
	Target Revenue Model

	country
	Ln qo(
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	Ln P(
[image: image91.wmf]i

g

)
	R
[image: image92.wmf]2



	Algeria
	0.53
(0.08)
	0.09
(0.03)
	0.15
	
	0.03
(0.07)
	0.05
	
	0.05
(0.03)
	0.04
(0.06)
	0.10

	Indonesia
	0.36
(0.07)
	0.10
(0.03)
	0.58
	
	0.03
(0.06)
	0.03
	
	0.01
(0.01)
	0.04
 (0.06)
	0.07

	Iran
	0.04
(0.27)
	-0.44
(0.10)
	0.56
	
	0.08
(0.10)
	0.79
	
	0.13
(0.03)
	-0.20
(0.09)
	0.77

	Kuwait
	0.89
(0.73)
	-0.18
(0.27)
	0.13
	
	0.21
(0.36)
	0.18
	
	0.22
(0.72)
	-0.26
(0.24)
	0.06

	Libya
	0.70
(0.13)
	0.04
(0.05)
	0.67
	
	0.06
(0.11)
	0.13
	
	0.34
(0.12)
	0.27
(0.08)
	0.37

	Nigeria
	0.65
(0.12)
	-0.04
(0.05)
	0.72
	
	-0.01
(0.09)
	0.43
	
	0.09
(0.03)
	0.10
(0.07)
	0.60

	Qatar
	1.47
(0.21)
	0.15
(0.08)
	0.74
	
	0.32
(0.16)
	0.46
	
	0.04
(0.01)
	-0.05
(0.10)
	0.71

	Saudi Arabia
	1.67
(0.44)
	0.15
(0.14)
	0.48
	
	0.00
(0.16)
	0.16
	
	0.97
(0.20)
	-0.27
(0.09)
	0.48

	U.A. E
	1.17
(0.13)
	-0.16
(0.05)
	0.91
	
	-0.09
(0.13)
	0.63
	
	0.50
(0.12)
	-0.3
(0.07)
	0.75

	Venezuela
	0.96
(0.13)
	0.00
(0.05)
	0.81
	
	0.13
(0.01)
	0.60
	
	0.11
(0.02)
	0.12
(0.07)
	0.71

	Standard errors are shown in parentheses


2- ARDL Approach

In ARDL approach, only the long run relation of M-SM is significant but, which is demonstrated in equation (9), can not be refused in TRM and CM. In the long run relation of M-SM, ARDL (2, 0, 1), 
[image: image93.wmf]b

 >0 and 0<
[image: image94.wmf]g

<1 and these coefficients are significant, and we can deduce behavior of this country is consistent with partial M-SM. the ECM of this model is shown in table (3).

(  Indonesia

1- OLS approach

Estimation of models with OLS and using cointegration test, shows that the behavior of Indonesia is consistent with partial M-SM (
[image: image95.wmf]b

>0 and 0<
[image: image96.wmf]g

<1) but isn’t consistent with TRM, because 
[image: image97.wmf]g

>0, and also, the value of
[image: image98.wmf]2

R

 is very low and estimation of CM is spurious.

2- ARDL approach

In ARDL approach, only the long run relation of CM is significant but 
[image: image99.wmf]0

H

can not be refused in TRM and M-SM approximately at two years, deviation from the long run path of CM is completely corrected (ecm (-1) =0.55). 
(  Iran

1- OLS Approach

Only for Iran, among OPEC's members, all three models, which are estimated with OLS, are cointegrated. Behavior of Iran is consistent with partial M-SM (the coefficient of 
[image: image100.wmf]g

<0 and 0<
[image: image101.wmf]b

<1) and, as table (1) shows, is consistent with the relative TRM (
[image: image102.wmf]g

<0 and 0<
[image: image103.wmf]d

), and in CM, the coefficient of 
[image: image104.wmf]P

 is meaningless.

2-ARDL Approach

Existence the long run relationship, is refused in M-SM and C-M, but can not be refused in TRM. The long run relation of M-SM, ARDL (1, 1, 2), is as following:
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Also the long run relation of CM, ARDL (1, 2) (table (5)), is as following:
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And the ECM of competitive model, ARDL (1, 2), is as following:
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Then, Iranian's behavior, with ARDL approach, is consistent with partial M-SM (as equation (16) represent 
[image: image108.wmf]g

<0 and 0<
[image: image109.wmf]b

<1), and also, as equation (17) shows (
[image: image110.wmf]b

<0), this country has non-competitive behavior.

( Kuwait

1- OLS Approach

Estimation of CM and TRM with OLS are spurious, but, at 95 percent, M-SM is cointegrated. Results of this model, which are shown in table (1), are consistent with partial M-SM, but the value of
[image: image111.wmf]2

R

 is very low (
[image: image112.wmf]2

R

=0.13).

2- ARDL Approach

Only for Kuwait, among OPEC members, the long run relation of three models is verified (
[image: image113.wmf]0

H

 is refused). Kuwait behavior is consistent with partial M-SM, but isn’t consistent with CM (
[image: image114.wmf]g

<0), and TRM (
[image: image115.wmf]g

 >1).

( Libya

1- OLS Approach

Estimation of CM, by OLS, is spurious but TRM and M-SM are cointegrated. As results show, the behavior of Libya is consistent with partial M-SM, but isn’t consistent with TRM.

2- ARDL Approach

The long run relationship of M-SM is significant but
[image: image116.wmf]o

H

, represented in equation (9), can not be refused in CM and TRM. Behavior of Libya is consistent with partial M-SM, but isn’t consistent with CM (
[image: image117.wmf]g

<0).
Totally, Libya following partial M-SM and has non-competitive behavior and estimation of TRM with two OLS and ARDL approaches isn’t co integrate.

( Nigeria

1- OLS Approach

Estimation of models with OLS and using ADF test of residuals shows that TRM and M-SM are cointegrated but estimation of CM is spurious. Behavior of Nigeria is consistent with partial M-SM but isn’t consistent with TRM.

2-ARDL Approach

We use ARDL approach, with SBC and 2 maximum lag, and calculate t, as represented in equation (9), and compare this value with critical value of t, which is described in econometric methodology. We found that the calculated value of t is smaller than the critical value of t in all three models, and the long run relation of them is meaningless. 

( Qatar

1- OLS Approach

Using ADF test to examine unit root of residual of models, which are estimated with OLS, represents that TRM and M-SM are cointegrated but CM is spurious. Behavior of Qatar is consistent with M-SM.

2- ARDL approach

Only the long run relationship of TRM is significant and the coefficients represent that Qatar behavior is consistent with partial TRM but the coefficient of price is meaningless.
( Saudi Arabia

1- OLS approach

 Estimations of all three models with OLS are spurious.
2- ARDL approach

 The long run relationship of CM and M-SM are significant, but of TRM is meaningless.

The long run relationship of M-SM which is ARDL (1, 2, 2), shown in table (3), is as following
:
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Yang (2004)
 examines M-SM with OLS and 2SLS, and found that 
[image: image119.wmf]g

 is lower than zero and 
[image: image120.wmf]b

 is greater than one. This result was similar in two OLS and 2SLS approaches. Yang, after studying behavior of Saudi Arabia and founding this result, completed Griffin's categorization of M-SM. Yang resulted that the behavior of an organization or a country is consistent with constant M-SM and price-maker on the market when 
[image: image121.wmf]g

 is lower than zero and 
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 is greater than one. As equation (19) shows, the results of this study are also similar to Yang's result. The coefficient of ecm (-1) in ECM of M-SM, is 0.60 and represents that at each period of time, 60 percent of deviation from long run path is correct. The coefficient of 
[image: image123.wmf]g

<0 and this country has non-competitive behavior. The variables of TRM, in two OLS and ARDL estimations, aren't cointegrated.
Table 2: ARDL Estimation of three Hypotheses of OPEC Behavior
	
	Market Sharing Model
	Competitive Model
	Target Revenue Model

	country
	Ln qo(
[image: image124.wmf]i

b

)
	Ln P (
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g

)
	Ln P(
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g

)
	Ln I(
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d

)
	Ln P(
[image: image128.wmf]i

g

)

	Algeria
	0.54
(0.06)
	0.13
(0.03)
	-0.10
(0.04)
	0.03
(0.03)
	-0.05
(0.50)

	Indonesia
	0.30
(0.08)
	0.03
(0.04)
	-0.09
(0.05)
	0.02
(0.03)
	-0.05
(0.07)

	Iran
	0.53
(0.20)
	-0.30
(0.09)
	-0.35
(0.06)
	0.10
(0.02)
	-0.11
(0.05)

	Kuwait
	0.28
(1.79)
	-1.36
(0.85)
	0.46
(0.45)
	2.49
(0.93)
	.068
(0.27)

	Libya
	0.93
(0.13)
	0.15
(0.05)
	-0.23
(0.07)
	0.11
(0.16)
	-0.26
(0.08)

	Nigeria
	0.76
(0.14)
	0.05
(0.06)
	-0.23
(0.08)
	0.10
(0.02)
	0.01
(0.06)

	Qatar
	2.23
(0.44)
	0.54
(0.24)
	-0.99
(1.00)
	0.45
(0.22)
	-0.38
(0.03)

	Saudi Arabia
	1.77
(1.02)
	-0.65
(0.23)
	-0.88
(0.16)
	0.28
(0.23)
	-0.59
(0.12)

	U.A. E
	0.96
(1.04)
	0.40
(0.96)
	-0.87
(0.25)
	-3.22
(0.41)
	-3.18
(7.87)

	Venezuela
	1.5
(0.25)
	0.14
(0.09)
	-0.92
(0.65)
	0.11
(0.03)
	-0.11
(0.18)

	Standard errors are shown in parentheses

Table3 indicates calculated and critical value of t to examining of Significant long run relation of models  and tables 4-6 indicate ECM of them


( U.A.E.

1- OLS Approach

Estimations of three models with OLS are spurious.

2- ARDL Approach

The long run relationship of CM and M-SM are significant at 75 percent, but of TRM is meaningless. Behavior of U.A.E. is consistent with constant M-SM and at each period of time, 12 percent of deviation from long run is corrected and this country's behavior isn’t consistent with CM (
[image: image129.wmf]g

<0). Estimation of TRM with OLS and ARDL isn’t cointegrated
( Venezuela

1- OLS Approach

Estimation of M-SM and TRM with OLS are cointegrated but of CM is spurious. Behavior of Venezuela is consistent with constant M-SM but isn’t consistent with TRM.

2- ARDL Approach

Only the long run relationship of M-SM is significant. At each period of time, 55 percent of deviation from long run is corrected, but 
[image: image130.wmf]b

>1 and 
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>0 isn’t consistent with constant market sharing (
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=1 and 
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=0) , market sharing(
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=1 and 
[image: image135.wmf]0

¹

g

), or partial market sharing(
[image: image136.wmf]b

>0 and
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).

6- Conclusion
The results of analysis indicate that without a cointegration relation for production, there is need to analysts rethink the way in which they test alternative hypothesis about OPEC behavior. To alleviate this shortcoming we examine cointegration relation for oil production. We use ADF test in OLS approach and use ARDL approach to estimate models (we test the long run relationship of models in later approach
).

We found that 
[image: image138.wmf]i
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 (production of I producer), 
[image: image139.wmf]oi
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(production of OPEC except producer i) and 
[image: image140.wmf]i

I

 (investment need) variables are I (1) and 
[image: image141.wmf]p

(price) variable is I (0), some of OLS estimations have unit root and are spurious
. The results indicate that most of OPEC producers’ behavior is consistent with market-sharing model and they have non-competitive behavior. Saudi Arabia’s behavior is consistent with market-sharing model and price maker in world oil market
. Because of cointegration problem most of target revenue model estimations are spurious and we can not analyze them (estimation of this hypotheses is significant only for Iran (fit partial version) and Qatar (does not follow this hypotheses)). Using ARDL approach improves analysis about cointegraion relation of production, but this problem doesn’t solve completely and further researches are needed. 
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Table 3: Value of Calculated t
	Competitive  Model
	Market Sharing  Model
	Target Revenue  Model
	country

	-1.82
	-3.83
	-1.97
	Algeria

	-3.83
	-2.15
	-1.89
	Indonesia

	-5.88
	-10.15
	-1.96
	Iran

	-2.55
	-4.00
	-4.38
	Kuwait

	-1.56
	-3.97
	-1.63
	Libya

	-1.24
	-2.15
	-1.89
	Nigeria

	-1.05
	-1.88
	-4.68
	Qatar

	-5.06
	-4.46
	2.40
	Saudi Arabia

	-2.89
	-2.86
	0.37
	U.A.E

	-1.34
	-3.94
	-2.10
	Venezuela

	the critical value of t calculated by bannerjje, dolado, and mestre (1998) shows that:

1-the critical value of t at 99, 95, 90, and 75 percent, with k=2, are-4.53,-3.64,-3.26, and -2.60 respectively

2-the critical value of t at 99, 95, 90, and 75 percent, with k=1, are-4.12,-3.35,-2.95, and -2.36 respectively

3-if calculated t was greater than critical value of t then long run relationship rejected


Table 4: Market Sharing Model, Estimated with RADL Approach
	
	Long Run Relationship
	Error Correction Model

	country
	Ln qo(
[image: image142.wmf]i

b

)
	Ln P (
[image: image143.wmf]i

g

)
	d2 q
	d qo
	d2 qo
	d p
	d2 p
	ecm (-1)

	Algeria
	0.54
(0.06)
	0.13
(0.03)
	0.52
(0.10)
	0.54
(0.09)
	-
	0.70
(0.03)
	-
	-o.89
(0.07)

	Indonesia
	0.30
(0.08)
	0.03
(0.04)
	-
	0.01
(0.18)
	-
	-0.06
(0.05)
	-
	-0.92
(0.01)

	Iran
	0.53
(0.20)
	-0.30
(0.09)
	-
	-0.37

(0.30)
	-
	-0.12
(0.06)
	0.20
(0.07)
	-0.72
(0.07)

	Kuwait
	0.28
(1.79)
	-1.36
(0.85)
	-
	2.94
(2.81)
	-8.42
(2.01)
	0.17
(0.50)
	-1.45 (0.67)
	-0.72
(0.18)

	Libya
	0.93
(0.13)
	0.15
(0.05)
	0.29
(0.12)
	0.98
(0.17)
	-
	-0.1
(0.05)
	-
	-0.91
(0.16)

	Nigeria
	0.76
(0.14)
	0.05
(0.06)
	0.50
(0.17)
	0.66
(0.20)
	-
	0.05
(0.05)
	-
	-0.87
(0.25)

	Qatar
	2.23
(0.44)
	0.54
(0.24)
	0.80
(0.29)
	3.77
(0.81)
	-1.52
(0.99)
	-0.36
(0. 15)
	-0.46
(0.19)
	-0.89
(0.23)

	Saudi Arabia
	1.77
(1.02)
	-0.65
(0.23)
	-
	-0.17
(0.57)
	-0.69
(0.43)
	0.40
(0.09)
	0.26
(0.11)
	-0.60
(0.14)

	U.A.E
	0.96
(1.04)
	0.40
(0.96)
	-
	0.88
(0.26)
	0.58
(0.20)
	0.05
(0.07)
	-
	-0.12
(0.17)

	Venezuela
	1.5
(0.25)
	0.14
(0.09)
	-
	0.83
(0.21)
	-
	-0.02
(0.06)
	-
	-0.55
(0.14)

	Standard errors are shown in parentheses


Table 5: Target Revenue Model, Estimated with RADL Approach
	
	Long Run
Relationship
	Error Correction Model

	country
	Ln I(
[image: image144.wmf]i

d

)
	Ln P(
[image: image145.wmf]i

g

)
	d2 q
	d I
	d2 I
	d p
	d2 p
	ecm (-1)

	Algeria
	0.03
(0.03)
	-0.05
(0.50)
	0.31
(0.12)
	0.02
(0.02)
	-
	0.02
(0.03)
	0.12
(0.03)
	-0.60
(0.13)

	Indonesia
	0.02
(0.03)
	-0.05
(0.07)
	-
	0.01
(0.02)
	-
	0.03
(0.04)
	-
	-0.61
(0.16)

	Iran
	0.10
(0.02)
	-0.11
(0.05)
	-
	0.44
(0.10)
	-
	-0.11
(0.05)
	-
	-0.50
(0.01)

	Kuwait
	2.49
(0.93)
	.068
(0.27)
	-
	-0.93
(0.55)
	-
	-0.47
(0.19)
	-
	-0.70
(0.16)

	Libya
	0.11
(0.16)
	-0.26
(0.08)
	0.26
(0.15)
	0.06
(0.09)
	-
	-0.19
(0.07)
	0.30
(0.07)
	-0.56
(0.18)

	Nigeria
	0.10
(0.02)
	0.01
(0.06)
	0.39
(0.17)
	0.08
(0.03)
	-
	0.01
(0.05)
	-
	-0.86
(0.29)

	Qatar
	0.45
(0.22)
	-0.38
(0.03)
	-
	0.17
(0.11)
	-
	-0.14
(0.08)
	-
	-0.38
(0.21)

	Saudi Arabia
	0.28
(0.23)
	-0.59
(0.12)
	-
	0.64
(0.24)
	-
	-0.38
(0.07)
	0.32
(0.07)
	-0.04
(0.13)

	U.A.E
	-3.22
(0.41)
	-3.18
(7.87)
	-
	-0.14
(0.09)
	-
	-0.14
(0.04)
	-
	-0.04
(0.11)

	Venezuela
	0.11
(0.03)
	-0.11
(0.18)
	-
	0.04
(0.03)
	-
	-0.04
(0.06)
	-
	-0.41
(0.19)

	Standard errors are shown in parentheses


Table 6: Competitive Model, Estimated with RADL Approach
	
	Long Run Relationship
	Error Correction Model

	country
	Ln P(
[image: image146.wmf]i

g

)
	d p
	d2 p
	d2 q
	ecm(-1)

	Algeria
	-0.10
(0.04)
	0.02
(0.03)
	0.13
(0.03)
	0.30
(0.12)
	-0.52
(0.10)

	Indonesia
	-0.09
(0.05)
	-0.05
(0.02)
	-
	-
	-0.55
(0.14)

	Iran
	-0.35
(0.06)
	0.03
(0.08)
	0.25
(0.09)
	-
	-0.74
(0.13)

	Kuwait
	0.46
(0.45)
	-0.26
(0.25)
	-
	-
	-0.56
(0.22)

	Libya
	-0.23
(0.07)
	-0.17
(0.06)
	0.29
(0.08)
	0.21
(0.14)
	-0.52
(0.16)

	Nigeria
	-0.23
(0.08)
	0.03
(0.06)
	0.17
(0.07)
	0.27
(0.16)
	-0.48
(0.18)

	Qatar
	-0.99
(1.00)
	0.16
(0.08)
	-
	-
	-0.16
(0.15)

	Saudi Arabia
	-0.88
(0.16)
	-0.33
(0.09)
	0.35
(0.09)
	-
	-0.41
(0.09)

	U.A.E
	-0.87
(0.25)
	-0.17
(0.04)
	-
	-
	-0.20
(0.07)

	Venezuela
	-0.92
(0.65)
	-0.12
(0.04)
	-
	-
	-0.13
(0.09)

	Standard errors are shown in parentheses
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� EMBED Equation.3  ���
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�- For example see: Nazli Choucri (1979), "Analytical Specifications of the World Oil Market: A Review and Comparison of Twelve Models," The Journal of Conflict Resolution, Vol. 23, No. 2: pp. 346-372.

� - whose membership was supplanted by the U.A.E. in 1974.

�- For a detailed literature view see Cremer and Isfahani (1991),  Mabro (1985), and Alhajji and Huettner (2000).

�- Alhajji and Huettner (2000).

�-  For example see Hynilicza and Pindyck (1976), Tourk (1977).

�-  For example see eckbo(1976) and Houthakker (1977).

�- This model will not be tested in this study.

�- This model is explained in Griffin (1985).

�- We also us this model as empirical competitive model.

�- Alhajji, A.F. and David Huettner (2000a), this study tried to demonstrate new approach but its methodology also followed Griffin (1985), although they used multiple-equation instead of single-equation. 

�- There is no need to explain OLS approach.

�-For example Kaufman, R.K. (2006) used VAR approach.

�- This paper specified ARDL model according to pesaran and pesaran (1997). 

�- Bannerjee, A., J. Dolado and R. Mestre (1998).

�-Error Correction Model.

�- we study all OPEC countries except Iraq, because during  1980-2000, Iraq was almost in war conditions.

� - Competitive Model.

� - Target Revenue Model.

� - Market Sharing Model.

�- time trend is used  as deterministic term.

�- Bo Yang, 2004, “OPEC Behavior”, the Pennsylvania state University, thesis in Doctor of Philosophy.

�- We use Bannerjee, A., J. Dolado and R. Mestre, 1998; this test can be examined also by Pesaran, M. H., Shin, Y. and Smith, R. J., 2001.

�-  Most of them are estimations of target revenue model.

�-  This approach was introduced by Yang (2004).
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