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Abstract

We examine the impact of energy consumption and tourism growth on the ecological footprints and economic growth of 38

International Energy Agency (IEA) countries, as moderated by labor and capital, over the 1995–2018 period. We develop a

comprehensive empirical analysis that applies second-generation unit root and cross-section dependence analysis. The co-

integration analysis indicates long-run relationships among the variables, while the fully modified least square (FMOLS)

approach specifies that energy consumption promotes economic growth and degrades environmental quality in the long run,

and tourism growth improves environmental quality and stimulates economic growth in the long run. In addition, the result of a

pairwise Granger causality test reveals bidirectional causality between energy consumption and economic growth and unidirec-

tional causality from the ecological footprint to energy consumption. Policy implications for theory and practice and directions

for future research in the area are presented.

Keywords Ecological footprint .Environmentalquality .Energyconsumption . International tourism .Economicgrowth .38IEA

countries

Introduction

Since the beginning of this decade, growth has often been at

the expense of sustainability. The ecological footprint (EFP) is

an embryonic analytical tool in both environmental and

tourism studies. Energy and tourism is an integral

component of modern societies and key pillars of

sustainable growth in the world. This paper applies the

concept of the EFP to examining the impacts that energy

consumption and tourism growth have on environmental

quality. Rees andWackernagel (1996) introduced the concep-

tion of the EFP, which measures the bio-productive surface

required to sustain a population. The demand side of the EFP

deals with the ecological resources that a specific community

needs to produce the natural assets it consumes and to absorb-

ing waste, particularly carbon emissions (Bello et al. 2018;

Kassouri and Altıntaş 2020; Long et al. 2020).

Energy consumption and tourism growth increase reve-

nues, create employment, and contribute to a blueprint for

achieving a sustainable future for all (Dogan and Aslan

2017; Gokmenoglu and Eren 2019; Işik et al. 2017; Zhang

and Gao 2016). Per the Energy Information Agency (EIA),

global energy consumption will grow from 549 quadrillion

British thermal units (Btu) in 2012 to 815 quadrillion Btu in

2030, and the United Nations World Tourism Organization

(UNWTO) predicts tourist arrivals to grow from 1 billion in

2012 to more than 1.8 billion in 2030 (Işik et al. 2017). Such
tourism and energy flows will bring multiple prospects, in-

cluding cultural, social, job creations, and socio-economic

development1.

These flows will bring with them increased EFPs and

greenhouse gas emissions associated with both the tourism

and energy sectors. Lenzen et al. (2018) found that the world’s

carbon emissions increased from 3.9 to 4.5 GtCO2e between

1 This estimate does not include consideration of COVID-19 epidemic.
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2009 and 2013 and that international tourism accounts for

about 8% of the world’s greenhouse gas emissions.

Addressing the environmental degradation from the carbon

emissions that are adversely associated with economic growth

and sustainable efforts is required to preserve the environment

(Azam 2016; Bah and Azam 2017; Liu et al. 2018; Ozcan and

Ozturk 2019; Rafindadi and Ozturk 2017; Zaidi et al. 2019).

The tourism sector accounts for 5% of the world’s carbon

dioxide (CO2) emissions. The most conspicuous characteristic

of both energy consumption and tourism is that they are linked

through various networks; for example, international tourism

is not only part of economic growth but is also linked to the

pattern of energy consumption. Frantál and Urbánková (2017)

argued that energy demand is closely associated with tourism

activities, along with associated functions like accommoda-

tions, catering, transportations, and communications.

One facet of energy consumption is concernedwith economic

growth, while another is associated with carbon emissions

(Waheed et al. 2019). Sustainable growth and preventing envi-

ronmental change must be considered while fulfilling the grow-

ing energy demand. The energy supply from renewable sources

can balance inconsistency in the energy-mix market and protect

the ecological environment (Ogbonnaya et al. 2019). Renewable

energy has become more important today because of its lean

adverse effects on the environment compared to other energy

resources (Razmi et al. 2020), so they constitute an essential part

of the transformation to a low-carbon economy (Przychodzen

and Przychodzen 2020). Moreover, energy consumption (non-

renewable and renewable) and international tourism flows can

have positive impacts on foreign direct investment (FDI), re-

search and development expenditures (R&D), trade, employ-

ment, life quality, and the growth and development of a country

(Amri 2019; Aslam and Awan 2018; Belaïd and Zrelli 2019a;

Ben Jebli et al. 2019; Chen et al. 2019; Croes et al. 2018; Fan and

Hao 2020; Isik et al. 2018; Kožić et al. 2019; Sokhanvar 2019a;
Wu and Wu 2019; Yao et al. 2019; Zafar et al. 2019).

The primary objective of our research is to determine the

impact of tourism growth and energy consumption on the

EFPs and economic growth of 38 IEA countries and to iden-

tify the moderating effects of labor and capital. This study uses

sustainable growth theory by highlighting the environmental

sustainability and benefits of tourism development on the pop-

ulation’s well-being and the environmental quality of 38

International Energy Agency (IEA) countries. The study con-

tributes to research at the intersection of the environment,

energy, and tourism growth.

This study addresses directly and indirectly several

Sustainable Development Goals (SDGs), including SDG 7

regarding affordable and clean energy, SDG 8 regarding de-

cent work and economic growth, SDG 12 regarding respon-

sible production and consumption, and SDG 13 regarding

climate actions, so it makes a significant contribution to the

ongoing discussion in the literature on sustainability.

We employ principal component analysis (PCA) in con-

structing two indices. First, we form an index for energy con-

sumption that merges the two primary sources of energy con-

sumption: renewable energy consumption and non-renewable

energy consumption. Second, we construct an index for im-

portant tourism indicators in which we merge 12 critical ele-

ments that relate to the tourism industry. Using these indices,

we determine the impacts of energy consumption and tourism

on the EFP and economic growth of IEA countries. Thus, the

study is the first to use PCA to construct and estimate indices

of these critical parts of sustainable growth theory.

The coordination of energy consumption and tourism

growth with EFP has received relatively little attention in the

literature, as has research at the intersection of the environ-

ment, energy, and tourism growth in IEA countries. No em-

pirical research has been conducted on the probable connec-

tions among energy consumption, tourism growth, and the

EFP for the IEA countries, so this study fills the vacuum by

examining the prospective long-run relationship among the

study variables for a balanced panel of 38 members and asso-

ciations of the IEA family. Moreover, the literature is deficient

in discussing the environmental impact of capital formation,

and this study is the first to estimate the impact of capital

formation on the EFP of IEA counties. In addition, we employ

advanced econometric techniques, including cross-sectional

dependence, second-generation stationary analysis, fully

modified ordinary least square (FMOLS), and stacked con-

ventional coefficient causality analysis, leading to empirical

coverage that makes a significant contribution to the field.

The rest of the paper proceeds in the following manner:

“Literature review” contains a literature review, while

“Modeling and data” gives an overview of the modeling and

data. “Methodological framework” demonstrates the method-

ological framework, and results are provided and discussed in

“Results and discussion.” “Policy implications” lists policy

implications, and “Conclusion” provides concluding remarks.

Literature review

We review three primary aspects of the literature on the rela-

tionships of energy consumption, capital formation, and tour-

ism growth with the EFP and economic growth: the intersec-

tion between energy consumption and economic growth–EFP

nexus, the intersection among tourism growth; economic

growth and the EFP; and the intersection among capital for-

mation, economic growth, and the EFP.

The intersection among energy consumption,
economic growth, and the EFP

According to the IEA (2018), world energy consumption in 2018

increased at about twice the average growth rate since 2010,
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resulting in increased environmental deterioration during that

year, a record. Dogan et al. (2020) investigated the impact of

renewable energy consumption on the economic growth of

OECD countries from 1990 to 2010. Using panel quantile regres-

sion analysis, they explained the positive effects of renewable

energy consumption on the economic growth of countries in the

lower and middle-lower quantiles and adverse association with

themiddle, highmiddle, and high quantiles. Shahbaz et al. (2020)

studied the effects of renewable energy consumption on the eco-

nomic growth of 38 renewable energy–consuming countries from

1990 to 2018. Using FMOLS and DOLS regression approaches,

they confirmed that renewable energy consumption is positively

associated with the countries’ economic growth. Balsalobre and

Ali (2020) andWang andWang (2020) confirmed that the use of

renewable energy is more effective in improving the economic

growth of a country than the use of non-renewable energy.

However, Apergis and Payne (2010) found an invertedU-shaped

pattern of energy consumption and economic growth associated

with the environmental Kuznets curve (EKC).

Wang et al. (2020) argued that biomass energy production

stimulates EFP in G-7 countries, deteriorating environmental

quality in the long run. Baz et al. (2020a, b) examined the asym-

metric impact of energy consumption on Pakistan’s EFP from

1971 to 2014 and found a negative relationship between energy

consumption and environmental quality. Charfeddine (2017) ex-

plored the impact of energy consumption and economic devel-

opment on Qatar’s EFP and CO2 emissions over the period from

1970 to 2015 and found that EFP held a U-shape during the

study period. However, using a quantile autoregressive distrib-

uted lag model (QARDL), Sharif et al. (2020a) confirmed a

negative long-term equilibrium relationship between energy con-

sumption and the EFP in Turkey.

Although the literature contains diverse findings, we expect

energy consumption to be positively associated with EFP and

economic growth in IEA countries.

The intersection among tourism growth, economic
growth, and the EFP

Brida et al. (2020) empirically examined the relationship be-

tween tourism and economic growth for 80 countries over the

period from 1995 to 2016 and concluded that tourism

contributed positively to economic growth both directly and

indirectly. Croes et al. (2021) used a limited information max-

imum likelihood (LIML) approach to investigate tourism spe-

cialization, economic growth, and transition economies for

Poland, concluding that tourism specialization has a short-

term positive impact on economic growth. Croes et al.

(2021) also incorporated an industry-level analysis of the re-

lationship between tourism and economic growth in the USA

from 1998 to 2017 and found that investment in tourism de-

velopment may lead to long-run equilibrium economic growth

even during economic stagnation, but tourism may not

effectively stimulate economic growth in the short run, as it

may take a cue from the general economy. Fahimi et al.

(2018a, b) tested empirically the role of tourism in influencing

the economic growth of micro states from 1995 to 2015 and

found that the tourism sector did not contribute to economic

growth over the study period.

Overall, the current literature is deficient in its discussion of

the impact of tourism growth on EFP. However, studies like

those of Croes et al. (2021), Hunter and Shaw (2007), and Lin

et al. (2017) addressed various environmental aspects of tour-

ism. Lin et al. (2017) checked the dynamics of tourists’ EFP in

Shanghai from 2008 to 2013 and demonstrated that tourists’

traffic footprint and tourists’ shopping footprint had a signif-

icant influence on environmental quality in Shanghai. Ramı
and Martı (2010) analyzed the impact on the EFP of road

transport related to tourism activities for Lanzarote Island

and found that tourism activities can provide a global perspec-

tive on environmental impacts.

Based on this part of the review, we expect that tourism can

have a favorable effect on environmental quality by encour-

aging ecological conservation and protection. Therefore, we

suppose that tourism growth is positively associated with eco-

nomic growth and is adversely associated with the EFPs of

IEA countries.

The intersection among capital formation, economic
growth, and the EFP

Capital formation is considered the backbone of any country’s

growth and development, but the recent literature has not exten-

sively discussed these relationships. Using the ARDL and an

error correction model (ECM), Bal et al. (2016) found a signif-

icant positive relationship between capital formation and

economic growth in India from 1970 to 2012, while Udom

et al. (2020) demonstrated a positive association between capital

formation and economic growth inMalaysia from 1980 to 2014.

The same positive relationship between capital formation and

economic growth was the conclusion of the studies by Adebola

and Shahbaz (2015) and Topcu et al. (2020).

The existing literature also lacks an empirical analysis of

the environmental impacts of capital formation. Capital for-

mation contributes about 30% of the global greenhouse gases

(GHGs), so leaving it out is a significant oversight. No studies

have explored the impact of capital formation on EFP; only

that by Wood and Hertwich (2017) has disclosed that capital

formation has considerable environmental influence, finding

that capital formation constitutes 57% of the CO2 emissions in

China. Worldwide, the construction sector causes 60% of

China’s EFP, and capital formation for infrastructure related

to buildings and roads account for 83% of that.

Therefore, we contend that capital formation stimulates

economic growth and increases the EFP, hence deteriorating

environmental quality in IEA countries.
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Modeling and data

Theoretical background

We determined the theoretical framework of the study before

diving into the econometric modeling so we can define the

model’s variables. The IEA economies are characterized by swift

economic development, and this instantaneous growth is consid-

erably on the hand of production, distribution, and higher energy

consumption. The literature has employed the EFP as a measure

for various objectives. We use the EFP as the determinant of

environmental quality (Solarin et al. 2019). The associations of

energy consumption and tourism growth with EFP and econom-

ic growth have been lightly examined in the literature, which has

found that energy supply and prices have direct associations with

tourism development. Energy for essential substructure, electri-

cal, and the consumption of fuels for transportation, cooling,

cooking, living, and many other facilities are prerequisites for

tourism (He et al. 2020). Non-renewable energy is depends pri-

marily on burning of fossil fuels, which breaks down hydrocar-

bons, creating air pollution. Therefore, this kind of energy con-

sumption is not only a danger to the environment but also a

challenge to sustainable development. With the current levels

of environmental control and consumer demand, the tourism

sector must become more environmentally feasible (Arrivals

and Consumption 2019).

The tourism sector should endorse clean energy initiatives

by providing energy-saving lodging, solar heating and

cooling, and renewable technologies (He et al. 2020).

Consumption of clean energy like solar, tidal, and wind pow-

er, and others are central to changing tourist behavior related

to travel and energy and a way forward to sustainable tourism.

The energy-generation process requires extensive capital

and investment, which relates to a country’s economic

growth, so the effects of energy consumption and tourism

development on the EPT and economic growth can vary.

Using alternative energy resources requires the engagement

of economic indicators like labor, capital, and R & D.

Labor, capital formation, and energy are the physical produc-

tion factors that produce industrial outputs (Henningsen et al.

2019; Vural 2020). From this viewpoint, energy consumption,

tourism growth, labor, and capital may have diverse and sig-

nificant impacts on the EFP and sustainable economic growth.

Figure 1 illustrates the study’s theoretical framework.

Economic modeling

We use PCA to construct two indices. First, we form an index

for energy consumption, in which we merge the two primary

sources of energy: renewable energy consumption and non-

renewable energy consumption. Second, we construct an in-

dex of tourism indicators in which we merge 12 critical ele-

ments of the tourism industry. Using these indices, we use

labor and capital as the control variables in an examination

of the influence of energy consumption and tourism growth on

the EFPs and economic growth of IEA countries.

Model−I Y it ¼ β0 þ β1ENERGYit þ β2TOURISMit

þ β3Lit þ β4K it þ εit: ð1Þ

Model−II EFPit ¼ β0 þ β1ENERGYit þ β2TOURISMit

þ β3Lit þ β4K it þ εit: ð2Þ

We transform all the variables into their log forms to ensure

the precision of the econometric analysis and elastic interpre-

tations. Y is gross domestic product (GDP), t is the time (1995-

2018), i is the cross-section (1,2,3,…N), L is the total labor

force, K is the gross fixed capital formation, β0 is a constant,

and β1 to β4 are the coefficients of energy consumption, tour-

ism growth, labor, and capital, respectively.

Data

The central objective of our research is to determine the im-

pact of tourism growth and energy consumption on the EFPs

and economic growth of 38 IEA countries and to identify the

moderating effects of labor and capital. The IEA comprises 38

countries, 30 of which are member countries, while the other 8

are association countries. (A list of the 38 IEA countries is

shown in Appendix Table 8). We collected the balanced panel

data from the IEA, the World Travel and Tourism

Organization (WTTO), and the Global Footprint Network

(GFN), and World Development Indicators (WDI) from the

1995 to 2018. Table 1 provides details about the variables we

incorporated into this research.

Methodological framework

Cross-section dependency assessment

The panel data set exhibits considerable cross-sectional de-

pendence in the random errors (De Hoyos and Sarafidis

2006). Phillips and Sul (2003) showed that cross-section de-

pendence (CD) is the prime issue with balanced panel data, as

most of the countries are linked with one another as part of the

global village. This study employs Pesaran’s (2004) CD test to

keep the research coefficients from inconsistency, as shown in

equation (3).

CD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T

N N−1ð Þ

s

∑N−1
i¼1 ∑

N
j¼iþ1ρij

� �
; ð3Þ

where N is the sample size, T is the period, and ρij is the

direct correlation error for each cross-section i and j. Breusch
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and Pagan (1980) proposed the Langrage multiplier (LM)

estimate for CD and used the following equation:

Y it ¼ ai þ BiX it þ εit; ð4Þ

where i is the direction of each cross-section and t is time.

The null hypothesis supports the cross-section independence

and an alternative to CD.

Second-generation panel unit root test

Dogan and Seker (2016) found that the first-generation

unit root test is insufficient for checking the cross-section

properties, so the purpose of the second-generation unit

root test is to overcome this deficiency. This study uses

the second-generation panel unit root test using augmented

Ecological 

Footprint

Labor Force

Tourism 

Growth 

Capital 

Forma�on

Energy 

Consump�on

Economic 

Growth

Labor Force

Tourism 

Growth 

Capital 

Forma�on

Energy 

Consump�on

Fig. 1 Theoretical framework

Table 1 Description of variables

Variable name Symbols Unit of measurement Definition Source

GDP Y Current US$ Gross value added by all domestic manufacturers within the
boundary, including taxes and subtracting subsidies.

WDI

Ecological footprint EFP Per capita gha Ecological footprint of consumption of gha per capita GFN

Total labor force L Total labor force Workers presently employed and currently unemployed but
seeking jobs.

WDI

Gross fixed capital formation K Current US$ Land improvements, machinery, purchase of equipment,
industrial and commercial road construction, institutions,
buildings, etc.

WDI

Renewable energy Consumption Energy Electricity output (GWh) Energy production from geothermal, solar, hydro, wind,
tide/wave/ocean energy, biofuels, and renewable waste
sources.

IEA

Non-renewable energy consumption Electricity output (GWh) Energy production from peat, coal, oil, shale, natural gas,
and oil sources.

IEA

Tourism capital investment Tourism
growth

US$ in bn (real prices) Capital investment in international tourism. WTTC

Government tourism individual
expenditures

US$ in bn (real prices) Government spending on international tourism services. WTTC

Outbound travel and tourism
expenditure

US$ in bn (real prices) Spending outside the country by residents on all visits abroad. WTTC

Visitor exports (foreign spending) US$ in bn (real prices) Expenditure within the host country by international travelers. WTTC

Leisure tourism spending US$ in bn (real prices) Spending on leisure tourism in a county by citizens and
international visitors.

WTTC

Tourism contribution to employment % of total employment The number of jobs generated by the tourism sector. WTTC

Business tourism spending US$ in bn (real prices) Spending on corporate tourism in a country by local and
global companies.

WTTC

Tourism contribution to GDP US$ in bn (real prices) GDP produced by industries related to tourism. WTTC

Internal travel and tourism
consumption

US$ in bn (real prices) Domestic spending by residents and individual government
expenses.

WTTC

Domestic tourism spending US$ in bn (real prices) Host country residents’ spending on leisure trips. WTTC

International arrivals Number of arrivals Inbound visitors or overnight visitors on the way to a
foreign nation.

WDI

International tourism, receipts Current US$ Spending by global inbound tourists during their visit to a
destination.

WDI
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cross-section ISP (CIPS), and augmented cross-section

ADF (CADF) approaches for stationary properties.

Pesaran (2007) suggested using the CIPS CD in the unit

root analysis:

∆X it ¼ αit þ βiX it−1 þ ρiT þ ∑n
j¼1θij∆X i;t− j þ εit; ð5Þ

where ∆ is the difference, Xit is the respective variable, α is

an intercept, T is the time for the balance panel, and εit is the

error. Both the CIPS approach and the CADF approach con-

firm the null alternative hypothesis that each cross-section is

non-stationary, and at least one cross-section in the balanced

panel is stationary.

Panel co-integration analysis

Many panel co-integration techniques have been applied

by researchers like Pedron’s (Engle-Granger-based) tech-

nique and Fisher’s (combined Johensen) technique.

However, the advantage of the Kao test of co-integration

is that it calculates and pools all the residuals of all the

cross-sections in the panel data set and assumes that each

co-integrating vector in each cross-section is identical (De

Hoyos and Sarafidis 2006). This study employs a Kao’s

(1999) panel co-integration test to confirm the long-run

associations among the study variables:

DF* ¼
tρ þ

ffiffiffiffiffiffiffi
6N

p
bσv

2bσ0vffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
bσ
2

0v

2bσ
2

v

þ 3bσ
2

v

10bσ
2

ov

vuuut

; ð6Þ

where tρ is the parametric t-statistic, bσ2
v and bσ2

0v are stable

estimates of σ2
v and σ

2
0v, bσ

2
v ¼ bσ2

v−bσ
2
vεσ

−2
ε is the short-run var-

iance estimate, and bσ2
ov ¼ bσ2

ov−bσ
2
ovεσ

−2
0ε is the long-run vari-

ance estimate.

Panel fully modified ordinary least squares

We employ a panel FMOLS approach to approximate the

long-run coefficients. The regression model proposed by

Pedroni (2000) is shown in equation (7):

yit ¼ αi þ βxit þ μit; ð7Þ

where xit = xit − 1 + εit, i = 1, …, N, and t = 1, …, T, for

which we model the vector error process. The advantage of

using the FMOLS approach over other long-run estimates

is that it can overcome inference problems (Bashier 2014).

We also apply an empirical distribution test, a pairwise

correlation analysis, and stacked coefficients Granger

causality tests to confirm the causal relationships among

the variables.

Results and discussion

Table 2 presents the outcome of the pairwise correlation esti-

mates and the newly developed empirical distribution tests

that employ the Lilliefors, Cramer-von Mises, Watson, and

Anderson-Darling methods for economic growth (Y), EFP,

energy consumption, tourism growth, labor force, and capital

formation. The results reveal that all variables are significantly

normally distributed at the 1% level of significance.

Correlation analysis reveals a healthy interdependence among

the variables.

We incorporate the test for CD using LM methodolo-

gies, as shown in Table 3. The results from these ap-

proaches confirm the need to reject the null hypothesis at

a 1% significance level. Hence, the balanced panel data of

our study variables enjoys CD. The first-generation unit

root test cannot fully capture the CD or heterogeneity er-

rors among the panel data sets. Table 4 shows the outcome

of the second-generation panel unit root test that considers

the heterogeneity and CD. The result reveals that economic

growth, energy consumption, tourism growth, labor force,

and capital formation possess unit root problems at the

level, and so are non-stationary. However, the first-

difference transformation makes the variables stationary,

so at the level, all variables of this study are non-stationary,

whereas they are stationary at the first-order difference,

which is of degree one I (1).

After performing the stationary analysis and checking the

order of integration, we used Kao’s residual test of co-

integration to establish the long-run association among the

research variables. Table 5 presents the outcome of panel

co-integration, which firmly rejects the alternative hypothesis

of no long-run relationships among the variables. Hence, our

variables have long-run positive associations and move to-

gether in the long run.

We used the FMOLS model for the long-run estimates and

approximations. Table 6 shows the outcomes of FMOLS

models I and II, for which economic growth (Y) and EFP

(environmental quality) are the dependent variables, respec-

tively. Energy consumption, tourism growth, labor force, and

capital formation are the independent variables in both

models. The results show that all variables are significant at

the 1% level, as all the corresponding probability values are

too small. In both models, energy consumption is positively

associated with the economic growth and the EFPs of IEA

countries, while tourism growth is positively related to eco-

nomic growth in model I and adversely associated with the

EFPs of IEA countries.
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Further, a 1% increase in energy consumption increases

economic growth by 78% while degrading environmental

quality by 47% in IEA economies. These findings are consis-

tent with the studies of Alola et al. (2019), Baz et al. (2020a),

and Sharif et al. (2020a). Further, a 1% acceleration in tourism

growth increases the economic growth of IEA countries by

34% in model I, while it decreases the EFP of IEA countries

by 24% in model II. We found that both energy consumption

and tourism growth are significant factors in the economic

growth of IEA countries, a result that agrees with those of

Adams et al. (2018), Aydin (2019), Belaïd and Zrelli

(2019b), Mohamed et al. (2019), Rahman and Velayutham

(2020), Troster et al. (2018), Vural (2020), and Zafar et al.

(2019). All these studies showed that energy consumption is

compatible with economic growth. Regarding tourism, our

results are consistent with those of Antonakakis et al.

(2015), Aratuo and Etienne (2019), Liu et al. (2019), Ohlan

(2017), Saltik and Bahar (2019), and Tang and Tan (2015).

All of these studies found that tourism growth encourages the

economic growth process in a country. However, this study’s

results contrast the findings of Fahimi et al. (2018a, b),

Sokhanvar (2019a, b), and Perles-Ribes et al. (2017), who

found that the tourism sector does not contribute to economic

growth.

Similarly, capital formation is positively associated with

economic growth and the EFPs of IEA countries in the study

period, as a 1% increase in capital formation increases eco-

nomic growth by 40% and the EFP by 75%. Thus, although

capital formation is a significant driver of economic growth, it

also harms the environmental quality of IEA countries.

Capital formation includes land improvements, machinery,

equipment purchases, industrial and commercial road con-

struction, institutions, and buildings, and all these activities

put pressure on the EFP, hence adversely impact environmen-

tal quality. However, the labor force positively contributes to

economic growth while decreasing the EFPs of IEA countries,

as a 1% increase in the labor force increases economic growth

by 12% and reduce the EFP by 86%. Thus, although an

Table 2 Empirical distribution and pairwise correlation tests

Methods Y EFP Energy Tourism L K

Lilliefors (D) 0.035034***
(0.000)

0.093102***
(0.000)

0.058140***
(0.000)

0.050894***
(0.000)

0.135439***
(0.000)

0.040212***
(0.000)

Cramer-von Mises (W2) 0.220906***
(0.000)

1.532801***
(0.000)

0.559078***
(0.000)

0.684861***
(0.000)

1.727451***
(0.000)

0.287396***
(0.000)

Watson (U2) 0.216651***
(0.000)

1.334251***
(0.000)

0.559077***
(0.000)

0.672954***
(0.000)

1.665361***
(0.000)

0.271276***
(0.000)

Anderson-Darling (A2) 1.266232***
(0.000)

10.67387***
(0.000)

3.623910***
(0.000)

3.990858***
(0.000)

10.56941***
(0.000)

1.738145***
(0.000)

Y 1

EFP − 0.0976**
(0.0032)

1

Energy 0.8724***
(0.000)

− 0.3149***
(0.000)

1

Tourism − 0.0592*
(0.0755)

0.0672**
(0.0435)

− 0.0371
(0.2658)

1

L 0.7150***
(0.000)

− 0.6151***
(0.000)

0.8373***
(0.000)

− 0.1299***
(0.0001)

1

K − 0.1371***
(0.000)

0.0686**
(0.0384)

− 0.1180***
(0.0004)

0.9182***
(0.000)

− 0.2076***
(0.000)

1

***and**show significant at 1% and 5%

Table 3 Cross-section dependency sssessments

Variables Y EFP Energy Tourism L K

CD test 117.8978*** 21.56462 69.35476*** 104.9532*** 92.86507*** 98.35242***

P value 0.000 0.000 0.000 0.000 0.000 0.000

LM test 357.2002*** 109.3641 228.5541*** 295.8590*** 289.0432*** 284.9904***

P value 0.000 0.000 0.000 0.000 0.000 0.000

***show significant at 1%
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increase in the labor force does not contribute much to eco-

nomic growth, it has a significant effect on environmental

quality and sustainability. Figure 2 provides a Kernel density

scatterplot matrix, which explains the multiple interactions

among the study variables.

Table 6 provides the long-run estimates, while Table 7

shows the result of the commonly stacked coefficients causal-

ity analysis, which analyzed the causal relationships among

the variables. The analysis shows the presents of a bidirection-

al Granger relationship among energy consumption, the labor

force, and GDP. However, a one-way Granger relationship

prevails from GDP, capital formation, and the EFP to energy

consumption in the economies of the 38 IEA countries during

the study period. Figure 3 presents all of these directional

casual relationships among the variables. The result that ener-

gy consumption bidirectionally Granger causes economic

growth is consistent with Sharif et al. (2020a, b). Our finding

that energy consumption unidirectionally Granger causes EFP

is contrary to the findings of Nathaniel (2020), who demon-

strated no Granger relationship between energy use and EFP.

Moreover, the result of no causality between tourism growth

and economic growth is consistent with findings of Balli et al.

(2018) and contrary to Ben Jebli et al. (2019), who found a

unidirectional causality relationship between tourism and eco-

nomic growth.

Policy implications

The underlying relationships and the long-run elasticities be-

tween the study variables explore the satirical navigational

associations among the variables, and understanding these

relationships is crucial for efficient and environmentally

friendly energy design and tourism policies.

Overall, the statistical estimations of this research sug-

gest that energy consumption and tourism encourage the

economic growth process. However, energy consumption

promotes EFPs, while tourism activities lower them.

Likewise, there is a directional causal relationship between

EFP and tourism growth, energy consumption, and eco-

nomic growth. Table 6 reveals that, although a 1% increase

in energy consumption increases the EFP by 47%, energy

consumption’s contribution to economic growth is much

higher (78%). Therefore, we suggest that the governments

of IEA countries increase energy consumption to increase

economic growth but emphasize the uses of renewable en-

ergy to protect the environmental quality (Schober et al.

2018; Zafar et al. 2019). Energy consumption from renew-

able sources plays an active role in reducing energy pov-

erty and dependence on foreign-produced energy while en-

suring energy efficacy. IEA nations should motivate and

develop strategies that will give opportunities for investors

to invest in the production and consumption of renewable

energy. Furthermore, the governments of IEA countries

should work toward meeting clean production thresholds

by pushing capital formation toward renewable energy

sources. The governments of all IEA countries, especially

Austria, Belgium, Canada, the Czech Republic, Denmark,

Estonia, Slovak, Morocco, and a few others, should reduce

their subsidies of non-renewables in favor of investing in

renewable energy. At the initial phase of transformation

from one kind of energy to the other, a considerable

amount of investment is required for the technological up-

grade to the process of developing renewable energy. These

shifts from non-renewable to renewable energy sources cre-

ate multiple externalities for these economies.

Based on our findings, we suggest that decision-makers

implement such policies that will improve the critical rela-

tionship between tourism, economic growth, and the EFP.

Table 6 shows that a 1% increase in tourism growth in-

creases economic growth by 34% and reduces the EFP by

24%. These figures are significant but could improve with

the introduction of coordinated and comprehensive tourism

policies and practices. Based on the findings shown in

Table 6, we suggest that IEA economies foster landmark

tourism brands by integrating tourism with local cultural

and natural resources and by increasing spending on capital

investments related to tourism, business tourism, and do-

mestic and leisure tourism spending. These steps will

strengthen the tourism industry, which may prove to be a

Table 5 Kao residual co-integration assessments

Methods Model I
Y = energy, tourism,
L, K

Model II
EFP = energy,
tourism, L, K

t statistic Probability t statistic Probability

ADF − 3.013940*** 0.0013 1.553986* 0.0601

Residual
variance

0.010349** 0.168034

HAC variance 0.012765** 0.087602*

***, **and *show significant at 1%, 5%, and 10%

Table 4 Panel unit root assessments

Variables CIPS CADF
Level First-

difference
Level First-

difference

Y 4.27669 − 12.9990*** 4.51202 − 12.5151***

EFP 0.20820 − 27.1306*** 0.58282 − 21.3578***

Energy 4.28801 − 20.7928*** 4.44087 − 17.4986***

Tourism 0.97518 − 19.6284*** 1.07010 − 17.0478***

L 1.96327 − 12.6175*** 2.22672 − 11.4171***

K 0.72806 − 12.8534*** 1.10268 − 12.3629***

***show significant at 1%
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Fig. 2 Kernel density scatterplot matrix

Table 6 Panel fully modified
ordinary least squares analysis Variable Model I

Y = energy, tourism, L, K

Model II

EFP = energy, tourism, L, K

Coefficient t statistic Probability Coefficient t statistic Probability

Energy 0.782423*** 33.68940 0.0000 0.467133*** 4.087449 0.0000

Tourism 0.342580*** 2.792948 0.0054 − 0.237497*** − 5.805714 0.0000

L 1.236651*** 14.24619 0.0000 − 0.861702*** − 12.55037 0.0000

K 0.401930*** 22.38260 0.0000 0.754691*** 17.04050 0.0000

***show significant at 1%
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powerful instrument for sustainable community growth, and

that can reduce the prevailing income inequalities. The

tourism sector can be an active player in the developing

IEA nations’ ability to contribute to the world economy.

By adopting these measures, these economies can make

humans and cities safer, more resilient, and more sustain-

able. Tourism growth can help to ensure sustainable pro-

duction and consumption patterns and contest the impacts

of climate change (Coles et al. 2015; Danish,, and Wang,

Z. 2018; Fitchett et al. 2017; Gössling and Peeters 2015;

Yu et al. 2019).

Our study provides a way to address directly and in-

directly several SDGs, including SDG 7, SDG 8, and

SDG 13. Investment in the renewable energy and tourism

sectors may create employment opportunities, lending

support to SDG 8 and SDG 12. Hence, sustained eco-

nomic growth may be possible while implementing the

thresholds of various SDGs.

Conclusion

Energy is the lifeline of an economy. This paper supports

sustainable growth theory by highlighting the benefits of en-

ergy consumption and tourism for environmental sustainabil-

ity and economic growth in IEA countries. We use PCA to

construct two indices, one for energy consumption, in which

we merge renewable and non-renewable energy consumption,

and one for important tourism indicators, where we combine

12 critical symbols of the tourism industry. Using these indi-

ces, we explore the impact of energy and tourism on the EFP

and the economic growth of IEA countries in two multivariate

production functions using labor and capital as the control

variables. We collect the balanced panel data from IEA,

WTTO, GFN, and WDI from1995 to 2018 and convert all

the variables into their log forms to ensure the precision of

the econometric analysis and elastic interpretations.

We perform the descriptive statistical analysis using an

empirical distribution test and pairwise correlation analysis,

apply advanced econometric techniques for the empirical

analysis, and use the CD test and second-generation unit root

tests for stationary analysis. We use the Kao residual test of

co-integration to determine the long-run association among

the variables, the FMOLS approach to obtain the long-run

coefficient approximations, and pairwise Granger causality

analysis to identify causal relationships.

The CD and LM methodologies reject the null hypothesis

and confirm that our panel data set has CD. The unit root test

from the CIPS and CADF methodologies confirm that the

study’s variables have unit roots at the level but not at first-

differences that are I (1). The outcome of the Kao residual test

of co-integration shows that the study’s variables have a long-

run positive association with each other for the 38 IEA mem-

ber and association countries. Hence, all these variables sup-

port and move together in the long run. Pairwise Granger

causality runs among the significant policy variables. The out-

come of FMOLS reveals that energy consumption positively

Table 7 Stacked common coefficients causality analysis

Model I
Y = energy, tourism, L, K

Model II
EFP = energy, tourism, L, K

Null hypothesis F statistic Probability Null hypothesis F statistic Probability

Energy does not Granger causes Y 7.37371 0.0007*** Energy does not Granger causes EFP 0.61590 0.5404

Y does not Granger causes energy 4.30576 0.0138** EFP does not Granger causes energy 9.51753 0.0000***

Tourism does not Granger causes Y 1.10185 0.3327 Tourism does not Granger causes EFP 0.13586 0.8730

Y does not Granger causes tourism 1.48596 0.2269 EFP does not Granger causes tourism 0.84377 0.4305

L does not Granger causes Y 8.34158 0.0003*** L does not Granger causes EFP 1.48296 0.2276

Y does not Granger causes L 5.33707 0.0050** EFP does not Granger causes L 2.02330 0.1329

K does not Granger causes Y 0.15280 0.8583 K does not Granger causes EFP 0.63328 0.5311

Y does not Granger causes K 4.28284 0.0141** EFP does not Granger causes K 0.01739 0.9828

***and** show significant at the 1% and 5%

EFP

Y

L

Tourism

Energy

K

Bidirec�onal Unidirec�onal

Fig. 3 Stacked common coefficients causality analysis
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associated with the economic growth and EFPs of IEA coun-

tries, while tourism growth is positively related to economic

growth and adversely associated with the EFPs of the IEA

countries.

This study plays an essential part in establishing the

literature at the intersection of EFP, energy, tourism,

and sustainable growth. Tourism, energy consumption,

EFP, and economic growth are profoundly interconnect-

ed and affect one another, so economic policymakers in

IEA countries should encourage sustainable, environ-

mentally feasible tourism strategies to effect sustainable

economic growth. Likewise, the think tanks of these

economies should consider tourism strategies that sup-

port sustainable economic growth through the use of

reusable energy.

This paper has a limitation in its decision not to

divide the 38 IEA countries into the association and

member countries or into developing and developed

countries. Future research could consider these perspec-

tives in their analysis. Future research could also divide

the countries in terms of income to check the effects

differently. This research incorporates and stresses the

environmental perspectives using the EFP, but future

research could also include the socio-economic and po-

litical aspects of IEA countries.
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