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Abstract

This study provides insight into sustainability challenges in Venezuela by exploring the
causal interactions between oil price, energy consumption and carbon dioxide (CO,)
emissions in Venezuela. Economic growth, government consumption expenditure
and trade openness are included as additional determinants in the analysis. The auto-
regressive distributed lag (ARDL) bounds approach to cointegration provides evidence
of long-run relationship between the variables with the incorporation of structural
breaks observed in the series. The estimates suggest that an increase in crude oil price
significantly increases energy consumption, government consumption expenditure
and energy consumption generate CO, emissions, and CO, emissions exert negative
effects on economic growth in the oil-rich economy. This study further examined the
direction of causality between the variables using the innovative accounting approach
(IAA). The results suggest that crude oil price causes energy consumption in the
economy. No significant causal relationship is found between energy consumption
and economic growth. Energy consumption causes CO, emissions in the economy. In
addition, a unidirectional causality runs from CO, emissions to economic growth. The
response of economic growth to CO, emissions indicates that more CO, emissions

in the economy would exert negative effects on economic growth. It is, therefore,
expected that policy makers would consider energy diversification as a major compo-
nent of economic diversification policies in Venezuela.

Keywords: Energy consumption, Carbon dioxide (CO,) emissions, Crude oil price,
Venezuela, ARDL-bounds test, Economic growth, Innovative accounting test,
Government consumption expenditure

JEL classification: Q40, 043, Q56

1 Introduction

According to the Organization of Petroleum Exporting Countries (OPEC), the Bolivar-
ian Republic of Venezuela has one of the world’s largest proven crude oil reserves with
302,809 million barrels (OPEC Annual Statistical Bulletin 2018). Using average daily
crude oil production for 2017 (see Fig. 1a), it would take over 390 years for Venezuela
to run out of crude oil. This means that Venezuela will remain as a major crude oil pro-
ducing country for a long time. Looking at the way Venezuela has managed its vast oil
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Fig. 1 Oil production, export and consumption (Data Source: British Petroleum (BP) Statistical Review of
World Energy, 2018)

Table 1 Energy consumption mix and CO, emissions in Venezuela, RB (selected years).
Source: Data collected from World Development Indicators Database, World Bank (Online)

Energy use (kg Fossil fuel energy Combustible Alternative CO, emissions
of oil equivalent consumption (% renewables and nuclear (metric tons
per capita) of total energy and waste (% energy (% per capita)
use) of total energy  of total energy
use) use)
1971 1495.16 94.86 2.54 2.60 5.24
1980 212887 94.89 1.27 3.84 592
Average
1981-1999  2119.65 91.09 136 7.55 593
2000-2009 2177.03 87.96 1.29 10.79 648
2010 2496.24 89.81 1.07 9.12 6.52
2013 227119 8838 1.09 1045 6.13

wealth over the past decades raises some concern about the sustainability of economic
activities and environmental quality in the oil-rich economy (see Pietrosemoli and Rod-
riguez-Monroy 2019). Figure la shows that the Venezuelan oil industry has not been
able to achieve its 1971 production level in recent years despite having the number
of proven crude oil reserves increasing to more than 10 times their size 40 years ago.
Interestingly, Fig. 1b suggests a declining oil export, with the most recent peak in oil
export achieved in 1998. It is also evident that the proportion of oil production con-
sumed domestically has increased significantly in recent years (see Fig. 1c, d). Figure 1d
shows that in 1971 only about 5.87 per cent of the total oil production were consumed
domestically. In response to the demands of increasing economic activities, the amount
increased to 29.16 per cent in 2013. The composition of energy consumption mix pre-
sented in Table 1 shows that fossil fuel energy sources contribute over 80 per cent of
the total energy use in the Venezuelan economy. This holds serious consequences for
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environmental quality as highlighted by the high amount of carbon dioxide (CO,) emit-
ted from the economy.

A crucial point from Fig. 1 and Table 1 is that the abundance of oil wealth has created
economic and environmental policy challenges in the Venezuelan economy. Accord-
ing to OPEC Annual Statistical Bulletin (2018), crude oil now accounts for over 90 per
cent of total export earnings in the Venezuelan economy. This means that fiscal spend-
ing that determines the demand for economic activities and the performance of vari-
ous economic agents in the economy depends solely on the size of oil export receipts
(Bjerkholt and Niculescu 2004; Villafuerte and Lopez-Murphy 2009; Di Bella et al. 2015).
Higher crude oil prices would mean higher revenue, more economic and social activi-
ties and increased consumption expenditure in the economy. This particular economic
condition suggests that with the increasing importance of energy in modern social,
economic and technological activities, higher crude oil prices may result in rapid accu-
mulation of energy-using technologies and more energy-intensive consumption in the
economy. It is evident from Fig. 1 and Table 1 that over the years, only minimal pro-
portion of oil receipts has been committed to enhancing the amount of low carbon and
efficient energy sources in the economy (see Pietrosemoli and Rodriguez-Monroy 2019).
Rather, the national oil company Petroleros de Venezuela (PDVSA), which guided Ven-
ezuela to the path of becoming oil-dependent economy (Mu and Hu 2018), spent much
of the crude oil export receipts in financing consumption-based social programs such
as National Development Fund (Fonden) created in 2005 (Gutiérrez 2017). While these
social programs are designed to attend to the needs of the people, they may have also
induced high demand for energy-intensive activities (Rogat 2007), given the extensive
fossil fuel subsidies provided (Friedrichs and Inderwildi 2013; Moghaddam and Wirl
2018).

In the light of the above environmental and economic concerns, this study provides
insight into sustainability challenges in Venezuela by exploring the causal interactions
between oil price, energy consumption and CO, emissions in Venezuela. Economic
growth, fiscal spending (government consumption expenditure), and trade openness
are included as additional determinants in the energy demand model. The introduc-
tion of these variables expands the scope of this study. This becomes necessary as crude
oil price may have indirect effects on energy consumption and environmental quality
through its influence on these variables (Boufateh 2019). The objectives are to determine
the influence of crude oil price on energy consumption, its implications for the growth
of economic activities and environmental quality, and the role of fiscal spending and
trade in the current economic and environmental challenges in the oil-rich economy.
Only few energy studies have examined the case of Venezuela (see Cheng 1997; Sari and
Soytas 2009; Chang and Carballo 2011; Sheinbaum et al. 2011; Al-mulali et al. 2013;
Robalino-Lépez et al. 2015). These studies, however, focused on the causal interaction
between economic growth, energy consumption and carbon dioxide (CO,) emissions
in the economy. None considered the underlying role of oil price, fiscal spending, and
trade in the causal interaction between economic growth, energy consumption and car-
bon dioxide (CO,) emissions in the oil-rich economy. The results of these studies, there-
fore, offer limited policy options in the face of the current economic and environmental
challenges in the economy. Interestingly, empirical evidence from these studies suggests
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that substantial increase in the level of energy consumption in Venezuela may not likely
generate significant growth in the level of economic activities (see Cheng 1997; Sari and
Soytas 2009). The findings of Sheinbaum et al. (2011) and Al-mulali et al. (2013) reveal
that an increase in energy consumption generates more emission of carbon dioxide
(CO,) in the economy. From these suggestions, a comprehensive analysis of the drivers
of growth—energy—CO, emissions nexus in the economy is needed to uncover obstacles
the Bolivarian Republic of Venezuela must overcome to ensure sustainability in its quest
for socio-economic development.

This study provides robust empirical evidence on the drivers of energy consumption
and environmental quality in the Bolivarian Republic of Venezuela. This is achieved by
employing robust econometric techniques including (i) single and multiple structural
break unit root tests, (ii) the auto-regressive distributed lag (ARDL) bounds testing
approach for cointegration analysis, incorporating the presence of single and multiple
structural breaks in the series, and (iii) the innovation accounting approach for Granger
causality test. It is expected that the results of this study will offer appropriate policy
options for achieving sustainable economic growth and improving environmental qual-
ity in Venezuela and possibly in other fossil-rich economies.

The remainder of this study is structured as follows: Sect. 2 provides a review of exist-
ing empirical literature. Section 3 presents the data and method of the empirical study.
Section 4 presents the empirical results. Section 5 discusses the empirical results high-
lighting policy implications. Finally, Sect. 6 offers some concluding remarks on the
findings.

2 A brief literature review

In the past few years, a considerable number of empirical studies have been devoted to
understanding the drivers of energy consumption and environmental quality in different
economies. Some of these studies specifically examined the causal effects of drivers of
social, economic and technological activities on energy consumption (see Azam et al.
2015, 2016; Shahbaz et al. 2016; Mahalik et al. 2017; Danish et al. 2018; Saud and Chen
2018). Others extended the analysis with the inclusion of indicators of environmental
degradation such as CO, emissions (see Sari and Soytas 2009; Chang and Carballo 2011;
Sheinbaum et al. 2011; Al-mulali et al. 2013; Shahbaz et al. 2013; Alshehry and Belloumi
2015; Robalino-Lépez et al. 2015; Pablo-Romero and De Jesus 2016; Rafindadi 2016;
Cetin et al. 2018; Ehigiamusoe and Lean 2019). The results of these studies in general
show that the causal interaction between drivers of social, economic and technological
activities, energy consumption and CO, emissions varies among countries due to dif-
ferences in economic, technological, institutional, political, and geographical conditions
(Rahman and Kashem 2017).

Acar (2017) suggests that oil resource abundance (and dependence) contributes signif-
icantly to sustainability challenges in oil resource abundant (and dependent) economies.
It is, however, surprising that only few of the existing studies have considered the causal
influence of crude oil price on energy consumption and CO, emissions in oil-resource-
abundant economies, where oil export receipt is a critical source of fiscal spending that
generates economic activities (see Bjerkholt and Niculescu 2004; Villafuerte and Lopez-
Murphy 2009). Using Algeria, a heavily dependent net oil-exporting economy and
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Egypt, a semi oil-dependent economy, Fuinhas and Marques (2013) show that crude oil
price not only determines energy demand but also influences the interaction between
energy consumption and drivers of economic activities in oil-resource dependent econ-
omies. For Algeria, the study identified an absence of significant short-run effect, sug-
gesting that a higher crude oil price does not result in an instant demand for energy
in the economy. A significant long-run coefficient for crude oil price suggests that a 1
per cent increase in crude oil prices generates about 1.03 per cent increase in energy
consumption in the Algerian economy in the long run. For Egypt, there is an absence of
significant long-run and short-run crude oil price effects on energy consumption in the
economy. In the case of the causal relationship between energy consumption and eco-
nomic growth, the results identified a significant negative causal relationship for Algeria
and a significant positive relationship for Egypt.

Alshehry and Belloumi (2015) incorporated crude oil price in the analysis of the causal
relationship between energy consumption, carbon dioxide emissions and economic
growth in Saudi Arabia. The variance decomposition analysis shows that substantial
increase in the level of energy consumption may not likely generate significant growth
in the level of economic activities but an increase in the level of CO, emissions due to
the underlying influence of oil wealth on economic activities in the oil-resource-depend-
ent economy. Saboori et al. (2016) employed the autoregressive distributive lag (ARDL)
approach to cointegration and the Toda-Yamamoto modified Wald test procedure for
Granger causality analysis to examine the environmental Kuznets curve (EKC) hypoth-
esis in 10 of the Organization of Petroleum Exporting Countries (OPEC) over the period
1977-2008. The study used ecological footprint to measure environmental quality and
income, labor, capital, oil consumption and oil price as drivers of economic activities.
The results show that in the case of Venezuela, ecological footprint increases signifi-
cantly with economic growth and oil consumption and decreases significantly with an
increase in crude oil price in the long run. The causality analysis, however, shows no sig-
nificant causal relationship between ecological footprint, oil consumption and crude oil
price. The study also documents a significant causal relationship from crude oil price to
oil consumption for Algeria and United Arab Emirates (UAE). Nwani (2017) examined
the causal relationship between crude oil price, energy consumption and CO, emissions
in Ecuador over the period 1971-2013 incorporating income per capita for economic
growth. The short-run and long-run coefficients estimated through the application of
autoregressive distributive lag (ARDL) model suggest that higher crude oil export
receipts create economic conditions that generate more energy consumption, which
contributes significantly to CO, emissions in the Ecuadorean economy. Using Toda-
Yamamoto Granger causality test procedure, the study identified a unidirectional cau-
sality running from crude oil price to both energy consumption and economic growth,
bidirectional causality between energy consumption and CO, emissions and a unidirec-
tional causality that runs from CO, emissions to economic growth through financial sec-
tor development.

There are also a number of recent studies confirming the decisive effects of crude
oil price on economic growth and fiscal spending in net oil-exporting economies (see
Bjerkholt and Niculescu 2004; Villafuerte and Lopez-Murphy 2009; Mehrara and Osk-
oui 2007; EL Anshasy and Bradley 2012; Nusair 2016). These variables have also been
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Table 2 Variable definition, data sources and descriptive statistics

Variable Definition Source

Engy Energy use (kg of oil equivalent per capita) World Development Indicators, World Bank
Co, CO, emissions (metric tons per capita) World Development Indicators, World Bank
Rgdpc GDP per capita (constant 2010 US$) World Development Indicators, World Bank
Qilp Crude oil price (USS$ per barrel) BP Statistical Review of World Energy, 2018
GCE General government final consumption expendi-  World Development Indicators, World Bank

ture (in per capita constant 2010 US$)
Trd Trade (sum of imports and exports % of GDP) World Development Indicators, World Bank

identified among major drivers of energy consumption and CO, emissions in many
economies (see Halkos and Paizanos 2013, 2016; Ali et al. 2016, 2017; Shahbaz et al.
2017; Cetin et al. 2018; Ehigiamusoe and Lean 2019; Salahuddin and Gow 2019). It is,
therefore, quite plausible to expect that crude oil price will exert impact, indirectly, on
energy consumption and CO, emissions through these variables (Boufateh 2019; Frie-
drichs and Inderwildi 2013; Fuinhas and Marques 2013). Interestingly, the influence of
crude oil price on the relationship between energy consumption and CO, emissions
may as well impact on economic growth (see Fuinhas and Marques 2013 for the case of
Algeria). By incorporating economic growth, government consumption expenditure and
trade openness in the causal analysis of the relationship between crude oil price, energy
consumption and CO, emissions in Venezuela, this study recognises the complexity of

the role of crude oil price on economic activities in oil-dependent economies.

3 Data, empirical model and methodology

3.1 Definition of variables and data description

This study uses annual data covering the period from 1971 to 2013. Energy consumption
is measured as energy use (kg of oil equivalent per capita). CO, emissions which cap-
ture environmental pollution are measured in metric tons per capita. Real gross domes-
tic product (GDP) per capita represents the growth of economic activities. International
crude oil price is measured in US dollars per barrel. Fiscal expenditure is incorporated
using general government final consumption expenditure. Table 2 presents the defini-
tion and data sources of all the variables used in this study, while the plots of the series
are presented in Fig. 2.

3.2 Empirical model and estimation method

This study implements the following log-linear models to examine empirically the rela-
tionship between crude oil price, energy consumption, carbon dioxide (CO,) emissions
and economic growth in Venezuela.

Mode 1: energy consumption

InEngy, = oo + a1InQil; + a2IlnCO,, + azlnRgdpc, + a4InGCE; + asInTrd; + &,
(1)
Model 2: environmental Kuznets curve (EKC) hypothesis
InCO,, = bo—{—blaniIt—{—bzlnEngyt+b31nRgdpct+b4lnRgdef+bslnGCEt+b61nTrd,+st,
(2)
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Fig. 2 Time series plot of the study variables (Data source: see Table 2)

Model 3: economic growth

InRgdpc, = 8o + 811nOil; + 82InEngy, 4 83InCOy, + 84InGCE; + 85InTrd; + &,

3)
where ¢; is the white noise error term. Oil, CO,, Engy, Rgdpc, GCE and Trd are as
defined in Table 2. ‘In’ indicates that all variables are in natural logarithm. The square
of real GDP per capital (InRgdpc?) is included in Eq. 2 to implement the environmental
Kuznets curve (EKC) hypothesis augmented by oil price, energy consumption, govern-
ment consumption expenditure, and trade openness. The EKC hypothesis suggests that
an inverted u-shaped relationship exists between economic growth and environmental
pollution, with economic growth causing increase in environmental pollution at the ini-
tial stages of development and after a turning point level of income, economic growth
generates improvement in environmental quality (see Grossman and Krueger 1991;
Shahbaz et al. 2017; Cetin et al. 2018; Karasoy 2019).

The autoregressive distributed lag testing approach to cointegration (ARDL-bounds) of
Pesaran et al. (2001) is employed to examine the log-linear models. The ARDL approach
provides valid results whether the variables are /(0) or I(1) or mutually cointegrated [1(0)
and I(1)]. It also allows for simultaneous testing of the long-run and short-run relation-
ships between variables in small and large sample sizes and provides unbiased coefficients
of variables along with valid t-statistics even when the explanatory variables are endog-
enous (Pesaran et al. 2001). These statistical features have made ARDL bounds approach

to cointegration popular among researchers in recent years (see Shahbaz et al. 2013; Ali

Page 7 of 26
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et al. 2016, 2017; Mahalik et al. 2017; Rafindadi 2016; Khraief et al. 2018 among others).
The implementation of ARDL bounds approach involves testing for the presence of a long-
run relationship based on the log-linear specification in the four equations using a dynamic
unrestricted error correction model (UECM) framework that integrates the short-run
dynamics with the long-run equilibrium without losing any long-run information. The
empirical formulation of ARDL bounds testing approach to cointegration is given in the
equations below:

p p p
AlnEngy, = ag + Z a1;AlnEngy, ; + Z a2;AlnOily,_; + Z ocgiAlnCOZZt_i
i=1 i=0 i=0

p p p

+ Z a4;AlnRgdpcs,_; + Z a5 AInGCEy,_; + Z a6iAlnTrds,_, (4)
i=0 i=0 i=0

+ o7lnEngy,_; + aglnOil;—_1 4+ a9lnCOy, | + ajplnRgdpc;—1

4+ 011InGCE;_1 + a12InTrd;—1 + apum TBrk; + &4,

p p b
AInCO2; = by + Z b1;AlnCO», ; + Z by; AlnO1ily, _, + Z bBiAlnEnngt,,-
i=1 i=0 i=0

p p p
+ Z b4,-AlnRgdpc3t7i + Z bgiAlnRgdpc%H + Z bs; AInGCEy,

i=0 i=0 i=0
p

+ ) b7AInTrds, , + bgnCO,_, + bolnOil; 1 + biolnEngy, ,
i=0

+ bulnRgdpc,_; + bizlnRgdpe,_; + b13InGCE;_1 + b14InTrd; 4
+ bpum IBrk; + &,

(5)
p p p
AlnRgdpc, = 89+ Y _ 81;AlnRgdpe, ; + > 85 AlnOily, , + > 83;AlnEngy,
i=1 i=0 i=0
p p p
+) 84AInCOy,  + Y 85AINGCEqy,_, + ) _ 6;AlnTrds,
i=0 i=0 i=0
+ é7lnRgdpc, _; + 83InQil;_1 + 89lnEngy, ; + 810InCO,,_,
+ 611InGCE;_1 + 812InTrd;—1 + Spum IBrk; + &,
(6)

where A is the difference operator, while &; is the white noise error term. p is the optimal
lag length. TBrk is a dummy variable that captures the possibility of structural breaks
in the data series. All the variables are as defined in Table 2. The null hypothesis of no
cointegration among the variables in Eq. (4) Ho: oty =g = a9 =10 = a11 = 12 =0
is tested against the alternative hypothesis H; : a7 # ag # a9 # @10 # 11 # 212 # 0.
In Eq. (5) the null hypothesis Hy : bg = bg = b1g = b11 = b1a = b13 = b14 = 0 is tested
against the alternative hypothesis H; : bg # by # b1g # b11 # b1z # b1z # b1a # 0. In
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Eq. (6) the null hypothesis Hy : 87 = g = 89 = 810 = 811 = 812 = 0 is tested against the
alternative hypothesis Hj : 87 # 8g # 89 # 810 # 811 # 812 # 0. The decision to reject
or accept the null hypothesis Hy (no co-integration among the variables) is based on the
following conditions:

i. if the calculated F-statistics is greater than the upper critical bound, then Hj is
rejected and the variables are co-integrated,
ii. 1if the calculated F-statistics is less than the lower bound, then Hjy is accepted and
the variables are not co-integrated,
iii. but if the calculated F-statistics remains between the lower and upper critical
bounds then the decision is inconclusive (Pesaran et al. 2001).

The long-run and short-run coefficients of the variables are estimated once the null
hypothesis of no cointegration is rejected and cointegration between the variables
established. The error correction model (ECM) for the estimation of the short-run
dynamics is formulated in the following equations below:

p p p
AlnEngy, = ag + Z a1;AlnEngy, ; + Z a2;AlnOily, ; + Z OlBiAlnC022t_i
i=1 i=0 i=0

p p p
+ Z Ol4L‘AlIlede3t_l, + Z O{5iAlnGCE4tﬂ. + Z oc6iAlnTrd5H

i=0 i=0 i=0
+ OlDumTBI'kt + ;LlECMt_l + &,

p p p
AlnCOy, = by + » by AInCOy,_, + > by AlnOily,_, + > b3 AlnEngy,
i=1 i=0 i=0

p L4 P
I Z ba;AlnRgdpes . + Z bsiAlnRgdpcj  + Z bs;AInGCE4,_;  (8)

i=0 i=0 i=0
pr

+ Y b7iAInTrds,_, + bpumTBrk; + J3ECM;_1 + &,
i=0

P P p
AlnRgdpc, = 8o + Z 81;AlnRgdpc,_; + Z 82;AlnOily, ; + Z 83,‘AlnEngyZH
i=1 i=0 i=0

p p p
+> 84AINCOy,  + Y 85AINGCEs,_, + Y 86;AlnTrds,
i=0 i=0 i=0
~+ 6pum ITBrk; + A4ECM;_1 + &4, ©)
9

The coefficient of the lagged error correction term (ECM;_;) indicates the rate
at which the cointegration model corrects its previous period disequilibrium or
speed of adjustment to restore the long-run equilibrium relationship. A negative
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and significant error correction coefficient implies that any short-term movement
between the dependent and explanatory variables will converge back to the long-
run relationship. Following Pesaran et al. (2001), the stability of long- and short-run
estimates is examined by cumulative sum (CUSUM) and cumulative sum of squares
(CUSUMSQ). The following relevant diagnostic tests are employed to assess the
validity of the estimated equations: Jarque—Bera normality test; Breusch—Godfrey
serial correlation LM test and ARCH test for heteroskedasticity.

3.3 Innovative accounting approach for Granger causality

Following Shahbaz et al. (2013), Alam et al. (2016), Mahalik et al. (2017), Rafindadi
(2016), Cansino et al. (2018), Khraief et al. (2018), Imamoglu (2019), this study employs
the innovative accounting approach (IAA) to examine the direction of causality between
energy consumption, crude oil price, CO, emissions, economic growth, government
consumption expenditure and trade openness in Venezuela. IAA has some desirable fea-
tures that overcome the limitations of traditional causality techniques such as the VECM
Granger causality test. It avoids the problem of endogeneity and integration of the series
and extents causal test beyond the selected sample period (Shahbaz et al. 2013; Mahalik
et al. 2017; Rafindadi 2016). The IAA uses variance decomposition analysis (VDA) and
impulse response function (IRF) in the VAR framework to test the strength of causal
relationship between the variables. The VAR framework takes the form (see Shan 2005).

k
Ve=) ®iVi1+en (10)
i=1

InEq.(4) V; = (InEngy, InCrdOP, InCOy, InRgdpc, InGCE, lnTrd),@i are the estimated
coefficients and e; is a vector of error terms.

A shock in a particular variable will directly affect the variable and will also be trans-
mitted to other variables in the system through the dynamic structure of the VAR sys-
tem. Following a standard deviation shock to a specific variable, variance decomposition
analysis (VDA) decomposes the variation in the variable to give the proportion that are
due to its own shocks and to shocks in the other variables in the system (see Neusser
2016 Chapter 15). Thus, variance decomposition analysis can enable us to determine
which series is strongly affected in the system and vice versa. For instance, a unidirec-
tional causality from crude oil price to energy consumption exists if a shock in crude
oil price has significant effect on the changes in energy consumption when a shock in
energy consumption only account for insignificant proportion of the variations in crude
oil price. Bidirectional causality is dictated when a shock in energy consumption also
account for significant proportion of the changes in crude oil price. If shocks in crude
oil price do not have any significant impact on the changes in energy consumption and
shocks in energy consumption also explain insignificantly the changes in crude oil price,
then there is no causality between the variables. Impulse responses (IRF) offer a slightly
different method for examining VAR system dynamics. It traces the effects of a shock
to one endogenous variable on to the other variables in the VAR. For each variable, a
unit shock is applied to the error, and the effects upon the VAR system over time are
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identified. From this analysis, one can conclude that a strong and significant reaction
of energy consumption to shocks in crude oil price implies that crude oil price causes

energy consumption.

4 Empirical results

4.1 Preliminary investigation

Figure 3 presents the plots showing the partial correlations between crude oil price,
energy consumption, CO, emissions and economic growth in Venezuela. Crude oil price
and per capita energy use are observed to be positively correlated (see Plot A). A positive
correlation also exists between per capita energy use and per capita CO, emissions (see
Plot C). A negative correlation exists between per capita energy use and real GDP per
capita (see Plot C). Another interesting revelation from Fig. 3 is the strong negative cor-
relation between real GDP per capita and per capita CO, emissions (see Plot D). These
plots in general highlight the importance of exploring the causal interactions among

these variables.

4.2 Unitroot tests

Time series data analysis requires the investigation of the stationarity properties of the
variables to decide the most appropriate cointegration test (Ali et al. 2017). The ARDL
approach provides valid results whether the variables are I(0) or /(1) or mutually cointe-
grated [I(0) and I(1)]. The stationarity properties of all the variables are examined using
Zivot and Andrews (1992) endogenous unit root test, designed to detect unknown single
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Fig. 3 Scatter plots showing the partial correlations between crude oil price, energy consumption, CO,
emissions and economic growth in Venezuela (Data source: see Table 2)
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Table 3 Zivot and Andrews (1992) unit root test with structural break

At level At first difference Result
t-Statistic Break date t-Statistic Break date
InEngy —3.466 (1] 1987 — 13332 [0]*** 1982 (1)
InQil —3.895 [0] 1986 —7.582 [0]*** 1981 (1)
InCO, —4.630[0] 2004 — 7480 [1]*** 2004 (1)
InRgdpc —3.999 [1] 2004 —5915 [1]*** 2004 I(1)
InGCE —3.6811[0] 2004 —6.898 [1]*** 1997 (1)
InTrd —4.152[0] 1988 —8.200 [0]*** 1984 (1)
Lag length in []. *** Indicates significance at 1%. A indicates series first difference
Table 4 Lee and Strazicich (2003) LM unit root test with two structural breaks
At level At first difference Result
t-Statistic Break dates t-Statistic Break dates
InEngy —5.646 [4] 1978, 2003 —8.082 [31*** 1981, 1991 (1)
InQil —5.145[1] 1982, 1997 —7.775 [3]*** 1979, 1987 (1)
InCO, —5.325[1] 1977,2004 —7.301 [1]*** 1982, 2007 (1)
InRgdpc —4.976[1] 1980, 2005 —6.243 [11** 1999, 2003 (1)
InGCE —5.102[1] 1989, 1995 —8.093 [2]*** 1994, 1998 (1)
InTrd —5.241[3] 1981, 1990 —7.330 [ 1976, 1988 (1)

Lag length in []. ** And *** indicates significance at 5% level and 1% level, respectively

break in time series emanating from structural changes in the economy. The results in
Table 3 suggest a structural break in 2004 for InCO,, InRgdpc and InGCE. For energy use
(InEngy) and oil price (InOil), a structural break is identified in 1987 and 1986, respec-
tively. One major limitation of Zivot and Andrews (1992) unit root test is that it can-
not identify more than one structural break in the series at a time. Therefore, Lee and
Strazicich (2003) endogenous unit root test, designed to detect unknown two structural
breaks is also implemented. This step is considered necessary given that Venezuelan
economy experienced many policy changes along last decades. The results in Table 4
show two structural breaks in all the data series. For energy use (InEngy), Lee and Stra-
zicich (2003) endogenous unit root test suggests structural breaks in the series in 1978
and 2003. This means that energy demand observed significant policy shocks in 1978
and 2003. The stationarity properties show that all the series have unit root in their level
form but stationary at their first differenced form. Hence, the ARDL bounds testing
approach to cointegration can be employed to examine the causal interactions between
the variables.

4.3 ARDL bounds test for cointegration

The results of the cointegration test based on the ARDL bounds testing method are pre-
sented in Table 5. The dummy variable TBrk incorporated into the ARDL specifications,
takes the value one for the structural break dates and zero for all other years. The critical
bounds generated by Pesaran et al. (2001) are not considered appropriate for this analy-
sis given that they were estimated from a large sample (Narayan 2005) while this study
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Table 5 Results of cointegration. Source of asymptotic critical value bounds: Narayan

(2005)
Specifications Structural break Optimal lag F-statistic
date(s)
1
FEngy[lnEnngnOiI, InCO,, InRgdpc, INGCE, InTrd, 1987 ARDL (2,0,0,0,0, 2) 7.180%**
TBrk]
2
Feng,INENgy|INOil, INCO,, InRgdpc, INGCE, InTrd, 1978, 2003 ARDL (2,0,0,0,2) 7.273%%%
TBrk]
3
Fco,[INCO,|INQil, InEngy, InRgdpc, InRgdpcz/ 2004 ARDL (1,1,0,1,1,0,0) 4.393**
INGCE, InTrd, TBrk]
4
Fco,lInCO,|InQil, InEngy, InRgdpc, InRgdpcz, 1977, 2004 ARDL (1,1,0,0,0,1,0) 5.137%**
INnGCE, InTrd, TBrk]
5
FagdpcINRgdpc|InOil, InEngy, INCO,, InGCE, InTrd, 2004 ARDL(1,0,0,1,0,0) 7.134%%%
TBrk]
6
FRgde[InRgdpc\anil, InEngy, InCO,, INGCE, InTrd, 1980, 2005 ARDL (1,0,0,1,0,0) 8.614%**
TBrk]
Critical value bounds 1% 5% 10%
10 bound (K=5) 3.657 2.734 2.306
/1 bound (K=5) 5.256 3.920 3.353
10 bound (K=6) 3.505 2618 2218
11 bound (K=6) 5.121 3.863 3314

Optimal lag length for all ARDL models selected based on Akaike information criterion (AIC); restricted intercept and no
trend; ** and *** indicate 5% level and 1% level of significance, respectively

uses a relatively small sample of 43 observations (1971-2013). Therefore, the critical val-
ues for the evaluation of the null hypothesis are taken from Narayan (2005). Narayan
(2005) computed two sets of critical values: lower bounds 7(0) and upper bounds criti-
cal I(1) for sample sizes ranging from 30 to 80. The results in Table 5 indicate that the
F-statistic is greater than the upper critical bound from Narayan (2005) at 1% signifi-
cance level for all the specifications of energy demand and economic growth models and
the environmental Kuznets curve equation incorporating two structural break (specifi-
cation 4 in Table 5). For the environmental Kuznets curve equation incorporating only
one structural break (specification 3 in Table 5), cointegration is attained at 5% signifi-
cance level. This study, therefore, rejects the null hypothesis of no cointegration among
the variables. This shows that there is a long-run causal relationship among energy con-
sumption, crude oil price, CO, emissions, economic growth, government consumption
expenditure and trade openness in Venezuela.

The diagnostic tests results in Table 6 show that error terms of all the specifications
of the ARDL models are normally distributed and the residuals free from serial cor-
relation and heteroscedasticity. Figures 3, 4, 5, 6 present the plots of structural break
adjusted CUSUM and CUSUMSQ statistics. The figures are within the critical bound-
aries for the 5% level of significance indicating that the coefficients of the estimated
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Table 6 Diagnostic tests

Dependent variable InEngy InEngy InCO, InCO, InRgdpc InRgdpc
Specifications 1 2 3 4 5 6
Adjusted R-squared 0.832 0.833 0.710 0.691 0.889 0.886
Durbin-Watson Stat 2.189 2.239 2.207 2.053 1.762 1.873
BG serial correlation LM test 0.800 1.209 1.051 0.076 0.596 0.139
[0.378] [0.281] [0.314] [0.784] [0.446] [0.712]
ARCH test for heteroscedasticity 0.964 0.762 0.588 1.285 0.909 1.264
[0.326] [0.388] [0.448] [0.264] [0.346] [0.268]
Jarque—Bera normality test 0.958 0.841 1.383 1376 2778 3.101
[0.619] [0.657] [0.501] [0.503] [0.249] [0.212]
Probability values in [1; BG is for Breusch—-Godfrey serial correlation LM test
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Fig. 4 CUSUM and CUSUMSQ plots for the ARDL model 1 (InEngy model)

ARDL model specifications are stable. Therefore, the estimated results can be used

for policy implementation in the case of Venezuela.

4.4 Long-run and short-run estimates

The estimated short-run and long-run coefficients for the energy demand model are pre-
sented in Table 7. The results show that the effects of oil price on energy consumption
are positive but insignificant in the short-run. In the long run, the coefficient of crude oil
price is positive and statistically significant in the two specifications at 1% level, indicat-
ing that an increase in crude oil price significantly increases per capita energy consump-
tion in the Venezuelan economy in the long run. From the long-run coefficients, a 1%
increase in crude oil price significantly increases energy consumption by 0.10%. Both
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Fig. 5 CUSUM and CUSUMSQ plots for the ARDL model 2 (InCO, model)
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Fig. 6 CUSUM and CUSUMSQ plots for the ARDL model 3 (InRgdpc Model)

short-run and long-run coefficients support a statistically significant positive relation-
ship between CO, emissions and energy consumption in Venezuela. The coefficients of
other variables in the two ARDL specifications including dummy variables that capture
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Table 7 ARDL estimates for energy consumption (model 1)

Model:InEngy; = ag + a1In0il; + a2InCO,, + a3InRgdpc; + a4INGCE; + a5InTrd; + &

Variable Specification 1 Specification 2

Coefficient Std. error t-Statistic Coefficient Std. error t-Statistic

Short run estimates

ECM (—1) —0.561%** 0.086 —6.560 — 0.549%** 0.086 —6419
AlnEngy (= 1) —0.425%** 0.097 —4399 — 0423 0.100 —4.238
AInOIL 0.015 0.024 0.638 0.025 0.025 0.993
AInCO, 0.236%** 0.067 3524 0.225%%* 0.068 3.296
AlnRgdpc 0.139 0.135 1.036 0.144 0.142 1.010
AINGCE —0.109 0.077 —1.428 —0.110 0.078 —141
AlnTrd 0.021 0.062 0.344 0.006 0.064 0.092
AlnTrd (—1) —0.138* 0.056 —2470 —0.146** 0.058 —2.505
AlInBrk87 0.042 0.028 1.493

AlInBrk78&03 —0.004 0.023 —0a71

Long run estimates

Constant 4.467 2.7235 1.640 4562 2717 1.679
InOIL 0.099%** 0.0293 3.381 0.098*** 0.029 3332
InCO, 0.465** 0.2190 2.124 0.466™* 0.219 2.129
InRgdpc 0.235 0.2757 0.853 0.224 0.274 0.816
InGCE —0.162 0.1080 —1.500 —0.162 0.107 —1518
InTrd 0.239 0.1748 1.368 0.243 0.173 1.407
InBrk87 0.019 0.0916 0.204

InBrk78&03 —0.030 0.065 —0461

** And *** indicate 5% level and 1% level of significance, respectively

the structural breaks in the series are statistically insignificant. The coefficient of ECM
(—1) in the two specifications is negative and significant at 1% level with about 55% of
the short-run disequilibrium corrected in the long-run.

Table 8 presents the results of the empirical investigation of the drivers of CO, emis-
sions in Venezuela based on the environmental Kuznets curve hypothesis. The short-run
and long-run coefficients of real GDP per capital (InRgdpc) are positive but statistically
insignificant. The coefficients of the square of real GDP per capital (lnRgdch) are nega-
tive and statistically insignificant. These results suggest that EKC hypothesis does not
exist for Venezuela. From the results the key driver of CO, emissions in Venezuela is
identified to be energy consumption, government consumption expenditure and struc-
tural changes. The short-run and long-run coefficients of energy consumption (InEngy)
are positive and statistically significant at 1% and 5% level, respectively. A 1% increase
in energy consumption increases CO, emissions in Venezuela by 0.54% in the short run
and in the long run (see specification 2 in Table 8). The long-run impact of government
consumption expenditure on CO, emissions is positive and statistically significant at 1%
level, with a 1% increase likely to generate about 0.32% increase in CO, emissions in
Venezuela (see specification 2 in Table 8). The short-run and long-run coefficients of the
structural breaks are negative and statistically significant at 1% and 10% level, respec-
tively. This suggests the importance of structural changes in the mitigation of the envi-

ronmental effects of energy consumption in the Venezuelan economy. The coefficient
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Table 8 ARDL estimates for environmental pollution (model 2)

Model:InCO,, = bg + b1In0il; + byInEngy, + bsInRgdpc; + b4InRgdpcf + bsInGCE; + bgInTrd; + &¢

Variable Specification 1 Specification 2

Coefficient Std. error t-Statistic Coefficient Std. error t-Statistic

Short run estimates

ECM (= 1) —0.854%** 0.141 —6.076 —1.002%** 0.169 —5947
AInOIL —0.005 0.035 —0.150 —0.001 0.038 —0.033
AlnEngy 0.610%** 0.162 3777 0.536*** 0.170 3.162
AlnRgdpc 23.781 17.144 1.387 —2.331 16.857 —0.138
AlnRgdpc? —1.297 0914 —1.420 0.078 0.899 0.086
AInGCE 0.178 0.129 1.381 0.154 0.136 1.137
AlnTrd —0.105 0.095 —1.110 —0.091 0.100 —0.906
ABrko4 —0.382%** 0.060 —6.352

ABrk77804 —0.095%** 0.034 —2.764

Long run estimates

Constant 21.017 17.639 1.192 50.849 83.354 0610
InOIL —0.102 0.053 —1911 —0.065 0.040 —1.637
InEngy 0.744** 0.341 2183 0.543%* 0.262 2.069
InRgdpc —44.825 37.555 —1.194 —10910 17.815 —0612
InRgdpc? 2326 1.985 1172 0.540 0.945 0.572
InGCE 0.380*** 0.097 3.900 0.317%%* 0.076 4177
InTrd —0.115 0.129 —0.89%4 —0.084 0.106 —0.79%4
Brko4 —0483* 0.253 —1.906

Brk77&04 —0.110% 0.058 —1.908

*,** And *** indicate 10% level, 5% level and 1% level of significance, respectively

of ECM (—1) in the two specifications is negative and significant at 1% level with all the
short-run disequilibrium corrected in the long run [see the coefficient of ECM (—1) in
specification 2 Table 8].

The effects of energy consumption, CO, emissions, oil price, government consump-
tion expenditure and trade openness on economic growth in Venezuela are presented
in Table 9. Surprisingly, the short-run and long-run effects of oil price on real GDP per
capital in the economy are statistically insignificant. Interestingly, both short-run and
long-run coefficients of CO, emissions are negative and statistically significant at 1%
level. A 1% increase in CO, emissions decreases real GDP per capital (economic growth)
by 0.23% in the short run and 0.93% in the long run (see specification 2 in Table 9). The
short-run and long-run coefficients of government consumption expenditure are posi-
tive and statistically significant at 1% level. The coefficients suggest that a 1% increase
in government consumption expenditure increases real GDP per capital by 0.19% in the
short run and 0.35% in the long run. The coefficient of ECM (—1) in the two specifi-
cations is negative and significant at 1% level with about 46% of the short-run disequi-
librium corrected in the long run (see the coefficient of ECM (—1) in specification 2
Table 9).
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Table 9 ARDL estimates for economic growth (model 3)

Model:InRgdpc; = 8o + 81In0il; + 52InEngy; + 63InCO;, + 54INGCE; + §5InTrd; + &¢

Variable Specification 1 Specification 2

Coefficient Std. error t-Statistic Coefficient Std. error t-Statistic

Short run estimates

ECM (—1) —04171%%% 0.066 —6.197 —0462%** 0.075 —6.182
AlnOIL —0.001 0.019 —0.054 0.002 0.019 0.126
AlnEngy 0.067 0.087 0.767 0.081 0.086 0.945
AInCO, —0.210%%* 0.065 —3238 —0.232%** 0.062 —3.757
AInGCE 0.194%** 0.059 3274 0.194%*** 0.059 3276
AlnTrd 0.030 0.050 0.603 0.035 0.050 0.693
InBrko4 0.049* 0.027 1.829

InBrk80&05 —0.024 0018 —1.369

Long run estimates

Constant 8.207*** 2.084 3939 8.329%** 1.934 4.306
InOIL —0.013 0.039 —0331 —0.008 0.037 —0.225
InEngy 0.013 0.233 0.056 —0.003 0217 —0014
InCO, —0.988*** 0.165 —5.990 —0.927%** 0.141 —6.567
InGCE 0.375%%* 0.091 4.108 0.351%** 0.083 4.238
InTrd 0.094 0.106 0.888 0.107 0.099 1.086
InBrk04 0111 0.113 0.986

InBrk80&05 —0.032 0.059 —0.544

*,** And *** indicate 10% level, 5% level and 1% level of significance, respectively

4.5 Results of generalized variance decomposition and impulse response function

The direction of causality between energy consumption, crude oil price, CO, emissions,
economic growth, government consumption expenditure and trade openness in Ven-
ezuela is examined using the innovative accounting approach (IAA), which combines
variance decomposition analysis (VDA) and impulse response function (IRF) to deter-
mine causality ahead of the sample period. Table 10 and Fig. 7 presents the results of
the generalised variance decomposition analysis and generalised impulse response func-
tions, respectively, over a range of 10-year period. The main reason for implementing
the generalised variance decomposition analysis and generalised impulse response func-
tions is that unlike orthogonalized forecast error variance approach, it is insensitive to
the ordering of variables in the VAR system (Pesaran and Shin 1998).

The results in Table 10 show that about 75.69% and 58.78% of energy consumption
is explained by its own innovative shocks in the 1st year and 5th year, respectively.
One standard deviation shock in crude oil price explains energy consumption in the
economy by 7.49% and 20.59% in the 1st year and 5th year, respectively. In the 10th
year, one standard deviation shock in crude oil price explains energy consumption in
the economy by about 23.23%. The contributions of economic growth, government
consumption expenditure and trade openness to energy consumption in the 10th
year are equal to 1.70%, 2.15% and 4.32%, respectively. The increasing influence of
one standard deviation shock in crude oil price on energy consumption suggests that
crude oil price causes energy consumption in the economy and the effect is greater
in the long run. The variance decomposition of CO, emissions shows that energy
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Table 10 Generalized variance decomposition analysis

InEngy InOIL InCO, InRgdpc InGCE InTrd
Variance decomposition of InEngy
1 75.687 7492 11.613 0.006 4476 0.725
3 62.885 17.126 13.129 1.167 2721 2972
5 58.783 20.594 13.000 1463 2420 3.741
6 57.625 21577 13.069 1.569 2.308 3.852
9 56.119 22929 12.848 1.669 2179 4257
10 55.772 23.231 12.836 1.696 2.148 4317
Variance decomposition of InOIL
1 6.531 65.976 0.065 0.525 6.753 20.150
3 5743 59.679 0.263 0.268 9.674 24373
5 5.756 59.216 0.225 0.269 9.657 24.878
6 5.754 59.042 0218 0.260 9.747 24979
9 5.750 58.830 0.209 0.250 9.826 25.135
10 5.749 58.782 0.207 0.248 9.845 25.168
Variance decomposition of InCO,
1 4.306 10479 68.294 0.816 16.038 0.067
3 16.204 8933 52.795 3.632 13.285 5.151
5 21597 6.807 45575 3360 13.943 8719
6 22.859 6.383 43.999 3435 13.946 9.376
9 25.149 5520 41.055 3489 14.069 10.719
10 25.605 5.353 40471 3.500 14.090 10.981
Variance decomposition of InRgdpc
1 0.006 0.544 16.056 68.367 14.093 0934
3 0.821 4.034 30.055 52.169 6.519 6.403
5 0.637 5.836 28.950 51474 4.924 8.179
6 0617 6.159 28.945 51.112 4.582 8.584
9 0.570 6.700 28.854 50.641 3.998 9.237
10 0.561 6.804 28.836 50.549 3.889 9.361
Variance decomposition of INGCE
1 4218 7.300 0.852 14.702 71322 1.606
3 6.137 3.500 6.376 17.566 63.349 3.073
5 5594 2.383 5319 18373 64.452 3.879
6 5.568 2.083 5.287 18.589 64.355 4119
9 5520 1.554 5014 18.945 64.505 4.462
10 5.504 1.442 4.964 19.023 64.526 4.541
Variance decomposition of InTrd
1 0.677 21.596 4458 0.966 1.592 70.710
3 0315 16.564 8441 0445 3.038 71.196
5 0.259 14422 10.302 0.305 3.306 71.406
6 0.245 13.795 10.834 0.264 3.398 71.464
9 0.203 12.680 11.748 0.187 3.567 71614
10 0.196 12438 11.949 0171 3.602 71.643

consumption contributes to CO, emissions by 4.31% and 25.61% in the 1st year and
10th year. This result gives indication that energy consumption contributes to CO,
emissions both in the short run and in the long run. The contribution of govern-
ment consumption expenditure to CO, emissions in the 10th year is equal to 14.09%.
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Fig. 7 Generalized impulse response function

About 68.37% of economic growth is explained by its own innovative shocks in the
1st year; while energy consumption, crude oil price, CO, emissions and government
consumption expenditure generate 0.006%, 0.54%, 16.06% and 14.09%, respectively.
The contributions of CO, emissions increased to 28.84% in the 10th year. The vari-
ance decomposition analysis of economic growth highlights the increasing influence
of CO, emissions on the growth of economic activities in the Venezuelan economy.
The impulse response function traces the responsiveness of a dependent variable
due to shocks arising in the independent variables in the model. Figure 7 shows that
the response of energy consumption due to one standard deviation shock in crude oil
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price is positive even at the 10th year. Interestingly, the response of CO, emissions to
one standard deviation innovations in energy consumption is positive until 10th year.
Another interesting aspect of the results is that the response of CO, emissions to one
standard deviation innovations in government consumption expenditure is positive over
the time horizon. The response of economic growth to one standard deviation innova-
tions in energy consumption is negative, although the effect is minimal. The response
of economic growth to one standard deviation innovations in CO, emissions is nega-
tive and very strong over the time horizon. Not surprisingly the response of economic
growth to one standard deviation innovations in both crude oil price and government
consumption expenditure is positive and does not disappear in the long run. These
results are consistent with the ARDL estimates in Tables 7, 8 and 9.

5 Discussion and policy implications

The schematic view of the results of this empirical study is presented in Fig. 8. The
results show that oil resource abundance (and dependence) creates economic conditions
that intensify energy consumption in the Venezuelan economy. The first economic con-
dition is the income effect. Fiscal spending that determines the demand for economic
activities and the performance of firms and households in the Venezuelan economy
depends mainly on the volume of crude oil receipts (Bjerkholt and Niculescu 2004; Villa-
fuerte and Lopez-Murphy 2009; Di Bella et al. 2015). The results of this empirical study,
therefore, suggest that with higher crude oil prices, various economic units (households,
firms and government agencies) increase their consumption on energy-intensive tech-
nologies such as buying more vehicles. The second economic condition is the institu-
tionalization of energy consumption subsidies. The extensive subsidisation of energy
consumption in Venezuela over the years as a means of sharing oil-resource wealth leads

Oil Resource

A

Fiscal Spending

® Fossil fuel subsidies
e Consumption-bhased

Energy Consumption

e Rapid accumulation of
energy-using technologies
® Increased investment in

§ N social programs
energy-intensive Sectors prog
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Fig. 8 Oil resource induced energy consumption and CO, emissions in Venezuela
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to overuse and waste of energy (Di Bella et al. 2015). According to Di Bella et al. (2015),
the subsidization of energy consumption in the oil-dependent Latin American econo-
mies boosted by income from oil resource exports promoted the growth and develop-
ment of energy-intensive sectors such as car manufacturing industry thereby increasing
energy-intensive consumption. Similar economic conditions have been documented for
other heavily dependent net oil-exporting economies, including Algeria (see Fuinhas
and Marques 2013), Saudi Arabia (see Alshehry and Belloumi 2015) and Ecuador (see
Nwani 2017). Regardless of good intentions, the results of this study show that the eco-
nomic conditions created by fossil fuel subsidies and low fuel prices in Venezuela may
have generated increased consumption of fossil fuels, thereby intensifying their negative
effects on the environment by increasing CO, emissions. It may have also imposed bar-
riers to the development of energy efficiency measures and renewable energy sources in
the economy.

Interestingly, the results of this empirical study show that an increase in the level of
energy consumption does not significantly generate economic growth but an increase in
the amount of CO, emissions in the Venezuelan economy. Fuinhas and Marques (2013),
Alshehry and Belloumi (2015) and Nwani (2017) document similar economic condition
in the case of Algeria, Saudi Arabia and Ecuador, respectively. A further aspect of this
empirical study that deserves attention is the causal impacts of fiscal spending on CO,
emissions and economic growth in the oil-dependent Venezuelan economy. The empiri-
cal results show that while government consumption expenditure significantly generates
economic growth in the Venezuelan economy, it also creates economic conditions with
adverse environmental consequences. This is not surprising given that the national oil
company, Petroleros de Venezuela (PDVSA), has over the years spent much of the crude
oil export receipts financing consumption-based social programs. While these social
programs were designed to attend to the needs of the people, it may have also induced
high demand for energy-intensive activities (Rogat 2007), given the extensive fossil fuel
subsidies provided in the economy (Moghaddam and Wirl 2018). This condition is also
heightened by the minimal development of low carbon and efficient energy sources in
the economy (see Pietrosemoli and Rodriguez-Monroy 2019). The results of this study
in general suggest that the abundance of oil has made the Venezuelan economy highly
dependent on oil export receipts and the dependence of the economy on oil has intro-
duced significant sustainability challenges in the economy.

These results have important policy implications for environmental and economic
sustainability in Venezuela. Given that, energy is not an important source of economic
growth in the Venezuelan economy, energy policies that aim to conserve energy con-
sumption will not retard the growth of economic activities in the economy. It is,
therefore, expected that policy makers would consider energy diversification a major
component of economic diversification policies in Venezuela. Such policies should
be designed to target reducing the proportion of fossil fuel energy in the energy con-
sumption mix since it represents an important source of CO, emissions, accelerat-
ing transition toward renewable energy and improving energy efficiency. All sectors
of the economy, especially the energy-intensive ones should be encouraged to adopt
advanced technologies that minimize pollution. Venezuela could benefit from solar
and wind energy to increase access to clean forms of energy and lessen the influence
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of oil resource abundance (and dependence) on environmental quality in the economy.
Interestingly, the income from oil exports could be used in the development of renew-
able energy sources in the economy. The development of solar and wind energy sources
could increase access to clean forms of energy and lessen the accumulation of green-
house gases (GHGs), which threatens environmental quality and sustainability. There is
also every need for a well-articulated policy framework that will lessen the role of pub-
lic sector in economic activities and enhance private sector activities in the Venezue-
lan economy. Private capital, technology and expertise could play an important role in
strengthening research and development (R & D) in activities related to efficient energy
sources, such as solar, wind, biomass and biogas, which could enhance energy substitu-
tion habit of households and firms in the economy. Reviewing the current fuel pricing
policies in Venezuela to market-oriented and investor-friendly policies should be consid-
ered among top priority issues in the search for sustainable development in the oil-rich

economy.

6 Conclusion

This study examined the causal interactions between crude oil price as an indicator of
oil resource, energy demand and CO, emissions in Venezuela over the period 1971-
2013, incorporating real GDP per capita for economic growth, government consump-
tion expenditure for fiscal spending and trade openness. The long-run relationship
among the variables is examined using ARDL bounds testing approach to cointegration.
The results provide evidence of cointegration between the variables with the incorpo-
ration of the presence of single and multiple structural breaks observed in the series.
The ARDL estimates of the energy demand model suggest that an increase in crude oil
price significantly increases energy consumption in the economy. In other words, higher
crude oil receipts induce energy consumption in the economy. The estimates of the
environmental pollution model indicate that energy consumption and government con-
sumption expenditure generate CO, emissions in the economy. The estimates of the eco-
nomic growth model highlight the negative effects of CO, emissions on the growth of
economic activities in the oil-rich Venezuelan economy. This study further examined the
direction of causality between the variables using the innovative accounting approach
(IAA), which combines variance decomposition analysis (VDA) and impulse response
function (IRF) to determine causality ahead of the sample period. The results suggest
that crude oil price causes energy consumption in the Venezuelan economy. No signifi-
cant causal relationship is found between energy consumption and economic growth.
Energy consumption causes CO, emissions in the economy. In addition, a unidirectional
causality runs from CO, emissions to economic growth. Not surprisingly, the response
of economic growth to CO, emissions indicates that more CO, emissions in the econ-
omy would cause negative effects on economic growth.

Policy makers in Venezuela are, therefore, expected as part of the economic diversi-
fication strategy to channel income from crude oil exports into the development and
provision of energy-saving and low carbon energy technologies. The economic diversi-
fication policies are also expected to incorporate strategies that will lessen the role of
public sector in economic activities and enhance private sector activities in the Vene-
zuelan economy. It is also expected that policy changes toward the current fuel pricing
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arrangements in Venezuela to allow for market-oriented and investor-friendly environ-
ment would be considered among top priority steps in the search for sustainable devel-
opment in the oil-rich economy.
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