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The energy mix-environmental aspects of income and economic
freedom in Hong Kong: cointegration and frequency domain
causality evidence
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Istanbul Gelisim University, Istanbul, Turkey; cSouth Ural State University (National Research University),
Chelyabinsk, Russia

ABSTRACT
Since the inception of the quantification or qualification of global
economic freedom, there has been increasing drive and competition
towards for better financial freedom among the global economies.
However, balancing the drive towards environmental sustainability and
economic freedom, especially from the context of the Global Goals, has
remained relatively ignored. Thus, this study tries to reveal the nature of
the relationship, that is, a U- or inverted U-shaped hypothesis between
economic freedom and environmental degradation in the case of Hong
Kong Special Administrative Region of the People’s Republic of China
(HKSAR). As the result of the investigation implied, economic freedom
and environmental degradation exhibit a U-shaped relationship against
the validity of the environmental Kuznets curve in the relationship
between environmental degradation and income. The implication is
that economic freedom poses more danger to the environment than
income growth, especially when both experiences exponential increase.
In any case, Hong Kong’s two principal energy sources (coal and oil)
constitute a significant source of environmental damage. Moreover,
there is Granger-causality evidence with frequency inference in favour
of causality between carbon emission and all the explanatory variables
except for the fossil oil consumption.
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Highlight

. The environmental sustainability aspect of Hong Kong is examined.

. The economic freedom-carbon emission relationship is U-shaped.

. The income-carbon emission relationship is inverted U-shaped (EKC hypothesis).

. Coal and oil energy consumption significantly hinders the carbon mitigation drive.

. Robustness evidence with frequency domain causality approach.
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1. Introduction

In the last few decades, countries’ economic freedom has been qualitatively and quantitatively
measured by applying several indicators of the aspects of the economy (Fraser Institute 2020; Heri-
tage 2020a). In the last 25 years, according to The Heritage Foundation report, Hong Kong Special
Administrative Region of the People’s Republic of China has been the world’s topmost country in
terms of economic freedom (Heritage 2020b). Although the country lost this position, as indicated
in the 2021 report, due to the recent internal unrest bothering around its autonomous status, the
investigation period in the current study (1995–2018) is well-situated for the objective of the
study. Then, if the period of dominance of Hong Kong as the world leader in economic freedom
is anything to standby, it is expected that the country’s economic prosperity would not have
been void of setbacks that are associated with environmental aspects. Given the evidence that
environment-related issue is sometimes associated with economic aspects and subsequently, the
likelihood of the environmental Kuznets curve hypothesis (Grossman and Krueger 1995; Stern
2004; Shahbaz and Sinha 2019; Adedoyin, Alola, and Bekun 2020), making similar inference for
economic freedom is an expected subject of interest. Hong Kong, with a Gross Domestic Product
of 311.57 billion (in 2015 United States Dollars) and a population of about 7.5 million people, has
experienced significant growth in total primary energy supply (of over 50% increase), electricity
final consumption (of about 100% increase) and total carbon dioxide emission (of about 25%
increase) compared to its 1990 energy and emission status (International Energy Agency 2020).

However, the comprehensively perceived nature of economic freedom is, until now, yet to be
linked with environmental sustainability. Being one of the rare studies that present the nexus of
economic freedom and environmental quality, thus the current study contributes to the body of
knowledge by expanding the concept in Saint Akadiri, Alola, and Usman (2021) and Alola and
Nwulu (2021). Additionally, this study reveals the evidence for or against the EKC hypothesis in
the framework of economic freedom-environment degradation nexus in place of income-environ-
mental degradation (conventional EKC hypothesis) nexus. This is because economic freedom offers
a more comprehensive economic perspective compared to income. Importantly, the case of Hong
Kong Special Administrative Region of the People’s Republic of China (HKSAR) is considered for
the study because (1) no previous study has demonstrated the nexus trade-off and/or the EKC
hypothesis for the country and (2) Hong Kong has consistently maintained the top spot of the econ-
omic freedom index ranking of the last decade. Lastly, the aforementioned result is further com-
pared with the validity of the conventional EKC hypothesis for the country in addition to
illustrating the environmental impact of coal and oil. Considering the resilience of the country’s
energy sector (Aldieri, Gatto, and Vinci 2021), the aforementioned energy sources are the country’s
two main energy consumption profiles.

In line with the study objective, the review of related literature is presented in Section 2, while the
dataset description and empirical method is outlined in Section 3. In Sections 4 and 5, we discuss
the result of the study and outline the conclusion with policy insight.

2. Literature review

As defined from the dimension of individualism, Economic freedom measures the capacity of an
individual to take ownership of property or asset in the absence of force, fraud or illegality, and
that such acquisition is shielded from any form of intrusion by anyone. Moreover, Gwartney
and Lawson (1997) further mentioned that such mentioned acquisitions are made available for
others to use for personal motive, use as a medium of exchange, or sometimes donated inform
of gift to others, but without constituting a danger or obstruction to the rights of others. Similarly,
O’Driscoll, Feulner, and O’Grady (2003) defined economic freedom as a condition in which indi-
viduals are free to work, produce, spend, and invest as they wish. Economic freedom is often viewed
as an important element for enhancing incentives, efficient resource use and improving
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productivity (Carlsson and Lundstrom 2001). More recently, the aforementioned definition of
economic freedom in the form of the fundamental right of a human to control and dominate
own property or labour has been empirically illustrated in association with socioeconomic and
environmental aspects (Alola and Nwulu 2021; Saint Akadiri, Alola, and Usman 2021).

A vast body of literature using the Kuznets curve has explored the impact of economic growth on
the environment, and some of them have concluded that economic growth in most countries is at
the expense of environmental quality (Nathiel, Yalciner, and Bekun 2021; Sarkodie and Strezov
2019; Raggad 2018), while others have argued that economic growth comes with improved technol-
ogy, change in economic activities and higher environmental awareness all of which lead to an
improved environmental quality (Deacon and Norman 2004; Muhammad 2019).

Additionally, other studieshave focusedon thenexusof economic freedomand the trendof economic
growth. Heckleman (2000) also examined the relationship between economic freedom and economic
growth for a cross-section of 147 nations and established that the average level of freedom and many
other underlying components of freedom precedes growth. Hussain and Haque (2016) used the econ-
omic freedom index from two panel data-sets computed by the Heritage foundation and concluded
that the indexhas a positive impact on the growth rate of per capitaGDP.Additionally, Brkić, Gradojević,
and Ignjatijević (2020), using theHeritage foundationdataset, examined the impact of economic freedom
alongside other economic factors on economic growth using 43 developed and developing European
countries over 20 years and established that economic freedom index, not its levels are related to econ-
omic growth. Althoughmost studies have established a level of a positive association between freedomof
economic aspects and economic growth, there is still an on-going debate as to if economic freedom is
good or bad for the environment, whether it increases or decreases environmental progress within a
country as it pursues economic growth.

Utilizing an unbalanced dataset for 75 countries during 1975–1995, Carlsson and Lundstrom
(2001) examined the level of environmental effect arising from using CO2 emission as an environ-
mental indicator. The study found that increased economic freedom in small government size
decreases CO2 emissions but increases emissions when the government size is large. Additionally,
for 22 OECD and 87 non-OECD countries, Joshi and Beck (2018) found a conflicting relationship
between economic freedom and CO2 emissions depending on the type of government and the state
of development. However, for the most part, the government that extends economic freedoms by
increasing the scale of their economy-encouraging the expansion of businesses will generate more
emissions. Furthermore, Graafland (2019) examined the role of small government and freedom
from government regulations on the corporate environmental responsibility for 41 countries and
5023 companies for 2005–2014. The study posits that small government size and freedom from gov-
ernment regulations decrease corporate environmental responsibility by discouraging corporate
environmental responsibility of companies. Also, findings from 4338 small-medium-sized enter-
prises from 12 European countries revealed that economic freedom and corporate environmental
performance interact with each other Graafland and Gerlagh (2019).

For 194 countries, Hartwell and Coursey (2015) found that economic freedom has environ-
mental rewards and that smaller government, increased property rights and economic growth
are important factors for the improvement of the environment. Similarly, for 23 European
countries, Rapsikevicius et al. (2021) found that higher economic freedom leads to higher environ-
mental progress during 2005–2018 with economic freedom progress increasing more rapidly than
environmental performance.

Furthermore, for 111 countries, Wood and Herzog (2014) found an inverse relationship between
economic freedom and CO2 emissions for 2000 and 2010 when the economy is in the short run. Saint
Akadiri, Alola, and Usman (2021) found that economic freedom triggers carbon mitigation in the
short run, while the opposite holds in the long run, affirming a U-shaped relation in the short run
and an inverted U-shaped relationship in the long run for BRICS economy over 1995–2018.
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3. Variables and method

In driving home the objective of this study for the novel case of Hong Kong (Hong Kong Special
Administrative Region of the People’s Republic of China (HKSAR)), the dataset comprises the
emissions of carbon dioxide (measured of in million tonnes of CO2 and denoted here as CEM),
the Gross Domestic Product per capita (measured in USD 2010 constant and denoted here as
GDP), the index of economic freedom (is denoted here as EFI, is an index for the aspects of econ-
omic freedom),1 coal energy (is measured in a million tonnes oil equivalent, denoted here as
COAL), natural gas energy (is measured in a million tonnes oil equivalent and denoted here as
NGAS), and oil energy (is measured in a million tonnes oil equivalent and denoted here as
OIL). Except for the EFI, the balanced dataset was retrieved from the database of BP (British Pet-
roleaum 2020). Additionally, we employed the natural logarithm of the series except for the EFI
series, and the dataset covers 1995–2018. The measurement of EFI is based on twelve (12) quanti-
tative and qualitative factors categorised under Rule of Law, Government Size, Regulatory
Efficiency, and Open Markets.

Furthermore, the common statistics and the evidence of correlation among the employed vari-
ables are presented in Table 1. In the illustration, the EFI deviates from the mean more than other
variables, while the standard deviation of the natural gas consumption is the lowest. Also, all the
series are normally distributed except the natural gas consumption (NGAS), which is then dropped
in the succeeding estimation. There is significant evidence of a correlation between the dependent
and the explanatory variables (lower part of Table 1), and a correlation between CEM and GDPC,
EFI, COAL, and OIL at a 1% statistical level. However, no statistically significant correlation is
observed between CEM and NGAS.

3.1. Empirical methods

The link between economic expansion or income and environment (later affirmed as the Environ-
mental Kuznets curve) has been widely illustrated in the extant literature since the emergence of the
pioneering and related studies (Grossman and Krueger 1991, 1995; Stern 2004). Recently, the lit-
erature has been flooded with the investigation of the EKC validity for several economies (Bekun
et al. 2021; Onifade et al. 2021a, 2021b; -Gyamfi et al. 2022). In this case, economic freedom,

Table 1. Statistical Properties of the explored variables.

Variables CEM GDPC EFI COAL NGAS OIL

Common statistics
Mean 4.307609 10.25951 89.47500 1.800644 0.836492 2.679554
Median 4.376362 10.31136 89.70000 1.901815 0.885069 2.743499
Maximum 4.600168 10.56371 90.50000 2.097402 1.128350 3.099310
Minimum 3.892714 9.963713 88.00000 1.256470 0.399865 2.221294
Std. Dev. 0.244838 0.211042 0.648242 0.238524 0.173226 0.277989
Skewness −0.667861 −0.080859 −0.732839 −1.044275 −1.106054 −0.364676
Kurtosis 1.938524 1.437946 2.516708 2.867799 3.844935 1.863358
Jarque-Bera 2.910886 2.466166 2.381781 4.379514 5.607334 1.823908
Probability 0.233297 0.291393 0.303950 0.111944 0.060587 0.401738
Observations 24 24 24 24 24 24
Correlation matrix
CEM 1.000
GDPC 0.930* 1.000
EFI 0.456** 0.354*** 1.000
COAL 0.862* 0.714* 0.438** 1.000
NGAS 0.311 0.391** −0.171 −0.047 1.000
OIL 0.985* 0.949* 0.443** 0.775* 0.354*** 1.000

Note: CEM, GDPC, EFI, COAL, NGAS, and OIL are the emissions of carbon dioxide, Gross Domestic Product per capita, economic
freedom indicator, coal consumption, natural gas consumption, and oil consumption. In addition, *, **, and *** are the respective
statistical significance at 1%, 5%, and 10%.
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which comprehensively measures the economic aspects in terms of progressiveness of the people
within the concept of 12 qualitative and quantitative indicators, is examined alongside environ-
mental quality.

Indicatively, the nexus of EFI and quality of the environment, i.e., carbon emission, is compared
with the nexus of economic growth (GDPC) and environmental quality within the framework of
EKC in two models as

CEM = f(EFI, EFIsq, COAL, OIL) (1a)

CEM = f (GDPC, GDPCsq, COAL, OIL) (1b)

Considering the small number of observations and the desire to explore short- and long-term
nexus from the aforementioned models (Equations 1a and 1b), the study explores the choice of
the Autoregressive Distributed Lag (ARDL). Additionally, as an essential procedure, the unit
root evidence was investigated and returned with desirable results, thus providing a suitable ground
for using the ARDL approach. The likelihood of a U- or inverted U-shaped hypothesis is illustrated
for the distinct cases of EFI-environmental quality (from Equation 1a) and income – environmental
quality (from Equation 1b) nexus. Without providing the step-wise method of the ARDL empirical
technique of Pesaran, Shin, and Smith (2001), the results of the estimation and the evidence of diag-
nostic are available in the lower part of Table 2. Moreover, the periodograms illustrated in Figures
A1–A5 and the Johansen and Juselius (1990) cointegration evidence in Table A1 of the Appendix
further provided a priori evidence, justifying the estimation of the models (Equations) 1a and 1b.

Table 2. The ARDL findings.

GDP S L

Independent variables Coefficient Coefficient

CEM(−1) 0.010A

GDPC 0.362 4.542A

GDPCsq −0.020 −0.217A

COAL 0.267A 0.240A

OIL 0.685A 0.617A

Adjustment parameter −1.393A C =−21.520A
Diagnostic
Wald test: F-statistic = 611.345A (0.000)
Serial correlation: F-statistic = 2.918 (0.103)
Heteroscedasticity: F-statistic = 0.765 (0.660)
Skewness =−0.008; Kurtosis = 2.043; Normality test = Normal
Stability test with CUSUM and CUSUMSQ = Stable

Note: A, B, and C denote the statistical significance at 1%, 5%, and 10%, respectively. Where CUSUM and CUSUMSQ are
cumulative sum and cumulative sum of squares, respectively. The correlation test is performed by Breusch-Godfrey LM, while
the heteroscedasticity test is performed by Breusch-Pagan-Godfrey.

EFI S L
Independent variables Coefficient Coefficient

CEM(−1) 0.062C

EFI −2.374C −9.190B
EFIsq 0.013C 0.051B

COAL 0.347A 0.324A

OIL 0.716A 0.669A

Adjustment parameter −1.071A C = 412.251A

Diagnostic
Wald test: F-statistic = 141.115A (0.000)
Serial correlation: F-statistic = 0.106 (0.900)
Heteroscedasticity: F-statistic = 0.649 (0.738)
Skewness = 0.291; Kurtosis = 2.341; Normality test = Normal
Stability test with CUSUM and CUSUMSQ = Stable

Note: A, B, and C denote the statistical significance at 1%, 5%, and 10%, respectively. Where CUSUM and CUSUMSQ are cumu-
lative sum and cumulative sum of squares, respectively. The correlation test is performed by Breusch-Godfrey LM, while the het-
eroscedasticity test is performed by Breusch-Pagan-Godfrey.
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3.1.1. Robustness check
To provide additional information or inference from the frequency dynamics, as captured by the
periodograms in Figures A1–A5 of the Appendix, the current study employs the Granger causality
technique to provide the causality nexus between carbon emission and the explanatory variables
(GDPc, EFI, Coal, and Oil). Through the Granger causality approaches of Granger (1969), Geweke
(1982), and Hosoya (1991), the latest Breitung and Candelon (2006) approach modified the Gran-
ger causality technique that is built on the newer approaches of Toda and Yamamoto (1995), and
Dolado and Lütkepohl(1996). Breitung and Candelon (2006) provide a Granger causality relation-
ship in the frequency domain irrespective of the order of integrating the variables or even when
there is no evidence of cointegration. Thus, the current study relies these advantages by employing
theWald test of the Granger causality approach of Breitung and Candelon (2006). The modification
proposed by Breitung and Candelon (2006) for the frequency domain test is given as

xt = c1 +
∑p

j=1

ajxt−j +
∑p

j=1

bjyt−j+
∑p+dmax

k=p+1

akxt−k +
∑p+dmax

k=p+1

bkyt−k + mt (2)

provided that dmax > 0. In this case, where xt and yt are the pair of variables to be examined for
mutual Granger causality evidence (such as CO2 and GDPc, CO2 and EFI, CO2 and Coal, and CO2

and Oil) over the experimental period t, given frequency ω, and lag length j = 1,… , p. Conse-
quently, the null hypothesis H0: =My�x(ω) = 0 (of no Granger causality from y to x) involving
only bj is now determined. In Breitung and Candelon (2006), the details and further guidance
for the estimation procedures are available.

4. Discussion of result

The impact of economic freedom on environmental degradation (CO2) in the short- and long-run
is negative, implying that economic freedom improves the environment (see Table 2). İn the long
run, the effect of EFI (economic freedom) on CO2 is larger (9.190 units) than in the short run (2.374
units), indicating a significantly increasing impact. This result implies that the freer the people of
Hong Kong economically, the better the environmental quality. It is also interesting to deduce that
the economic freedom attained by people and the economy of the country will cause a more sus-
tainable environment in the long run. However, the square of economic freedom index (EFIsq) on
carbon emissions is positive in the short- and long run, i.e. a 1 unit increase in EFIsq is responsible
for 0.013 and 0.051 unit million tonnes equivalent of CO2 in the short and long run, respectively.
This evidence implies that when the people and/or the country’s economy experiences a doubled
fold of economic freedom, or the economic freedom attains a certain threshold, its effect begins
to hamper environmental sustainability. Notably, the environmental effect from the impact of
EFI and EFIsq constitutes a U-shaped (of EFI and environmental degradation) relationship.
Although Hong Kong currently demonstrates the highest economic freedom globally, this implies
that the environmental quality of the country will be jeopardized when the economic freedom attri-
bute surpasses a certain threshold. Thus, this suggests a trade-off relationship between economic
freedom and environmental quality, especially at a certain attainable economic freedom, as also
established in the case of Russia in Alola and Nwulu (2021).

On the other hand, the income (GDPC)-environmental degradation relationship, in this case,
depicts an inverted U-shaped, i.e. EKC hypothesis (see Table 2). This is because a 1% increase in
the GDPC, and the GDPsq causes a 0.362% rise and (−) 0.020% decline in carbon emissions in
the short run. İn the long run, the impact of the GDPC (4.542%) and GDPCsq (−0.217%) is larger
and statistically significant at 1% in the long run. İndicatively, the study supported an inverted U-
shaped (EKC) hypothesis between income and environmental degradation in the short and long
run for the case of Hong Kong. Unfortunately, no previous study has exactly illustrated/investigated
the EKC hypothesis for the case of Hong Kong. However, the result of the EKC hypothesis in the
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current study is contrary to the economic freedom-environmental degradation relationship, which
is an exact also result demonstrated by Alola and Nwulu (2021).

Furthermore, this study examined the impact of the two most utilized energy sources (Coal
and oil consumption) on carbon emissions in Hong Kong. In the two examined models (from
Equations 1a and 1b), the impact of coal consumption and oil consumption on carbon emissions
is positive in the short and long run. However, the impact of the two energy sources on carbon
emissions in the long run is significantly minimized, indicating that the energy sources cause
minimal emissions of million tonnes equivalent of CO2 compared to the short-run case.
Additionally, in the economic freedom model, the impact of coal and oil energy utilization
on carbon emissions is significantly more severe in the short and long run, thus suggesting a
higher energy utilization that results in severe environmental damage when economic freedom
is prioritized in the country. This evidence lauds the study of Gasmi, Recuero Virto, and Couvet
(2020) that opined on the adoption of a policy that balances the energy mix, especially towards
achieving sustainable growth.

Figure 1. Evidence of causality from GDPc to CO2.

Figure 2. Evidence of causality from CO2 to GDPc.
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Moreover, a series of diagnostic tests, as indicated in the lower part of Table 2, further provided
robust evidence in support of the estimation techniques and results. İn specific, the tests for serial cor-
relation and the heteroskedasticity assert that the estimations are unperturbed by concerns related to
serial correlation and heteroskedasticity, respectively. Additionally, as presented in the above models,
there is significant evidence of a short-run relationship as suggested by theWald test. İn addition to the
evidence of skewness and peaks by the respective information from skewness and kurtosis estimations,
the series are jointly distributednormally.This is per thenormality test.Generally, the estimatedmodels
are statistically stable, due to the cumulative sum and the squared cumulative sum results.

4.1. Robustness evidence

Given the inference from the log of the periodogram for GDPc and EFI in Figure A1 and Figure A2,
respectively, there is significant evidence that the periodogram peaks at almost the same frequency

Figure 3. Evidence of causality from EFI from CO2.

Figure 4. Evidence of causality from CO2 to EFI.
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of about 0.05 per year for the variables. Given that the period is a reciprocal of frequency, this cor-
responds to about a 20-year cycle (a similar trend experienced) in each of GDP and EFI aspects.
Similarly, coal and oil energy consumption, as illustrated in Figures A4 and A5, expectedly mimics
the pattern of frequency and periodical trend.

Moreover, the Breitung and Candelon (2006) Granger causality result offers additional fre-
quency-related inference. For instance, the result provides evidence of bi-directional Granger caus-
ality from GDPc to CO2 emission but only at specific frequencies. At the same time, there is
evidence of Granger causality from a frequency of about 1.8 (at a 5% statistically significant
level) or about a frequency of 1.2 at a 10% statistically significant level and beyond (see Figure
1), Granger causality from CO2 emission to GDPc is only 5% statistically significant between the
frequency of 0 and approximately 0.8 (see Figure 2). Interestingly, the evidence here shows that
economic freedom Granger causes CO2 emission with feedback (see Figure 3 and 4) both at the
same frequency of about 1.2 at a 10% statistically significant level. This evidence further

Figure 5. Evidence of causality from coal to CO2.

Figure 6. Evidence of causality from CO2 to coal.

JOURNAL OF ENVIRONMENTAL ECONOMICS AND POLICY 71



corroborates the aforementioned Granger-causality evidence from GDPc to CO2 emission in Figure
1. Furthermore, the Granger causality from coal energy consumption to CO2 emission as illustrated
in Figure 5 occurs during frequency (1.5, 2.2) at a 5% statistically significant level, while the reverse
occurs at the frequency (0.5, 1.5) also at 5% statistically significant level (see Figure 6). However, no
statistical evidence of frequency-related Granger causality is found between conventional energy
consumption and CO2 emission (Figures 7 and 8).

5. Conclusion with policy concern

This is a presentation of a unique perspective of environmental sustainability because the EKC
hypothesis is investigated and that the EFI concept is adopted to breach an existing gap in the lit-
erature, especially for Hong Kong. The study adopted a two-model approach to illustrate the EKC
hypothesis by employing the GDP per capita, economic freedom, coal energy utilization, and oil

Figure 7. Evidence of causality from oil to CO2.

Figure 8. Evidence of causality from CO2 to oil.
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energy utilization over a period 1995–2018. Here, the investigation provides evidence of the U-
shaped nexus between EFI and environmental degradation while validating the EKC hypothesis
when GDP is employed as an economic-related variable in the short and long run. However, Brei-
tung and Candelon (2006) Granger causality offers statistical evidence of causality between carbon
emission and all the explanatory variables except for the fossil oil consumption. İmportantly, the
study found significantly larger impacts of economic freedom, coal energy consumption, and oil
energy consumption on carbon emissions in the short and long run as against the GDPC model.
Thus, this study identifies useful policies for the government of Hong Kong, other governments
across the globe, and intergovernmental agencies.

In view that Hong Kong has once retained the highest-ranking on the economic freedom index
except for the latest report released in 2021, this study opined that the long years of such accom-
plishment could not be free from environmental-related short-comings. Thus, as a policy insight,
an environmental hazard resulting from economic freedom could be avoided in the immediate and
long term by incorporating the dimensions of environmental sustainability practices in societal and
economic-wide institutions. Considering that the environmental sustainability of the country
begins to deteriorate after a specific threshold, especially when an exceedingly (twice) economic
freedom is allowed, a relevant co-benefit policy should be the suitable approach to thwarting the
environmental short coming that comes along with economic freedom.

An obvious weakness in this study is that political factor is not specifically accounted for in the
model, which could be undoing considering the country’s political configuration. Thus, future
studies could possibly account for the political effect in the model. Moreover, there is a sparse
study on the economic freedom-environmental sustainability nexus, and this could be a new direc-
tion for researchers and policy-makers in environmental-related studies.

Note

1. The EFI provides a measure of the general dimension economic freedom with detail information provided at
https://www.heritage.org/index/about.
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Appendix

Table A1 . Cointegration evidence.

A model with economic freedom (EFI)
Unrestricted cointegration rank test (Trace)

Nounber of CE(s) Eigenvalue
Trace 0.05

ProbabilityStatistic Critical value
None** 0.707 54.012 47.856 .012
At most 1 0.573 26.973 29.79 .102

Unrestricted cointegration rank test (maximum eigenvalue)
Max-Eigen 0.05

Nounber of CE(s) Eigenvalue Statistic Critical value Probability

None*** 0.707 27.040 27.584 .059
At most 1 0.573 18.724 21.132 .105
A model with income (GDPC)

Unrestricted cointegration rank test (trace)
Trace 0.05

Nounber of CE(s) Eigenvalue Statistic Critical value Probability

None* 0.801 65.155 47.85613 .000
At most 1 0.595 29.632 29.79707 .052

Unrestricted cointegration rank test (maximum eigenvalue)
Max-Eigen 0.05

Nounber of CE(s) Eigenvalue Statistic Critical value Probability

None* 0.801 35.522 27.584 .004
At most 1 0.595 19.869 21.132 .074

Note: The 1%, 5%, and 10% statistical significant level are respectively denoted by *, **, and ***.
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Figure A2. Periodogram of EFI.

Figure A1. Periodogram of GDPc.
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Figure A3. Periodogram of CO2 emission.

Figure A4. Periodogram of coal.
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Figure A5. Periodogram of oil.
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