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 Although the perception of Environmental Kuznets Curve (EKC) has been thoroughly 
investigated, but there is inconsistency in the results. The relationship between nitrous oxide 
(N2O) emissions, financial development, economic growth, foreign direct investment, and 
electric power consumption in Bahrain over the period 1980 – 2012 is examined in this 
paper. The autoregressive distributed lags (ARDL) technique is employed to test for the 
cointegration in the long run. The results reveal a reversed U-shape long run relationship 
between N2O emissions and economic growth for Bahrain. Moreover, electric power 
consumption affects N2O emissions positively in the short and long run. Whereas foreign 
direct investments and financial development affects the emissions of N2O negatively. 
Therefore, Bahrain should assist households in installing solar cells to generate clean 
energy and enhance its financial sector. 

Keywords:  
N2O emissions 
Environmental Kuznets Curve 
FDI 
Economic Growth 
Financial Development 
Electric Power Consumption 

 

 

1. Introduction 

One of the most considerable problems that the whole world 
is experiencing is the environmental degradation, which leads to 
irreparable damages to the natural world and human society. 
Greenhouse gas emissions are the main pollutants of the 
environment, and the major source of these pollutants is burning 
fossil fuels. When greenhouse gas emissions are mentioned, it is 
usually referring to carbon dioxide (CO2). However, greenhouse 
gas story involves other types of gases. Nitrous oxide (N2O) is 
partially responsible for the greenhouse gas diffusions and its 
effect on the atmosphere from the point of global warming is 
greater than that of CO2. One ton of N2O corresponds to almost 
298 tons of CO2.1 Moreover, the procedure followed to eliminate 
the N2O from the atmosphere contributes into depleting ozone 
layer. Therefore, N2O is considered as an ozone eradicator as well 
as being greenhouse gas. 

Bahrain that is an archipelago made up of 33 islands has a 
total area of 780 km2. The current population in the year 2019 is 
about 1.6 million with a population density of 2155 per km2 and 
a population growth of 4.9% in year 2018.There is an increase in 

 
1http://theconversation.com/meet-n2o-the-greenhouse-gas-300-times-worse-than-
co2-35204 

total energy consumption by 2% per year on average over the 
period 2010 to 2017 with a record of 14.5 mega ton of oil 
equivalent (Mtoe) in 2017. The fundamental factor behind this 
increase in energy consumption is the increase in population. Rise 
in population means greater local demand for energy, which 
increases the greenhouse gas emissions including the N2O 
emissions. 

One of the most substantial origins of N2O emissions is 
burning fossil fuels for energy and transport. Compared to the 
quantity of CO2 in the air, the amount of N2O is much less, but the 
warming impact of each molecule of N2O is nearly 300 times that 
of Co2. 2 Accordingly, a number of papers have examined the 
soundness of the Environmental Kuznets curve (EKC) hypothesis 
using N2O diffusions as a measure for the environmental 
deterioration. In [1], the authors scrutinized the theoretical and 
empirical basis of the EKC using a panel of 156 countries and 
three different pollutants including N2O emissions. The results of 
their paper indicate the presence of a reversed U-curve for all the 
three pollutants but at different levels of income. In [2], the 
researchers reviewed the available literature to explain the EKC 
phenomenon for atmospheric variation and decide the association 
with the economic evolution of Bangladesh in regard to the EKC. 

2https://www.carbonbrief.org/nitrous-oxide-emissions-could-double-by-2050-
study-finds 
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Their results show that the EKC is valid only for developed 
countries which have low-income turning point. The paper of [3] 
confirm the presence of the EKC assumption for Germany by 
employing time series data between 1970 – 2012. The study of [4] 
employed a panel of 36 developing and developed nations 
between 1995-2013 and the EKC assumption is confirmed for 
N2O and CO emissions. Therefore, the contribution of this study 
is to examine the short- and long-term effects of GDP growth, 
foreign direct investment, financial development, and electric 
power consumption on Bahrain N2O diffusions over the period 
1980 – 2012. 

The remainder of the paper is formatted as follows: section 2 
highlights the review of literature; the following section describes 
the data and models employed in this study followed by the 
discussion of results in section 4. Finally, the last section covers 
the conclusions and policy implications. 

2. Literature Review 

EKC affirms that environmental pollutants increase as the 
national output increases just before a certain threshold of output 
after which emissions decrease as output increases [5]. 
Particularly, EKC assumption indicates a reversed U-shape 
relationship between national output and environmental 
deterioration. This aspect was first called EKC by [6]. 

A substantial consideration is given to the relationship 
between economic development and environmental diffusions in 
the last decades. Various practical studies have scrutinized this 
hypothesis in distinct countries all over the world. In general, the 
results of these studies are mixed. One part validates the EKC 
hypothesis and approves the presence of a reversed U-shape (for 
example, [7]-[10] among others). The other part of these studies 
did not succeed to prove the EKC hypothesis but found either a 
linear or N-shaped relationship (such as [11]-[14] among others). 

The presence of the difference in the results of empirical 
studies is apparent. This difference in the results can be illustrated 
by the following components. The first component is explained 
by the various measures of air pollutants used. For example, one 
part of the studies utilized air contamination index such as 
greenhouse gas emissions, CO2, CH4, SO2 and NOx emissions 
(such as [11]; [15]; [16]). However, the other group of research 
has assessed the EKC hypothesis by employing other 
environmental measures such as ecological footprint [17], 
deforestation [18] and [19], and hazardous waste [20]. The second 
component is pertained to the different models and methodologies 
utilized. To illustrate, the studies that employ a panel data for a 
set of countries examined the EKC theory using panel 
cointegration [21] and [22] or fixed effects regression [23]. On the 
contrary, studies that employ an individual country apply time 
series techniques such as Vector Autoregressive (VAR) models 
[24] and [25] cointegration approaches of Granger and Johanson 

 
3 GDP at purchaser's prices is the sum of gross value added by all resident 
producers in the economy plus any product taxes and minus any subsidies not 

and the ARDL bounds techniques (such as [26]-[30], among 
others). The third component is associated with the different 
variables incorporated in the model. Some studies examined the 
EKC hypothesis by incorporating the GDP per capita and its 
square only. Other set of research papers have expanded the 
primary model with other explanatory variables like energy 
consumption, foreign direct investment, financial development, 
urbanization and trade openness. The last component is related to 
the various countries included in the study and the chosen period. 

The amount of research that examines the EKC theory in the 
Gulf Cooperation Council GCC area is limited. For example, in 
[30], the author uses the data of Saudi Arabia to investigate the 
long-run relationship between the emissions of CO2, economic 
development, energy consumption and urbanization and found 
that the EKC does not exist. This conclusion is supported by the 
study of [31], which scrutinized the relationship between CO2 
emissions from transports, energy consumption by road transports 
and economic development in Saudi Arabia. On the contrary, the 
study of [32] proved the presence of EKC assumption by studying 
the effect of trade and income level on CO2 emissions. In the UAE, 
the presence of EKC relationship was approved [33] and [34]. The 
empirical results of [35] indicate that inverted U-shaped 
relationship is held when using the ecological footprint as a 
measure of environmental deterioration but not for CO2 emissions. 
This paper adds to the existing literature by studying the 
relationship between N2O emissions, income level, electricity use, 
FDI and financial development in Bahrain. 

3. Material and Method 

3.1. Data 

To attain the target of this research paper, yearly N2O 
emissions data (thousand metric tons of CO2 equivalent) are used 
as the environmental pollutant. To check the reliability of EKC 
theory, GDP per capita at constant 2010 US$ and its square are 
employed.3 As asserted by the study of  [17] that one of the factors 
that leads to the divergence in the results of the EKC testing 
studies is the variables included in the estimated equation. One of 
the sources of N2O emissions is fossil fuel combustion that is used 
to generate electricity. Therefore, this paper augments its model 
with electric power consumption (KWh per capita) to examine its 
impact of N2O emissions. 

In [36] and [37], the authors argue that foreign investors and 
international corporations prefer investing in countries that have 
loose environmental policies and standards. Most of these 
investments sponsor forms of production that are environmentally 
inefficient [38]. Accordingly, this paper augments the basic model 
with additional variables such as the foreign direct investment, net 
inflows (% of GDP). Furthermore, domestic credit provided by 
financial sector (% of GDP) is utilized as a measure of financial 
development. 

included in the value of the products. It is calculated without making deductions 
for depreciation of fabricated assets or for depletion and degradation of natural 
resources. Data are in constant 2010 U.S. dollars.  

http://www.astesj.com/
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The World Development Indicators (WDI) database is utilized 
to collect annual data for all the variables between 1980 – 2012.4 
In order to reduce heteroscedasticity and stabilize variances all the 
variables are transformed using the natural logarithm except the 
financial development indicator and FDI as they are measured as 
a percentage of GDP. Table 1 summarizes the descriptive 
statistics of all the variables under concern. 

Table 1: Descriptive Statistics 

Variables 
Description 

N2O 

emissions 

(Thousand 
metric tons 

of CO2 
equivalent) 

GDP 
per 

capita 
(constant 

2010 
US$) 

Elec 
Electric 
Power 

Consumption 
(KWh per 

capita) 

Fin 
Domestic 

credit 
provided 

by 
Financial 

Sector 
(% of 
GDP) 

FDI 
Foreign 
direct 

investment,  
net inflows 
(% of GDP) 

Mean 86.39 20487.51 16972.75 30.42 4.57 
Std. 
deviation 26.90 1995.28 5003.57 21.68 7.79 

Minimum 39.684 16571.4 4612.55 -5.82 -13.61 
Maximum 131.257 22955.1 21644.38 72.22 33.57 
Skewness 0.142 -0.61 -1.53 0.36 1.39 
Kurtosis 1.928 1.89 4.32 2.41 7.79 
obs 33 33 33 33 33 

3.2. Technical Tool and Econometric Model 

On the basis of the pioneering work by [39] that is followed 
by the study of [40], this paper uses a single equation model that 
allows to examine the emission –growth relationship for Bahrain. 
Basically, it is suggested that the degradation of environment in 
Bahrain can be briefly written as follows: 

𝑁𝑁2𝑂𝑂 = 𝑓𝑓 (𝐺𝐺𝐺𝐺𝐺𝐺,𝐺𝐺𝐺𝐺𝐺𝐺2,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸,𝐹𝐹𝐹𝐹𝐹𝐹,𝐹𝐹𝐹𝐹𝐹𝐹)  (1) 

where 𝑁𝑁2𝑂𝑂 represents the nitrous oxide emissions in Bahrain. The 
above function shows that the explanatory variables for nitrogen 
oxide emissions are the economic growth (GDP), square of 
economic growth ( 𝐺𝐺𝐺𝐺𝐺𝐺2 ), electricity consumption (Elec), 
financial developments (Fin) and foreign direct investments (FDI). 

Looking at the main objective of this study, it is suggested to 
derive a natural log form equation from the above linear equation, 
so it allows for testing the hypothesis of the EKC. Having natural 
log model ensure the production of reliable and effective results. 
Furthermore, in [41], the authors have reported that a natural log 
model will help in satisfying the stationary condition of the 
variance-covariance matrix. Accordingly, re-writing the model 
above can be represented by the following equation:  

𝑙𝑙𝑙𝑙(𝑁𝑁2𝑂𝑂)𝑡𝑡 = 𝛽𝛽0 +  𝛽𝛽1 𝑙𝑙𝑙𝑙 𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 + 𝛽𝛽2 ( 𝑙𝑙𝑙𝑙 𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡)2 +
 𝛽𝛽3 𝑙𝑙𝑙𝑙 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 +  𝛽𝛽4 𝑙𝑙𝑙𝑙 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 +  𝛽𝛽5 𝑙𝑙𝑙𝑙 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 + 𝜀𝜀𝑡𝑡 (2) 

where 𝜀𝜀𝑡𝑡 is the error term associated with the estimation while 
𝛽𝛽0 is the intercept. The coefficients 𝛽𝛽1 ,𝛽𝛽2  𝛽𝛽3,𝛽𝛽4 𝑎𝑎𝑎𝑎𝑎𝑎𝛽𝛽5  represent, 
respectively, the impacts of GDP per capita and its quadratic term, 
electricity consumption per capita, financial developments, and 
the percentage of foreign direct investments. Based on the theory 
of EKC, it is likely that 𝛽𝛽1  has positive sign while 𝛽𝛽2  has a 
negative sign.   

 
4 The most available data for N2O were till the year 2012. 

Having a glance at (2) shown above, it is revealed that none 
of GDP term or its square term can be excluded. The aim of 
adding both terms in the same equation is to investigate the 
authenticity of the EKC, which can be verified only if the 
relationship among environmental emissions and economic 
growth is expressed by an inverted U-shape curve. In another 
words, if the relationship among the environmental emissions and 
economic growth is an inverted U-shape, EKC hypothesis cannot 
be rejected. Therefore, the environmental emissions will tend to 
increase as much as there is an increase in output per capita, until 
it reaches to a specific level (peak). Accordingly, the quality of 
the environment will be better. 

In a study conducted by [6], it is reported that if there is no 
significant change in technology in an economy, it is expected that 
an inverted U-shape curve represents the linkage between GDP 
per capita and the emissions of the environment. Precisely, an 
expansion of an economy causes negative impacts on 
environment at early stages. However, as much as it grows, 
structural change is experienced by the economy due to many 
factors including information intensive industries and services, 
advances in technology, increase in environmental consciousness 
and implementation of environmental protocols, which may have 
positive influence on reducing environmental emissions.  

3.3. ARDL Approach 

The purpose of this study is to investigate the hypothesis of 
having an environmental Kuznets curve, that be represents a curve 
of an inverted U-shape to express the linkage between the 
emissions of environment and the growth of an economy. 
Accordingly, long- and short-term dynamics of the model can be 
investigated using a cointegration approach named 
Autoregressive Distributed Lag Model (ARDL). Among others, 
the authors of [42], [43], [44], and [45] have used ARDL, which 
starts as a general model and then moves into more specific one 
to capture the characteristics of the data included in the regression 
using a sufficient number of lags. As literature has discussed 
many advantages for using ARDL in cointegration models, it is 
worth to shed the light on some key advantages that have affected 
the selection of the model for this study. First, in [42], the author 
has reported that the ARDL approach is suitable for variables with 
different integration orders that could be either fractional or at I 
(0) or I (1). In addition, the equilibrium features of both short- and 
long-term dynamics are captured by the error correction model 
(ECM) which is obtained from a transformation that is done 
linearly for the ARDL model.  

Considering the size of the sample, the authors of [44] have 
claimed that when the investigation is done on a small sample, 
then the approach of ARDL is more appropriate in comparison to 
that of [46] cointegration. They have also admitted that ARDL has 
minimal residual correlation and thus considered as a superior 
approach against serial correlation problems attributed to 
endogeneity issue. Lastly, being able to proceed with the 

http://www.astesj.com/
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estimation even if the explanatory variables are endogenous is 
another key advantage of ARDL model [42], [45]. 

3.4. Unit Root Testing 

As time series data exhibit trending behavior and thus the null 
hypothesis of non-stationary cannot be rejected, unit root testing 
is applied using three different approaches called Augmented 
Dickey & Fuller (ADF) [47], Phillips and Perron (PP) [48] and 
KPSS [49] to test the order of integration of each variable. In fact, 
both ADF and PP tests suggest that the null hypothesis is non-
stationary where KPSS claims a stationary null hypothesis. Since 
the original Dickey & Fuller test [47] cannot accommodate 
complex models, the ADF approach is a customized version of 
the test that can satisfy the need of having an appropriate 
stationary test for complex models. The ADF for models with 
unknown orders can be represented as shown below: 

∆𝑦𝑦𝑡𝑡 =  𝜃𝜃0 + 𝛼𝛼0𝑡𝑡 + 𝛼𝛼1𝑦𝑦𝑡𝑡−1 + ∑ 𝜃𝜃𝑖𝑖∆𝑦𝑦𝑡𝑡−1
𝑝𝑝
𝑖𝑖=0 +  µ𝑡𝑡 (3) 

where 𝑦𝑦𝑡𝑡 is the variable in period t; ∆𝑦𝑦𝑡𝑡−1is the 𝑦𝑦𝑡𝑡−1-𝑦𝑦𝑡𝑡−2;  the 
disturbance term represented by µ𝑡𝑡  is i.i.d and has zero mean 
where the variance is 1; t the linear time trend and p is the lag 
order. It is worth to note that the ADF test has been developed to 
examine univariate time series for the presence of unit root. In 
another word, any time series with presence of unit root should be 
treated to ensure that the variable is stationary (if it is required for 
modelling).  

Since 𝜶𝜶𝟎𝟎 and 𝜶𝜶𝟏𝟏 are the coefficients of the time trend term (t) 
and the variable 𝒚𝒚𝒕𝒕−𝟏𝟏 in previous period (t-1), it is important to 
investigate the order of integration of the variable 𝑦𝑦𝑡𝑡. This is done 
by examining whether or not  𝛼𝛼1= 0 in (3). Accordingly, if 𝛼𝛼1 is 
not significantly less than zero, the null hypothesis of a unit root 
cannot be rejected. Otherwise, both level and first differenced 
variables are tested against unit root. Since in [49], the KPSS 
stationary test was introduced which assumes that stationary is the 
null hypothesis, this study has also applied this test to make sure 
that the results are superior. 
3.5. Bound Testing Approach  

The next step after getting the order of integration for each 
variable under concern, the ARDL bound testing [45] is 
implemented to investigate the existence of long run association 
between the variables. The ARDL bound testing depends on 
assessing the joint significance of the lagged variables 
coefficients using F-Wald test, which has a null hypothesis of 
H0: 𝛽𝛽1  = 𝛽𝛽2  = 𝛽𝛽3  = 𝛽𝛽4  = 𝛽𝛽5 = 0, whereas the alternative is that at 
least one coefficient (𝛽𝛽) is not equal to zero.  There are upper and 
lower critical values that should be compared with the results 
obtained from the F-statistics, where all are tabulated by [45]. 
There will be a proof of cointegration with a presence of long run 
association between the variables if the estimated F-statistic is 
more than the upper limit. If the computed F-statistic falls 
between the two critical limits, no conclusion can be provided by 
the test. However, the null hypothesis cannot be rejected if the 
values of F-statistic is less than the lower limit. In addition, this 
applies that there is no existence of cointegration among the tested 
variables.  

If the estimated F-statistic shows the presence of long run 
relationship between the variables, the next stage of the ARDL 
specification is estimating the long run coefficients in (2) [50].  
The long run impact on the N2O emissions is measured by the 
estimated values of 𝛽𝛽𝑖𝑖 . The Akaike Information Criteria (AIC) 
[51] is utilized to decide on the optimal lag length for each 
variable.  

The residuals obtained from estimating (2) are used to 
approximate the error correction term (ECT), which shows the 
speed that the variables restore to their equilibrium levels in the 
long run from the short run. Therefore, the value of the coefficient 
of ECT should be negative and less than or equal to one besides 
being highly significant. Hence, the specifications of the error 
correction term of the ARDL approach can be estimated as 
follows: 

∆𝑙𝑙𝑙𝑙 (𝑁𝑁2𝑂𝑂)𝑡𝑡 = 𝛿𝛿0 + ∑ 𝛿𝛿1𝑖𝑖 ∆𝑙𝑙𝑙𝑙𝑁𝑁2𝑂𝑂𝑡𝑡−𝑖𝑖𝑛𝑛
𝑖𝑖=0 +

 ∑ 𝛿𝛿1𝑘𝑘 ∆𝑙𝑙𝑙𝑙 𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑘𝑘
𝑞𝑞
𝑘𝑘=0 + ∑ 𝛿𝛿2𝑗𝑗 ∆ ( 𝑙𝑙𝑙𝑙 𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑗𝑗)2𝑑𝑑

𝑗𝑗=0 +
 ∑ 𝛿𝛿3𝑙𝑙 ∆ 𝑙𝑙𝑙𝑙 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑙𝑙𝑏𝑏

𝑙𝑙=0 +  ∑ 𝛿𝛿4𝑤𝑤 ∆𝑙𝑙𝑙𝑙 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑤𝑤
𝑦𝑦
𝑤𝑤=0 +

 ∑ 𝛿𝛿5𝑚𝑚 ∆ 𝑙𝑙𝑙𝑙 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑚𝑚𝑟𝑟
𝑚𝑚=0 + 𝜃𝜃𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 + 𝜀𝜀𝑡𝑡               (4) 

where ∆   represents the growth or changes in N2O emissions 
(𝑵𝑵𝟐𝟐𝑶𝑶), GDP per capita (𝑮𝑮𝑮𝑮𝑮𝑮) and its quadratic term, electricity 
consumption per capita (𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬), financial developments (𝑭𝑭𝑭𝑭𝑭𝑭), 
and the percentage of foreign direct investments (𝑭𝑭𝑭𝑭𝑭𝑭). The term 
of 𝑬𝑬𝑬𝑬𝑬𝑬 reflects the speed of adjustment when a deviation take 
place. The value of the 𝑬𝑬𝑬𝑬𝑬𝑬 is negative. 

4. Empirical Results and Discussion 

Before estimating any time series model, it is essential to examine 
the integration order of the variables and identify their order of 
integration. This study employs ADF test, KPSS test and PP test. 
The results of the three tests are reported in Table 2 which reveals 
that all the variables except the FDI are having unit root at level 
however a first difference convert them to stationary variables. 
Hence, the integration order is 1; i.e. I (1). 

Table 2: Unit root results 

Variable 
ADF KPSS PPerron 

Constant 
Constant 

and 
Trend 

Constant 
Constant 

and 
Trend 

Constant 
Constant 

and 
Trend 

lnN2O -2.33 -3.93** 0.48** 0.14* -3.01** -4.10* 
lnGDPpc -1.07 -2.33 0.31 0.11 -1.29 -2.55 
lnElec -3.23** -2.55 0.37 0.15** -3.65** -2.57 
Fin -0.11 -3.04 0.46** 0.15** 0.22 -2.99 
FDI -5.51*** -5.48*** 0.29 0.15** -5.61*** -5.55*** 
ΔlnN2O -7.49*** -8.35*** 0.32 0.11 -7.37*** -8.45*** 
ΔlnGDpc -4.74*** -4.63*** 0.14 0.11 -4.76*** -4.62*** 
ΔlnElec -5.24*** -5.69*** 0.35 0.15** -5.23*** -5.73*** 
ΔFin -5.83*** -5.74*** 0.29 0.13 -6.02*** -5.92*** 
ΔFDI -8.05*** -7.94*** 0.31 0.17** -11.2*** -11.1*** 

Notes: ADF is the Augmented Dickey Fuller Unit root test, KPSS is the Kwiatkowski, 
Phillips, Schmidt & Shin stationarity test. PP is Phillips & Perron unit root test. lnN2O is the 
natural logarithm of nitrous oxide emissions, lnGDPpc is the natural logarithm of GDP per 
capita, lnElec is the natural logarithm of electric power consumption, Fin is the Domestic 
credit provided by Financial Sector (% of GDP) and FDI is Foreign direct investment, net 
inflows (% of GDP). Δ is the first difference. *, ** and *** show 10%, 5% and 1% level of 
significance, respectively. 
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The findings obtained from stationary tests serve as the basics 
to implement the following steps of estimation. In order to explore 
the presence of long run relationship among the N2O emissions 
and its determinants,  the bound testing method of ARDL that aims 
for exploring cointegration is employed in (4) and the results are 
shown in Table 3. AIC is utilized in selecting the optimal lag 
structure for all the variables and the results are as (1,0,0,0,2,0) 
for the function 𝑁𝑁2𝑂𝑂 = 𝑓𝑓 (𝐺𝐺𝐺𝐺𝐺𝐺,𝐺𝐺𝐺𝐺𝐺𝐺2 ,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸,𝐹𝐹𝐹𝐹𝐹𝐹,𝐹𝐹𝐹𝐹𝐹𝐹) . The 
estimated F statistic is 10.052 which is greater than the value of 
the upper critical limit developed by [52]. Therefore, it is possible 
that the null hypothesis of no cointegration is rejected. 

Table 3: Results of ARDL bound testing to cointegration 

Model Optimal lag 
structure F - value t - 

statistics 

𝑁𝑁2𝑂𝑂 = 𝑓𝑓 (𝐺𝐺𝐺𝐺𝐺𝐺,𝐺𝐺𝐺𝐺𝐺𝐺2,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸,𝐹𝐹𝐹𝐹𝐹𝐹,𝐹𝐹𝐹𝐹𝐹𝐹) (1,0,0,0,2,0) 10.052 -6.77*** 

Table 4: Estimated Coefficients from ARDL (1,0,0,0,2,0) for Model 

𝑁𝑁2𝑂𝑂 = 𝑓𝑓 (𝐺𝐺𝐺𝐺𝐺𝐺,𝐺𝐺𝐺𝐺𝐺𝐺2,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸,𝐹𝐹𝐹𝐹𝐹𝐹,𝐹𝐹𝐹𝐹𝐹𝐹) 

Long run estimates:  𝑙𝑙𝑙𝑙𝑙𝑙2𝑂𝑂 
as dependent variable  

Variable Coefficients t-statistics 

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 4.5 2.18** 
𝐺𝐺𝐺𝐺𝐺𝐺2𝑡𝑡 -2.3 -2.20** 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 0.66 2.74** 
𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 -0.20 -4.64*** 
𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡  -0.40 -1.33* 

Short run 
estimates: ∆𝑙𝑙𝑙𝑙𝑙𝑙2𝑂𝑂 as 
dependent variable  

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 2.30 2.42** 

𝐺𝐺𝐺𝐺𝐺𝐺2𝑡𝑡−1 -4.6 -2.44** 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 0.72 2.36** 
𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 -0.10 -1.29 
𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−2 0.40 3.60** 
𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 -0.20 -0.33 
𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 -0.76 -6.77*** 
Constant 14.43 1.54 

 trend -0.44 -6.97*** 

Table 5: Diagnostic Tests 

Test Coefficient 

𝑅𝑅2 0.76 

Adjusted 𝑅𝑅2 0.66 

F- statistics 10.052(0.023) 

Jarque-Bera normality test 1.062(0.334) 

Heteroscedasticity Test: ARCH 2.83(0.984) 

Breusch-Godfrey Serial Correlation LM Test 0.718(0.315) 

Ramsey RESET test 0.723(0.413) 

Table 4 presents the findings of ARDL estimation. The upper 
part of Table 4 illustrates the coefficients of the long run 
relationship. All the estimated coefficients appear to have 
significant impacts on N2O emission at 1% or 5% level of 
significance except the coefficient of FDI, which is only 
significant at 10% level. Specifically, the GDP per capita 
elasticity is statistically significant and has a positive sign in both 
long and short run relationships. Moreover, the coefficient of the 
squared GDP per capita turned out to be negative and significant 
in both timeframes. The negative coefficient on the squared value 
of GDP per capita confirms the presence of the Environmental 
Kuznets Curve (EKC), which indicates the relationship between 
Bahrain economic growth and the level of N2O emissions follows 
the inverted U-shape curve in the long run. 

The findings of Table 4 demonstrate the coefficients of the 
other variables under concern. A 1% increase in electricity 
consumption causes 0.66% surge in N2O diffusion. However, 
foreign direct investments and financial development variables 
are negatively related to the N2O emissions as they cause a 
decrease in N2O emissions of 0.4% and 0.2%, respectively. This 
is a good sign for policy makers to consider the improvement in 
the financial sector and draw the attention of foreign direct 
investments, which may help boosting air quality in Bahrain. 
Furthermore, the electricity consumption variable occurs to have 
a negative significant impact on N2O emissions level. 

The lower part of Table 4 reveals the findings of the short run 
estimations of the dynamic effects on N2O diffusions by its 
determinants. The Δ sign implies that the variables are in their first 
differences.  Briefly, for the error correction term (ECTt-1), the 
coefficient is not only negative (as expected) but also significant 
at 5% level. This reinforces the hypothesis of cointegration and 
gives a measure for the how fast is the adjustment to equilibrium 
in the short run, which is around 76% in a year.  

 
Figure 1: Plot of Cumulative Sum of Recursive Residuals 

 

Figure 2: Plot of Cumulative Squared Sum of Recursive Residuals 

To reassure the stability of the obtained findings, Table 5 
reports the results obtained from some diagnostic tests that are 
applied for ARDL estimations. The findings prove that there is no 
serial correlation in the residuals, and the distribution is normal. 
Moreover, the variance of the errors is constant (homoscedastic). 
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Furthermore, the cumulative sum of recursive residuals (CUSUM) 
and the cumulative squared sum of recursive residuals 
(CUSUMSQ) established by [53] are plotted in Figures 1 and 2 to 
examine the model’s parameters stability. Figures 1 and 2 
illustrate the stability of the estimated model as both plots occur 
within the limits of the 5% confidence interval. It is important to 
check the stability of the model for it to be strong enough for 
forecasting issues and accordingly applicable for policies 
implementations.  

5. Conclusion and Recommendations 

This paper examines the validity of the EKC hypothesis in 
Bahrain over the period 1980 – 2012 with the implication of 
nitrous oxide (N2O) emissions as an environmental pollutant. The 
estimated equation is augmented with electric power consumption, 
foreign direct investment and financial development indicator. 
ARDL approach is employed to examine the short and long run 
impact of the variables under interest on N2O emissions. The 
obtained results from the ARDL estimation indicate the validity 
of the EKC hypothesis. Moreover, electric power consumption 
has a positive impact on N2O emissions in the short and long run. 
However, foreign direct investments and financial development 
have negative impact on the emissions of N2O. 

In order to decrease the impact of electric power consumption 
on N2O emissions, Bahrain should continue its efforts in 
decreasing the environmental emissions such as assisting 
households to install solar cells on the top of their houses and use 
solar energy in generating their own need for electricity, which 
may help in reducing the electricity production using fossil fuel 
combustion. 

Although the authors of [36] and [37] argue that foreign 
investors and international corporations prefer investing in 
countries that have loose environmental policies and standards as 
most of these investments sponsor forms of production that are 
environmentally inefficient [38], this paper found that FDI 
reduces N2O emissions. Our results are in line with that of [54] 
who found that FDI can be good for the environment. They 
explain this relationship by referring to the possibility of 
transferring the foreign firms’ green technologies to their 
domestic counterparts which may have low environmental-
friendly technologies.  As the FDI helps decreasing N2O 
emissions, Bahrain should increase its focus on the quality of FDI 
to be technology oriented FDI. Moreover, the financial 
development indicator reduces the N2O emissions. Therefore, 
Bahrain should enhance its financial sector by developing bond 
and securities markets. This will improve the financial services 
and provide more funds to be invested in research and 
development on new and advanced techniques to generate clean 
energy. 
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