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A B S T R A C T   

Contextualising on the internationally low oil prices era and historically high oil production in USA and refusal to 
honour the commitments under Paris Agreement (COP: 21), this study investigates the role of education, oil 
prices and natural resources on energy demand and CO2 emissions in the USA for the period of 1976–2016. In so 
doing, we employed a bounds testing approach to cointegration accounting for structural breaks in the series. 
Key findings suggest the presence of a long-run association between underlying variables. The abundance of 
natural resources and economic growth of the US economy seem to weigh on environmental quality by 
increasing energy consumption and carbon emissions. Oil prices show a negative association with energy con
sumption as well as carbon emissions suggesting that a low oil prices regime can lead to an increase in carbon 
emissions and energy consumption. Interestingly, education seems to play an important role by reducing energy 
consumption and carbon emissions, resultantly improving the US environmental quality. Our findings have 
profound environmental implications in terms of efforts to tackle climate change and meeting the Paris agree
ment (COP: 21) ambitions with reality and USA policy stance.   

1. Introduction 

The United States is the largest economy and the 2nd major con
sumer of oil and energy. The size of the US economy and the corre
sponding magnitude of consumption of natural resources have 
important economic and ecological implications not only for this largest 
global economy but also for the rest of the world. The recent statistics 
suggest that the US consumed 19.631 million barrels of oil per day 
(MBPD) in 2016, indicating a clear blue water between the US and it’s 
nearest rival China which consumed 12.38 MBPD in the same period 
(Statista, 2017). On the other side of energy equation (i.e., production), 
recent statistics suggest that in 2016, the US produced about 12.354 
MBPD, which is more than Saudi Arabia in the same period. This is a 
sharp increase in oil production in the US, compared to a decade before. 

This significant increase in US oil production has potentially 
important implications not only for global oil production but also for the 
world’s oil consumption and CO2 emissions. The resources abundance 
defined in terms of increased domestic production implies a positive 
development in supply where intuitively, a positive supply shock shall 
bring prices down, and thereby increases oil consumption. In this aspect, 
the recently coined term “Carbon Curse” by Friedrichs and Inderwildi 
(2013) suggests that oil-rich countries may prone to have a high in
tensity of CO2 emissions. However, they argued that some countries with 
an appropriate policy framework to avoid carbon curse (e.g. Norway). Is 
it the case for the US, which is in the era of resources (oil) abundance, An 
empirical study by Balsalobre-LorenteShahbazRoubaudFarhani (2018) 
on the EU-5 suggests a negative impact of natural resources abundance 
on CO2 emissions implying that an increase in natural resources 
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abundance reduces carbon emissions. Conversely, those authors high
light the importance of regulations on renewable energy, designed to 
enhance its usage and promote energy innovations in order to alleviate 
the adverse impact of fossil fuel and energy consumption on 
environment. 

In 2017, the United States withdrew from the Paris Climate Agree
ment (COP: 21), despite the ratification by large economies and emitters 
including China and the European Union. In a critical assessment of this 
accord, Morgan (2016) questions the likelihood of its success based on 
early trends and nationally determined contributions (NDCs). There will 
be significant political, economic and ecological ramifications for the US 
accruing from its withdrawal (Leiserowitz et al., 2016; Saha and Muro, 
2017; Hultman, 2017). Considering the fact that this country has the 
largest global economy with the largest consumption of energy and is 
the second-largest CO2 emitter after China, its policies towards climate 
change should have serious implications and consequences for the whole 
world. As it stands, the US contributes about 16% of world emissions. 
The annual carbon dioxide emissions in tons per capita for the US are 
16.1 (Crippa et al., 2019) which are quite high considering its popula
tion of over 327 million. The statistics on global CO2 emissions related to 
energy consumption suggest an increase of over 100% from 15.51 gig
atons in 1975 to 32.1 gigaton in 2016 (IEA, 2017). Concomitantly, this 
upsurge in global CO2 emissions due to rising energy consumption is a 
point of great concerns. The surging CO2 emissions levels have exposed 
the world to the threat of existential challenges in the form of global 
warming and climate change. Undoubtedly, global warming is pre
dominantly caused by the emissions of Greenhouse Gases (GHGs) due to 
extensive consumption and dependence on fossil energy sources to fuel 
economic development (Chiu, 2017). 

In addition to the US withdrawal from the Paris Agreement, another 
important factor, we consider in this treatise is the outlook of global oil 
market. Prices of oil fell sharply from the second quarter of 2014 to the 
beginning of 2016, a drop of over 70%. In fact, higher oil prices have 
contributed to increased oil production in the US (Helman, 2017). The 
new energy and oil abundance in the US imply that the US economy and 
oil consumption should not significantly be affected by negative future 
oil supply shocks as they used to be. On the other hand, the increased 
production due to supply shocks may further increase consumption of oil 
with concomitantly severe ecological consequences, particularly when 
the new administration focuses on infrastructure, job creation and 
economic growth than on environmental sustainability. 

In order to deal with such ecological issues, the proposed approach is 
to address these issues by focusing on education. As advocated by the 
UNESCO, education can play an important part to tackle climate change 
challenges. Particularly by focusing on youth and making them 
comprehend the consequences of global warming (UNESCO, 2017). In 
existing literature, several authors study the impact of education on the 
sensitivity of individuals to environment. Thus, Meyer (2015) studies 
how educational attainment influences environmental consciousness in 
Europe. He finds that more education leads individuals to be more 
concerned with social welfare and have a more eco-friendly attitude. 
Similarly, Grimaud and Tournemaine (2007) show that environmental 
policy promotes growth via education. Chankrajang and Muttarak 
(2017) show that, the most educated individuals were the most sensitive 
to environmental issues. Other authors, however, such as Ek and 
Soderholm (2008), Ayalon et al. (2014), Wessells et al. (1999) find no 
evidence that a higher level of education encourages pro-environmental 
behaviours. Besides, despite US government policy orientation, Amer
ican public opinion seems quite sensitized and educated to climatic 
problems. Indeed, since 1990 the national environmental education act 
has been transformed into American law. This act engages the federal 
government’s responsibility in environmental education and also em
phasizes the need to address the complex challenges of protecting 
environment via education of American citizens. This education in
volves instilling knowledge, skills and motivation to make informed 
decisions and taking responsible actions to ensure environmental quality 

(National Environmental Education Advisory Council, 1996). 
Keeping the unprecedented increase in US domestic oil production, 

the withdrawal from the Paris Agreement, natural resource abundance 
and globally low oil prices, we analyse the implications of natural 
resource abundance (increases in, oil, mineral, coal, forest and natural 
gas rents), oil prices and education on demand of energy and CO2 
emissions from 1976 to 2016 for the US economy. Concomitantly, a 
bounds-testing approach to cointegration which accounts for structural 
breaks is applied to the underlying dataset. The aim is to draw inferences 
on how the two response variables i.e. energy consumption and CO2 
emissions are affected by natural resources abundance, economic 
growth, oil prices and education. 

The objective of this study is twofold. First, it aims to explore the 
effect of natural resources abundance and relatively low oil prices on 
energy demand and CO2 emissions within the resources led-energy hy
pothesis. It examines the resources effect within U- or inverted-U shaped 
hypothesis. Second, since UNESCO considers education as an essential 
element of the global response to climate change, the second objective is 
to examine how education can mitigate the adverse impact of increasing 
natural resources production and consumption on CO2 emissions. The 
key empirical findings suggest the presence of a long-run association 
between the response and explanatory variables. Natural resource 
abundance showed a positive effect on the consumption of energy and 
emissions of CO2. Furthermore, economic growth adds to the usage of 
energy and environmental degradation. On the positive side, education 
reduces energy intensity and improves environmental quality in the 
United States. However, oil prices are negatively associated with the 
consumption of energy and emission of CO2. Our causality analysis 
points to a feedback effect between natural resources and emissions of 
CO2 and hence highlights the resources led-energy hypothesis. CO2 
emissions are caused by energy consumption. There is also ample sup
port underlying that low oil prices regime, as well as an inconsiderate 
and thoughtless growth agenda and abundance of US domestic oil pro
duction, have severe ecological consequences, particularly when 
considering that the new US administration has shown its resolve to 
revive coal production and withdraw from the Paris Agreement. 

The paper proceeds as follows: Section-2 provides a brief reflection 
on the existing empirical evidence on the subject and contextualizes the 
argument put forward by the study. Section-3 discusses the empirical 
framework. Section-4 presents and discusses the empirical findings. The 
conclusion is drawn in Section-5 with policy implications. 

2. Withdrawal from Paris Agreement and underlying 
contributory factors to CO2 emissions 

In serving the first year in office, President Trump declared that the 
US is withdrawing from its commitments towards COP-21 and argued 
against the pledge made by the previous administration that by the year 
2025, the United States would cut its emissions 26–28% below its 2005 
levels (Galston, 2017; Moony, 2017; Gross, 2017; Hultman, 2017). 

It does not require a lot to comprehend why the withdrawal of the US 
has so much significance, not only morally and politically but ecologi
cally. Perhaps, this significance is prima facie evident is manifested in 
the US share in global energy consumption and carbon emissions. In this 
scenario, one question arises: what are the significant contributory 
factors to oil consumption and carbon emissions in the contexts of the 
current outlook of oil market and the US economy? The US oil pro
duction is at an all-time high and expected to eclipse the 1970 record in 
2018, oil prices are in a relatively low regime and are expected to remain 
so in the foreseeable future, the U.S. economy has been growing and the 
U.S. administration has shown an intention to invest in the US infra
structure which garners more future economic growth. Perhaps, these 
are the factors which can have significant ecological implications, irre
spective of the U.S. federal government position on the Paris Agreement 
(which is non-binding anyway). 

Nonetheless, public support and domestic backlash of the 
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withdrawing from the accord also raise the question of what role public 
awareness and education can play in terms of reducing the detrimental 
effects of energy consumption and carbon emissions. With this in focus, 
there are four contributory factors to oil consumption and concomi
tantly CO2 emissions, which this study has brought into the analysis. We 
explore the relationship between natural resources abundance, con
sumption of energy, growth of the economy, oil prices, education and 
CO2 emissions. Concomitantly, the theme of this study and the related 
evidence on the subject can be divided into three dimensions or nexuses: 
(i) the oil price/income-energy consumption-carbon emissions nexus, 
(ii) the natural resources-energy consumption-carbon emissions nexus, 
and (iii) the education-energy consumption-carbon emissions nexus. In 
the following, we will elaborate nexuses further. 

2.1. Oil price/energy consumption, income & emissions nexus 

Analogous to the behaviour of any other commodity or a normal 
product, the price elasticity of demand and consumption of oil should be 
expected to be negative, particularly, for the consumers. However, given 
the fact that oil is an important ingredient in the production process and 
an important fraction of households’ overall expenditures, there are 
limits to which the demand for oil may respond to oil shocks. Oil is 
significantly important for any economy and its importance is para
mount for the largest global economy (Kilian, 2008a, 2008b). In a global 
analysis of oil prices by the IMF’s staff, Husain et al. (2015) suggest that 
the decrease in prices should increase the consumption of oil by the 
importers and stimulate the supply of sectors of the economy for which 
oil is an input. In a more recent study, Caldara et al. (2017) found that 
the positive supply and global demand shocks leading to a decrease in oil 
prices boosts economic activity in developed countries. This implies that 
oil price shocks, either due to the supply or demand factors, have 
important implications for real economy via consumption and invest
ment. At the same juncture, it raises the questions of how oil con
sumption itself gets influenced by oil price shocks. In this aspect, based 
on evidence from the GCC countries, Alam et al. (2016) report that 
demand for oil is income elastic but price inelastic. 

The overall results suggest a positive effect of income and the 
negative effect of oil prices on oil consumption. On the other hand, Dees 
et al. (2007), in a comprehensive analysis on a number of countries, 
report that their policy simulations indicate that oil demand and 
non-OPEC supply are rather inelastic to changes in oil prices. It employs 
that the nexus between oil prices and oil consumption may vary country 
to country, and hence any inference shall be drawn with a pinch of salt. 
However, this heterogeneity in the response is not idiosyncratic to a 
country, and even under the analysis, there is mixed evidence for the 
same country under the analysis. For instance, BekhetYusop (2009) 
report a negative impact of increased oil prices on its consumption in 
Malaysia, while in another study on Malaysia, Yusoff and Latif (2013) 
show that both in the long run as well as short-run, the demand of energy 
is found to be income elastic and oil price inelastic. Chai et al. (2016) 
argue that carbon emissions would fall if increases in oil prices are 
linked with the demand for renewable energy, and undoubtedly that 
inference would also be subject to country-level heterogeneity. Darrat 
and Gilley (1996) had given an indication of this mixed evidence before, 
though they reported a negative impact of the increase in oil prices on 
the consumption of oil. 

Oil, as a major input to the overall process of production, should 
imply that increased consumption of oil would be seen as a positive 
contributing factor to the growth of the economy. On this aspect, Arora 
and Shi (2016) indicate a significant association between growth and 
consumption of oil. However, that may not always be the case as 
Hsiao-Ping and Tsangyao (2012) on the USA, report a unidirectional 
causal relationship running from growth to the consumption of oil, but 
not the other way round. It indicates that economic growth may induce 
oil consumption, yet oil consumption may not lead to economic growth. 
Hence, the aggregate demand may increase oil consumption, but oil 

consumption does not lead to an increase in the output and aggregate 
demand. In this nexus, where the price shall play an important role, the 
ecological factors are also a matter of concern. 

On this notion, Moosa (1998) reports a positive impact of income and 
a negative effect of oil prices on the demand of oil, this author reveals 
that coal exhibits very low elasticity of substitution. Perhaps, even if we 
compare coal with rather ecologically feasible substitutions, the results 
are also not very promising. For instance, on the aspect of price substi
tution an important study by Mazraati and Shelbi (2011) contend that in 
the context of GHG and ecological issues, there is little to expect that the 
policy of alternative fuels and alternative fuel vehicles (AFVs) may bring 
such results, unless sustainable levels of high oil prices are reached. A 
similar conclusion was reached by Asali (2011) in the analysis of the G-7 
and BRIC economies. Perhaps, it may not be the case that price increases 
could, in fact, reduce oil consumption. Chai et al. (2016), analysing the 
relationship between oil prices, consumption of energy and emissions in 
China, report that oil prices have a positive impact on consumption of 
energy and carbon emissions. Hence, it is vital to consider the nexus 
between income/price and energy consumption/emissions, while 
considering natural resources abundance and education as a silver lining 
in this nexus, in specific to a country. The current study is an endeavour 
in this dimension. 

2.2. Natural resources-energy consumption-carbon emissions nexus 

In parallel to the demand which could be influenced by the price and 
income (as we discussed in the last paragraph), the supply is a crucial 
factor in determining the level of oil consumption. On this aspect, 
Hamilton (2009) provides an interesting discussion on the causes of oil 
(supply) shocks and compares them with the 2007–2008 oil shock. He 
argues that one good way to deal with these shocks could have been that, 
in the spring of 2008, the government could have sold some oil available 
in the Strategic Petroleum Reserve (SPR). An interesting point to note 
here is that during that period, US domestic oil production was signifi
cantly lower than its demand, thereby exerting strong pressure on prices 
and concomitantly having implications for consumption. In a world 
where the US production has increased more than its average daily 
requirement, its consumption may not be influenced by supply shocks to 
the same intensity as it used to be. Perhaps, there could be different 
implications for the consumer and also the way market views the supply 
shocks. There is a relevant phenomenon which Kilian et al. (2009) called 
a “precautionary demand” feature that is related to market concerns 
about the availability of oil supplies in the future. Concomitantly, it is 
logically plausible to infer that if the US is producing domestically more 
than its requirements, it will affect consumption positively without the 
precautionary concerns about the negative global oil supply shock. The 
relevant and related evidence on this aspect, most prominently, the 
seminal study by Kilian (2008b) suggests that the timing, sign as well as 
the magnitude may vary from the contemporary estimates. Based on the 
empirical results, Kilian (2008b) argued although historically the oil 
price shocks have profound significance, particularly for the US econ
omy, however, that the exogenous oil supply shocks had made very little 
difference since the 1970s. Without downplaying the importance of the 
supply shock, the subject study is intended to see this phenomenon 
through the channel of domestic supply shocks and their concomitant 
consumption and ecological implications (Hamilton, 2009; Kilian et al., 
2009; Helman, 2017). 

The notion that the increase in domestic supply can counter the 
negative supply shock is intuitive; however, it also suggests that the 
increase in production will then bring an increase in consumption and 
related ecological consequences. On this notion, Shearer et al. (2014) 
show that the abundance of natural gas can lead to higher consumption 
and greater CO2 emissions as well as a discouragement of renewables 
use. It led them to suggest that policy interventions are therefore 
necessary. Perhaps, it might be worst in the case of positive oil supply 
shocks and the resulting consumption and emissions, which then implies 
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that the policy interventions are even more vital and necessary, though 
the mood of the US administration does not appear to be ecologically 
oriented as evident by the withdrawal from the Paris Agreement. 

2.3. Education-energy consumption-carbon emissions nexus 

Last but not least, an important factor which influences the con
sumption of any product is the attitude of the society towards it, which is 
undoubtedly shaped and influenced by education. It is intuitive to 
expect that the same may hold true for the consumption of oil and 
concomitantly for CO2 emissions. On the aspect of education and envi
ronment, is the one notion of ecological driving which has the intention 
to increase awareness among the users of vehicles by implementing Eco- 
driving, which is an efficient approach to driving emphasizing the effi
ciency of fuel as well as safety. 

The notion of Eco-driving goes as far back as the 1970s (Greene, 
1986). Since then, quite a few studies have examined the effectiveness of 
such a program in a number of countries. A study by Wengraf (2012) 
compiled the findings of different studies on this aspect which show 
varying degrees of fuel savings between drivers. One can argue that 
these programs are effective and useful; however, an important feature 
of them is that they operate at the micro-level. There are a limited 
number of drivers which participate in these programs and there are 
various dimensions in which these programs can be enhanced (see Bari�c 
et al., 2013 for discussion).1 However, an aspect of equal importance 
which we would like to emphasise here is the general level of education 
in society. In a remarkable study on the role of female education and 
family planning in carbon emissions, within the context of developing 
countries, Wheeler and Hammer (2010) suggest that the population 
policy has an important role to play in this regard. They argue that 
family planning and female education in developing countries are 
complementary and cost-effective tools that lead to mitigating climate 
change issues. Perhaps, in the context of Paris agreement (COP21), 
while appreciating the efforts and commitments to reduce CO2 emis
sions by global communities and leaders, including the generous 
promise of at-least $100 billion per year as a financing target for 
developing countries, Kharas (2016) argues that a rather basic mecha
nism which could be more effective has not gained attention. The 
mechanism is education, in particular, girls’ education (Kharas, 2016). 

The argument put forward by Kharas (2016) is logical and perhaps 
even more important as the US has withdrawn from the Paris Agreement 
(COP21). However, if education can somehow counter and contribute to 
the decreased consumption of oil and CO2 emissions, that will then have 
significant policy implications. To best of our knowledge, there is not 
much evidence on the nexus between the overall education level and its 
effects on oil consumption and CO2 emissions. One study which we will 
acknowledge here is from Bangladesh, where Uddin (2014) highlights 
the negative impact of education on CO2 emissions. Perhaps, there is one 
more reason that education relations with oil consumption and carbon 
emissions should be put-through to analysis, as a study by Sinha et al. 
(2010) which shows that on average, the operation of higher education 
institutions in the US had contributed to an equivalent of 52,434 metric 
tons of annual CO2 emissions. This is indeed a significant contribution to 
detrimental ecological implications. Yet, an important point to consider 
is whether education, which is the outcome and the product of educa
tional institutions, then leads to whether falling consumption of oil and 
CO2 emissions. 

3. Modelling, data and methodology 

3.1. Model construction 

This paper examines the effects of natural resources abundance on 
the consumption of energy and emissions of CO2 by employing energy 
demand and carbon emissions functions which are by augmented eco
nomic growth, oil prices and education as additional determining factors 
of energy demand and emissions. Growth of an economy entails 
increased consumption of energy and hence emissions of more carbon 
via economic activity, while the increase in the price of oil is likely to 
have substitution effects which can be manifested in the increased the 
demand for renewables and other forms of fossil fuels, which may pro
vide contrasting empirical findings. On the other side, the increasing oil 
prices lead coal demand which generates more emissions compared to 
oil consumption. Education may affect energy consumption via eco
nomic development, innovations, development of energy-efficient 
technology, better living standard, and energy usage awareness for in
dividuals and societies, etc. Education may improve environmental 
quality by encouraging the use of environment-friendly technology 
(Ilesanmi and Tiwari, 2017). 

The general form of energy demand and emissions functions is given 
as follows: 

ECt ¼ f ðRt; Yt; Ot; EtÞ (1)  

Ct ¼ f ðRt; ECt;Yt; Ot; EtÞ (2)  

where ECt, Rt, Yt , Ot, Et and Ct represent energy consumption, natural 
resources, economic growth, oil prices, education and CO2 emissions, 
respectively. We transform the underlying variables into logarithm as 
adhering to the log-linear specification is rather more suitable 
(compared to the linear specification) as it yields more efficient and 
reliable estimates (Shahbaz and Lean, 2012). The empirical equations of 
energy demand and carbon emissions functions are modelled as follows: 

ln ECt ¼α1 þ α2 ln Rt þ α3 ln Yt þ α4 ln Ot þ α5 ln Et þ εi (3)  

ln Ct ¼ β1 þ β2 ln Rt þ β3 ln Yt þ β4 ln Ot þ β5 ln Et þ β6 ln ECt þ εi (4)  

where ln, ECt, Rt, Yt, Ot, Et and Ct represent natural-log of consumption 
of energy, natural resources, growth, prices of oil, education and CO2 
emissions as indicated above. However, except oil prices, the data on all 
other variables was transformed into per capita. Note α2 ðβ2Þ > 0if 
natural resources increase energy consumption and stimulate carbon 
emissions; otherwise, α2 ðβ2Þ < 0. If the growth of the economy de
creases energy intensity and lowers carbon emissions by implementing 
energy-efficient and environment-friendly technology, thenα3 ðβ3Þ < 0; 
otherwise, α3 ðβ3Þ > 0. 

Impact of the price of oil on the consumption of energy and carbon 
emissions may be ambiguous. Oil prices may increase (decrease) con
sumption and concomitantly emissions of CO2 or vice versa, in some 
cases it depends on a country’s net oil export position. If education de
creases energy intensity and lowers carbon emissions, then α5 ðβ5Þ < 0 ; 
otherwise, α5 ðβ5Þ > 0. Note if β6 > 0, it then indicates that the increase 
in consumption of energy has a positive impact on carbon emissions; 
otherwise, β6 < 0. We should also emphasise that the squared/quadratic 
term for natural resources is included in energy demand and emissions 
functions, depending on whether the association between natural re
sources and energy consumption/emissions of CO2 is nonlinear (U- 
shaped or inverted-U). If we assume that initially, natural resources are 
negatively linked with energy consumption (emissions) but after 
reaching a maxima/minima or threshold level, energy consumption 
(CO2 emissions) would increase with an increase in natural resources, 
the relationship is classified as (association between natural resources 
and energy consumption/emissions is U-shaped). However, if initially, 
natural resources are positively associated with energy consumption 

1 Similarly, the evidence on the investment in human capital and energy 
consumption is inconclusive and is lacking to shed much light on any re
ductions in resulting emissions (for instance, contrast Diks and Wolski 2015, 
Ilesanmi and Tiwari, 2017; Fang and Wolski, 2017). 
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(CO2 emissions) and after a threshold, they are negatively associated 
with energy consumption (CO2 emissions), then this association is 
termed as an inverted-U relationship between natural resources and 
energy consumption/CO2 emissions). The nonlinear functional forms of 
energy demand and carbon emissions functions are modelled in the 
following specifications: 

ln ECt ¼ γ1 þ γ2 ln Rt þ γ3 ln R2
t þ γ4 ln Yt þ γ5 ln Ot þ γ6 ln Et þ εi (5)  

ln Ct ¼ λ1 þ λ2 ln Rt þ λ3 ln R2
t þ λ4 ln Yt þ λ5 ln Ot þ λ6 ln Et þ λ7 ln ECt

þ εi
(6) 

Association between natural resources and energy consumption/ 
emissions is inverted if γ2ðλ2Þ > 0; γ3ðλ3Þ < 0 ; otherwise, the variables 
are considered to be associated in an inverted-U shape form if γ2ðλ2Þ < 0;
γ3ðλ3Þ > 0. 

3.2. Data 

The time series spans over 56 years of data from 1976 to 2016. Data 
series for real GDP (constant 2005 US$), energy consumption (kt of oil 
equivalent) and CO2 emissions (metric tons) were collected from the 
World Development Indicators (CD-ROM, 2017). The data on education 
is borrowed from Frank (2017). The data are available at the following 
link http://www.shsu.edu/eco_mwf/inequality.html, until 2015 and 
then are extrapolated for the last year. Education is defined as high 
school and college attainment as a proportion of the state population. 
The data on oil prices are collected from the Federal Reserve Bank of St. 
Louis. We used natural resources which included the composite of oil, 
coal, mineral, forest and natural gas in the form of natural resources 
composite. Hence, it is a more inclusive proxy to measure the overall 
increase in natural resources. The data on total natural resources (con
stant 2005 US$) are obtained from the World Development Indicators 
(CD-ROM, 2017). Except for oil prices, we transformed all the data series 
into per capita units. 

3.3. ARDL bounds testing approach to cointegration 

An Autoregressive Distributed Lag (ARDL) bounds testing approach 

to cointegration is employed to explore the long-run association be
tween response and explanatory variables. This approach is based on the 
seminal work of Pesaran et al. (2001) and has several advantages 
including, for instance, its appropriateness even when the regressors are 
integrated at the level I (0) or 1st difference I (1). Furthermore, by using 
a simple linear transformation, a dynamic unrestricted ECM can be 
derived. Nonetheless, this approach is also very effective for a small 
sample and without any loss of long-run information while can combine 
the short-run dynamics with the long-run equilibrium. We can express 
the Unrestricted Error Correction Model (UECM) in the following form:   

To decide on the sensitivity of hypothesis to the lag order selection, 
we used F-statistic developed by Pesaran et al. (2001). We chose the 
Akaike Information Criteria (AIC) and specifically, its minimum value to 
decide on the number of lags. The Akaike Information Criteria (AIC) 
was found to be the most suitable owing to its superior properties 
(Lütkepohl, 2006). The hypothesis of the absence of cointegration 
among the variables (equation-7 and 8) isH0 : αEC ¼ αR½αR2 � ¼ αY ¼

αo ¼ αE ¼ 0, H0 : αC ¼ αR½αR2 � ¼ αEC ¼ αY ¼ αO ¼ αE ¼ 0 against the 
alternative of cointegration is, H0 : αEC 6¼ αR½αR2 � 6¼ αY 6¼ αo 6¼ αE 6¼ 0, 
H0 : αC 6¼ αR½αR2 � 6¼ αEC 6¼ αY 6¼ αO 6¼ αE 6¼ 0. 

To make decisions about cointegration, in their seminal work, Pesaran 
et al. (2001) devised upper and lower critical bounds (UCB and LCB) 
asymptotic critical values. In a case where we have all the variables inte
grated of order I (0), LCB is used, otherwise, UCB is employed. The F-statistic 
we compute is based onFECðEC =R;Y;O;EÞ and FCðC =R;Y;O;E; ECÞ for 
energy demand and carbon emissions functions, respectively. Lastly, we 
drew on the seminal study by Narayan (2005) and used their proposed 
critical values as they are more appropriate for a small sample. 

3.4. VECM-granger causality test 

Confirmation of cointegration leads us to proceed with the investi
gation for the causal relationship. In a scenario where there is a unique 
order of integration among all the under-analysis variables, VECM is the 
suitable candidate for such an investigation (Granger, 1969). The nov
elty of this approach is that it accounts for short-run as well as long-run 
causal association. We can specify the functional form as follows: 

Δ ln ECt ¼ ϑ1 þ ϑTT þ ϑEC ln Ect� 1 þ ϑC ln Ct� 1 þ ϑR ln Rt� 1 þ
�
ϑR2 ln R2

t� 1

�
þ ϑY ln Yt� 1 þ ϑO ln Ot� 1

þϑE ln Et� 1 þ
Xp

i¼1
ϑiΔ ln ECt� i þ

Xq

j¼0
ϑjΔ ln Ct� j þ

Xr

k¼0
ϑkΔ ln Rt� k þ

"
Xr

p¼0
ϑpΔ ln R2

t� p

#

þ
Xs

l¼0
ϑlΔ ln Yt� l þ

Xt

m¼0
ϑmΔ ln Ot� m þ

Xu

n¼0
ϑnΔ ln Et� n þ μt

(7)  

Δ ln Ct ¼ α1 þ αTT þ αEC ln ECt� 1 þ αC ln Ct� 1 þ αR ln Rt� 1
�
αR2 ln R2

t� 1

�
þ αY ln Yt� 1 þ αO ln Ot� 1

þαE ln Et� 1 þ
Xp

i¼1
αiΔ ln ECt� i þ

Xq

j¼0
αjΔ ln Ct� j þ

Xr

k¼0
αkΔ ln Rt� k

"
Xr

p¼0
αpΔ ln R2

t� p

#

þ
Xs

l¼0
αlΔ ln Yt� l þ

Xt

m¼0
αmΔ ln Ot� m þ

Xt

n¼0
αnΔ ln Et� n þ μt

(8)   
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where, ECMt� 1 and ð1 � LÞ are the lagged error correction term and lag 
operator. A long-run regression model is employed to capture the errors 
correction. The presence of a long-run causal relationship is evident by 
the significant and negative values of ECMt� 1. Furthermore, the Wald 
test shows the short-run causality by as the first differences of the series 
shows statistically significant coefficients. For instance, B12;i 6¼ 08i sug
gests that the consumption of energy is causing natural resources, while 
energy consumption causes natural resources if B11;i 6¼ 08i in Granger 
sense following equation-9. Moreover, following equation-10, β12;i 6¼ 08i 

shows that CO2 emissions are the cause of natural resources and that CO2 
emissions cause natural resources if β11;i 6¼ 08i in the Granger sense. 

4. Empirical analysis and discussion 

4.1. Descriptive statistics 

We first perform the descriptive statistics and correlation analysis 
anecdotally. The results presented in Table 1 show that as compared to 
economic growth and natural resources, oil prices are more volatile 
which is quite intuitive. However, less volatility is noted in consumption 
of energy compared to emissions and education reflecting the necessity 
of the former. The Jarqure-Bera test confirms the normal distribution of 
time series for all the variables as the null of normality is rejected. This 
leads us to proceed to do the empirical analysis in a linear framework. 

The correlation estimates show that the consumption of energy is 
positively correlated with emissions of carbon. There was also a positive 
correlation noted between economic growth, natural resources and CO2 
emissions, while education and the prices of oil show a negative corre
lation with carbon emissions. Moreover, natural resources and economic 
growth are positively correlated with energy consumption, though a 
negative correlation exists between oil prices (education) and energy 
consumption. Economic growth and natural resources are negatively 
correlated which support the notion of a resource curse. There is also a 
negative correlation between education and natural resources. Howev
er, education is positively linked to the growth of the economy and oil 
prices, and finally, oil prices and economic growth show a positive 
correlation. 

4.2. Unit root tests 

In the next step, we investigate the unit root in the variables. The 
information on unit-roots of the variables is necessary in order to apply 
cointegration for determining whether there is a long-run relationship 
between underlying variables of interest. Concomitantly, Ng-Perron and 
Augmented Dicky and Fuller (ADF) tests are suitable as they provide 
efficient and reliable empirical results even when we have short span 
data. The results presented in Table 2 show that although at the level the 
variables did show the presence of unit-root. However, at the first dif
ference, all the variables show no issue of unit root and are stationary 
and hence their unique order of integration is I (1). It is worth 
acknowledging that Ng-Perron approach does not take into account the 
issue of structural breaks which can make the null hypothesis weak 
leading less robust empirical evidence. To overcome this issue, we are 
applying Kilian et al. (2009) approach and the results also report in 
Table 2 which complements the results obtained by following Ng-Perron 
approach. The break dates are in the years 2007, 1999, 2007, 2003 and 
2001 in energy consumption, carbon emissions, natural resources, eco
nomic growth, prices of oil and education. These dates represent crises, 
recessions and wars which are consistent with breaks. This presence of 
the structural breaks in emissions and energy consumption is an indi
cation of the need for energy as well as environmental policies for 
improving environmental quality and sustaining economic develop
ment. For example, the regulations and policies of US federal govern
ment including the Environmental Policy Act 2005, the ARRA 2009 
(Energy Efficiency and Renewable Energy Research and Investment 
section) and the Energy Independence and Security Act (EISA 2007). 
Nonetheless, the GFC and the Great Recession were also a contributing 
factor, though the effects of the policies are clearly evident in having a 
fruitful result. Total CO2 emissions in the US has been decreasing since 
its highest point in 2007 (6023 million metric tons, also see Miller, 2013 
for an interesting discussion). All the underlying variables are found to 
be stationary after the 1st difference. It suggests that consumption of 
energy, emissions, natural resources, growth, prices of oil and education 
are integrated at I (1). 

4.3. ARDL cointegration test 

The bounds testing approach to cointegration can be applied after 
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our variable assured the unique order of integration. The VAR frame
work is used to choose to optimal lag length and to compute the ARDL F- 
statistic. Using the optimal lag length of the variables provides a reliable 
and consistent ARDL F-statistic and vice versa (Shahbaz et al., 2017). 
This issue of choosing the appropriate lag length is solved by the Akaike 
information criterion (AIC) which provides efficient empirical evidence 
regarding the lag order selection due to its strong explanatory power 
(Liew, 2004). The results are given in Table 3 based on the AIC (see the 
2nd Column). The ARDL F-statistic varies at various lags (see Table 3). 

Table 3 (the 4th Column) presents the ARDL bounds testing results 
and the ARDL F-statistics for carbon emissions and energy demand 
functions are calculated separately. In the energy demand function, it 
showed that F-statistic of ARDL exceeds the upper critical bounds (at 1% 
and 5% levels) as we used energy consumption and education as the 
dependent variables. Thus we can reject the null hypothesis of no 
cointegration. However, null is accepted when we used oil prices, nat
ural resources, economic growth as response variables. The empirical 
results reveal the presence of cointegration.2 For emissions function, 

while treating emissions, natural resources and education as a response 
variable, F-statistic exceeded the critical values at 1% significance level. 
Concomitantly, we reject the null hypothesis of no cointegration. 

The empirical results indicate that for energy demand function, es
timates are significant at 99% confidence level and abundance of natural 
resources is positively associated with energy consumption. All else 
equal, it suggests that an increase of 0.37% in the consumption of energy 
can result from a 1% increase in the abundance of natural resource 
(rents). Our findings are in line with a study on the Malaysian economy 
by Badeeb et al. (2016) which suggested that oil rents influence eco
nomic activity which also increases the demand for energy. Further
more, the association between energy consumption and economic 
growth of the economy in our study is also found to be positive and 
statistically significant supporting this nexus. Ceteris paribus, it showed 
that an increase of 0.58% in the consumption of energy is caused by a 
1% increase in economic growth. The results are in line with the study 
by Shahbaz and Lean (2012), Pablo-Romero and Jesus (2016), Shahbaz 
et al. (2016) and Mahalik et al. (2017) which showed that the growth of 
economy leads to higher consumption of energy in Tunisia, Caribean 
Region, India and Saudi Arabia. 

Our findings on oil prices show that negative association consump
tion of energy. Specifically, it showed that the energy demand would be 
reduced by 0.0628%, in response to a 1% increase in the price of oil. Our 
findings are in line with those of Jamil and Ahmad (2010) and Shahbaz 
et al. (2017) who reported a reduction in the consumption of energy due 
to the increase in oil prices in Pakistan and a panel of 157 countries. 
Further, the association between education and consumption of energy 
is found to be negative and statistically significant. Ceteris paribus, it 
implies that a 1% increase in education reduces energy consumption by 
0.2371%. This result reflects the importance of education in dealing 
with climate change. This finding adds to inconclusive evidence in the 
literature and substantially add to the studies by Salim et al. (2017) and 
Fang and Wolski (2017) who consider the effects of human capital on the 
consumption of energy and report negative to neutral effects in China. 

In order to investigate whether a nonlinear (inverted-U or U-shaped) 
association exists between an abundance of natural resources and en
ergy consumption; we have included a quadratic term for natural 
resource. It showed that there is a U-shaped association between the 
abundance of natural resources and consumption of energy. Specifically, 
there natural resource abundance shows a negative association with 
consumption of energy in the beginning, however, after reaching a 
threshold it starts to increase the consumption of energy. Overall, energy 
demand function with linear and nonlinear terms of natural resources is 
statistically significant. It showed no issue of serial correlation. The 
energy demand function is well explained by growth of economy, 

Table 1 
Correlations and descriptive statistics.   

ln ECt  ln Ct  ln Rt  ln Yt  ln Ot  ln Et  

Mean 8.9363 2.9440 6.2259 10.5665 3.9544 4.8951 
Median 8.9494 2.9630 6.1493 10.5758 3.9362 4.9236 
Maximum 9.0405 3.0898 7.4109 10.8627 4.7468 5.0998 
Minimum 8.8180 2.7086 4.8973 10.1361 2.8997 4.6051 
Std. Dev. 0.0553 0.0873 0.5291 0.2235 0.5341 0.1433 
Skewness � 0.5386 � 1.0029 � 0.0769 � 0.3277 � 0.0147 � 0.5162 
Kurtosis 2.6426 3.7602 3.3792 1.7548 1.6968 2.2774 
Jarque-Bera 2.2541 2.0535 0.2932 3.4651 2.9733 2.7794 
Probability 0.3239 0.3483 0.8636 0.1768 0.2261 0.2491 
Sum 375.3286 123.650 261.4909 443.7935 166.0879 205.5963 
Sum Sq. Dev. 0.1254 0.3127 11.4818 2.0495 11.6984 0.8423 
ln ECt  1      
ln Ct  0.9584 1     
ln Rt  0.3919 0.5379 1    
ln Yt  0.4595 0.5340 � 0.4587 1   
ln Ot  � 0.5013 � 0.4790 0.3940 0.1483 1  
ln Et  � 0.4869 � 0.6366 � 0.4200 0.5076 0.1403 1  

Table 2 
Unit root analysis.  

Variable Ng-Perron Test 
MZa MZt MSB MPT 

ln ECt  � 4.5630 (1) � 1.3753 0.3014 18.9762 
ln Ct  � 2.3862 (3) � 0.8075 0.3384 27.2898 
ln Rt  � 10.3470 (2) � 2.1406 0.2068 9.4179 
ln Yt  � 7.7304 (1) � 1.8148 0.2347 12.1377 
ln Ot  � 4.1261 (3) � 1.3928 0.3375 21.6115 
ln Et  � 1.1556 (2) � 0.6090 0.5270 55.6874 
Variable ADF in Levels ADF in 1st Diff. 

Test-stat. Year of Break Test-stat. Year of Break 

ln ECt  � 3.5508 (1) 2007 � 5.1089 (2)** 2008 
ln Ct  � 2.4440 (2) 2007 � 4.9303 (3)** 1988 
ln Rt  � 3.4758 (1) 1999 � 7.6485 (2)* 2000 
ln Yt  � 4.1215 (3) 2007 � 5.2136 (1)** 2009 
ln Ot  � 3.2173 (2) 2003 � 7.4784 (3)* 1998 
ln Et  3.4070 (3) 2001 � 6.5579 (2)* 2000 

Note: ** and * are statistically significant at 5 and 1% levels. Values in paren
thesis show optimal lag length. 

2 The empirical findings are similar when we used the squared term of re
sources in the emissions and energy demand functions and results can be ob
tained upon request. 
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Table 3 
ARDL cointegration analysis.  

Bound-testing Diagnostic 

Models Lags Year of Break F-stat. Normality  ARCH  RESET  SERIAL  CUSUM CSUSUM2 

a) Energy Demand Function 
ECt ¼ fðRt ;Yt ;Ot ; EtÞ 2, 2, 1, 2, 2 2007 9.150* 0.7161 1.8005 2.6501 0.9101 Stable Stable 
Rt ¼ fðECt ;Yt ;Ot ; EtÞ 2, 2, 1, 1, 2 1999 4.181 0.6112 2.1001 0.4009 1.1106 Stable Stable 
Yt ¼ fðECt ;Rt ;Ot ; EtÞ 2, 2, 1, 2, 2 2007 3.106 0.1513 1.6081 1.1006 2.1132 Stable Stable 
Ot ¼ fðECt ;Rt ;Yt ; EtÞ 2, 2, 1, 1, 2 2003 4.151 2.1516 2.1001 0.3061 0.1302 Stable Stable 
Et ¼ fðECt ;Rt ;Yt ; OtÞ 2, 2, 1, 1, 2 2001 9.879* 1.3210 4.1027 2.1021 0.3043 Stable Stable 

ECt ¼ fðRt ;R2
t ;Yt ;Ot ; EtÞ 2, 2, 1, 2, 2, 2 2007 10.111* 1.2123 2.2002 2.1001 0.3104 Stable Stable 

Rt ;R2
t ¼ fðECt ;Yt ;Ot ; EtÞ 2, 2, 1, 1, 2, 1 1999 4.150 0.7515 1.8080 2.3012 0.9021 Stable Stable 

Yt ¼ fðECt ;Rt ;R2
t ;Ot ; EtÞ 2, 2, 1, 2, 2, 2 1999 5.510 0.7161 2.0298 1.9007 1.8130 Stable Stable 

Ot ¼ fðECt ;Rt ;R2
t ;Yt ; EtÞ 2, 2, 1, 1, 2,1 2003 3.018 0.6170 2.3201 0.4030 1.1010 Stable Stable 

Et ¼ fðECt ;Rt ;R2
t ;Yt ; OtÞ 2, 2, 1, 1, 2, 2 2008 8.784* 0.1651 1.7262 1.3008 2.1311 Stable Stable 

b) Carbon Emissions Function 
Ct ¼ fðRt ;Yt ;Ot ; Et ;ECtÞ 2, 2, 2, 2, 2, 2 2007 9.100* 0.7060 1.8115 2.6231 0.9131 Stable Stable 
Rt ¼ fðCt ;Yt ;Ot ; Et ;ECtÞ 2, 2, 2, 1, 2, 2 1999 10.118* 0.6110 2.1011 0.4319 1.1316 Stable Stable 
Yt ¼ fðCt ;Rt ;Ot ; Et ;ECtÞ 2, 2, 1, 2, 2, 2 2007 3.116 0.1503 1.6181 1.1036 2.1332 Stable Stable 
Ot ¼ fðCt ;Rt ;Yt ; Et ;ECtÞ 2, 2, 2, 1, 2, 2 2003 4.101 2.1506 2.1011 0.3361 0.1332 Stable Stable 
Et ¼ fðCt ;Rt ;Yt ; Ot ;ECtÞ 2, 2, 1, 2, 2, 2 2001 4.079 1.3010 4.1127 2.1033 0.3143 Stable Stable 
ECt ¼ fðCt ;Rt ;Yt ; Ot ;EtÞ 2, 2, 2, 2, 2, 2 2007 9.178* 1.2023 2.2112 2.1021 0.3114 Stable Stable 

Ct ¼ fðRt ;R2
t ;Yt ;Ot ; Et ;ECtÞ 2, 2, 2, 2, 2, 2, 2 2007 9.108* 0.7010 1.8081 2.3212 0.9225 Stable Stable 

Rt ;R2
t ¼ fðCt ;Yt ;Ot ; Et ;ECtÞ 2, 2, 2, 1, 2, 2, 1 1999 9.023* 0.7001 2.0218 1.9027 1.8232 Stable Stable 

Yt ¼ fðCt ;Rt ;R2
t ;Ot ; Et ;ECtÞ 2, 2, 1, 2, 2, 2, 2 2007 4.100 0.6071 2.3101 0.4022 1.1412 Stable Stable 

Ot ¼ fðCt ;Rt ;R2
t ;Yt ; Et ;ECtÞ 2, 2, 2, 1, 2, 2, 2 2003 3.959 0.1050 1.7162 1.3128 2.1341 Stable Stable 

Et ¼ fðCt ;Rt ;R2
t ;Yt ; Ot ;ECtÞ 2, 2, 1, 2, 2, 2, 2 2001 4.109 0.6071 2.3211 0.4131 1.1234 Stable Stable 

ECt ¼ fðCt ;Rt ;R2
t ;Yt ; Ot ;EtÞ 2, 2, 2, 2, 2, 2, 2 2007 9.006* 0.1511 1.7161 1.3118 2.1301 Stable Stable 

Significance Levels UB- Critical values (T ¼ 42)        
At I (0) At I (1)        

1% 7.317 8.700        
5% 5.360 6.373        
10% 4.437 5.377        

Note: ** & * are 5 and 1% levels of statistical significance. 

Table 4 
Long- run relationship analysis.  

Variables Energy Demand Function Carbon Emissions Function 

Coefficient T. Statistic Coefficient T. Statistic Coefficient T. Statistic Coefficient T. Statistic 

Constant 7.5951* 33.1891 8.1526* 39.8623 � 4.3312* � 6.1016 � 5.111866 � 5.0851 
ln Rt  0.3714* 3.9730 � 0.2117* � 2.9457 0.5050* 8.8330 � 0.1007** 2.5087 

ln R2
t  …. …. 0.0409* 5.7895 …. …. 0.0397* 5.7393 

ln Yt  0.5785* 9.5380 0.5620* 11.6190 0.1328** 2.1127 0.1477* 3.0137 
ln Ot  � 0.0628* � 5.9750 � 0.0652* � 7.5998 � 0.0529* � 6.4719 � 0.0512* � 5.1082 
ln Et  � 0.2371* � 9.2351 � 0.2604* � 11.8997 � 0.3161* � 2.9673 � 0.1971** � 2.4452 
ln ECt  …. …. …. …. 0.8152* 8.8646 0.9156* 7.5052 
Dt  � 0.0096 � 0.6932 � 0.0027 � 0.2482 0.0015 0.2025 0.0014 0.1789 

R2  0.9150  0.9519  0.9659  0.9703  

Adj-R2  0.9031  0.9435  0.9567  0.9627  

F-Statistic 77.5057*  78.3052*  39.8234*  37.7869  
Durbin Watson 1.7540  1.7906  2.1418  2.0987  
Stability Test  

F. Stat. P-value F. Stat. P-value F. Stat. P-value F. Stat. P-value 
χ2

Normal  1.2520 0.4363 1.0255 0.6507 1.2320 0.4403 1.2055 0.4407 

χ2
serial  1.6440 0.1425 1.3227 0.2010 1.5404 0.1500 1.2202 0.1919 

χ2
ARCH  1.2906 0.1351 1.2828 0.1220 1.30176 0.1261 1.7828 0.1125 

χ2
Hetero  1.4177 0.9500 1.6767 0.8520 1.6077 0.9409 1.6075 0.8920 

χ2
Remsay  0.7838 0.4017 1.2208 0.3216 1.0838 0.3901 1.2118 0.3015 

CUSUM Stable  Stable  Stable  Stable  
CUSUM Stable  Stable  Stable  Stable  

Notes: * and ** show significance at the 1% and 5% levels. 
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abundance of natural resources, price of oil and education. The diag
nostic analysis underlines the normally distributed residual and no issue 
of serial correlation, ARCH and white heteroscedasticity. The Ramsey 
regression equation specification error test (RESET) showed that the 
model is well specified. 

In carbon emissions function (see Table 4), we note a positive asso
ciation between abundance of natural resources and CO2 emissions. It 
shows that the abundance of natural resources adds to carbon emissions 
significantly. Ceteris paribus, 0.50% increase in the emissions of CO2 can 
be as a result of 1% increase in the abundance of natural resources. The 
finding is contrary to that of Shearer et al. (2014) who used natural gas 
resources as an indicator of natural resource abundance and find that its 
(such as gas supply) reduce emissions due to the adoption of 
energy-efficient technology in the US economy. The reason for this 
conflict is obvious as we have employed a more inclusive approach to 
natural resources which also include oil and coal, and hence gives 
deeper insight into the implications of energy resource abundance for 
the U.S. The nexus between economic growth and emissions of carbon is 
found to be positive and statistically significant. Ceteris paribus, it 
suggests there could be an increase of 0.1328% in emissions due 1% 
increase in economic growth. This finding adds to the results reported by 
Dogan and Turkekul (2016), Soytas et al. (2007) and Menyah and 
Wolde-Rufael (2010) who respectively report a positive, neutral and 
feedback effect between the growth of economy and carbon emissions. 

The impact of an increase in the price of oil on emissions is found to 
be negative and statistically significant, suggesting that an increasing 
price leads to the improvement of environmental quality. Ceteris par
ibus, CO2 emissions are reduced by 0.0529% in a response to a 1% in
crease in the price of oil. This empirical evidence is at odds with the 
study on China by Chai et al. (2016) which reported that due to the 
positive association between price of oil and emissions, the increase in 
the price of oil leads to increasing emissions and hence degrading 
environment. In the case of the US, an increase in the price of oil actually 
has a negative effect which then implies the current fall in those prices 
could, unfortunately, lead to a surge in CO2 emissions. Education turned 
out to be ecologically beneficial as it shows that a rise in education 
lowers emissions and improves environmental quality. These results 

inline Uddin (2014) as this author finds a negative association between 
education and carbon emissions in Bangladesh. Especially, the coeffi
cient associated to education is relatively important as compared to 
those of natural resources abundance and oil prices, which implies the 
significant role that education can play in counter-balancing CO2 
emissions and energy consumption. The association between the emis
sions of CO2 and consumption of energy turned out to be positive which 
of course hardly surprising. The quadratic term included measuring the 
nonlinear nexus showed the presence of a U-shaped relation. It suggests 
that initially the abundance of natural resources has a negative impact 
on emissions however after a certain minimum they start contributing to 
increased emissions. Our dummy variable i.e. representing the Energy 
Independence and Security Act (EISA, 2007), has a negative but insig
nificant effect on consumption of energy emissions of CO2. This shows 
that the implementation of EISA, 2007 had some fruitful effects in the US 
but this result is not very significant. 

Overall, carbon emissions functions is statistically significant and the 
set of explanatory variables on hand adequately explain them (R2 with 
high value confirms it). An absence of autocorrelation between the re
sidual and the variables is prima face evident by the Durban Watson 
statistics. Diagnostic testing shows a normal distribution of the residual 
term with no sign of any serial correlation issue. We find no evidence of 
ARCH and white heteroscedasticity. The Ramsey RESET test supports 
the notion that the functional form of carbon emissions function is well 
specified. This underlines the reliability and consistency of the long-run 
estimates for energy demand as well as emissions functions. 

4.4. Short-run analysis 

The results of the short-run analysis of energy demand and carbon 
emissions functions are summarised in Table 5 which complements the 
above-discussed findings. In energy demand function, natural resources 
are positively and significantly associated with the consumption of en
ergy. The nonlinear association between natural resources and con
sumption of energy is U-shaped but statistically insignificant. Growth of 
economy leads to the increasing demand for energy, while oil prices and 
education reduce energy consumption. In carbon emissions function, we 

Table 5 
Short run analysis.  

Variables Energy Demand Function Carbon Emissions Function 

Coef. T. Stat. Coef. T. Stat. Coef. T. Stat. Coef. T. Stat. 

Constant � 0.0082*** � 1.8091 � 0.004403 � 0.8812 � 0.0025 � 0.6975 � 0.0031 � 0.8335 
Δ ln Rt  0.0274* 2.9541 � 0.04168 0.6570 0.0292* 2.8470 � 0.0303* 2.8767 

Δ ln R2
t  …. …. 0.025482 1.5118 …. …. 0.0050 0.5781 

Δ ln Yt  0.7356* 6.4429 0.6699* 5.643131 0.0708 0.5876 0.0668 0.5482 
Δ ln Ot  � 0.0258*** � 1.9739 � 0.0177** � 2.0380 � 0.0224** � 2.1958 � 0.0231** � 2.0989 
Δ ln Et  � 0.5139** � 2.4039 � 0.6776* � 3.0924 � 0.0726 � 0.4370 � 0.0438 � 0.2504 
Δ ln ECt  …. …. …. …. 0.8638* 8.8776 0.8817* 8.5544 
Dt  � 0.0004 � 0.1025 0.0020 0.4395 � 0.0037 � 0.9767 � 0.0042 � 1.0651 
ECMt� 1  � 0.6118* � 5.1241 � 0.2930** � 2.9738 � 0.7389* � 3.0838 � 0.6966* � 2.7546 

R2  0.8044  0.7890  0.9128  0.9137  

Adj-R2  0.7699  0.7429  0.8943  0.8921  

F-Statistic 23.3101*  17.1031*  9.3906*  8.8989*  
Durb. Watson 1.6407  2.0587  2.1548  2.1764  
Stability Test  

F. Stat. P-Value F. Stat. P-Value F. Stat. P-Value F. Stat. P-Value 
χ2

Normal  1.3523 0.4213 1.2057 0.6587 1.4325 0.4313 1.2515 0.4247 

χ2
serial  1.6545 0.1385 1.4020 0.1901 1.4505 0.1586 1.4204 0.1710 

χ2
ARCH  1.2607 0.1367 1.6980 0.1125 1.3767 0.1201 1.8787 0.1065 

χ2
Hetero  1.4707 0.8908 1.5570 0.8627 1.6707 0.9319 1.6705 0.9318 

χ2
Remsay  0.8803 0.3907 1.8230 0.1121 1.8038 0.1201 1.2801 0.2919 

CUSUM Stable  Stable  Stable  Stable  
CUSUM Stable  Stable  Stable  Unstable  

Note: * and ** show depicts statistical significance at the 1% and 5% levels. 
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note that natural resources add to CO2 emissions. There was also an 
insignificant U-shaped relationship found between natural resources 
and carbon emissions. The growth of the economy also found to have a 
positive effect on emissions although the results lacked statistical sig
nificance. On the other hand, the prices of oil did show a negative and 
also statistically significant impact. Further, education significantly re
duces the consumption of energy, while the consumption of energy itself 
contributes to emissions of carbon. The coefficient is even greater in 
absolute value than the long-run coefficient in energy function, indi
cating a strong recall force. This shows the important role of education 
in the process of containing energy consumption. The impact of the 
dummy variable on energy consumption and carbon emissions is 
although negative but lacked statistical significance. 

Further, the estimates of ECMt� 1for the energy demand function and 
carbon emissions function are negative as well as statistically significant 
at 1% and 5% levels, respectively. The statistical significance of the 
estimates of ECMt� 1depicts the pace of adjustment towards the long-run 
equilibrium path from the short-run. The values of ECMt� 1 are � 0.6118 
and � 0.7389 for the energy demand and carbon emissions functions, 
respectively. This shows a speed of adjustment of 61.18% and 73.89% 
for both. The energy demand and carbon emission functions fulfil all the 
underlying assumptions of the classical linear regression model (CLRM). 
The Jarque-Brea test statistic shows that the error terms for energy de
mand and carbon emissions functions are normally distributed with no 

serial correlation and ARCH issue. The Ramsey RESET test confirms the 
absence of misspecification problem for those functions. 

4.5. Reliability tests 

To assess the reliability of acquired estimates of short run and long 
run relationships, we also perform the CUSUM and CUSUMsq tests (See 
Pesaran and Shin, 1999 for details). The null hypothesis suggests that a 
well-specified functional form of empirical model can be rejected if the 
plots exceed the critical bounds. The results are shown in Figs. 1 and 2 
for energy demand and carbon emissions functions, respectively (see 
Fig. 2). 

The results presented in Fig. 1 for energy demand function clearly 
suggests that estimates are reliable in the short run as well as long run. 
This can be inferred from the fact that the critical bounds of both 
CUSUM and CUSUMsq remain in the boundaries at 5% level of signifi
cance. For CO2 emissions function, they remain within the bounds for 
the linear model but in the nonlinear model, CUSUMsq exceeds the 
critical bounds which indicate a lack of statistical significance to provide 
reliability to the nonlinear estimates. A noteworthy implication of these 
results is that there is consistency between CO2 emissions and its 
contributing factors, which is a cause of concern due to inconsiderate 
environment policy. Furthermore, to confirm whether the short-run and 
long-run estimates are reliable, we have also applied the Chow Forecast 

Fig. 1. Cusum & cusum squared..  
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test. The findings are presented in Table 6 (Results are available upon 
request from authors). The empirical results accept the null hypothesis, 
which confirms the reliability and consistency of estimates. 

4.6. VECM granger causality test 

We apply the VECM Granger causality approach to analyse the di
rection of causality between the variables. The novelty of the approach 
is that it accounts for the structural break while analysing the long-run 
and short-run association between variables. Table 7 (See supplemen
tary material) summarises the test results on energy demand function. 
There is evidence of causality running from natural resources to energy 
consumption in the long run. There is bi-directional causality between 
the consumption of energy and growth of the economy. However, there 
was only unidirectional causality from prices of oil to the consumption 
of energy. There was also feedback effects or bidirectional causality 

between education and consumption of energy. A bidirectional causal 
relationship is found be exist between natural resource abundance and 
energy consumption in the short-run. The feedback or bidirectional 
causality was also found between the growth of economy and con
sumption of energy, whereas the education only showed unidirectional 
causality with energy consumption running from former to the later. Oil 
prices Granger causes education. There is also evidence of unidirectional 
causality from natural resources and energy consumption to oil prices. 

The long-run causality analysis on carbon emissions function re
ported in Table 8 (See supplementary material) showed a bidirectional 
association and hence the presence of feedback nexus between natural 
resource abundance and carbon emissions. There is also a bidirectional 
causal association between natural resources and consumption of en
ergy. Consumption of energy and emissions also showed bidirectional 
causality. The Granger causality also prevailed from economic growth to 
the consumption of energy, natural resource abundance and carbon 
emissions, whereas the unidirectional causal association ran from prices 
of oil to consumption of energy, natural resources abundance and car
bon emissions. Consumption of energy, the abundance of natural re
sources and carbon emissions are found to be a Granger cause of 
education. A feedback effect is evident between natural resources and 
carbon emissions in the short-run. Growth of economy and education 
Granger causes emissions of CO2. It also showed that the consumption of 

Fig. 2. Cusum & CUSUMsq.  

Table 6 
Chow forecast test.   

Value Probability 

F-statistic 0.2774 0.7596 
Likelihood ratio 0.7515 0.6868  
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energy is a Granger cause of emissions, however, the growth of the 
economy is also Granger caused by the consumption of energy which is 
intuitive. A unidirectional causality prevailed running form education, 
natural resources and carbon emissions to oil prices. Education showed a 
causal influence on the consumption of energy. 

5. Conclusion and policy implications 

The withdrawal of the United States from the non-binding Paris 
Agreement is an ordeal for the world’s largest economy as well as for the 
global economy, indisputably it has a number of negative political- 
economic and ecological repercussions. While acknowledging this 
misfortune for the world, this study is an endeavour to underscore and 
reflect on some of the underlying contributing factors to energy con
sumption and carbon emissions in the US, particularly in a regime of 
steady economic growth and low oil prices where the US herself is a 
major contributor. In this nexus, we also consider the role of education 
as a basis for some degree of optimism. 

Our empirical findings indicate a strong presence of long as well as 
short-run associations among the underlying variables. Specifically, 
they suggest that the abundance of resources and economic growth of 
the US economy accelerate the consumption of energy and deteriorate 
the quality of environment by significantly increasing the emissions of 
CO2. Thus, natural resources abundance leads to a carbon curse in the 
United States. The negative effect of oil prices is also noted for energy 
consumption and carbon emissions. Energy consumption also signifi
cantly contributes to greater emissions of CO2. Causality analysis un
derscores the validity of the resources led-energy hypothesis and the 
presence of a feedback effect between natural resource abundance and 
CO2 emissions. As a silver lining to this dark cloud, education has shown 
to be a factor which reduces the intensity of energy consumption and 
improves environmental quality by lowering CO2 emissions. Indeed, our 
result is in line with various studies quoted in the introduction, which 
showed that education foster environmental consciousness, (Meyar, 
2015; Chankrajang and Muttarak, 2017). Furthermore, Grimaud and 
Tournemaine (2007) bring evidence that if education is used as a 
channel for environment policy, it can promote eco-friendly growth. In 
other words, National Environmental Education Advisory Council, 1996 
has born fruits, as US public opinion is in favour of taking measures and 
having behaviour that protects environment. In addition, several big 
American companies, states as well as big cities like New York, have 
decided to take measure in accordance with the COP 21 agreements. All 
this corroborate our results. Again, these features of the American so
ciety that comes from education are a sign that despite the US with
drawal, education can be used as a powerful weapon to fight global 
warming and curve CO2 emissions in the US and in other big 
emitter-countries. Considering the fact that the United States is the 
second-largest consumer of energy, and therefore is a major emitter of 
greenhouse gases, these findings for the United States should have sig
nificant global economic and ecological implications for the U.S. and the 
World. In the context of the contemporary macroeconomic outlook of 
the US economy and the focus of the current administration on economic 
growth, infrastructure and jobs, there are significant environmental and 
ecological externalities which cannot be overlooked. A myopic and 
ecologically discourteous growth agenda will not only limit the U.S. 
ability to tap into the lucrative low-carbon business opportunities in the 
world but will cause damage to the global environment. Particularly, as 
oil production in the U.S. is at a historically high level due to the shale oil 
revolution, there is a real danger that the abundance of oil and the 
resulting low prices will boost oil consumption and CO2 emissions. 

Although the silver lining in this study is that education lowers en
ergy intensity and improves environmental quality, where this continues 
to give hopes after the U.S. withdrawal from the Paris Agreement (COP 
21), it also places bigger responsibilities on the shoulders of those aware 
of the ecological issues in order to educate the American society. 
Concomitantly, the appreciable stance in G-20 by France and the 

solidarity by the EU and China on the Paris Agreement, as well as the 
state-level efforts in the U.S. to compensate for the federal withdrawal 
can be remotivated by the conclusions of this study. The public and 
businesses’ appetites for more ecologically friendly economic policies, 
which can create jobs and sustainable growth, are perhaps the most 
appropriate choice for the US Administration to take than attempts to 
revive the economy on high carbon technologies of the past. Conceiv
ably, a society with more consciousness of ecological challenges may 
steer the US administration’s policies towards a more sustainable and 
cleaner path. 
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