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A B S T R A C T   

The empirical investigation of tourism and natural resources in energy-growth-CO2 emission nexus is carried out 
in simultaneous equations framework for 51 “Belt & Road Initiative (BRI) countries” over 1990–2016. The 
dependent variables in four systems of equations are income, CO2 emission, energy use, and tourism develop
ment index. Empirics from difference and system GMM diagnosed the feedback effect between energy use and 
income; also validated energy push CO2 emission in conjunction with EKC for BRI countries. The results sup
ported bidirectional causality between tourism and income; moreover, tourism push emission hypothesis vali
dated for BRI countries. On the other hand, natural resources are contributing to tourism development, energy 
use, and CO2 emission in BRI countries. Additionally, natural resources are contributing negatively and signif
icantly to income, thus obeying the natural resource curse phenomenon. So, the allocation of funds on green 
infrastructure are required to improve the environmental quality and benefit through green tourism. Moreover, 
the implementation of conservation policies on “natural resources” can help the GDP growth, environmental 
quality, and tourism sector on a single platform.   

1. Introduction 

From the previous decade, tourism is considered to be among one of 
the most growing industries in the world, as the international tourist 
arrivals will reach 1.8 billion by 2030 as predicted by UNWTO (2011). 
The energy consumption associated with the tourism industry is also 
growing geometrically (Dogan and Aslan, 2017; Katircioglu et al., 
2019). As a result of the accelerated depletion of natural resources, 
energy use is increasing with the increasing trend (Hussain et al., 
2020a). The continuous consumption of energy in exploiting natural 
resources and tourism industry may boost economic growth, however, 
by generating waste, which can readily influence the quality of envi
ronment negatively (Kongbuamai et al., 2020). Theoretically, tourism 
development has a significant role in natural resources, economic 
growth processes, energy use patterns, and environmental degradation. 
The consumption of dirty energy for transportation and hoteling has 
stimulated the CO2 emission into the environment, thus degrading 
natural resources (Alkhathlan and Javid, 2013; Solarin, 2014). Being its 
speedy growth, it is acknowledged as one of the major sectors that 

consume energy (Isik et al., 2018). Indeed, elements of travelling and 
hoteling are absorbing high frequencies of energy, thus having detri
mental impacts on CO2 emissions. Tourism development is ignored in 
literature as a determinant of energy consumption and its role in stim
ulating energy consumption patterns (Gokmenoglu and Eren, 2019). 
Similarly, it is identified as one of the primary determinants of energy 
consumption (Dogan et al., 2017; Katircioglu et al., 2014). Resultantly, 
it is apparent that tourism development has multifaceted impacts on 
economic growth, natural resources, energy consumption, and CO2 
emission through various channels. Hence, it cannot be overlooked in 
the empirical framework. 

Natural resources considered to be the elements of economic growth 
and social development (Hussain et al., 2020b). At the early stages of 
economic growth, economies rely on natural resources, however, at later 
stages; people demand good air, thus the increase in environment starts 
(Khan et al., 2019). Therefore, both economic growth and natural re
sources considered to the significant elements in maintaining the envi
ronmental quality (Zafar et al., 2019). Since the natural resources 
provide services to human and tourism activities, it helps in absorbing 
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the emissions, and waste generated from economic, social, and tourism 
activities, as well as deliver material for development in facilities 
including, transportation, hoteling, restaurants, and tourism destina
tions (Kongbuamai et al., 2020). The overexploitation of natural re
sources may create environmental troubles in terms of environmental 
degradation through overconsumption and extraction (Khan et al., 
2020). The role of tourism and natural resources in the simultaneous 
equation modelling (SEM) framework is new, and existing literature 
used a single equation framework, which is insufficient to define the role 
of both indicators into energy use, CO2 emission, and economic growth. 
The relationship between economic growth and natural resources is 
ambiguous, like Sachs and Warner (1995) explored that countries with 
an abundance of natural resources reduce the economic pace of growth. 
However, natural resource curse is possible in the countries which have 
weak institutions, and the countries with sufficient good quality in
stitutions’ natural resources can be used to accelerate the sustainable 
pace of development (Mehlum et al., 2006). To earn economic progress, 
countries rely on natural resources and extracts up to thresh hold level 
results in natural environmental degradation. All the economic activities 
increase the rate of natural resource exploitation, thus increase in waste 
generated (Danish et al., 2019). In another way, the extensive use of 
natural resources in agricultural production, mining and deforestation 
negatively influence the environment (Hassan et al., 2019b). The issue 
of natural resources and environment pulls governments towards 
unrequired subsidies that cause ecological deprivation (Danish et al., 
2019). Similarly, the requirement of energy to extract “natural re
sources” is a dilemma towards environmental sustainability. 

The selection of Belt & Road Initiative countries (BRI) is based on 
two principles, and the first is that this initiative integrates almost all the 
continents of the globe, and the countries in this initiative experience 
enormous growth rates, which are no exception to environmental stress. 
The share of BRI countries in natural resource reserves globally is, 
74.69% in coal production, 53.82% of natural gas, 58.54% of crude oil, 
and 55.17% of the oil supply of the world (Hussain et al., 2020a). Sec
ondly, this initiative captures more than 62.3% of the whole population 
of the world, occupies 8.5% of the land area, has acquired more than 
30% of the world GDP alone, with the emission level of 33.7% excluding 
china (Khan et al., 2019). On these grounds, the study of this initiative 
will have a strong basis for policies to gauge the economic growth, and 
give strategies to reduce environmental burden, thus able to provide 
sufficient pleasant environment, attract more tourism by ensuring green 
investment, and green tourism industry. Hence enable to maintain the 
natural resources potential of these countries. Therefore, the study is 
unique in many ways and can provide guidelines to policymakers in 
these countries on earliest basis. 

The study is unique, and contributes to the literature in many ways, 
most significantly, (1) the introduction of the new regressors, which has 
never been put up in energy-growth-environment nexus. These variables 
are tourism development, and natural resources; tourism development is 
measured as the relative weight index of the three drivers of tourism 
(tourism receipts, tourism expenditures, and tourist arrivals) while 
natural resource rent is taken to indicates the natural resources. (2) In 
addition to energy-growth-environment, a separate equation of tourism 
is introduced into the nexus. In essence, each equation presents an in
dependent branch of literature. The first equation is income equation 
commonly used to diagnose the energy-economic growth relationship 
under the Cobb Douglas production function, the second equation is 
environmental pollution equation, which explains the EKC structure, 
third is the energy equation, which is less often considered, and finally, 
we built tourism equation which is new and uses income-energy and 
natural resources nexus. (3) The study adopts a comprehensive 
perspective through a less often-used methodology simultaneous equa
tion modelling which best fits the data in case of endogeneity, and 
provides efficient estimates. Finally, the contribution of this research in 
the literature section must not be ignored, based on the new variables, a 
comprehensive set of new and updated literature included in the energy- 

growth-environment relationship. Similarly, the current study provides 
a new path in the direction of methods used, which could be an asset in 
the broad policy conclusions. 

Including the introduction, the study is categorized into six sections. 
The second section offers a conceptual background of the study; section 
three explains the energy-growth-environmental nexus in simultaneous 
equation framework; section four describes the data, and econometric 
methodology, part five consists of empirical outcomes and discussion 
and section six concludes the study. 

2. Review of the empirical literature 

The significance of simultaneous equation modelling (SEM) in 
empirical work is getting attention due to its adequate causal di
mensions. Previously, the causal relationship across the variables was 
tested with Granger (1969) causality approach when the SEM was less 
known. However, the causality approach provides the causal relation
ship being unable to show the sign and magnitude of variables. SEM 
solves this problem and adds additional benefits of including more 
controlled variables in the structural model to control the omitted var
iable biasness (Arminen, 2018; Omri, 2013). 

First, the economic growth and environmental nexus relied heavily 
on the hypothesis of the “environmental Kuznets curve (EKC)”. The 
relationship establishes the inverted U-hypothesis between per capita 
GDP and indicators of environmental degradation (Grossman and 
Krueger, 1995). Past literature (Sapkota and Bastola, 2017; Al-Mulali 
et al., 2016; Danish et al., 2019; Hafeez et al., 2018; Yasmeen et al., 
2018) have extensively used single equation models based on CO2 
emission due to availability of data, discussion and role of CO2 in climate 
change. Secondly, the energy growth nexus sparked after the pioneering 
work of Kraft and Kraft (1978), and for more detail (see Sofien and Omri, 
2016) that developed four hypotheses based on economic growth and 
energy consumption. Firstly, the unidirectional causality links form the 
consumption of energy to GDP growth. Secondly, the conservation hy
pothesis explores the one-way causal relationship from GDP growth to 
energy use. Thirdly, the feedback hypothesis, which indicates that the 
causal linkages between energy and GDP growth are two-way. Finally, 
the neutrality hypothesis says that there is no causality between energy 
use and economic growth at all. 

This study distributes the review of literature into four subsections; 
the first section of research explains the past relationship of “natural 
resources and economic growth”, the second section is focused on the 
relationship between “natural resources and environment”, third is 
based on tourism and economic growth. The fourth section explores the 
past studies on the relationship between tourism and the environment. 
We discussed them each in detail below. 

2.1. Natural resources and GDP growth 

Existing studies have not accounted for “natural resources in the 
energy-growth and environment nexus”; however, the relationship be
tween natural resources and economic growth is discussed in some 
detail. The interrelationship of economic growth and natural resources 
evolved after the phenomenon of the natural resource curse.1 Due to this 

1 Growth in resource scarce countries is higher as compared to resource 
abundant countries. This phenomenon is named as “resource curse theory or 
paradox of plenty” after the seminal work of Sachs & Warner (1995) see 
(Havranek et al., 2016). The paradox of plenty occurs because of the countries 
utilizing more of its energy on single sector by neglecting other sectors of the 
economy. Thus, the countries become more dependent to prices of goods and 
GDP becomes more volatile. Further, corruption in government organizations 
escalates when proper resource rights and income distribution not establishes in 
society, hence unfair regulation of industrial sector rises. For detail, see (Sachs 
and Warner, 1995). 
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resource curse issue, the countries spoil their natural resources like oil, 
minerals, metals and energy resources, this phenomenon was revealed 
in many studies (Havranek et al., 2016; Mehlum et al., 2006). There is 
another way around, economists like David Ricardo and Rostow have 
observed that natural resources endowment has explored the opportu
nities of investment in developing countries. Brunnschweiler (2008) 
explained that natural resources stimulate economic growth through 
institutional quality. Hassan et al., (2019a) have revealed that the rapid 
rise in industrialization and urbanization have increased the demand for 
natural resources; however, their study negated the resource curse 
phenomenon. The extraction of natural resources is progressing world
wide, especially in poor countries of the world, where the primary focus 
is economic growth by neglecting the importance of natural resources in 
the environment (Hailu and Kipgen, 2017). Hassan et al. (2019a,b) 
explored that the economic progress of countries are affected as natural 
resources are consumed over time; thus, they shifted from conservation 
to natural resource depletion. The poor management of natural stocks 
and efficient technologies can degrade natural resources. The causal 
relationship of natural resources, financial development and economic 
growth in Pakistan is tested by Nawaz et al. (2019); the results indicated 
that “natural resources” tends to increase the economic pace of devel
opment; likewise, their results also supported the bidirectional causality. 
A recent study conducted by Armey and McNab (2018) has discovered 
that natural resource and national expenditures have a negative rela
tionship. There are a limited number of reviews (Danish et al., 2019; 
Hassan et al., 2019a; Havranek et al., 2016) conducted on the rela
tionship between natural resources and economic growth; however, 
they failed to include this variable in the simultaneous equation form in 
energy-growth-environment and tourism nexus. 

2.2. Natural resources and environment 

The liability of climate change and environmental degradation is 
concerned with economic activities. Economic growth drives industri
alization and urbanization, which escalates the extraction of natural 
resources and expands agricultural productivity (Hassan et al., 2019a). 
All these economic activities deplete natural resources through waste 
generation beyond the assimilative capacities of the natural environ
ment (Danish et al., 2019). Additionally, “natural resources” play a 
critical role in the production, thus balanced supply of natural resources 
leads to reduce the price rise and slow down the oil consumption (Bal
salobre-Lorente et al., 2018). The understandings on the association 
between GDP, natural resources, and environmental pollution are not 
only relevant for policy analysis but also to make improvements in 
renewable energy production industries. It is worth mentioning that 
various past researches have ascertained the association of natural re
sources to GDP growth and but not to CO2 emission. In empirical testing, 
the inclusion of natural resources in “energy growth and environmental 
nexus” as an explanatory variable is new, and there is no vast literature 
available, which has tested the relationship of “natural resources and 
energy-growth-environment” link. The latest studies, for example, Bal
salobre-Lorente et al. (2018); Danish et al. (2019); and Hassan et al. 
(2019b) have been conducted; however, their results based on con
trasting opinions and having single equation models suggesting further 
attention towards the empirical analysis of the topic. 

2.3. Tourism sector and GDP growth 

A wast number of the studies have explored the causal linkages and 
long-run magnitude between GDP growth and tourism by using a variety 
of tourism development indicators for many countries and panels 
(Dogan and Aslan, 2017). The rapid expansion in this relationship is 
observed in the past decades. Tourism push growth is started from the 
seminal work of McKinnon (1964), who said that foreign exchange had 
brought tourism to the country, that can be utilized to produce more 
goods and services, thus enhancing economic growth. On the other 

hand, the work on growth push tourism is limited, reasoning that, if a 
country applies more economic policies with quality investment in 
physical and human infrastructures will reach economic development, 
and this development transmits into the tourism industry (�Skrinjari�c, 
2019). Studying the data of non-OECD and OECD countries, Lee and 
Chang (2008) have diagnosed that improvement in the tourism industry 
has less influence on the growth of OECD compared to non-OECD 
countries. Their results established a feedback relationship between 
economic growth and tourism for OECD countries; on the other hand, 
unidirectional causality has noticed in non-OECD countries. Likewise, 
Katircioglu (2009) explored one-way causal communication from eco
nomic growth to tourism in Cyprus. Payne and Mervar (2010), using 
Toda and Yama moto granger causality revealed that tourism led growth 
hypothesis is existed in Croatia. In addition, Tang (2011) discovered the 
growth led tourism hypothesis for Malaysia. In similar lines, Bilen et al. 
(2017) revealed that Dumitrescu-Hurlin causality supported the unidi
rectional causality from tourism to economic growth where bidirec
tional causality resulted using Croux-Roesens causality test. 
Additionally, Cortes-Jimenez and Pulina (2010) diagnosed two-way 
causal nexus in Spain, in developed and developing countries by See
tanah (2011), in European countries by Çaglayan et al. (2012), and in 
the non-OECD countries Lee and Chang (2008). The past studies on the 
topic indicate the tourism index as the relevant determinant of economic 
growth; thereby, we have incorporated this variable by considering the 
omitted variable biasness in the data. 

2.4. Tourism and environment 

Various recent studies have tested the relationship between tourism 
and CO2 emission. Lee and Brahmasrene (2013) investigated the asso
ciation of tourism and economic growth on CO2 emission using the 
Johansen cointegration test from 1988 to 2009 for European countries. 
The empirical findings proposed that tourism enhances both economic 
growth and CO2 emission for the study area. Solarin (2014), in the case 
of Malaysia, narrated the visibility of the long-run relationship between 
CO2 emissions; further, the results discovered a unilateral causal linkage 
from tourism to CO2 discharge. In similar lines, Zaman et al., 2016b for 
east Asian countries have indicated that the causality from tourism to 
CO2 and GDP to tourism is unidirectional. They were using GMM for the 
data of Asia Pacific countries over 1995–2013. Similarly, Shakouri et al. 
(2017) found a significant contribution of tourism on CO2 emission. 

Further, Shakouri et al. (2017) revealed that a one-way causal rela
tionship was from CO2 emission to tourism for the study area. Testing 
the data for Malaysia Solarin (2014) using the ARDL model from 1972 to 
2010 exposed that there is a long-run positive relationship between 
tourist arrivals and CO2 emission. In a similar study, Ben Jebli, M., Ben 
Youssef, S. & Apergis (2015), using panel data for 1995–2010 discov
ered that tourist arrivals and energy use have adverse effects on the 
environment in Tunisia. They show that tourist arrivals, in the long run, 
reduce the CO2 emission. Zhang and Liu (2019) testing the data of ten 
Northeast and South East Asian countries have found that improvement 
in tourism development may help regenerate the environmental ame
nities in the long run however the tourism is witnessed to be degrading 
element of the environment in this region. 

The discussion of literature has confirmed that the studies conducted 
in the past have mixed results for the relationship of considered vari
ables. Therefore, more attention is required to empirically test the link to 
suggest reliable policies for a sustainable development process. Thus, 
SEM is a secure way to reach this objective. 

3. Theoretical settings 

Since, the connexion between energy-growth-environment and 
tourism index is interested in the association of energy consumption, 
economic development, environmental pollution, and tourism devel
opment. The estimators used in this scenario allow the energy-growth- 
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CO2 emission and tourism to be determined simultaneously by enabling 
them for reverse causality. Thus, an effective alternative, which a few 
studies in the past have undertaken, is simultaneous equation modelling. 
Therefore, simultaneous equation modelling based on the energy- 
growth-environment and tourism relationship uses four equations: 
separate equation for each energy, growth, environment, and tourism. 

3.1. Income function 

To examine tourism development and natural resources in the en
ergy-growth-CO2 framework for BRI countries, we employed the Cobb- 
Douglas production function in our study. In this function, GDP is the 
function of capital and labour. Similarly, GDP is also the function of 
energy that has a direct relationship with economic growth (Abdouli and 
Hammami, 2018). Thus, we use the following general form of 
Cobb-Douglas production function; 

Y¼AK∝EγLϕεu (i)  

Where Y denotes real income, E is used for energy consumption; K&L is 
used for capital and labour as production factors. The term A is tech
nology and εuis used for error terms. α; γ and ϕ are production elasticities 
of capital, energy use, and labour force. When the elasticities in the 
Cobb-Douglas function are restricted to ð∝ ¼ γ ¼ ϕ ¼ 1Þ, the function 
shows constant returns to scale. The use of energy and CO2 emission 
appears to be directly related to the given technology level and at any 
point in time (Abdouli and Hammami, 2016). Thus, energy is the 
function of CO2 emission and is expressed as; E ¼ bCO2. 

Y¼ bγAKαCO2γLϕεu (ii) 

In our model, technology is endogenously determined by the use of 
natural resource extraction, gross fixed capital formation, and tourism 
development index (Abdouli and Hammami, 2018; Zaman et al., 
2016b). The development in the tourism industry provides funds to 
accelerate capital formation in the country, which in turn promotes 
economic growth through investment in capital stock, thus increasing 
the production level and investment in environmental projects. That is 
why we have; 

At ¼ϑCFðtÞαNRðtÞβTRIðtÞγ (iii)  

Where ϑ is time constant, CF, NR, and TRI denote capital formation, 
“natural resources”, and tourism index “respectively in the augmented 
form of the Cobb Douglas production model. Combing the above 
equations (ii) and (iii) will give the following equation; 

Yt ¼ϑ*COðtÞ∅2 EUðtÞαNRðtÞβTRIðtÞγCFðtÞγLðtÞ1� γ (iv) 

To get the values in per capita form, we assumed the constant scale of 
production and divided the above equation with labour in the model. 
Finally, by taking the log, the linear structure of the production function 
can of the following econometric form; 

yt ¼ α0t þ α1t trit þ α2tnrt þ α3teut þ α4tcft þ 2t (v) 

Since our study is based on the panel data, the equation above is 
rewritten in the panel data structure as; 

yit ¼α0it þ α1it triit þ α2itnrit þ α3iteuit þ α4itcfit þ 2it (vi) 

The lower case variables are the logarithm of income (y), tourism 
development index (tri), natural resources rents (nr), energy use (eu), 
and gross fixed capital formation (cf) and 2 are the error term of the 
regression equationðviÞ. 

From the literature cited in Shaheen et al. (2019) and ((Khoshnevis 
Yazdi, Homa Salehi and Soheilzad 2017); we have seen that the rela
tionship of tourism and income have positively related, thus providing 
the evidence that tourist inflows to the countries are beneficial in terms 
of economic progress. Therefore, the relationship between tourism index 

and income is expected to be a positive sign of α1. Noticeably, the 
consensus on how natural resources effect economic growth is yet not 
built. Since the available literature on the relationship between natural 
resource extraction and income is mixed due to the natural resource 
curse (Havranek et al., 2016). Therefore, the sign of α2 is expected to be 
positive/negative in the income equation. One of the primary sources of 
income increase in the recent energy-growth-environment nexus is 
pointed to be energy use; therefore, the relationship between them must 
be positive. Hence the sign of α3 is positive for income equation. It is 
found from the extant literature that in the process of capital formation, 
physical and human capital is employed to improve the growth of the 
economy. Therefore, the relationship between gross fixed capital for
mation and income is positive. Finally, 2 is taken as error term of the 
regression equation. 

3.2. Environmental pollution (CO2) function 

There are past studies; newest among them are; Acheampong et al., 
2019; Azam et al. (2019); Dogan et al. (2019); they have accounted for a 
variety of determinants of environmental emission, which might serve to 
avoid omitted variable biasness. Therefore, we have included the 
tourism development index and natural resource rents to determine the 
different possibilities of EKC. The current study further tailored the 
above equation into the EKC structure by adding a quadratic form of 
income i-e, 

co2¼ γ0 þ γ1ityit þ γ2itysit þ γ3it triit þ γ4iteuit þ γ5itnrit þ γ6itcfit þ γ7itreit þ εit

(vii) 

The lower case letters in the equation are the logarithm of income, 
income square, tourism index, energy use, natural resources, capital 
formation, and renewable energy. As, to the expected relationship of the 
variables, the signs of γ1andγ2 are “expected to be positive and negative”, 
respectively, which captures the standard form of “EKC hypothesis” 
(Apergis and Ozturk, 2015). Since the past literature (Laz�ar et al., 2019; 
B�elaïd and Youssef, 2017; Zhang and Liu, 2019) on energy consumption 
and environmental emission has suggested that the coefficient of energy 
useðγ4Þ be positive. Furthermore, tourism development increases envi
ronmental emission (Zaman et al., 2016b; Zhang and Liu, 2019), thereby 
γ3 is also expected to be positive. Like the studies conducted by Danish 
et al. (2019) and ((Balsalobre-Lorente et al. 2018b), the natural re
sources have seen both positive and negative relation to environmental 
emission. Thus the sign of γ5 is dependent on the nature of energy use in 
the extraction of natural resources, which may turn the coefficient 
positive or negative. The sign. of γ6 is also calculated as positive in 
previous studies (Zaman et al., 2016b). Finally, the impact of renewable 
energy is expected to be negative, as most of the researchers for instance; 
Ben Jebli et al., (2019); Chen et al., (2019b) and Dong et al. (2018) have 
concluded that the “renewable energy” has a substantial role in 
improving the environment in many countries and regions across the 
globe. 

3.3. Energy use function 

To update the energy-growth-environment relationship, two new 
variables, tourism development index and natural resources, have been 
included in the energy equation. Thus, the augmented feature of this 
relationship can be written as; 

euit ¼ a0it þ β1ityit þ β2it triit þ β3itnrit þ β4itco2;it þ β5itcfit þ εit (viii)  

Where, the variables in the lower case indicates the logarithmically 
transformed variables including energy consumption (eu), per capita 
real GDP(y), tourism development index (tri), natural resources (nr), 
carbon dioxide emission (co2) and gross fixed capital formation (cf). 
Where Ɛit is the corresponding error term. 

Previous researches have concluded that energy consumption 
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increases with economic growth (Arminen, 2018; Omri and Anis, 2013); 
thus, the expected sign of β1 is positive. The existing literature (Gok
menoglu and Eren, 2019) observed causal linkages from tourism to 
energy use, which proves the significant impact of tourism on energy. 
The studies by Dogan et al. (2017), and Katircioglu et al., (2014) have 
identified tourism as the essential factor of energy use in terms of 
transportation, hoteling, etc. therefore the sign of β2 has an expectedly 
positive sign. Moreover, the relationship between natural resources 
extraction and energy use found to be positive, like the more extraction 
of natural resources uses more sources of energy consumption (Kwakwa 
et al., 2020). Thus, the value of β3 is also positive. Finally, the rela
tionship between gross fixed capital formation and energy use also 
seems positive. For example, more capital formation requires more use 
of energy resources, hence increases the production and growth level in 
the economy (Anthony and Shaikh Mostak, 2015). 

3.4. Tourism development index function 

Finally, besides the energy-growth-environment equations, this 
study investigates the dynamic relationship between economic growth, 
energy use, natural resources, and gross fixed capital formation on 
tourism development index in BRI countries. 

triit ¼∅0it ¼ ∅1ityit þ∅2iteuit þ∅3itnrit þ∅4itcfit þ 2it (ix) 

To determine the connexion between the chosen variables, this study 
has thoroughly evaluated the literature (Shaheen et al., 2019; Zhang and 
Liu, 2019) and found mixed results for per capita income and tourism 
across the countries and regions depending upon their state of economic 
development. Thereby, we are expecting a positive or negative sign of 
∅1in the current study. The causal linkages from energy use to tourism 
highlights the one-way positive relationship between energy and 
tourism (Zhang and Liu, 2019); however (Zaman et al., 2016b), and 
(Nepal et al., 2019) have seen a negative relationship between energy 
use to tourism. Therefore, it is expected to have both positive/negative 
correlations between energy use and tourism development index based 
on the nature of the energy mix. The relationship between natural re
sources and tourism is not diagnosed previously; however, we assume its 
signs would be positive. Finally, the effect of capital formation is ex
pected to be positive in the current study (Nepal et al., 2019). 

In summary, the four-dimensional structural equations for energy- 
growth-environment and tourism development index are empirically 
examined with the following set of equations; 

yit ¼α0it þ α1it triit þ α2itnrit þ α3iteuit þ α4itcfit þ 2it (x)  

co2¼ γ0 þ γ1ityit þ γ2itysit þ γ3it triit þ γ4iteuit þ γ5itnrit þ γ6itcfit þ γ7itreit þ εit

(xi)  

euit ¼ β0it þ β1ityit þ β2it triit þ β3itnrit þ β4itco2;it þ β5itcfit þ εit (xii)  

triit ¼∅0it ¼ ∅1ityit þ∅2iteuit þ∅3itnrit þ∅4itcfit þ 2it (xiii) 

Besides, to the income, energy use, and environmental emission, 
some other variables are taken as endogenous in the system of equation 
in the study. If these variables were taken endogenous in 3SLS/2SLS 
estimators, there would be other instruments needed. The advantage of 
using GMM in panel data analysis is to use internal instruments as an 
alternative to external instruments. 

4. Data accumulation and estimation 

4.1. Data collection 

We employed panel data in the current study that shortens the issues 
related to the short time series available for the energy-growth- 
environment nexus. In the panel data analysis, it is also possible to 
control for country-country specific and heterogeneous effects. Our 

sample is restricted to 51 BRI countries based on the availability of the 
data, which are presented in Appendix A1. To shrink the measurement 
errors and fluctuations in business cycles, the data taken is averaged 
based on three years following Roodman (2007). After averaging the 
data in three years, the final sample consisted of nine periods started 
from 1990 to 1992 and ended with 2014–2016. 

Appendix Table A2 gives a brief introduction to the variables. Of the 
endogenous variables, the income level of the BRI countries is measured 
with per capita GDP, energy use, environmental pollution as per capita 
CO2 emission. Regarding the exogenous variables, renewable energy 
consumption is taken as a percentage share of total energy consumption, 
gross fixed capital formation in the percentage of GDP, and natural 
resource extraction is used as total natural resource rent percentage of 
GDP. The World Bank (2018) data is used for estimation of the equa
tions. To see the nature of data, Fig. 1 explains the data distribution, and 
we have presented the table of descriptives in appendix Table A3. 

The current study further developed an index of tourism that is 
composed of three distinct tourism variables, including tourist receipts 
in US$; Tourism expenditures in US$, and the number of tourist arrivals 
annually based on their weights. Data on all the selected variables are 
drawn from world development indicators (WDI), an online database of 
World Bank (2018). The principal component analysis (PCA) is applied 
for the tourism variables to construct a single weighted index that is 
termed to be a tourism development index in the current study (see, 
Zaman et al., 2016b). PCA is a statistical approach commonly used to 
examine and diagnose that have an internal correlation. To reduce the 
amount of data needed, the present study used this method and the new 
variables calculated are called principal components. Table 1 show the 
PCA to develop an index of tourism development. First segment of 
Table 1 indicates the maximum Eigenvalue of 2.404 for the first 
component, 0.4748 for the second component, and 0.1207 for the last 
component. The first component shows the highest proportion of vari
ation, which is 80.14%, followed by the second component, with 
15.83%, and the third factor shows the lowest change of 0.403%. On the 
other hand, second segment of Table 1 signals the eigenvalue loading in 
three-components, including PC1, PC2, and PC3. PC2 and PC3 indicate 
negative and lowest values of loadings; thus, the current study uses PC1 
to construct the index of tourism development. Fig. 2 on the results from 
the scree plot test confirms the selection of PC1, which is appropriate for 
the tourism development index. Finally, the last segment of Table 1 
explains the existence of correlation between different variables of 
tourism development. As indicated from the results that the tourism 
expenditures and tourism receipts are positively correlated with tourist 
arrivals, and similarly, tourism expenditures and tourism receipts are 
also correlated for BRI countries. 

To control and preserve for the sample size, we have interpolated 
some of the variables by following (Naz et al., 2019; Zaman et al., 
2016a). All the variables are transformed into a log for the final esti
mation. Finally, since the time taken was the average of three years that 
is very short to test for unit roots reliably, all the considered variables 
were differenced. Estimation in differenced form avoids the problems 
with trends, and in most of the cases, the variables in first difference are 
more likely to be stationary (Arminen and Menegaki, 2019). 

4.2. Econometric methodology 

There are two options in the simultaneous system of equations, the 
first is a single equation system, and another is simultaneous equation 
modelling. Wooldridge (2010, p252) has explained the advantages and 
disadvantages of using both methods, and Arminen (2018) has explored 
the nexus of energy-growth-environment simultaneous modelling 
framework. The base thing in econometric estimation is the model se
lection process. If specified correctly, the system of the equations is 
reliable and gives efficient results compared to single equation model
ling. Nevertheless, if one of the equations in order is miss-specified, then 
the parameters in the whole system are inefficient (Arminen and 
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Menegaki, 2019). To avoid such impurities in results, there are studies 
which have used dynamic system generalized method of moments 
(D-SGMM) developed by Blundell and Bond (1998) and dynamic 

differenced generalized method of moments (D-DGMM) by Arellano and 
Bond (1991) and Arellano and Bover (1995) see Roodman (2009) for 
more detail. Arminen and Menegaki (2019) highlighted that the esti
mators in the SEM framework are categorized as single equation esti
mators due to their particular concentration on single regress and at a 
time. Amri (2017); Omri and Kahouli (2014) and Saidi and Hammami 
(2016) used differenced GMM in their SEM studies and Adewuyi and 
Awodumi (2017) have involved system GMM in the interrelationship of 
energy-growth- and environment. The essential advantage of these 
methods compared to others is that they rely on internal instruments for 
estimation. However, the external instrument advocates best in case of 
reverse causation, however finding external instruments is a compli
cated task, which varies across the units and periods. Nevertheless, 
Farhadi et al. (2015) have concluded that internal instruments used in 
differenced and system GMM acts as the best alternative to control for 
endogeneity in explanatory variables. 

Following the studies of Amri (2017); Chaabouni and Saidi (2017); 
Tiba et al. (2016) and Omri and Kahouli (2014), the generalized form of 
SEM can be written as; 

yit ¼Xitβþ ϑyi;t� 1 þ ci þ μit (xiv)  

Fig. 1. Box plots of the variables.  

Table 1 
Tourism development index.  

Eigenvalue calculation  
Number Value Difference Proportion Cumulative 

proportion 
Component- One 2.4043 1.9294 0.8014 0.8014 
Component- Two 0.4748 0.3541 0.1583 0.9597 
Component- 

Three 
0.1207  0.0403 1.0000 

Coefficient estimation for PCA of Tourism index  
Variable PC1 PC2 PC3  
TX 0.5219 0.8524 0.0326  
TA 0.6056 � 0.3433 � 0.7179  
TR 0.6008 � 0.3944 0.6954  
Observed correlation matrix  
Indicators TX TA TR  
TX 1.000    
TA 0.6181 1.000   
TR 0.5969 0.8787 1.000   

Fig. 2. Scree plot of Eigenvalues for Tourism index.  
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Where t is used for time dimension, and i indicates the crossection units 
(countries). Error terms are comprised of country-specific effects ðciÞ and 
usual error termsðμitÞ. The properties of country-specific fixed effects 
and idiosyncratic errors are attributed as E(ci) ¼ E(μitÞ¼E(ciμit) ¼ 0. 

By taking the difference to eliminate the country-specific fixed effect 
from the above equation resulting in; 

Δyit ¼ðΔXÞitβþ ϑðΔyi;t� 1Þ þ Δμit (xv)  

Where Δ indicates the operator of the first difference. 
After taking the first differences, the predetermined variables turn 

endogenous; however, the lags of regressors are still valid instruments in 
GMM framework. The D-DGMM approach uses predetermined and 
endogenous variables lags as their instruments in the first difference 
where the D-SGMM incorporates the system of equations in level into the 
first difference system of equations. Further, the D-SGMM also uses the 
lags of predetermined and endogenous variables in its first difference 
form as instruments; additionally, the lagged first differences of pre
determined and endogenous variables are also capable of using as in
struments in the level models. Thus, it is assumed that there is no 
correlation between individual effects and the disturbance terms. 
Finally, to the validity of instruments, the Hansen test of over- 
identification of instruments is employed to determine the validity of 
instruments chosen. 

Since Roodman (2009) expressed that both D-DGMM and D-SGMM 
are formulated to address the large groups and few periods, most of the 
energy-growth-environment nexus studies have not followed this crite
rion. When the groups are smaller than periods, the Arellano bond test 
for correlation and robust standard errors does not remain accurate, 
which results in the issue that the number of the instrument turns 
quadratic to several groups in the study. If some periods is greater, the 
number of instruments will be more resulting in the overfitting of the 
model. Therefore, Roodman (2009) underlined a rule of thumb to 
address this issue. That is, the number of groups must be greater than the 
instruments. Consequently, it is required to collapse the instrument 
matrix to reach this goal. 

5. Empirical results and discussion 

To attain the objectives, we have employed two-step D-SGMM and 
two-step D-DGMM in the current study. To estimate the empirical re
sults, we used XTABOND2 module developed by Roodman (2009). 
Arminen (2018) has highlighted that system, and differenced GMM are 
designed for greater N (cross-sections) and small T (periods). However, 
energy-growth-environment nexus has not always considered this. 
Ignoring these profits is that, the Arellano second-order autocorrelation 
and cluster robust standard errors remain unreliable if the number of 
units is minimal. Secondly, if the periods are large, the dynamic panel 
becomes insignificant. On the other hand, the number of instruments is 
quadratic to a number of cross-sections, which over fits the model by 
adding more instruments compared to sample size. Therefore, Roodman 
(2009) introduced a thumb rule that a number of groups must be higher 
than instruments used in the model; this objective is achieved by using 
the collapse option to limit the lags of instruments used in the model 
(Arminen, 2018). Finally, time dummies have added in the models to 
hold the idiosyncratic error term properties on the assumption of no 
autocorrelation across the countries. 

5.1. Income model 

The empirical outcomes for difference and system GMM for four 
models are exhibited in Tables 2–5. Model (1) & (3) are estimated with 
D. DGMM and model (2) & (4) are estimated with S. DGMM estimator. 
Table 2 summarizes the results of the income equation, which indicates 
that the lagged term of income in all the four models estimated with 
difference and system GMM are found to be significant, which implies 

the existence of long-run relationships. The significant positive value of 
energy use appears to be robust, thus confirming that the energy use as a 
factor of production. This result is consistent with many past studies, for 
example, Arminen and Menegaki (2019), Shaheen et al. (2019), and 
(Esen and Bayrak, 2017). Energy is the most important determinant of 
economic development; therefore, its role in determining the production 
structure of an economy is crucial (Shaheen et al., 2019). On the other 
hand, the coefficient of tourism index is positively significant in all the 
models, which provides evidence that in the case of BRI countries; 
tourism responds to income positively that increases the development 
pace, referring to the past studies (Al-mulali et al., 2014; Paramati et al., 
2017; Shaheen et al., 2019). CF in all the models is significant with a 
positive sign, which contributes to the economic growth of the coun
tries. Finally, when the natural resources are included in the model, it 
exhibits negative with significant explanatory power, this may be the 
reason due to the resource curse (Havranek et al., 2016). Sachs and 
Warner (1995) explained that; due to institutional quality, resource-rich 
countries grow relatively slower than resource-scarce countries. The 
results are aligned with past studies of (Cotet and Tsui, 2013; Gylfason 
and Zoega, 2006). To tackle any econometric issues, we tested the data 
for second-order autocorrelation by Arellano and Bond. The results re
ported are favourable (no autocorrelation); hence, the models given are 
free of autocorrelation problem. On the other hand, Hansen’s test of 
over-identification also clarifies that the instruments used in the study 
are valid; following the thumb rule of Roodman (2009); a number of 
instruments taken are lower than that of cross-section units. Thus, the 
model here is correctly specified. 

5.2. Environmental pollution model 

From the results given in Table 3 for the environmental pollution 
equation, it is clear that income, energy use, natural resources, and gross 
fixed capital formation are active contributors to CO2 emission with 
expectedly increasing effects. The first order coefficient of income is 
positive, and second-order is negative, which states that income at first 
considerably upsurges the CO2 emission. Then it mitigates CO2 emission 
after reaching a certain level of income. This relationship postulates 

Table 2 
Income equation.  

Dependent variable: Y (1) (2) (3) (4) 

lagged Y 1.303*** 1.321*** 1.006*** 1.015***  
(0.207) (0.214) (0.007) (0.008) 

TRI 0.012*** 0.015** 0.041*** 0.037***  
(0.001) (0.006) (0.003) (0.008) 

EU 0.2826*** 0.3068** 0.0367*** 0.0458***  
(0.032) (0.030) (0.007) (0.008) 

CF 0.121*** 0.161*** 0.1688*** 0.1712***  
(0.020) (0.029) (0.036) (0.036) 

NR – � 0.025*** – � 0.006***  
– (0.003) – (0.002) 

Constant – – 0.226** 0.251**  
– – (0.113) (0.118) 

Observations 357 357 408 408 
Groups 51 51 51 51 
Instruments 19 20 13 14 
AR(II) 0.091 0.47 0.613 0.198 
Hansen Test 0.21 0.10 0.23 0.61 

Note: *, **, *** indicates level of significance at 10%, 5% and 1% respectively; 
model (1) and (3) are estimated with diff. dynamic GMM and model (2) and (4) 
are calculated with system dynamic GMM; time dummies are excluded from the 
table. Standard errors are given in parenthesis. The null hypothesis of Arellano 
and bond second-order autocorrelation [AR (II)] is H0: No autocorrelation and 
the null hypothesis of the Hansen test is H0: Instruments are valid. 
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inverted U-shape of EKC2 for BRI countries. Our results support the 
previous work of Saboori and Sulaiman (2013), Caron and Fally (2018), 
and Sapkota and Bastola (2017). The connection between energy use 
and CO2 emission supports the energy lead emission hypothesis. These 
results are aligned with Omri (2013), and Arouri et al. (2012) for 
ME&NA and Wang et al. (2018) for countries with different incomes, 
who found that increase in energy consumption increases CO2 emission. 

Besides, the relationship between tourism development index and CO2 
emission is positive; this implies that tourism development considerably 
affected the environmental quality in selected BRI states. Referring to 
Azam et al. (2018), who highlighted the importance of sustainable 
tourism policies, thus to combat tourism induced CO2 to reach “shared 
prosperity”. Shaheen et al. (2019) suggested introducing ecotourism 
policies to mitigate tourism lead emission, Ali et al. (2018) underlined to 
the importance of tourism standards and sanitation that helps to 
improve the country’s ecological stock thus to combat tourism lead 
emission. Surprisingly, the coefficient of natural resource in CO2 emis
sion model remains insignificant for difference GMM; on the other hand, 
it turns partially significant (10%) in D-SGMM. These results support the 
phenomenon of natural resource lead emission hypothesis for BRI 
countries. This result implies that more pressure on natural resources to 
achieve high economic growth may be a threat to the quality of the 
environment in long-run. The empirical results state that CF has a pos
itive relation with CO2 emission, which indicates the private investment 
lead emission (Zaman et al., 2016b). Moreover, renewable energy is 
mitigating the CO2 emission in BRI countries. The results are aligned 
with Apergis et al. (2018) and Chen et al. (2019a,b), who get similar 
results that renewable energy decreases CO2 emission. They emphasized 
the economies to encourage the renewable energy use that have 
considerable beneficial impacts on the climate change. The diagnostic 
results in the bottom of Table 3 explains about the instrumental validity, 
validates the no autocorrelation assumption, and the number of 
cross-sections in the models is higher than instruments. 

5.3. Energy consumption model 

The estimates for energy consumption model are given in Table 4 
explains that income (y) in all the four models found to be significant 
and positive; this demonstrates that increase in revenue tends to in
creases energy use (Shahbaz et al., 2012). Based on the results, the 
causal communication between energy use and economic growth is 
bidirectional. They are referring to the outcomes of Islam et al., (2013) 
for Malaysia, Odhiambo (2009) for Tanzania and Omri (2013) for MENA 
countries. The relationship between tourism index and the energy con
sumption is positive but insignificant with little explanatory power. 
However, CF has substantial positive magnitude with energy con
sumption, which explains that with the process of capital formation, the 
requirement of energy use is increasing, referring to (Omri, 2013). The 

Table 3 
Pollution equation.  

Dependent variable: CO2 (1) (2) (3) (4) 

L.CO2 0.378** 0.392** 0.649*** 0.635***  
(0.158) (0.161) (0.141) (0.129) 

Y 0.712* 0.636 2.035** 1.887***  
(0.391) (0.398) (0.904) (0.893) 

Ysq � 0.581** � 0.894*** � 0.036** � 0.050***  
(0.121) (0.199) (0.015) (0.016) 

TRI 0.101** 0.009** 0.017* 0.017**  
(0.003) (0.004) (0.010) (0.008) 

EU 0.633*** 0.612** 0.277** 0.273**  
(0.172) (0.168) (0.158) (0.134) 

CF 0.104*** 0.113** 0.135** 0.145***  
(0.034) (0.037) (0.052) (0.048) 

RE � 0.133*** � 0.136*** � 0.048** � 0.051***  
(0.047) (0.045) (0.024) (0.013) 

NR – 0.023 – 0.015*   
(0.021)  (0.008) 

Observations 357 357 408 408 
Groups 51 51 51 51 
Instruments 13 14 22 23 
AR(II) 0.506 0.429 0.19 0.158 
Hansen Test 0.116 0.106 0.110 0.41 

Note: *, **, *** indicates level of significance at 10%, 5% and 1% respectively; 
model (1) and (3) are estimated with diff. dynamic GMM and model (2) and (4) 
are calculated with system dynamic GMM; time dummies are excluded from the 
table. Standard errors are given in parenthesis. The null hypothesis of Arellano 
and bond second-order autocorrelation [AR (II)] is H0: No autocorrelation and 
the null hypothesis of the Hansen test is H0: Instruments are valid. 

Table 4 
Energy equation.  

Dependent variable: Energy Use (1) (2) (3) (4) 

L.EU 0.854*** 0.909*** 0.873*** 0.932*** 
(0.202) (0.207) (0.201) (0.206) 

Y 0.252** 0.301*** 0.277 0.444***  
(0.11) (0.108) (0.098) (0.165) 

TRI 0.012 0.014 0.015 0.017* 
(0.009) (0.009) (0.009) (0.009) 

CO2 0.098 0.057 0.079 0.036 
(0.137) (0.144) (0.140) (0.146) 

CF 0.078** 0.091** 0.079* 0.096** 
(0.036) (0.037) (0.042) (0.041) 

NR – 0.008* – 0.009* 
(0.004) (0.005) 

Observations 408 408 408 408 
Groups 51 51 51 51 
Instruments 20 21 20 21 
AR(II) (p-values) 0.633 0.601 0.623 0.588 
Hansen Test (p-values) 0.233 0.271 0.11 0.18 

Note:: *, **, *** indicates level of significance at 10%, 5% and 1% respectively; 
model (1) and (3) are estimated with diff. dynamic GMM and model (2) and (4) 
are calculated with system dynamic GMM; time dummies are excluded from the 
table. Standard errors are given in parenthesis. “The null hypothesis of Arellano 
and bond second-order autocorrelation [AR (II)] is H0: No autocorrelation and 
the null hypothesis of the Hansen test is H0: Instruments are valid”. 

Table 5 
Tourism development equation.  

Dependent variable: TRI (1) (2) (3) (4) 

lagged TRI 0.476*** 0.474*** 0.739*** 0.720***  
(0.043) (0.042) (0.042) (0.044) 

Y 0.473*** 0.465*** 0.159* 0.199**  
0.179 0.173 0.086 � 0.089 

EU � 0.022*** � 0.054*** � 0.020*** � 0.037**  
(0.005) (0.002) (0.001) (0.018) 

CF 0.544*** 0.553*** 0.768*** 0.853***  
(0.171) (0.168) (0.193) (0.204) 

NR – 0.069** – 0.076***  
– (0.037) – (0.022) 

Constant – – � 3.7082*** � 4.211***  
– – (1.001) (1.085) 

Observations 357 357 408 408 
Groups 51 51 51 51 
Instruments 18 19 12 13 
AR(II) 0.575 0.617 0.315 0.32 
Hansen Test 0.260 0.150 0.221 0.310 

Note: *, **, *** indicates level of significance at 10%, 5% and 1% respectively; 
model (1) and (3) are estimated with diff. dynamic GMM and model (2) and (4) 
are calculated with system dynamic GMM; time dummies are excluded from the 
table. Standard errors are given in parenthesis. The null hypothesis of Arellano 
and Bond’s second-order autocorrelation [AR (II)] is H0: No autocorrelation and 
the null hypothesis of the Hansen test is H0: Instruments are valid. 

2 Standard form of EKC hypothesis explains that at initial level of develop
ment, environment degrades; however, with further increase in economic 
growth, the investment in environment increases thus improves environmental 
condition, which depicts inverted U-shaped EKC (Panayotou, 1993). 
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addition of natural resources in the model found to be a positive 
contributor to energy use in BRI countries. This suggests that energy 
consumption by extraction technologies in mining, oil extraction, etc. Of 
the correlation between CO2 emission and energy use, the coefficient of 
CO2 emission in energy equation is insignificant for all models, thus 
suggesting unidirectional causality flowing from energy use to CO2 for 
BRI states. Again, there is no autocorrelation, instruments are valid, and 
the countries are greater than used instruments; thus, the outcomes are 
free from any econometric issues. 

5.4. Tourism development model 

Finally, Table 5 derives the empirical results of the tourism devel
opment index; the lagged TRI reveals the long-run relationship. The 
estimates explored that income, CF and natural resources are the sig
nificant contributors to tourism development index. This implies that 
increase in income increases the tourism; referring to Lean et al. (2014) 
and Shaheen et al. (2019); when an economy expands, it generates 
productive opportunities in all sectors including tourism, competition 
rises and costs in the tourism sector declines that enhances the tourism 
revenues. This phenomenon reveals the two-way causality links between 
“tourism and income” in BRI countries. The results explored the nega
tive relationship between energy use and the tourism sector in selected 
BRI countries. Our findings are identical with Zaman et al., 2016b, who 
also received similar results in the case of developing and developed 
countries. However, CF and natural resources are found to be escalating 
determinants of tourism development in BRI countries. The abundance 
of natural resource stock attracts more tourists; hence, domestic/private 
investment in the tourism industry is appropriate to enhance the reve
nue from tourism in the long-run. To assess the model specification, we 
tested them for second-order autocorrelation and instrumental validity. 
The results given at the end of the table reveal that the models here are 
free from second-order correlation, provides the evidence of valid in
struments, and the number of instruments is lower than that of several 
groups taken in the study. 

6. Conclusions and implications 

The study is attempted to explore the influence of “tourism, and 
natural resources in energy-growth, and CO2 emission nexus” using 
simultaneous equation modelling for 51 BRI countries over 1990–2016. 
To this end, we have built four equations; each equation has separate 
literature in energy-growth-environment nexus. The first equation is 
based on the income function, second explained the CO2 emission 
function in light of the EKC hypothesis, the third equation is centred on 
energy use, and final equation describes the Tourism demand function. 
The current research enables the simultaneity modelling of this quartet 
with two remarkable results. 

Firstly, empirical estimations derived from dynamic and system 
GMM documented the feedback hypothesis between energy consump
tion and income. Additionally, there is unidirectional causality detected 
from energy use to CO2 emission in conjunction with the EKC hypoth
esis. This indicates that in BRI countries, economic growth is mainly 
fuelled with energy consumption; thereby, the energy lead emission 
hypothesis deems true. The explanatory power of energy use is reliable, 

thus given reason that these countries have low penetration of clean 
technologies and renewable energy in production. The gross fixed cap
ital formation showed the inflexion point that the BRI countries must 
care about the CO2 emission and environmental degradation. Secondly, 
Tourism development and natural resources are equally important in 
economic growth and CO2 emission. In income and CO2 equation 
models, “tourism substantially contributes both to economic growth and 
CO2 emission”. Feedback relationship is also observed between eco
nomic growth and tourism development. The empirical results sub
stantiate the tourism lead growth and vice versa; tourism lead emission 
and investment lead emission hypothesis for BRI countries is also sup
ported in the study. Natural resources deem negatively related to eco
nomic growth; thus suggesting natural resource curse in BRI states. The 
empirics explained that natural resources are contributing to CO2 
emission, and tourism development, based on colossal energy use. 

The policies emerging from our research are reliable and have 
considerable importance for selected BRI countries. From the “two-way 
causal association between energy use and income and unidirectional 
causality between energy and CO2 emission”, the efforts are required to 
encourage to adopt new and clean technologies to achieve sustained 
economic growth by decreasing CO2 emission. In addition, regulations 
must be introduced in in-efficient use of energy and share of renewable 
sources in total energy. This can be achieved if tariffs are applied to the 
imports of old and dirty technologies by giving incentives/subsidies on 
the new and green technology imports to these countries; thereby do
mestic investors are encouraged to invest in clean technologies. The 
climate mitigation strategies should be introduced to get economic in
centives from the tourism sector. The orientation of budgets in green 
infrastructure development is significantly essential to safeguard envi
ronmental quality, thus benefit through green tourism. Moreover, the 
conservation of natural resources will also help attain sustainable eco
nomic growth by implementing sustainable tourism development pol
icies across the BRI countries. Finally, the resource curse relationship in 
BRI countries cannot be neglected, therefore needs attention to improve 
the quality of institutions to cater to the inefficiencies in natural resource 
exploitation to achieve sustained growth. Despite all the efforts we have 
made, there are still some directions for future research. Firstly, though 
we have established the nexus of “tourism-growth-energy and environ
ment”, our chosen variable may not be able to represent all the in
dicators of growth, energy, and environment. Secondly, our study did 
not involve the new countries included in BRI. Future research should 
consider the fresh list and re-estimate the dynamic system of models to 
obtain robust results for policy insights. Finally, there is room for future 
research in the unchartered domain of Tourism-FDI-environment nexus 
in the SEM framework to develop sustainable tourism development plan. 
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Table A1 
Selected BRI countries  

Albania Estonia Lithuania Serbia 

Armenia Georgia Malaysia Singapore 
Azerbaijan Hungary Moldova Slovak Republic 
Bangladesh India Mongolia Slovenia 
Belarus Indonesia Montenegro Sri Lanka 
Bosnia and Herzegovina Iraq Myanmar Tajikistan 
Brunei Darussalam Israel Nepal Thailand 
Bulgaria Jordan Pakistan Timor-Leste 
Cambodia Kazakhstan Philippines Turkey 
China Kuwait Poland Ukraine 
Croatia Kyrgyz Republic Romania United Arab Emirates 
Czech Republic Latvia Russian Federation Vietnam 
Egypt, Arab Rep. Lebanon Saudi Arabia    

Table A2 
Description of variables  

Variable Acronyms Unit of measurement 

Tourism development index TRI Tourist receipts in US$; Tourism Expenditures in US$; Number of tourist arrivals annually 
Energy use EU KGs of oil equivalent/capita 
Carbon dioxide emission CO2 Metric ton/capita 
real GDP Y 2011 US$/capita 
Capital stock CF Gross fixed capital formation as a percentage of GDP. 
Natural resources NR Total natural resource rent percentage of GDP 
Renewable energy RE Renewable energy consumption percentage of total energy consumption   

Table A3 
Descriptive statistics based on three-year averages  

Variable(s)  Mean S.D Minimum Maximum Observation(s) 

CO2 Overall 5.6688 6.1089 0.0499 31.9764 N ¼ 459  
Between  6.011 0.1364 28.4452 n ¼ 51  
Within  1.3459 � 2.3994 12.0918 T ¼ 9 

EU Overall 2216.303 2209.59 58.3959 11431.47 N ¼ 459  
Between  2173.638 58.5894 9705.892 n ¼ 51  
Within  490.012 � 2283.273 3941.878 T ¼ 9 

Y Overall 8759.171 11700.43 196.567 66037.73 N ¼ 459  
Between  11459.8 505.596 53099.28 n ¼ 51  
Within  2804.825 � 8663.273 24655.09 T ¼ 9 

NR Overall 7.5858 12.6716 0.000345 60.8177 N ¼ 459  
Between  12.0407 0.0005668 50.9454 n ¼ 51  
Within  4.257 � 14.4326 33.7969 T ¼ 9 

TRI Overall � 1.54E-08 1.5442 � 0.8415 17.0136 N ¼ 459  
Between  1.2812 � 0.835 6.7035 n ¼ 51  
Within  0.8786311 � 4.343789 10.31005 T ¼ 9 

RE Overall 22.94719 23.80487 0.0061057 94.48977 N ¼ 459  
Between  23.41203 0.0124966 89.60861 n ¼ 51  
Within  5.303128 0.6654913 46.56749 T ¼ 9 

CF Overall 23.23383 6.46202 3.177027 48.22357 N ¼ 459  
Between  4.541883 12.71402 37.82133 n ¼ 51  
Within  4.635657 5.06922 44.27634 T ¼ 9  
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