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Abstract. This paper aimed to examine the relationship between Energy Consumption and Gross domestic 

product “GDP” in Oman, using annual logarithm data during the period 1971-2014, the results of 
Augmented Dickey Fuller “ADF”, and Phillips, Perron “PP” stationarity tests showed that both Energy 

Consumption per capita and GDP per capita were stationary at the first order. Autoregressive-Distributed 

Lag “ARDL” model and Pairwise granger causality test, were applied, the results indicated that there’s 
bidirectional long run causality between energy consumption and GDP, and unidirectional short run causality 

running from GDP to energy consumption.  Bidirectional long run causality indicates that increasing of GDP 

leads to a raise in energy consumption, and vice versa. this finding can help policy makers to develop 

appropriate policy related to energy consumption and GDP in Oman which has large amount of Oil, and 

natural gas reserves. 
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1.Introduction 

 
The continues increasing of oil prices following the oil shock in the 1970s, the 

instability of prices of oil up to now, and the increasing of energy consumption cast 

a shadow over the importance of studying energy and its impact on economic output 

and economic development in general, along with the critical role of energy in the 

various economic activities. The international influence, environmental effects of 

energy and the presence of energy sources in some countries and their absence in 

others have added a new dimension to the importance of the study of energy. 

Consequently, countries have been divided into energy exporting and importing 

countries. The causal relationship between GDP and energy consumption has been 

studied widely during last decades for many countries separately or as groups to 

detect the presence of this relation and to determine its direction. This paper 

investigates the long run relationship and causality between energy consumption and 

GDP in Oman using ARDL bounds testing procedure which has been developed by 

Pesaran and Shin (1999), and Pesaran et al. (2001), and Granger causality test to 

examine the short run causality. 

 
2.Literature review 

          
After the major work of Kraft and Kraft (1978), which found that the causality 

between energy and gross national product in the USA was unidirectional; only running 

from GNP to energy for the period following the war and no observed causality from 

energy to GNP, Empirical studies of the relationship between energy consumption and 

GDP were conducted for both separate or combined countries. The Empirical studies 

dealt with the relationship according to four hypotheses: first, there is a causal 

relationship going from GDP to energy consumption, second there’s a causal 

relationship coming from energy consumption to GDP, third there are two-way causal 

relationship between energy consumption and GDP, and the fourth is absence the 

relationship between them. 

A paper by Shahateet (2014), examined the relationship between real economic 

growth and energy consumption in 17 Arab countries: Oman, Qatar, Saudi Arabia, 

Sudan, Syria, Tunisia, United Arab Emirates, Algeria, Bahrain, Egypt, Iraq, Jordan, 

Kuwait, Lebanon, Libya, Morocco, and Yemen. Using ARDL model and granger 

causality test, the results supported the neutrality hypothesis in all countries except the 

state of Kuwait, this finding contradict with Al-Iriani (2006), which supported the 

unidirectional causality coming from GDP to energy consumption in the countries of the 

Gulf Cooperation Council (GCC) including Oman, the results were obtained using the 

panel Cointegration and causality techniques. Further, Bouoiyour and Selmi (2013), 

studied the nexus between electricity consumption and economic growth in 12 of MENA 

countries using panel cointegration methods and panel causality test over the period 

1975–2010. They classified those countries as energy exporters and energy importers 

countries, the research indicates that in Oman as an energy export country, the causal 
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relationship comes from economic growth to energy consumption.  While the majority 

of other countries supporting the bi-directional causal relationship hypothesis. 

Hossein,Yazdan and Hasan(2012), examined the relationship between the energy 

consumption and economic growth for OPEC countries using error-correction models 

and the Granger causality test; they revealed that there was a Granger causality short run 

causal relationship in Iran, Iraq, Qatar, United Arab Emirates and Saudi Arabia comes 

from income to energy consumption, and there was a Granger causality runs from energy 

consumption to income in rest of other OPEC countries. while there was no long run 

causal relationship in all OPIC countries. 

Another paper of Ozturk and Acaravci (2011), investigated the short and long run 

nexus between energy consumption and real GDP   in the selected 11 Middle East and 

North Africa (MENA) countries using ARDL approach with annual data covering the 

period from 1971 to 2006. The results generally indicated that no relationship between 

the electricity consumption and real GDP in the most of the MENA countries, however 

only in Oman the one-way both long-run and strong Granger causalities from electricity 

consumption to real GDP was existed. In addition to presence of short run one-way 

Granger causality from real GDP to electricity. Souhila and Kourbali (2012), examined 

the energy consumption-growth relation in Algeria using threshold Cointegration and 

Granger causality tests, they used logarithm per capita data for the 1965 -2008 time 

period, they found a unidirectional causality running from the GDP to energy 

consumption. Yazdan and Hossein (2012), applied the ARDL model and Granger 

causality test to investigate the relationship between oil consumption and economic 

growth in Iran, the results showed the short run relationship running from GDP to oil 

consumption, and there was no long run relationship between them. Halis and Korap 

(2015), studied the relationship between electricity consumption and income using 

ARDL bounds testing, they found a unidirectional long run running from electricity 

energy consumption to income. 

The nexus relationship between energy consumption (both renewable and 

nonrenewable) and economic growth in Pakistan had examined by Shahbaz, Zeshan, and 

Afza (2012), using the ARDL bounds testing and Gregory and Hansen (1990) structural 

break Cointegration approaches for long run, they proved the presence of Cointegration 

between the economic growth and renewable and non-renewable energy consumption, 

also the two-way causal relationship was existed. Binh (2011), investigated the 

relationship between Energy Consumption and Economic Growth in Vietnam by using 

the threshold Cointegration and vector error correction models for Granger causality 

tests, the results confirmed the long run relationship running from GDP to energy 

consumption, his date was in logarithm during the 1976-2010 period. In the case of 

Turkey, Kaplan, Ozturk, and Kalyoncu (2011), modelled two multivariate models, 

demand model and production model, based on vector   error correction model. They 

detected the two-way causal relationship between energy consumption and economic 

growth. Also, the long run bidirectional relationship was existed. In the case of Korea 

according to the work of Oh and Lee (2004), which as well indicates to short run 

unidirectional causality running from energy consumption to GDP.  
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Using vector error correction model (VECM) the work of Belloumi (2009), found 

that the long run causal relationship between the Energy consumption and GDP in 

Tunisia was bi-directional, and the short run causal relationship was unidirectional from 

energy consumption to GDP. finally, the work of Rezitis and Ahammad (2016), 

confirmed the unidirectional causality relationship runs from energy consumption to 

economic growth in the South and Southeast Asian Countries (i.e., Bangladesh, Brunei 

Darussalam, India, Indonesia, Malaysia, Pakistan, the Philippines, Sri Lanka, and 

Thailand) A Panel Vector Autoregression Approach and Causality Analysis, were used 

and  impulse response functions (IRFs), which empower the effect of shocks to be 

analyzed between real gross domestic product, energy consumption, real gross fixed 

capital formation, and total labor force.  

 
3.Model Specification And Data 

 

To investigate the relationship between the energy consumption and GDP we 

used annual data during 1971-2014 period, the source of data was the World bank: 

Development indicators for Oman, the data was in per capita form for both energy 

use (kg of oil equivalent per capita) and GDP, also we transformed the data into 

logarithm. Figure (1) shows the data where (LENC) is the energy use per capita in 

logarithm, and (LGDP) is the gross domestic product per capita in logarithm. 
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FIG (1). Energy use per capita and GDP per capita in Oman. 

  
Nelson and Plosser (1982), argued that almost all macroeconomic time series are not 

stationary at level (have unit root) so, series will be examined using   Augmented Dickey 

Fuller (ADF) and Phillips, Perron tests. Autoregressive Distributed Lag (ARDL)-Bounds 

testing approach which was primarily introduced by Pesaran and Shin (1999), then has 

extend by Pesaran et al. (2001), used to investigate the presence of Cointegration between 

the two series, unlike Johansson Joint Cointegration Test, ARDL does not require the 

integration of time series at the same order. so, it can be applied using either I (0) or I (1) 

series, or both I (0) and I (1), but if there’s I (2) series Methodology cannot be used 

according to Pesaran et al. (2001), where I(.) indicates the degree of integration for the 
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series.  F- test value in the boundary test is compared to the values developed by Pesaran et 

al. (2001), the null hypothesis is: there’s no long run Cointegration between the variables, 

while the alternative hypothesis indicates that there’s a Cointegration, If the value of F-test  

is higher than the upper limit, the null hypothesis can be rejected,  In case it is less than the  

lower limit, this indicates to the absence of the Cointegration between the variables, If the 

value of F-test  is between the upper and lower limits  no decision can be taken. Then error 

correction term obtained from ARDL model will be examined to show the speed of 

adjustment at which the model reverts to long-term after the shocks happened in short run. 

The model will be applied twice. First, while LENC is a dependent variable as follow: 

△ 𝐿𝐸𝑁𝐶 = 𝐵0 +∑𝐵𝑖 △ 𝐿𝐸𝑁𝐶𝑡−𝑖 +

𝑝

𝑖=1

∑𝛼𝑖 △ 𝐿𝐺𝐷𝑃𝑡−𝑖

𝑞

𝑖=0

 

                        +𝜙0 △ 𝐿𝐸𝑁𝐶𝑡−1 + 𝜙1 △ 𝐿𝐺𝐷𝑃𝑡−1 + 𝜀𝑡 

Where 0 , 1  show the coefficients of long-run relationship between the 

series; αi and βi show the coefficients of short-run relationship between the series. Δ 

is defined as first difference operator. Null hypothesis Ho : 0 = 1 =0, alternative 

hypothesis H1: 0   1   0 

“p” impersonates the lag length of LENC and “q” impersonates the lag length 

of LGDP series. 

 Second, LGDP is a dependent variable as follow: 

△ 𝐿𝐺𝐷𝑃 = 𝐵0 +∑𝐵𝑖 △ 𝐿𝐺𝐷𝑃𝑡−𝑖 +

𝑝

𝑖=1

∑𝛼𝑖 △ 𝐿𝐸𝑁𝐶𝑡−𝑖

𝑞

𝑖=0

 

+𝜙0 △ 𝐿𝐺𝐷𝑃𝑡−1 + 𝜙1 △ 𝐿𝐸𝑁𝐶𝑡−1 + 𝜀𝑡 

Where 0 , 1  show the coefficients of long-run relationship between the 

series; αi and βi show the coefficients of short-run relationship between the series. Δ 

is defined as first difference operator. Null hypothesis Ho : 0 = 1 =0, alternative 

hypothesis H1: 0   1   0. 

“p” impersonates the lag length of LENC and “q” impersonates the lag length 

of LGDP series. The error correction model has been established as follow 

Respectively: 

△ 𝐿𝐸𝑁𝐶 = 𝐵0 +∑𝐵𝑖 △ 𝐿𝐸𝑁𝐶𝑡−𝑖 +

𝑝

𝑖=1

∑𝛼𝑖 △ 𝐿𝐺𝐷𝑃𝑡−𝑖

𝑞

𝑖=0

 

+𝜔𝐸𝐶𝑀𝑡−1 + 𝜀𝑡 

△ 𝐿𝐺𝐷𝑃 = 𝐵0 +∑𝐵𝑖 △ 𝐿𝐺𝐷𝑃𝑡−𝑖 +

𝑝

𝑖=1

∑𝛼𝑖 △ 𝐿𝐸𝑁𝐶𝑡−𝑖

𝑞

𝑖=0

 

+𝜔𝐸𝐶𝑀𝑡−1 + 𝜀𝑡 
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While ECM is the error correction term, and ( ) represents the speed of 

adjustment at which the model reverts to long-term after the shocks happened in 

short run. 

 
4.Empirical results 

 
ADF, PP tests were used to investigate the stationarity of series, null 

hypothesis claims that series contain a unit root (non – stationary) the result is 

summarised in the table (1) for LGDP. 

 
Table (1). PDF, PP Stationary Test Results for LGDP. 

Augmented Dickey Fuller (ADF) results 

At level At first difference 

 t-Statistic Prob. t-Statistic Prob. 

With constant -3.4451  0.0146* -5.3228 0.0001** 

With constant& trend -3.6167  0.0401* -5.6600  0.0002** 

none  2.3538  0.9948 -4.7708 0.0000** 

  Phillips, Perron, test results 

At level At first difference 

 t-Statistic Prob. t-Statistic Prob. 

With constant -3.5297 0.0118* -5.3169 0.0001** 

With constant& trend -3.7361 0.0304* -5.6610 0.0002** 

none 2.0344 0.9888 -4.7362 0.0000** 

*Significant at 5%, **significant at 1% 

 

The results indicate that (LGDP) is not stationary at level, but after taking the 

first difference it became stationary at 1%. Table (2) summarised the results of ADF, 

PP tests for (LENC)  

 
Table (2). PDF, PP Stationary Test Results for LENC. 

Augmented Dickey Fuller (ADF) results 

At level At first difference 

 t-Statistic Prob. t-Statistic Prob. 

With constant -2.7163 0.0795 -6.6391 0.0000** 

With constant& trend -2.2217 0.4660 -7.4113 0.0000** 

None 2.4168 0.9955 -5.6070 0.0000** 

Phillips, Perron, test results 

At level At first difference 

 t-Statistic Prob. t-Statistic Prob. 

With constant -3.4283 0.0153* -6.6436 0.0000** 

With constant& trend -2.0869 0.5382 -7.4317 0.0000** 

None 2.2372 0.9931 -5.7783 0.0000** 

*Significant at 5%, **significant at 1% 
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It’s clear that (LENC) series is not stationary at level, but became stationary 

with the first difference at 1%. According to the results above LGDP, LENC are 

integrated at the first order I (1). Since the variables are integrated at first level, and 

none of them is I (2), then we can apply ARDL as follow: 
 

4.1 ARDL model   

Since both LENC and LGDP are I (1) we applied tow ARDL models with 

considering LENC as dependent variable in the first model, and LGDP as dependent 

variable in the second one. 

 Table (3) represents the ARDL bound testing outcome while LENC is 

dependent variable model 1, the Selected Model was: ARDL (2, 0), figure (4)  
 

Table (3). F-Bounds Test, long run coefficient, and error correction term. model 1. 
Levels Equation 

Case 2: Restricted Constant and No Trend 

Variable Coefficient Std. Error t-Statistic Prob.    

LGDP 1.020458 0.161600 6.314725 0.0000 

C -1.084645 1.488233 -0.728814 0.4706 

c     

F-Bounds Test                                Null Hypothesis: No levels relationship 

Test Statistic Value Signif. I(0) I(1) 

   
Asymptotic: 

n=1000 
 

F-statistic  10.95384 10%   3.02 3.51 

k 1 5%   3.62 4.16 

  2.5%   4.18 4.79 

  1%   4.94 5.58 

ECM Regression 

Case 2: Restricted Constant and No Trend 

Variable Coefficient Std. Error t-Statistic Prob.    

D(LENC(-1)) -0.162412 0.125271 -1.296487 0.2026 

CointEq(-1)* -0.263722 0.044840 -5.881416 0.0000 

* significant at 1%       

 

The value of F-test is strongly higher than upper limit at all significance levels. 

This indicates to presence of long run Cointegration between the GDP and energy 

consumption, the long run coefficient of LGDP is statistically significant, the error 

correction term is negative and statistically significant, (- 0.263722) is the 

coefficient of ECM which indicates the speed of LENC to come back to long run 

relationship with LGDP. 

Table (4) represents the F-Bounds Test long run coefficients, and error 

correction term, model 2 while LGDP is the dependent variable, Selected Model: 

ARDL (1, 1), figure (5).  
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Table (4). F-Bounds Test, long run coefficient, and error correction term. model 2. 

Levels Equation 

Case 2: Restricted Constant and No Trend 

Variable Coefficient Std. Error t-Statistic Prob.    

LENC 0.503448 0.180301 2.792263 0.0081 

C 5.193592 1.474423 3.522457 0.0011 

EC = LGDP - (0.5034*LENC + 5.1936)  

F-Bounds Test Null Hypothesis: No levels relationship 

Test Statistic Value Signif. I(0) I(1) 

   
Asymptotic: 

n=1000 
 

F-statistic  4.661677 10%   3.02 3.51 

K 1 5%   3.62 4.16 

  2.5%   4.18 4.79 

  1%   4.94 5.58 

ECM Regression 

Case 2: Restricted Constant and No Trend 

Variable Coefficient Std. Error t-Statistic Prob.    

D(LENC) 0.341071 0.127714 2.670592 0.0110 

CointEq(-1)* -0.228969 0.059715 -3.834346 0.0004 

*significant at 1%       

 
The finding revealed similar results at whole, F-test is higher than upper limit 

at 5%, the long run coefficient is statistically significant, and error correction term is 

negative and significant at 1%, (-0.228969) is the coefficient of ECM which 

indicates the speed of LGDP to come back to long run relationship with LENC. 

In order to detect the causal relationship in short run we have used the Pairwise 

Granger Causality Tests, the results of pairwise granger causality test showed that 

we can except the null hypothesis which indicates that DLENC does not Granger 

Cause DLGDP because the probability was more than 0.05, in contrast we can’t 

accept the null hypothesis which indicates that DLGDP does not Granger Cause 

DLENC because the probability was less than 0.05, the we can conclude that there’s 

only short run causality running from LGDP to LENC. 

 
Table (5). Pairwise Granger Causality Tests. 

Pairwise Granger Causality Tests 

Sample: 1971 2014  

Lags: 2   

 Null Hypothesis: Obs F-Statistic Prob.  

 DLGDP does not Granger Cause DLENC  41  3.58162 0.0381 

 DLENC does not Granger Cause DLGDP  0.67994 0.5130 
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4.2 Residuals tests 

For the purpose of studying model’s quality, we examined the Serial 

Correlation, Heteroscedasticity, and stability of relationship in the long run, the 

results showed that there’s no Serial Correlation in both 2 models the probability of 

F in Breusch-Godfrey Serial Correlation LM Test was greater than 0.05. so, we 

cannot accept the null hypothesis of Breusch-Godfrey Serial Correlation LM Test 

which indicates the presence of serial correlation. in the other hand the results 

indicated the absence of Heteroscedasticity in both models. The probability of F in 

ARCH test was above 0.05.so, we cannot accept the null hypothesis. 

In order to study the stability in long run the CUSUM and CUSUM of squares 

tests have been applied, the results were slightly different, the results of recursive 

residuals CUSUM test for both the first and second model indicate to the stability, in 

contrast the results of CUSUM of squares especially for second model have some 

deviations which indicate to the parameter instability. However, the cointegration 

and presence of long run can Emphasizes the stability of the parameters of our 

models. 

Results of Breusch-Godfrey Serial Correlation LM Test, and ARACH test for 

model (1) and model (2) respectively in the appendix have showed in the table (6), 

and table (7). While figure (2) and figure (3) in the appendix summarized the results 

of CUSUM and CUSUM of squares tests for both first and second model. 

 
5. Conclusion 

    
The relationship between GDP and energy consumption has been studied in 

different countries using different econometrics’ methodologies in view of the 

importance of energy for economics and the emergence of several hypotheses to 

interpret it. this work aimed   to examine the causality relationship between GDP 

and energy consumption in Oman from 1971 to 2014, using ARDL model, and 

granger causality test.  ADF, PP tests were used to investigate the stationarity of 

series. The results indicated that LENC and LGDP were integrated at the first order. 

Also, there was a bidirectional long run causality relationship between GDP and 

energy consumption in addition to existence of a unidirectional   short run causality 

relationship coming from GDP to energy consumption. In order to verify the validity 

of the results the tests of serial correlation, heteroscedasticity, and stability for the 

residuals have been applied and showed that our results were reliable. Bidirectional 

long run causality indicated that increasing of GDP will lead to a raise in energy 

consumption, and vice versa.  

Energy plays an important role in Oman as oil-exporting country, which relies 

mainly on fossil fuels as an energy source. But no separate studies were mad for the 

causal relationship between GDP and energy consumption in Oman. So, our 

findings may help the government to make a policy which can Stimulate GDP 

growth and optimize energy consumption. 
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Appendix 

 
Table (6). Serial Correlation, and Heteroscedasticity for model (1). 

Breusch-Godfrey Serial Correlation LM Test:  

F-statistic 0.043553     Prob. F(2,36) 0.9574 

Obs*R-squared 0.101379     Prob. Chi-Square(2) 0.9506 

Heteroskedasticity Test: ARCH   

F-statistic 0.860960     Prob. F(1,39) 0.3592 

Obs*R-squared 0.885563     Prob. Chi-Square(1) 0.3467 

  
Table (7). Serial Correlation, and Heteroscedasticity for model (2). 

Breusch-Godfrey Serial Correlation LM Test:  

F-statistic 0.043243     Prob. F(2,37) 0.9577 

Obs*R-squared 0.100277     Prob. Chi-Square(2) 0.9511 

Heteroskedasticity Test: ARCH   

F-statistic 0.211205     Prob. F(1,40) 0.6483 

Obs*R-squared 0.220600     Prob. Chi-Square(1) 0.6386 
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Fig (2). recursive residuals for model (1). 
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  Fig (3). recursive residuals for model (2). 
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Fig (4). Figure 1 Akaike Information Criteria (top 20 models) for Model 1. 
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Fig (5). Figure 1 Akaike Information Criteria (top 20 models) for Model 2. 
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 العلاقة السببية بين استهلاك الطاقة والناتج المحلي الإجمالي في عمان
 

 حسام السعيديو ديفلي،  رعبد القاد
 كلية العلوم السياسية، جامعة يلدرم بيازيت، تركيا  

 

والندداتا ايلددجم ا  ددا  ,هدد ا الدراسددة خت ار اددار العسبددة السددااية بددا اسدد  س  ال ابددة  هددد تالبحصص    ملخصص 
GDP   وأشدددداري ة ي ددددة ، 2014وحدددد   1971في دولددددة ، دددداا، بسدددد ندام بيددددامي سددددنوية لو اري  يددددة لل دددد   مدددد

خت أا اس  س  ال ابة لل رد وكد ل  النداتا ايلدجم لل درد مسد عراا ،ندد ال درو  ا وت،  ADF,PPار ااري السكوا 
وار ادار سدااية جرا،در، وبدد أ  دري ”ARDL “ الانحددار الد اذ  و ال د اي اليمنيدة اةوز،دة  وبدد   اسد ندام ذدو  

في ا جددا ال ويدددا،  GDPلدددجم ا  ددا  والندداتا اي،سبددة سدددااية ةنا يددة الاادداا بدددا اسدد  س  ال ابددة وجددود ,الن ددا ا 
باددداا اسددد  س  ال ابدددة في ا جدددا العلاددد ، وت ددد  العسبدددة  GDPالنددداتا ايلدددجم ا  دددا  و،سبدددة سدددااية ت  ددد  مددد  

ويمكددد   ددد ا  بدددد يعدددود خت ز د  اسددد  س  ال ابدددة والعكددد  بلعكددد   النددداتا ايلدددجم ا  دددا الثنا يدددة أا الدددي د  في 
د صددداةعجم السياسددداي في ت دددوير سياسددداي مس  دددة  ي دددا ي علدددت بسددد  س  ال ابدددة والنددداتا ايلدددجم الن دددا ا أا تسدددا،

 ا  ا  في ، اا التي تم ل  اح ياطياي كا   م  الن ط والغاز ال ايعجم 
 ، ، اا ARDL، السااية، ار اار الحدود GDP الناتا ايلجم ا  ا ،اس  س  ال ابة،  الافتتاحية:الكلمات 
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