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A Dynamic Equilibrium Relationship between Foreign Direct Investment,
Electrical Power Consumption, and Gross Domestic Product in Jordan

Ali Matar’

ABSTRACT

This study’s aim is to investigate the empirical relationship between the foreign direct investment (FDI), per

capita electrical power consumption, economic growth (proxies by GDP per capita in constant prices), and

consumer price index (CPI) in Jordan over the 1976-2011 period. Annual time series data were employed using

the Autoregressive distributed lag (ARDL) model to estimate the relationship among the variables. This study is

important for different parties like policy makers, domestic and foreign investors, corporations and government.

The results suggest the existence of a long-term equilibrium relationship between electric power consumption

and the economic growth.

Keywords: Co-integration, Electricity Power Consumption, ARDL, Economic Growth, Causality, Jordan.

INTRODUCTION

Several studies have examined the relationship
between electricity power consumption and economic
growth, especially in the past four decades started with
the study of Kraft and Kraft (1978). Also, there are
intensive debates in the literature suggesting a strong
relationship between electricity power consumption and
economic growth. This implies that an increase in
electricity consumption directly impacts economic
growth and that economic growth also stimulates further
electricity consumption (see, Apergis and Payne, 2011;
Lai et al., 2011; Lorde et al., 2010; Morimoto and Hope,
2004; Narayan and Smyth, 2009; Odhiambo, 2009; Yoo,
2006; Wolde-Rufael, 2006). Most of these studies are
based on the directions of causal relationship between

the electricity consumption and the economic growth
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that could be classified into three types of bidirectional,
unidirectional, and neutrally causality relationship.

Due to the current situation of the Jordanian
economy, the author is interested to investigate the
dynamic relationship between economic growth and the
electricity consumption. Therefore, this paper aims to
evaluate this dynamic relationship in developing country
like Jordan, a country with limited resources such as oil
resources, limited agricultural land, and scarce water.
However, despite this ordeal and a troubled regional
environment, Jordan keeps a stable economic growth
rate compared to other emerging economies in the Arab
countries. This is due to the recent extensive economic
improvement by the government, resulting in the
opening up of key sectors to foreign direct investment
and vibrant economic activity beside different
developments, innovations and regulations.

This study is important for different parties like
policy makers, domestic and foreign investors,
corporations and government. However, the importance
of this study stems from the reason that electricity bill

reflects a notable share in the gross domestic porduct for
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Jordan. Also, the prices of electric bill affected by oil
have went up very high, especially during the (2003-
20013) period due to different political and economical
crisis events in the Arab countries. Thus, the increase in
the oil prices has affected on the prices of electricity
positively.

Over the past decades the relationship between
economic growth and electricity power consumption has
been extensively researched in developed countries. Yet,
there seems to be no consensus regarding the
relationship in developing countries. Furthermore, this
study will be the first study that re-examines the
relationship between economic growth and electricity

power consumption (EPC) particularly in Jordan to fill

the gap in the existing literature. Besides, the
relationship with FDI, CPI will be investigated.
The current paper adopts one of the

contemporaneous time series analysis techniques, the
autoregressive distributed lag (ARDL) bound testing
approach developed by Pesaran ef al. (2001). ARDL is a
popular and standard technique for examining co-
integration among financial variables. Subsequently, we
hypothesized a long-run equilibrium relationship
between the EPC and economic growth represented by
gross domestic product (GDP) per capita with a
bidirectional causality relationship between them.

The rest of the paper is organized as follows: The
next section sheds light on Jordanian economy and the
EPC in Jordan. Section 3 explores the literature review.
Section 4 provides data and model specification. Section
the

empirical results while conclusions, limitation and

5 illustrates methodology. Section 6 reports

managerial implications are presented in the last section.

2. An Overview of the Jordanian Economy
Jordan is a middle income country with a population
of 6.5 million. Jordan is a small open economy with few

natural resources and little manufacturing, but has a
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large skilled population that works abroad. Jordan has
incompetent supplies of water with a large proportion of
desert soil and around 4% arable land. However, the
main natural resources in Jordan are phosphate and
potash. Currently, the main challenges facing Jordan are
reducing the budget deficit, reducing foreign grants and
dependence, and creating investment incentives to
promote job creation. A fundamental percentage of the
population, 38% is under the age of fourteen resulting in
a rapid increase in the working age population (Amara,
2008).

The electrical power system in Jordan consists of two
main generating power stations, 132 Kilovolt and 400
Kilovolt

network interconnects the power stations with the load

transmission network. This transmission
centers and different areas in the kingdom. The system
also includes the 230, 400 Kilovolt connect line with
Egypt and 400 Kilovolt connect lines with Syria. The
electrical networks are serving about 99.9% of the total
population in Jordan. Furthermore, there are includes
some private power stations, which are coinciding with
the rest of the power stations in the integrated network.
Also, there are a few private power stations, which are
not connected with the interconnected network and serve
only their owners (Al-Ghandoor et al., 2011).

Figure 1 shows the growth rate of Jordan’s GDP
which was at 5.5% for the (1976-2011) period. Also, it
indicates a gradually upward trend over the targeted
period. Despite the global financial crisis affect and
other events during this study period, Jordan’s GDP
reached US $16 billion in 2011. Over the (2000-2009)
period, Jordan’s economy has slowed down largely due
to the global and regional downturn. It was consistent
with the global economic slowdown, in 2009 where
output growth fell sharply and economic activity is
expected to rise modestly (Bekhet and Matar, 2012;
IMF, 2010).
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Figure 1: The study variables during the (1976-2011) period
Source 1. World Bank (2013), Jordan data, available at http://d

ata.worldbank.org/country/jordan.

2. Central Bank of Jordan (2013), Statistical Database, Prices, available at
http://statisticaldb.cbj.gov.jo/index?action=level2&lang=en&cat_id=19.

In addition, the EPC grew notably during the (1976-
2011) period where the average annual growth rate
during this period was 4.5%. the greatest amount of EPC
was in 2011 with 2610 KW, the greatest consumption
came from the household sector that consumed about

41% of total followed by industrial sector which
consumed 25% of total, then commercial sector with
consumption share of 17% followed by water pumping
sector that consumed 14% then by street lighting sector

which consumed 3% (see Figure 2).

3%

Consumed electrcity in 2011 by purpose

u Household
W Industrial
W Commercial
M Water Pumping
u Streef IHlumination

Figure 2: EPC in Jordan in 2011 (by purpose)

Source: Department of Statistics, Jordan (2013), available at
http://www.dos.gov.jo/dos_home a/main/jorfig/2011/14.pdf
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During the (2007-2008) period many privatization
operations were executed in the electricity sector which
resulted in partial privatization for the sector. However,
the price index for mineral fuels and lubricants category
increased by 32% due to the increase in the prices of oil.
Therefore, the fuel and electricity category price index
has increased by 49%. Theoretically, the EPC is
considered a dependent variable of other related
independent variables such as GDP per capita that affect
the consumption of electricity variable positively
besides, the Price of electricity variable that affect the
consumption of electricity variable negatively.

It is generally obvious in Figure 1 that both the FDI
and consumer price index for Jordan’s economy are
gradually raising with growth rate of 9.8%; 5%,
respectively. Recently, the FDI fell down to the lowest
amount in 2011, while in the contrary the CPI increases
to the highest amount in the same year due to the
different political and economical events that faced the

world economies and particularly the Jordan’s economy.

3. Literature Review

In the current paper, we categorize the literature
based on the direction of the causality test into three
folds

directional relationships between variables):

(bidirectional, unidirectional and neutral

First, bidirectional causality relationship between
EPC and economic growth was found in different
countries. In UK for example, Narayan and Prasad
(2008) found that there is strong bidirectional causality
relationship between Electrical consumption and real
GDP. Besides, the same result was suggested for
ASEAN 4 and Korea by Yoo and Kim (2006) and Yoo
(2005) respectively. In India suggested by Chen et al.
(2007); in Hong Kong by Ho and Siu (2007); in China
by Yuan, et al. (2008). Furthermore, Lorde ef al. (2010);
Yoo and Kwak (2010); Dagher and Yacoubian (2012);
and Shahbaz and Lean (2012) found the same result in

Barbados; Vanzuela; Lebanon; and Pakistan. On their
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panel study consist of 65 countries, Omri and Kahouli
(2014) found bidirectional causal relationships between
economic growth, FDI, and energy consumption for the
high and middle-income countries.

Second, for several countries there is a unidirectional
causality running between EPC and economic growth.
Some results the causal relationship run from EPC to
GDP For example, Ageel and Butt (2001); Altinay and
Karagol (2005); Lee and Chang (2005); Narayan and
Singh (2007); Odhiambo (2009) in Pakistan; Turkey;
Taiwan; Fiji; and Tanzania, respectively. The same
result was found in China by Shiu and Lam (2004);
Yuan et al. (2007), and in Malaysia by Tang (2008);
Bekhet and Othman (2011). In contrast, the causal
relationship run from the GDP to the EPC in the
following studies by Fatai, et al. (2004); Morimoto and
Hope, (2004); Jumbe , (2004); Narayan and Smyth,
(2005a); Squalli, (2007); Mozumder and Marathe,
(2007); and Ghosh, (2009) in Australia; Sri Lanka;
Malawi;  Australia; Algeria; Bangladesh; India,
respectively. Recently, Sbia, et al (2014) found a
unidirectional causality relationship running from
economic growth to energy consumption in UAE.
Shahbaz et al. (2014) explored a unidirectional causality
relationship between financial development and trade

openness in Bangladesh.

Third, we can accept the neutrality hypothesis if
there is no causality relationship running in any
direction. This result was found by Thoma (2004) in
USA; Chen, et al (2007) in China, Taiwan, and
Thailand. Besides, Narayan and Prasad (2008) found a
neutral (no causal) relationship between EPC and GDP
in USA, Canada, Belgium, Denmark, Austria, France,
Germany, Greece, Ireland, Japan, Luxembourg, New
Zealand, Mexico, Poland, Norway, Turkey, Sweden,
Switzerland, and Spain. Tang et al. (2014) in Malaysia.
In Saudi Arabia, Samargandi et al. (2014) found that

financial development has insignificant impact on
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economic growth and oil-sector growth. Wolde-Rufael Furthermore, Table 1 summarized various studies in

(2014) found that there is no evidence of causality different countries examine the relationship between the

relationship between electricity consumption and energy consumption (EC), EPC, and different variables

economic growth in Macedonia, Albania, Moldova, (see Table 1):

Poland, Serbia, Romania, Slovenia and Slovak Republic.

Table 1

Summary of electricity consumption nexus economic growth literature

Author Country Variables Methodology Causality results
Ghosh (2002) ) EPC per capita and
India . VAR Y —» EPC
RGDP per capita
Wolde-Rufael 17 African EPC per capita and ARDL and
. . ) Y —» EPC
(2006) countries RGDP per capita Granger Causality
Yoo and Kim
) VAR and Granger Y —» EPC
(20006) Indonesia EPC, ELP and RGDP .
Causality Y —» ELP
. ML, EC,
Soytas and Sari .
manufacturing real IELC —» MVA
(2007) Turkey . VECM
fixed investment and
ME.
Bi-directional
positive
Huang, et al .
82 countries GDP and EC VAR feedback
(2008) . .
relationship between
GDP and EC
. Co-integration
. Disaggregate  energy
Sari, et al. (2008) USA . ARDL among
variables, IP, and L
EC, L and IP
Hu and Lin (2008)  Taiwan EPC and RGDP VECM Y—» EPC
EPC  growth, real
Abosedra, et al. . VAR and Granger
Lebanon import growth, L, and . ELC —» IMP
(2009) . . Causality
relative humidity
Sub-Saharan . EC —» Y (South
. ) EC per capita, RGDP ARDL and )
Odhiambo (2010) African . . Africa and Kenya)
. per capita, and CPI Granger Causality .
countries Y —» EPC in Congo
Nuclear EC, RGDP per
Wolde-Rufael . ] ARDL and
India capita, real GFCF, and . NEC —» Y
(2010) Granger Causality

L

-17-
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Granger-
. Causality and
Tsani (2010) Greece EC and RGDP EC— Y
Toda and
Yamamoto (1995)
EPC «—»Y

(high income and
upper-middle

income country
Apergis and Payne . EPC, RGDP, RGFCF, VAR Panel and panels)
88 Countries )

(2011) and L Granger Causality EPC —»Y
(Lower-middle
income country
panel and the low
income countries).

A long-run
) ) VAR and equilibrium
Lai, et al. (2011) China EPC and GDP . ) )
Granger-Causality relationship between
EC and GDP
Romania,
Pirlogea and Cicea Spain, and . ) . )
EC and GDP per capita ~ Granger Causality EC—»Y in Romania
(2012) European
Union
. Trade openness and
EPC per capita, EC per
. . . . . both aggregated and

Sebri and Abid ) capita, oil consumption Granger )

Tunis . . disaggregated

(2012) per capita, TO, and Causality )

. energy consumption

AVA per capita.
Granger cause AVA.
Co-integration
between FD, EC,
aggregate
production, and

. EC, RGDP, population, VECM and population in
Islam, et al. (2013) Malaysia . .

and FD Granger Causality Malaysia. Also, EC
is influenced by
GDP and FD, both
in the short and the
long-run

Hamdi, et al .

Bahrain EC, FDI, K and GDP. ARDL EFPC «—»Y

(2014).

-18-



Jordan Journal of Economic Sciences, Volume 3, No. 1 2016

Sbia, et al. (2014)

CO,, TO, FDI, clean
energy, and GDPL

UAE ARDL Y —»EC

Notes™. <+
2.

Abbreviations defined as follows: EPC=electricity consumption, EC=energy consumption, ELP=
NEC,; FD= development;
IELC=industrial electricity consumption; consumption; AVA = agricultural value added; MVA=
manufacturing value added; IMP = imports; Y = real or nominal GDP or GNP; IP = industrial

electricity  production; nuclear energy consumption; financial

production; J-J = Johansen-Juselius; ARDL = Autoregressive distributed lags; VAR = Vector

autoregressive; VECM = Vector error correction model.

2 , denotes, unidirectional causality, bidirectional causality, and neutral, respectively.

4. Methodology and Data

Yearly time series data for the (1976 — 2011) period
were used. The data for all variables are obtained from
the (World Bank development indicators, 2013) except
for CPI obtained from the central bank of Jordan. To
avoid the hestroscedasticity problem, all variables have
been transformed into natural logarithmic by using SPSS
(20), Microfit version 5.0, and E-views 7.2 packages.
The functional form of EPC as a function of all factors

influence the EPC in Jordan assumed as in Equation 1.

IEPC, = f(IGDP,IFDI,,ICPI,) (1)

Where, [ denotes the natural logarithmic; EPC
represents the electricity power consumption per capita
measures in kilowatt hour (kw/h); GDP per capita in
constant price US § 2000 is proxy for the growth in real
gross domestic product (economic growth); FDI is the
net foreign direct investment in constant US § 2000, the
relationship between FDI and EPC was investigated by
Tang (2009) and Bekhet and Othman (2011); CPI is the
consumer price index represent the inflation rate in
Jordan.

Several studies were using Engle and Granger (1987)
and Johansen and Juselius (1990) techniques to test the
co-integration between EPC and economic growth.
These techniques require that all variables (regressors) in
the system must be stationary and with equal order of
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integration. Pesaran, ef al. (2001) has developed a model
to introduce a surrogate co-integration technique known
as ARDL bound testing approach.

ARDL approach has many advantages over the
previous co-integration techniques. First, it has more
proper considerations than the Johansen and Juselius and
Engle-Granger techniques for testing the co-integration
among variables in small sample size (Ghatak and
Siddiki, 2001).

integration techniques need large data sample for

Comparatively, the Johansen co-
validity. Second, no need to examine the non-stationary
property and order of integration, this means that we can
apply ARDL whether underlying regressors are purely
1(0) or purely I(1), while other co-integration techniques
require all the regressors to be integrated of the same
2001). Third, the ARDL
application allows the variables may have different

order (Pesaran et al,
optimal lags, while it is impossible with conventional
co-integration procedures (Ozturk and Acaravci, 2011).
Finally, the ARDL model has become increasingly
popular in recent years (Jayaraman and Choong, 2009).
Basing on these advantages of ARDL model this
paper will employ bound test for testing co-integration
among the variables in the current study. To examine the
co-integration among variables in equation (1), the ECM
representation of the ARDL approach is formulated for

each variable as in (Equation 2) matrix style:
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AIEP G, ﬁ] My Hp Mz Hy AIEP C.i Dy D Pz Py IEP C. €y
AlGDPt _ ﬁz + o Hoy Mz Hy AlGDB-i D1 Py Pz Py [ GDF,, + € @)
AIFDI, ﬁs My My My My || AIFDI O O @55 @y |[IFDI €3
ALCPI, B, Hy Moo Mg My || AICPI Py Po Py Pu || ICPI, €y

Where: f,...., 4 are the constant terms, g;;,...., i 44
represent the short-run coefficients; while ¢;;...., ¢ 4
represent the long-run coefficients; and g,.... , &4 : are

white noise error terms. For testing the existence of

short-run relationship among the above variables
(Equations 2-5) we can formulate the H, and H;

hypotheses as the following:

Ho : No short — run relationship H;: Short - run relationship

My =My =y =y, =0
Moy = oy = Hyy =y, =0
My = Mg, = My =y, =0
My =y =M, =un,=0

W, # W, 1, #0
Wy, Z Uy # Wy, Z Wy, 70
Wy Z Wy, # g, # 1, 0
Wy # gy, # 1y, # 1, #0

However, for testing the existence of long-run

relationship, the Hy and H; hypotheses have been

formulated as the following:

Ho : No long-run relationship

H; : A long—run relationship

0, =0,=0,=¢,=0
P =0 =0y =0, =0
T R R
Py =0, =0,=¢,=0

0, EQ, EQ, 7@, 70
0, 0, EQ, FQ,, 70
O, Py, E Py @y, 70
0,70, 0, 7%, #0

The decision to reject or accept Hy (no co-integration
among the variables) is based on the following
procedures by using F-statistic (F]) (Pesaran et al.,

2001):

If F; = Upper bound then reject Hy and the variables are
co-integrated.

If F, < Lower bound then accepts Hy and the variables
are not co-integrated.

But if 7 > Lower bound and < Upper bound then the

decision is inconclusive.

220-

The Granger Causality test is used to test the short-
term causality between dependent and independent
variables. Grange Causality test shows the presence of
bidirectional or unidirectional causality relationship,
whether one variable causes the other variable or not. It
can be formulated as in Equations (3) and (4):
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Ax, =7, +Z}ﬁ1sz-1 +Z}:ﬂzﬁxt-2 +... +Z;4ﬁidxt-i + Z]a]Ayt—] + Z;%Ayt-z ot Z;OC_,‘A.V;-_; Te,
i= i= i= = = =

Ay, =g, + Z‘}ﬁldyt_, + Z‘;,BZAyI_Z ..t Z‘;ﬁidyl_j +Z;a1Axt_, +Z;a2Axt_2 +.... +Z;aijt_i +v,
J= J= Jj= i= i= i=

Theoretically, it is possible that one variable Granger
causes the other; whilst in actual evidence no causal
relationship can be detected between two variables (
Huang, et al., 2000). Eventually, the word (causality)
according to Granger-causality does not mean that
movements of one variable cause movements of another,
it means that only a correlation between the current
value of one variable and the past values of others
(Brooks, 2008).

5. Results Analysis

Table 2 shows the Augmented Dicky-Fuller (ADF)
test of stationary for all variables, both in levels and in
first-differences. The results exist that we cannot reject
the null hypothesis of unit roots for all variables in level
forms except for /EPC that is stationary at level /(0).
However, the null hypothesis is rejected when the ADF
test applied to the first differences of each variable (see
Appendix A). This means that the variables of the study
are stationary of level and order one /(1) and /(0). Thus,
the most appropriate model in this case is the bound
testing approach. Since all variables are stationary, it is
appropriate to test whether the variables are co-
integrated or not.

Very important step before testing the existence of
co-integration between the selective variables, choosing
the optimal lag length is based on the most popular
criterions of selecting lags length like Schwarz Bayesian
information criterion (SBC), Akaike information Criteria
(AIC), Hannan-Quinn Criterion (HQ), Final Prediction
Error (FPE), and Log-Likelihood Ration (LR) in vector
autoregressive (VAR) model. To compute the F-statistic

for co-integration test, we consider lag 1, based on the

21-

3

(4)

minimum values of FPE, AIC, SBC and HQ criteria
(Table 3, Appendix B). The bound testing of co-
integration is presented in Table 4 to show the results of
testing the long-run equilibrium relationships among the
variables.

Table 4 shows that the computed F-statistic for the
IEPC and /GDP model is higher than the upper bound
value. Therefore, the null hypothesis of no co-integration
among the variables cannot be accepted. On the other
hand, when the process was repeated for the rest of
models, the computed F-statistics is less than the upper
and lower bound at all level of significance (see
Appendix C). Thus, we cannot reject the Hy of no co-
integration. Clearly, there is two co-integration
relationship indicates there is compelling long-run co-
integration relationships among the variables when the
regressions are normalized on [EPC and IGDP co-
integration relationship among the variables in Jordan.
Besides, all the regressors can be treated as long-run
forcing variables for the per capita consumption of
electricity.

Thereafter, the /[EPC model is shown in Table 5
Appendix D. The coefficients are significant for all
variables (GDP, FDI, and CPI) at the 1% and 10% level
of significance which signals a positive impact on EPC
in the long-run. In addition, Table 6 (Appendix E)
of the

equilibrium relationship between the EPC and the

represents the results short-run  dynamics
regressors. The error correction terms (Ect, ;) indicates
the speed adjustment back to equilibrium in the dynamic
model. When Ect,; is significant with a negative sign in
the short-run model confirms the existence of a long-run

equilibrium relationship among the variables (Nayaran
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and Smyth, 2005b). The magnitudes of the coefficients
of Ect, ; denote the speed of adjustment in correcting any
disequilibrium and then the economy can return to its
equilibrium (Pesaran and Pesaran, 2009).

The Ect,; coefficient is found to be negative and
significant [-0.258, 0.001] which is highly significant at
1% level with correct sign. This implies a highly speed
adjustment back from short-run disequilibrium to the
long-run equilibrium, where 21% of disequilibrium from
previous year can return to long-run equilibrium in the
current year. Also, a significant Ect,; indicates causality
from IGDP, IFDI, and ICPI to [ECP. Within an error
correction model, causality may arise from two
the the
underlying ARDL model passed the diagnostic tests of

channels. Furthermore, regressions  for
serial correlation, functional form, hetroscedasitcity, and
normality tests. Also, the results of /ELC model reveal
evidence that the model is correctly specified.

To check the direction of causality relationship
among the variables, we need to run the Granger
causality relationship between all variables. As seen, the
directional causality among all variables is included in
Table 7 at the 1, 5, and 10% levels of significance. The
results of the Granger test suggested three unidirectional
causality relationships among the variables. These
results imply that LEPC is affected by GDP and FDI
variables on hand and the GDP is affected by the FDI on
the other hand (see Appendix F).

Finally, to check the estimated ARDL model stability
of the long-run coefficients with the short-run dynamics
between EPC and its determinants, we apply the
cumulative sum of recursive residuals CUSUM and the
cumulative sum of squares CUSUMQ (Brown et al.,
1975; Pesaran and Pesaran, 1997; and Bahmani-Oskooee
and Bohl, 2000). If the plot of CUSUM and CUSUMSQ
statistic stays within 5% range of significance level
(within the two straight lines) the null hypothesis that all
coefficients in the error correction model are stable and
cannot be rejected (Bahamni-Oskooee and Ng, 2002). If

22-

either of the lines is crossed, the null hypothesis of
coefficient constancy can be rejected at the 5% level of
significance. Figure 3 reveals that the plot of both
CUSUM and CUSUMQ statistics stays within the
critical boundaries support the stability of the long-run
coefficient of the EPC function (see Appendix G).
Subsequently, the results are consistent with the earlier
findings (for example, Fatai, et al., 2004; Ghosh, 2009;
Jumbe, 2004; Morimoto and Hope, 2004; Mozumder,
2007; Narayan and Smith, 2005b; Squalli, 2007; Tang,
et al.,2014; Yoo and Kim, 2006).

6. Conclusion

The paper analyzed the relationship between FDI,
EPC and economic growth. It has used the ARDL time
series approach for the (1976-2011) period to test the co-
integration among the variables. The empirical results
provided strong evidence against the null hypotheses of
unit roots in most of the series under investigation. The
results of ARDL approach showed the existence of long-
run equilibrium relationship between the EPC and
variables of real GDP per capita, FDI, and consumer
price index in Jordan. Furthermore, the multivariate
granger causality test suggests a unidirectional
relationship run from the real GDP to the EPC; this
implies that the reduction of the per capita EPC will not
impact the future economic growth in Jordan. On the
other vein, a unidirectional causal relationship runs from
FDI to EPC, which indicates the FDI in Jordan may
cause more consumption of electricity. Besides, the
CUSUM and CUSUMQ stability tests also reveal that

the coefficients of the error correction model are stable.

7. Policy Implications

The implication of the main finding that GDP
granger causes EPC indicates that the high rate of
economic growth will lead to high growth in EPC. Thus,
it is difficult to meet EPC demand if the government

wants to sustain the current growth prosperity. The
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Jordanian government should utilize the potential of
renewable or alternative energy for electricity
generation, such as the solar energy as this will apart
from decreasing Jordan’s certainty imported fuels;
activate Jordanian economic growth, the electrical power
generation from nuclear power, and controlling current
account deficits. In addition, managing the policies of
energy growth is vital in order to ensure sufficient
electricity supply to support the Jordanian economic
development.

In the current study, we add to the existing literature
by employing the most popular approach in examining
co-integration between the EPC and GDP in Jordan and
fill the gap in the literature. In addition, studying the

relationship between the EPC and GDP can shed some
light on the energy response to economic factors in
Jordan since the prices of electricity start rise in recent
couple years. This study is very important for different
parties like, policymakers, energy sectors, and academic
researchers. The policymakers will need to pay more
attention to the increase in the rate of consumption by
the population; this will help to reduce the imports of oil
as the main source of electricity running. Finally, for
further studies, we suggest more factors that may cause
the obvious structural breaks on EPC such as (consumer
price index, trade openness, financial development,

pollutions, and political events).

Appendices
Appendix A:
Table 2
ADF Tests
Variables ADF-Level P-value Variables ADF-1" Difference P-value Order of Integration
IEPC -3.4763%* 0.0149 AlnEPC -5.1414%** 0.0002 1(0)
IGDP -1.7637 0.3912 AlnGDP -4.3996%** 0.0014 1(1)
IFDI -1.7020 0.4215 AIFDI -8.2970%** 0.0000 1(1)
ICPI -1.4363 0.5530 AICPI -3.5237** 0.0005 1(1)
Note: *** ** * denotes significant level of 1%, 5%, 10% respectively.
Source: output of E.Views Package, version 7.
Appendix B:
Table 3
Lag length selection criterion for co-integration
Lag Log L LR FPE AIC SBC HO
0 -23.7726 - 6.02 1.633 1.813 1.694
1 142.822 284.190 8.63* -7.224% -6.326%* -6.918*
2 156.002 19.3826 1.06 -7.058 -5.442 -6.507

Note: 1. * indicates lag order selected by the criterion.
2. LR: sequential modified LR test statistic (each test at 5% level of significance).
Source: output of E.Views Package, version 7.2.
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Appendix C:
Table 4
Results of F-statistic in bound test of co-integration
Models F- Lower-upper Lower-upper  Lower-upper  Decision

statistic bound at 10% bound at 5% bound at 1%

F,..(IEPC / IGDP,InFDI,ICPI) 7.237*%*%%  2.711-3.800 3.219-4.378 4.385-5.615  Co-integration
F,.(IGDP / IEPC,IFDLICPI) 4.5505%%* 2.711-3.800 3.219-4.378 4.385-5.615  Co-integration

F.,,(IFDI / IEPC,IGDP,ICPI) 1.8178 2.711-3.800 3.219-4.378 4.385-5.615 No ’ co-
integration

F., (InFD / InEPC,InGDP, InX) 2.4865 2.711-3.800 3.219-4.378 4.385-5.615 No co-
integration

Notes: 1. the critical value bounds are from Table F in Pesaran and Pesaran (2009, p. 544), Oxford with an intercept and
no trend.
2. ¥ x¥* FEk* significant at 10%, 5%, 1% respectively.
Source: Output of Microfit Package, version 5.0.

Appendix D:
Table 5

ARDL results

Panel 1 : analysis for long-run coefficient for ARDL (1,0,0,0) model

Dependent variable = [EPC

Variables Coefficients t-statistic p-value Standard Error
Constant - 7.5651%** 2.9515 0.006 2.5631
1GDP; 1.6198*** 3.9837 0.000 0.4066
IFDI, 0.7262%* 1.8241 0.078 0.1172
1CPI, 0.8959*** 7.6429 0.000 2.5631
Panel 2: Diagnostic tests of the underlying ARDL model

Test statistics Statistic value p-value DW-test R’-adjusted
Serial correlation 0.1151 0.734 1.7722 0.9904
Hetroscedasticity 11.236 0.535

Normality 43173 0.461

Functional Form 2.6703 0.102

Note: *#* ** * denotes 1%, 5% and 10%. level of significance, respectively. Functional form denotes Ramsey RESET
using the square of the fitted values.

Source: Output of Microfit Package, version 5.0.
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Appendix E:
Table 6

The analysis of error-correction model and short run relationship

Panel 1 : Error-Correction Representation for the Selected ARDL (1,0,0,0) Model

Dependent variable = AInEPC

Variables Coefficients t-statistic p-value Standard Error
AIGDP; 0.4184%** 4.2605 0.000 0.0982
AIFDI, -0.0187 1.5773 0.125 0.0118
AICPI, 0.2314%** 2.6539 0.013 0.0872
ECT, - 0.2583%** 3.5564 0.001 0.0726
Panel 2: Diagnostic tests

F-statistic ~ 7.0163%** Schwarz Bayesian Criterion  44.5248

DW-test 1.7722 Akaike Info. Criterion 48.4132

RSS 53.4132 Mean of Dependent Variable 0.07424

Note: *** ** * denotes 1%, 5% and 10%. Level of significance, respectively.
Source: Output of Microfit Package, version 5.0.

Appendix F:
Table 7
Multivariate Granger causality test
Dep. Short-run Causality Long-run Causality Direction of
Variables AIEPC,; AIGDP,, AIFDI,; AICPI ECT,, Causality

AIEPC, - 0.4651 0.7807 0.2485 - 0.2583***

AIGDP, 8.463%** - 0.0035 0.0970 -0.1389% 5;(5?P_—;§)%C
AIFDI, 2.909% 6.095%** - 0.2533 -0.1326 IFDI —»IGDP
AICPI, 1.594 0.0584 1.8797 - -0.0449

Note: The (—» ) represents the unidirectional Granger causality.
Source: EViews7.2 ® Output.

Appendix G:

Plot of Cumulative Sum of Squares of Recursive Residuals

Plot of Cumulative Sum of Recursive Residuals

20 12
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The straight lines represent critical bounds at 5% significance level The straight lines represent critical bounds at 5% significance level

Figure 3: Plots of CUSUM and CUSUMQ Underwriting EPC.
Source: Output of Microfit Package, version 4.1

-25-



A Dynamic Equilibrium Relationship...

Ali Matar

REFERENCES

Abosedra, S. Abdallah Dah and Sajal Ghosh (2009).
Electricity consumption and economic growth, the case
of Lebanon. Applied Energy, 86 (4): 429-432.

Apergis, N. and James E. Payne (2011). A dynamic panel
study of economic development and the electricity
consumption-growth nexus. Energy Economics, 33(5):
770-781.

Ageel, A. and Mohammad Sabihuddin Butt (2001). The
relationship between energy consumption and economic
growth in Pakistan. Asia-Pacific Development Journal,
8 (2): 101-109.

Altinay, G. and Erdal (2005).
consumption and economic growth: evidence from
Turkey. Energy Economics, 27 (6): 849-856.

Amara, Jomana (2008). Military industrialization and

Karagol Electricity

economic development: Jordan's defense industry.
Review of Financial Economics, 17 (2): 130-145.

Al-Ghandoor, A., J. O. Jaber and Al-Hinti, 1. (2011).
Energy and Exergy Use in the Utility Sector of Jordan
during 2007-2010. Jordan Journal of Mechanical and
Industrial Engineering, 5 (3): 281-284.

Bahmani-Oskooee, M. and Martin T. Bohl (2000). German
monetary unification and the stability of the German
M3 money demand function. Economics Letters, 66
(2): 203-208.

Bahmani-Oskooee, M. and Raymond Chi Wing Ng (2002).
Long-run demand for money in Hong Kong: an
application of the ARDL model. International Journal
of Business and Economics, 1 (2): 147-155.

Bekhet, H.A. and Ali Matar (2012). Risk-Adjusted
Performance: A two-model Approach Application in
Amman Stock Exchange. International Journal of
Business and Social Science, 3 (7): 34-45.

Bekhet, H.A. and Nor Salwati bt Othman (2011). Causality
analysis among electricity consumption, consumer
expenditure, gross domestic product (GDP) and foreign
direct investment (FDI): Case study of Malaysia.
Journal of Economics and International Finance, 3
(4): 228-235.

Brown, R., J. Durbin. and J. M. Evans (1975). Techniques

26-

for testing the constancy of regression relationships
over time. Journal of the Royal Statistical Society.
Series B (Methodological), 37 (2): 149-192.

Brooks, C. (2008).
Finance.2nd edition, Cambridge University Press.

Chen, S. T., Hsiao-I Kuo and Chi-Chung Chen, C. C.
(2007). The relationship between GDP and electricity
consumption in 10 Asian countries. Energy Policy,
35(4): 2611-2621.

Dagher, L. and Talar Yacoubian, T. (2012). The causal

relationship between energy consumption and economic

Introductory Econometrics for

growth in Lebanon. Energy Policy, 50: 795-801.

Engle, Robert. F and C.W.J Granger (1987), Cointegration
and Error Correction: Representation, Estimation and
Testing, Econometrica, 55 (2): 251-76.

Fatai, K., Les Oxley and F. G. Scrimgeour (2004). Modelling
the causal relationship between energy consumption and
GDP in New Zealand, Australia, India, Indonesia, The
Philippines and Thailand. Mathematics and Computers
in Simulation, 64 (3): 431-445.

Ghatak S. and Jalal U. Siddiki (2001), The use of ARDL
approach in estimating virtual exchange rates in india,
Journal of applied statistics, 28 (5): 573-583.

Ghosh, S. (2002). Electricity consumption and economic
growth in India. Energy policy, 30 (2): 125-129.

Ghosh, S. (2009). Import demand of crude oil and
economic growth: Evidence from India. Energy Policy,
37 (2): 699-702.

Hamdi, H., Rashid Sbia. and Mohammad Shahbaz (2014).
The nexus between electricity consumption and
economic growth in Bahrain. Economic Modelling, 38:
227-237.

Huang, B.N., Chin-Wei Yang and John Wei-Shan Hu
(2000). Causality and cointegration of stock markets
among the United States, Japan and the South China
Growth Triangle. International Review of Financial
Analysis, 9 (3): 281-297.

Huang, B.N., M. J Hwang and C. W. Yang (2008). Causal
relationship between energy consumption and GDP
growth revisited: A dynamic panel data approach.



Jordan Journal of Economic Sciences, Volume 3, No. 1 2016

Ecological Economics, 67 (1): 41-54.

Hu, J.L., and Cheng-Hsun Lin (2008). Disaggregated
energy consumption and GDP in Taiwan: a threshold
co-integration analysis. Energy Economics, 30 (5):
2342-2358.

Ho, C. Y., and Kam Wing Siu (2007). A dynamic
equilibrium of electricity consumption and GDP in
Hong Kong: an empirical investigation. Energy Policy,
35 (4): 2507-2513.

IMF (1991 2010).
http://www.imf.org. Accessed on 25 April 2012.

Islam, F., Muhammad Shahbaz., Ashraf U. Ahmed and Md.
Mahmudul Alam (2013). Financial development and

and Annual Reports,

energy consumption nexus in Malaysia: a multivariate
time series analysis. Economic Modelling, 30: 435-441.

Jayaraman, T.K. and Chee-Keong Choong (2009). Growth
and oil price: A study of causal relationships in small
Pacific Island countries. Energy Policy, 37 (6): 2182-
2189.

Johansen, S., and Katarina Juselius (1990). Maximum
likelihood estimation and inference on cointegration
with applications to the demand for money. Oxford
Bulletin of Economics and statistics, 52 (2): 169-210.

Jumbe, C.B. (2004). Cointegration and causality between
electricity consumption and GDP: empirical evidence
from Malawi. Energy Economics, 26 (1): 61-68.

Kraft, J. and Kraft, Arthur (1978). On the relationship
between energy and GNP. Journal of Energy and
Development, 3 (2): 401-403.

Lai, T.M., W. M. To., W. C. Lo., Y. S. Choy and K. H.
Lam (2011). The causal relationship between electricity
consumption and economic growth in a Gaming and
Tourism Center: The case of Macao SAR, the People’s
Republic of China. Energy, 36 (2): 1134-1142.

Lee, C.C., and Chun-Ping Chang (2005). Structural breaks,
energy consumption, and economic growth revisited:
evidence from Taiwan. Energy Economics, 27 (6):
857-872.

Lorde, T., Kimberly Waithe and Brian Francis (2010). The
importance of electrical energy for economic growth in
Barbados. Energy Economics, 32 (6): 1411-1420.

Mozumder, P. and Achla Marathe (2007). Causality

27-

relationship between electricity consumption and GDP
in Bangladesh. Energy Policy, 35 (1): 395-402.

Morimoto, R., and Chris Hope (2004). The impact of
electricity supply on economic growth in Sri Lanka.
Energy Economics, 26 (1): 77-85.

Narayan, P.K. and Russel Smyth (2005a). The residential
demand for electricity in Australia: an application of the
bounds testing approach to cointegration. Energy
Policy, 33 (4): 467-474.

Narayan, P.K. and Russel Smyth (2005b). Electricity
consumption, employment and real income in Australia
evidence from multivariate Granger causality tests.
Energy Policy, 33 (9): 1109-1116.

Narayan, P.K. and Baljeet Singh (2007). The electricity
consumption and GDP nexus for the Fiji Islands.
Energy Economics, 29 (6): 1141-1150.

PK. and Arti Prasad (2008). Electricity

consumption—real GDP causality nexus: Evidence from

Narayan,

a bootstrapped causality test for 30 OECD countries.
Energy Policy, 36 (2): 910-918.

Narayan, P. K. and Russel Smyth (2009). Multivariate
granger causality between electricity consumption,
exports and GDP: Evidence from a panel of Middle
Eastern countries. Energy Policy, 37(1): 229-236.

Odhiambo, N.M. (2009). Electricity consumption and
economic growth in South Africa: A trivariate causality
test. Energy Economics, 31(5): 635-640.

Odhiambo, N.M. (2010). Energy consumption, prices and
growth in SSA
comparative study. Energy Policy, 38(5): 2463-2469.
Omri, A. and Bassem Kahouli (2014). Causal relationships

between energy consumption, foreign direct investment

economic three countries: A

and economic growth: Fresh evidence from dynamic
simultaneous-equations models. Emnergy Policy, 67:
913-922.

Ozturk, I. and Ali Acaravci (2011). Electricity consumption
and real GDP causality nexus: Evidence from ARDL
bounds testing approach for 11 MENA countries.
Applied Energy, 88: 2885-2892.

Pesaran, M.H. and Pesaran, Bahram (1997). Microfit 4.0
(Windows Version), Oxford University Press Inc., New
York.



A Dynamic Equilibrium Relationship...

Ali Matar

Pesaran, M.H., Yongcheol Shin and Richard J. Smith
(2001) Bounds Testing Approaches to the Analysis of
Level Relationships, Journal of Applied Econometrics,
16: 289-326.

Pirlogea, C. and Claudiu Cicea (2012). Econometric
perspective of the energy consumption and economic
growth relation in European Union. Renewable and
Sustainable Energy Reviews, 16(8): 5718-5726.

Pesaran, M.H. and Pesaran, Bahram (2009). Time series
Econometrics using Microfit 5.0, 1st edition, Oxford
University Press Inc., New York.

Samargandi, N., Jan Fidrmuc and Sugata Ghosh (2014).
Financial development and economic growth in an oil-
rich economy: The case of Saudi Arabia. Economic
Modelling. 43: 267-278.

Sari, R., Bradley T. Ewing and Ugur Soytas (2008). The
relationship between disaggregate energy consumption
and industrial production in the United States: An
ARDL approach. Energy Economics, 30 (5): 2302-
2313.

Sbia, R., Muhammad Shahbaz and Helmi Hamdi (2014). A
contribution of foreign direct investment, clean energy,
trade openness, carbon emissions and economic growth
to energy demand in UAE. Economic Modelling, 36:
191-197.

Sebri, M. and Mehdi (2012). Energy use for economic
growth: A trivariate analysis from Tunisian agriculture
sector. Energy Policy, 48: 711-716.

Shahbaz, M. and Hooi Hooi Lean (2012). Does financial
development increase energy consumption? The role of
industrialization and urbanization in Tunisia. Energy
policy, 40: 473-479.

Shahbaz, M., Samia Nasreen., Chong Hui Ling and Rashid
Sbia (2014). Causality between trade openness and
energy consumption: What causes what in high, middle
and low income countries. Energy Policy, 70: 126-143.

Shiu, A. and Pun-Lee Lam (2004). Electricity consumption
and economic growth in China. Energy policy, 32 (1):
47-54.

Squalli, J. (2007). Electricity consumption and economic
growth: bounds and causality analyses of OPEC
members. Energy Economics, 29 (6): 1192-1205.

8-

Soytas, U. and Ramazan Sari (2007). The relationship
between energy and production: evidence from Turkish
manufacturing industry. Energy Economics, 29 (6):
1151-1165.

Tang, C.F. (2008). A re-examination of the relationship
between electricity consumption and economic growth
in Malaysia. Energy Policy, 36 (8): 3077-3085.

Tang, C. F. (2009). Electricity consumption, income,
foreign direct investment, and population in Malaysia:
New evidence from multivariate framework analysis.
Journal of Economic Studies, 36 (4): 371-382.

Tang, C.F., Chee Yin Yip and IThan Ozturk (2014). The
determinants of foreign direct investment in Malaysia:
A case for electrical and electronic industry. Economic
Modelling, 43: 287-292.

Thoma, M. (2004). Electrical energy usage over the
business cycle. Energy Economics, 26 (3): 463-485.
Tsani, S. Z. (2010). Energy consumption and economic
growth: A causality analysis for Greece. Emnergy

Economics, 32 (3): 582-590.

Wolde-Rufael, Y. (2006). Electricity consumption and
economic growth: a time series experience for 17
African countries. Energy Policy, 34 (10): 1106-1114.

Wolde-Rufael, Y. (2010). Bounds

cointegration and causality between nuclear energy

test approach to

consumption and economic growth in India. Energy
Policy, 38 (1): 52-58.

Wolde-Rufael, Y. (2014). Electricity consumption and
economic growth in transition countries: A revisit using
bootstrap panel Granger causality analysis. Energy
Economics, 44: 325-330.

World Bank (2013). Yearly Report, http://data.
worldbank.org/country/jordan.  Accessed on 10
February 2013.

Yuan, J., Changhong Zhao ., Shunkun Yu and Zhaoguang
Hu (2007). Electricity consumption and economic
growth in China: Cointegration and co-feature analysis.
Energy Economics, 29 (6): 1179-1191.

Yuan, J. H., Jian-Gang Kang, J.G., Chang-Hong Zhao and
Zhao- Guang Hu (2008). Energy consumption and
economic growth: evidence from China at both

aggregated and  disaggregated levels. Energy



Jordan Journal of Economic Sciences, Volume 3, No. 1 2016

Economics, 30 (6): 3077-3094.

Yoo, S. H. (2005). Electricity consumption and economic
growth: evidence from Korea. Energy Policy, 33(12):
1627-1632.

Yoo, S. H. (2006). The causal relationship between
electricity consumption and economic growth in the
ASEAN countries. Energy Policy, 34 (18): 3573-3582.

Yoo, S. H. and Yeonbae Kim (2006). Electricity generation
and economic growth in Indonesia. Energy, 31 (14):
2890-2899.

Yoo, S. H. and So-Yoon Kwak (2010). Electricity
consumption and economic growth in seven South
American countries. Energy Policy, 38 (1): 181-188.

il <) ABUal) gl ¢ pdleall iad) LS G Adlsnl) ABDal)
A3l Judlad) Jalasi s 00 ) B Alaay) el bl

I‘)Aag.[c

gadla

D) Ga 2algll 3l Cunaty ¢ bl mal) LW G Lo dpgaill 2D 3 Gaiatll Auhall oda Cangs
Dl 505 ((AE SHlenl Jlaa) sl ZU e aalgll 2 Caaiy Sidie) gabai@Y) sailly co Sl
D) ziga aladinly dedll Judldl Jdas cadig & .(2011-1976) sl DA o)) 4 ellgind)
Bl el G JaY) Alsh 435l ADle say ) gl L hia) Gule WD) LEAY g sall bl
o 4a olaV ) Apalal Alal (g s dsms o Liaf i) oSl L galai@y) sails oLyl eDlgin) (g 2als)

o als o @by gaill pe 2algll 38l s

salyy o (A e s o LSl eDlgind ) gabai@y) sl
NS LU RSV E, VR [ I R [

casally «3laBY) pailly ¢ Ll Jasil) oz 3pais el oS A8l  Dlginds cclidall JalSill A clalg)

-o0Ys

P

o) Dlas daala !
ibrahimhawarin@ahu.edu.jo

2015/4/7 4158 gl 2014/12/15 Cansdl D sl

29.



