Environmental Science and Pollution Research (2019) 26:19389–19402
https://doi.org/10.1007/s11356-019-05269-w

RESEARCH ARTICLE

Re-evaluating the environmental impacts of tourism: does EKC exist?
Jeyhun I. Mikayilov 1,2,3

&

Shahriyar Mukhtarov 4,5 & Jeyhun Mammadov 6 & Mayis Azizov 4

Received: 4 December 2018 / Revised: 17 April 2019 / Accepted: 24 April 2019 / Published online: 9 May 2019
# The Author(s) 2019, corrected publication September/2019

Abstract
The study investigates the long-run impact of tourism development on ecological footprint by employing the time-varying
coefficient cointegration approach (TVC), in addition to the conventional cointegration techniques in the case of Azerbaijan
for the period of 1996–2014. Based on the TVC estimation results, the coefficient of tourism development, which is the income
elasticity of environmental degradation, was found to be time invariant. The paper uses energy consumption, trade, urbanization,
and institutional quality indicators as control explanatory variables. The estimation results revealed that trade and energy
consumption have statistically significant and positive impact on ecological footprint, while the coefficients of the other explanatory variables were found to be insignificant. Both the conventional estimation methods and the TVC concluded that, for the
relationship between ecological footprint and tourism development, the EKC hypothesis is not present in Azerbaijan. Policy
implications for the resource-rich economies have been discussed.
Keywords Environmental degradation from tourism . Ecological footprint . Environmental Kuznets curve . Time-varying
coefficient cointegration . Resource-rich country

Introduction
Over the few decades, tourism sector has experienced continuous growth in both the developed and developing countries.
Representing one of the main income sources for many developing countries, tourism sector is viewed as an engine of economic growth through the development of infrastructure, the
creation of jobs and enterprises, and contribution to the balance of payments. According to the World Tourism
Organization (UNWTO), over the last 5 years, international

tourism has grown faster than world trade, represented 7% of
the world’s exports (generated US$ 1.5 trillion in export earnings) and 30% of service exports, and contributed to 10% of
the world GDP in 2016 (UNWTO 2017).
Theoretical and empirical studies suggest that while tourism has a positive contribution to economic growth and development, it is also held responsible for its adverse impacts
on the environment. Environmental degradation can occur in
two ways. First, as the tourism industry expands, the exploitation of natural resources increases the risk of environmental
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pollution. More precisely, the tourism industry can cause significant environmental damage in the form of air pollution,
natural habitat loss, soil erosion, etc., (Ozturk et al. 2015).
Therefore, the tourism sector requires investments into infrastructure such as tourism services (e.g., restaurants, hotels,
recreation resorts) and roads, which may help to minimize
its adverse effect on the environment. Second, the consumption of energy in the tourism activities such as catering, accommodation, and transportation, lead to higher level of CO2
emissions into the environment. Hence, both ways pose threat
for sustainable environment and development. Violation of
the ecological balance shows itself after time passes.
Uncontrolled use of the environment for tourism leads to its
destruction and the natural environment is not secured for
future generations. Therefore, eliminating the harmful effects
of tourism on ecology, protecting nature, as well as for the
future development of tourism, is one of the most important
challenges. From this point of view, development and promotion of ecotourism are of great importance. The development
of this type of tourism can be accompanied by broad financial
opportunities and benefits for an economy. Typically, tourists
are attracted by ecologically clean regions and countries as
they are able to get a beautiful impression of healthy rest
and touch with nature. However, ignoring environmental protection can result in the loss of recreational opportunities and
tourism potential.
According to the United Nations Environment Program, environmental degradation can be reduced and sustainability can be
achieved through the installation of environmentally efficient
new technology and establishment of environmental management schemes, which requires direct investments and financial
assistance (UNEP 2005). In parallel, the sustainable development
requires better institutional quality and the formulation of a legal
and regulatory framework for effective and efficient tourism
management. As Grossman and Krueger (1995) states, Bif the
composition of output and the methods of production were immutable, then damage to the environment would be linked unavoidably to the scale of global economic activity.^
This suggests that economic growth promoted by effective
regulatory framework is temporarily a remedy to environmental degradation. The environmental degradation and income
relationship resembles a relationship between inequality and
income relationship described by Simon Kuznets (1955) and
later popularized as an environmental Kuznets curve (EKC)
by the World Bank Development Report (1992), Grossman
and Krueger (1993), and Grossman and Krueger (1995).
Sustainable development or the EKC model hypothesizes
that during the initial stage of economic development, a country experiences a degradation of the environment, particularly
through deterioration of natural resources that creates environmental impacts such as pollution, soil erosion, and CO2
emissions. But after a certain level of economic growth, as
its income increases, the country begins to improve its
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environmental protection and consequently the level of
environmental degradation diminishes. Using panel data
analysis of different cities in developed and developing
countries, Grossman and Krueger (1995) examined this relationship using various indicators for environmental degradation and found no evidence that environmental quality deteriorates steadily with economic growth. However, for most indicators, economic growth caused an initial stage of deterioration followed by a stage of improvement with varying turning points for different pollutants.
In the recent past, a large number of empirical studies have
explored this inverted U–shaped relationship between environmental degradation and per capita income in the context of
developed and developing countries, and debatable results have
been obtained. These inconclusive results may be due to the
fact that GDP, as an indicator for economic growth, is only a
rough indicator, does not directly account for environmental
quality and capture the effects of different sectors of the economy on environmental degradation (Ozturk et al. 2015;
Katircioglu et al. 2018a). As one of the main drivers of environmental degradation, many studies investigated the impact of
energy consumption on environmental quality (Kapusuzoglu
2014; Heidari et al. 2015; Anatasia 2015; Kalayci and Koksal
2015; Cetin and Ecevit 2017, inter alia). Although, theoretically, being one of the main drivers, energy consumption negatively affects the environmental quality. However, due to the
fact that in practice emissions, like CO2, are mainly calculated
based on energy consumption. Hence, using energy consumption in the same relationship results in estimation problems, as
discussed in Jaforullah and King (2017). In this regard, other
drivers of environmental degradation are the focus of the current literature. These indicators might directly influence the
environmental quality, or these impacts might be transmitted
through other drivers, like energy consumption. In this regard,
considering the huge positive impacts of tourism on economic
growth and the above-mentioned potential adverse effects on
the environment, most recent studies have focused on examining the impact of tourism on environmental degradation in the
context of comparative analysis of developed and developing
countries (Lee and Brahmasrene 2013; León et al. 2014; AlMulali et al. 2014a; Ozturk et al. 2015; Paramati et al. 2017a),
Eastern and Western European Union countries (Paramati et al.
2017b), individual countries (Katircioglu 2014a, b; Durbarry
and Seetanah 2015), and top 10 tourist destinations
(Katircioglu et al. 2018a). In addition, a number of empirical
studies concluded that trade and urbanization are other drivers
of environmental degradation (Katircioglu et al. 2016;
Mikayilov et al. 2017a; Katircioglu et al. 2018c; Katircioglu
and Katircioglu 2018, inter alia). Trade impacts environment
through importing/exporting emission-intensive goods and services, while urbanization causes through different channels, like
increased consumption of energy, impacts through the services
and consumption of other necessary goods and services.
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To our best knowledge, prior research has not set particular
focus on natural resource or oil-rich developing countries
which are characterized with their less diversified economies
and susceptibility to economic fluctuations due to oil price
volatility, which affects the value of national currency and
consequently revenues from international economic activities.
Therefore, the main objective of resource-dependent countries
is to diversify their economies into manufacturing and service
industries to protect their economies against the negative impacts of oil price volatility. In this regard, specialized tourism
is one of the main priority areas of the development strategy
for non-oil sectors such that the tourism industry is considered
as an alternative source of foreign currency inflow through the
export of services and viewed as an important tool in the
improvement of the balance of payments and increase of
GDP. Meanwhile, tourism gives a strong impetus to the development and diversification of many areas that serve the
tourism industry, and consequently lowers unemployment
and contributes to high well-being and poverty reduction.
As a prerequisite for fostering economic growth and ensuring sustainable development, can the economic diversification
exert adverse impacts on the environment in resource- or oilrich countries? To answer this question, we scrutinize this
relationship in the context of an oil-rich country, the
Republic of Azerbaijan.
The previous researches for Azerbaijan scrutinized the impact of urbanization and population on pollution from transportation (Mikayilov et al. 2017a, b), and the relationship
between economic growth and CO2 emissions for the period
of 1992–2013 and revealed that the EKC hypothesis does not
hold for Azerbaijan (Mikayilov et al. 2018a). However, these
studies did not consider the impact of tourism on environmental degradation. In this context, the only research conducted
for Azerbaijan was by Ozturk et al. (2015) in a time series
analysis for 144 countries for the period of 1988–2008 and
concluded the presence of the EKC hypothesis, which we
deem not a proper result for Azerbaijan as a developing country especially for a short period of time. In this regard, there is
a need for deep analysis in a single country case by employing
the time-varying coefficient cointegration approach (TVC), in
addition to the conventional cointegration techniques for the
period of 1996–2014.
Tourism is one of the booming sectors in Azerbaijan.
Although international tourism receipts as a percent of total
exports exhibited downward trend until 2006–2008 (1.19% of
total exports in 2008), which coincided with the period of high
oil rents (% of GDP) that started to decline in 2007, which
possibly due to global financial crisis, it started to surge in
2009 and reached to 16.24% of total exports in 2016 (World
Bank 2018a, b). Particularly, during 2012–2016, there was a
steady increase in the number of entrepreneurship subjects
serving in the tourism sector and the number of foreign tourists, numerically being 4.5% and 8.5%, respectively.
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Meanwhile, the share of tourism industry in the country’s
GDP and employment constituted 4.5 and 3.3%, respectively.
Particularly, the number of tourism enterprises increased from
96 in 2006 to 272 in 2016 and 339 in 2017, and the number of
employees in these enterprises increased 35.7% during 2009–
2017 (hotels and related organizations have been excluded)
(Strategic Road Map for the Development of Specialized
Tourism Industry in Azerbaijan 2016). Hence, the main objective of our research is to explore the Environmental
Kuznets Curve hypothesis in the case of an oil-rich developing country, Azerbaijan, by utilizing data on the ecological
footprint, international tourism receipts (or GDP from tourism), trade openness, government effectiveness, quality of
regulation, and energy consumption for the period of 1996–
2014 (the latest data available for the ecological footprint), and
also utilize a time series approach, which is the first of its kind
in the related literature that takes into account varying nature
of the coefficients in the analysis. More specifically, we apply
time-varying coefficient cointegration (TVC) approach.
Further, we test the validity of the EKC hypothesis and
long-run relationships between the ecological footprint and
the variables under consideration by using a cointegration
technique, autoregressive distributed lag (ARDL) and fully
modified ordinary least squares (FMOLS) method. As concluded by some recent studies, such as Liddle and Messinis
(2016), Apergis (2016), Moosa (2017), and Mikayilov et al.
(2018b), the response of environmental degradation to the
change in income variable might have an overtime evolving
nature. Therefore, in order to not encounter the spurious regression results if the coefficient is time varying indeed, it is
important to model the relationship properly, considering the
time variability of coefficient. Furthermore, we advance previous research works by incorporating new explanatory factors such as government effectiveness and quality of regulation as institutional quality indicators. Moreover, our findings
will enhance our understanding of tourism management, promote ecotourism, and suggest effective policies for achieving
sustainability in Azerbaijan in terms of the environment, tourism, and economic growth.
The remainder of the article is as follows. Section 2 provides a detailed literature review. Section 3 describes the data
used and model specification. Section 4 provides the empirical
methodology. Section 5 presents the empirical results, and the
related discussion is provided in Section 6. Finally, Section 7
provides conclusion and policy implications.

Literature review
Tourism sector is one of the major contributors of environmental degradation. A proliferation of tourism events is mainly followed by an increased demand for energy for several
functions such as transportation, food supplying, housing,
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and the managing of tourism-related attractions (Becken et al.
2001, 2003; Gössling 2002, 2013; Neto 2003; Becken and
Hay 2007; Nepal 2008; Holden 2009; Perch-Nielsen et al.
2010; Howitt et al. 2010; Rosselló-Batle et al. 2010;
Dawson et al. 2010; Tsagarakis et al. 2011; Dubois et al.
2011; Becken 2013; Gössling 2013; Tsai et al. 2014; Saenzde-Miera and Rosselló 2014), which is likely to lead to increased CO2 emissions and thus causes environmental degradation (Xuchao et al. 2010; Tovar and Lockwood 2008).
One strand of the literature focuses on the tourismeconomic growth nexus. There are many empirical studies,
like Balaguer and Cantavella-Jorda (2002), Narayan and
Prasad (2003), Dritsakis (2004), Gunduz and Hatemi-J
(2005), Katircioglu (2009a, b, c, 2010, 2011), Hye and
Khan (2013), Bouzahzah and El Menyari (2013), Jalil
et al. (2013), Kilinc et al. (2013), Tang and Abosedra
(2014a, b), Al-mulali et al. (2014b), Tang and Tan
(2015), Brida et al. (2016), inter alia, investigating this
nexus for different countries or country group cases. The
second direction in tourism-related literature is the impact
of financial development on tourism growth (Katircioglu
et al. 2018b, inter alia). The above-mentioned two relationships are not the focus of the current study. Another strand
of tourism-related studies is the environmental impacts of
tourism activities, which is the focus of our work. There
are not many papers in the related literature that investigate
the relationship between international tourism and
environmental degradation using econometric techniques.
Many of these studies used CO2 emission as a proxy for the
environmental damage. Lee and Brahmasrene (2013) studied the impact of tourism on economic growth and CO2
emissions by utilizing panel data for European Union
(EU) countries and have found that tourism has a
statistically significant negative impact on CO 2
emissions. Katircioglu (2014a) also examined the impact
of tourism development on carbon emissions in Singapore
under the framework of environmental Kuznets curve hypothesis for the period of 1971–2010 and employed different time series techniques. The study concluded negative
and statistically significant impact of tourist arrivals on
carbon dioxide emissions, either in the long- or short-run
periods. In addition, the employed Granger causality test
concluded unidirectional causality running from tourism
development to carbon emissions in the long run.
Consequently, the author confirmed the tourism-induced
EKC hypothesis in Singapore. Katircioglu (2014b) studied
the long-run effects of tourism on carbon dioxide (CO2)
emissions as a proxy for environmental degradation in
Turkey and concluded that tourism growth increases both
energy consumption and carbon dioxide emissions. In
addition, Katircioglu et al. (2018a) investigated the effect
of tourism development on the environmental quality
proxied by the ecological footprint in top 10 countries.
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The estimation results concluded the validity of tourisminduced EKC hypothesis and found negatively significant
impact of tourism development on the ecological footprint.
Katircioglu et al. (2014) examined the impact of international tourism on CO2 emissions, in the case of Cyprus, a
tourist destination island in the Mediterranean region and have
concluded that international tourist arrivals have statistically
significant positive impact on CO2 emissions. The results
from Granger causality test showed that tourism development
increases carbon dioxide emissions.
Likewise, León et al. (2014) produced the similar findings,
i.e., tourism increases CO2 emissions, in the case of developed
and less developed countries.
Al-Mulali et al. (2014a) studied the relationship between
tourism arrivals and CO2 emissions from the transportation
sector. The study used panel data of 48 top international tourism destinations and came to the conclusion that in all country
cases, tourism arrivals significantly increase transportationrelated CO2 emissions.
Durbarry and Seetanah (2015) investigated the relationship
between tourism development and CO 2 emissions in
Mauritius and employed ARDL method and data from 1978
to 2011. The results of the study revealed that an increase in
the number of tourists considerably increases CO2 emissions.
Dogan et al. (2015) analyzed the long-run relationship between CO2 emissions and tourism under the EKC framework
in the case of the Organization for Economic Co-operation
and Development (OECD) member countries by employing
different cointegration tests. The Lagrange multiplier bootstrap panel cointegration test concluded the existence of a
long-run co-movement among the variables under study.
The dynamic ordinary least squares (DOLS) estimation results
indicated that tourism increases CO2 emissions.
Using the ecological footprint as a measure of environmental degradation, Ozturk et al. (2015) examined the impact of
tourism on the environment and tested the existence of the
EKC phenomenon for the case of 144 countries, including
Azerbaijan, for the period of 1988–2008. The study employed
the GMM method for the time series data and also used the
system GMM for the panel data, and added control variables
such as energy consumption, trade openness, and urbanization. The estimation results showed that for the upper
middle- and high-income countries, the relationship is negative between the ecological footprint and its determinants in
most cases. Furthermore, the study concluded that the EKC
hypothesis is mainly presented in the upper middle- and highincome countries. Further, authors confirmed the presence of
the EKC hypothesis for Azerbaijani case.
The existence of EKC hypothesis was also confirmed by de
Vita et al. (2015) for Turkey, and by Zaman et al. (2016) and
Paramati et al. (2017a) for developed and developing
countries, by Shakouri et al. (2017) for Asia-Pacific
countries, and by Alam and Paramati (2016) for 49
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developing countries. While Solarin (2014) in the case of
Malaysia, Zhang and Gao (2016) in the case of China,
Bozkurt et al. (2016) in the case of BRICTS countries,
Naradda Gamage et al. (2017) in the case of Sri Lanka, and
Dogan (2017) in the case of OECD countries found that EKC
hypothesis does not hold for the studied country cases. Raza
et al. (2016) used wavelet based analysis to study the impact
of tourism development on carbon emissions for the US case.
The results showed that tourism development has a statistically negative and significant impact on the environment.
Yorucu (2016) examined the long-run impact of foreign
tourist arrivals on CO2 emissions. Author utilized ARDL approach and made use of annual data from 1960 to 2010. The
paper concluded that there was a long-run causal relationship
from the growing number of foreign tourist arrivals toward the
growth of CO2 emissions.
Paramati et al. (2017b) examined the effect of tourism on
economic growth and carbon dioxide emissions for the case of
Eastern and Western European Union (EU) countries. Results
of the study revealed that, in the case of Eastern EU, tourism
increases CO2 emissions, while it decreases the emissions in
Western EU countries.
Azam et al. (2018) investigated the impact of tourists’ arrivals on environmental pollution (CO 2 emissions) in
Malaysia, Thailand, and Singapore for the period of 1990–
2014 by employing FMOLS method. Authors found that tourism has a statistically significant positive impact on environmental pollution in Malaysia while a negative effect was determined in the cases of Thailand and Singapore.
Mikayilov et al. (2018a) investigated the relationship between economic growth and CO2 emissions, employing
different cointegration methods to time series data of
Azerbaijan from 1992 to 2013, and concluded that the EKC
hypothesis does not hold for Azerbaijani case. The study uses
CO2 emissions as a measure of environmental degradation.
Mikayilov et al. (2017a, b) examined the impacts of urbanization and population on pollution from transportation and did
not study the impact of tourism-related income on environmental degradation.
As can be seen from the literature review, there is only one
time series study, Ozturk et al. (2015), devoted to the impact of
international tourism on environmental degradation in the
case of Azerbaijan, which concluded the presence of the
EKC hypothesis. They investigated the case for a relatively
old period, namely 1998–2008 and concluded the EKC,
which we think is not a proper result for Azerbaijani case, as
a developing country. In addition, most of the previous studies
examined the nexus between tourism indicators and CO2
emissions across the developed and developing economies
but did not consider the ecological footprints. Given these
limitations and research gaps, the present study aims to examine the effect of international tourism on ecological footprints
in the case of Azerbaijan. Hence, our study adds an important
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value to the empirical literature on the role of international
tourism on environmental degradation. Further, to the best of
our knowledge, this is the first study, in the tourism-related
literature, to employ time-varying coefficient approaches.
Therefore, the findings derived from our study will be critical
for the policy and practice for the sustainable tourism management in Azerbaijan and similar countries.

Model specification and data
Model specification
In this study, we make use of the theoretical approach proposed by Shafik and Bandyopadhyay (1992). Precisely, in our
empirical setting, we employ the conventional framework
which relates the environmental indicator and its potential
determinants. The study makes use of the following cubic
functional specification with respect to the income proxy
and added some other relevant explanatory variables:
ei ¼ b0 þ b1 yt þ b2 y2t þ b3 y3t þ b4 xt þ εt

ð1Þ

where ei is environmental indicator, while y and x are the
income and a vector of additional explanatory variables, respectively. Further, t and ε are the time period and error term,
respectively. Since, we aim to investigate the impact of international tourism on environmental degradation, following
Ozturk et al. (2015), Katircioglu et al. (2018a), inter alia, we
use the ecological footprint as a proxy for the environmental
degradation. While all other indicators such as CO2 emissions,
SO2 emissions, dark matter, and suspended particle matter
represent only a small portion of environmental degradation,
as argued by Ozturk et al. (2015). We use international tourism receipts as a proxy for the income from tourism sector. To
test different hypotheses in line with the general framework,
we added the squared and cubic terms of this variable. We also
employ and test different variables, considered as drivers of
the environmental degradation, such as total trade, energy
consumption, urbanization, government effectiveness, and
regulatory quality. All variables, except the last two, are used
in logarithmic form.
Further, we argue that in the studies devoted to the impact
of tourism sector on environmental indicators and to testing
the EKC hypothesis, the model specification needs to be properly set to avoid theoretical and econometric drawbacks such
as multicollinearity and redundant variables. Some papers employ international tourism receipts and overall gross domestic
product (GDP) as explanatory variables, but as it is known,
the second one includes the first one and consequentially the
researcher will be encountered with perfect or near-perfect
multicollinearity, and in the best case the estimated coefficients are not reliable. Another issue in the related studies is
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using energy consumption in the specification if the environmental degradation is proxied by CO2 emissions, because as
known due to the lack of reliable data, CO2 emissions are
mainly calculated using energy consumption. Hence, using
energy consumption as an explanatory variable in CO2 specification will result in the problems discussed in Jaforullah and
King (2017) and may lead to unreliable findings. Yet another
problem is the misinterpretation of the impact of an explanatory variable on the dependent variable, when the powers of
that variable are included in the specification. In this case, the
elasticity of the dependent variable with respect to that variable should be calculated and reported as a response of the
dependent variable to the change in the mentioned variable.

Data
We employ annual time series data from 1996 to 2014 for
empirical analysis.1 The selection of the sample period is purely based on the availability of the data. The variables of the
study are measured as follows: ecological footprint (EF) is the
sum of the cropland, grazing, fishing, forest, CO2 emissions,
and infrastructure footprints. To put it differently, it is the area
of land and ocean needed to support the countries’ consumption measured in hectares (Ozturk et al. 2015, inter alia). The
international tourism receipts (TR) are used as a proxy for
tourism and it is measured in million constant US dollars.
The total trade of goods and services (TD) is the sum of exports and imports in million constant US dollars. Energy consumption (EC) is measured in kilograms of oil equivalent. The
total urban population, in persons, is an indicator of urbanization (UR). Government effectiveness (GE) reflects
Bperceptions of the quality of public services, the quality of
the civil service and the degree of its independence from political pressures, the quality of policy formulation and implementation, and the credibility of the government’s commitment to such policies^ (World Bank 2018b). Finally, regulatory quality (RQ) reflects Bperceptions of the ability of the
government to formulate and implement sound policies and
regulations that permit and promote private sector
development^ (World Bank 2018b). The data for the ecological footprint has been sourced from the Global Footprint
Network, while data on international tourism receipts, total
trade, energy consumption, government effectiveness, and
regulatory quality have been taken from the World Bank. In
empirical estimations, all the variables, except the last two,
were used in logarithmic form.
Figure 1 below shows the time-varying trends of ecological
footprint and international tourism receipts (the main variables
1
Based on one of the referee’s suggestion, we re-estimated the models with
the transformed quarterly data and ended up with the similar results. Hence, we
preferred to report the results with the actual data generating process, namely
with annual data.
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of interest), both in the natural logarithm levels over the period
of 1996–2014.
As demonstrated in the Fig. 1, the EF sharply decreased in
Azerbaijan for the period of 1996–1999. This decrease can be
explained by different factors, such as the shutdown or weakening of the industrial sector after the collapse of the Soviet
Union. For the 1999–2014 time span, the relative increase
with some volatility can be observed in EF. For the period
corresponding to the global financial crisis, 2007–2008, there
was a decline in the path of the variable, and it starts to increase with economic recovery process. On the other hand,
TR relatively increased during 1996–1997 and decreased in
the period of 1998–2001, which is coincided with the beginning of the Russian financial crisis in 1998, which severely
affected the economies of neighboring countries. As a general
tendency for the chosen period, TR has increased persistently
since 2001.
The descriptive statistics of the employed variables are
displayed in Table 1. As can be seen from Table 1, comparing
with the previous relatively longer periods, volatility in all
variables (except GE) exhibits decreasing nature, indicating
more stable behavior over time.
In empirical analyses, we also included a pulse dummy
variable to catch the drop in 2008 in the path of ecological
footprint.

Econometric methodology
In this study, we investigate the effect of tourism on the environmental damage (utilizing the ecological footprint) and examine the EKC hypothesis. First, we will check the nonstationarity characteristics of the variables. For this purpose,
we use the augmented Dickey-Fuller (ADF, Dickey and Fuller
1981) and Phillips–Perron (PP, Phillips and Perron 1988) unit
root tests.
Next, if the variables are integrated on the same order, then
we can test whether they move together in the long run, using
cointegration tests. For this exercise, we employ the single
equation–based cointegration method, which is autoregressive
distributed lags bounds testing (ARDL) approach developed
by Pesaran and Shin (1999) and Pesaran et al. (2001) as it
outperforms all the alternative cointegration methods in small
samples, as in our case we only have 19 observations. We also
employ FMOLS method (Saikkonen 1992; Stock and Watson
1993), which is based on the residual-based cointegration
method developed by Engle and Granger (1987).
Since the above-mentioned unit root tests, ARDL and
FMOLS cointegration methods are widely used techniques
in similar studies, we do not describe them. For further details,
readers can refer to Dickey and Fuller (1981), Phillips and
Perron (1988), inter alia, for the ADF test; and Pesaran and
Shin (1999), Pesaran et al. (2001), Hansen (1992a, b), Phillips
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Fig. 1 Time profile of the variables (in logarithmic form)

(2016), Moosa (2017), and Mikayilov et al. (2018b, c)
employed these techniques to investigate the impact of economic development on CO2 emissions, while the current
study investigates the impact of tourism on ecological footprint, which is a more relevant variable to access the impacts
on environmental degradation.

and Hansen (1990), Hamilton (1994), Park (1992), Saikkonen
(1992), and Stock and Watson (1993), for the cointegration
tests, inter alia.
As a further robustness check, we employ time-varying
coefficient cointegration approach (TVC) proposed by Park
and Hahn (1999) which has several advantages over the conventional fixed coefficient methods. First of all, consider the
fact that the response of the dependent variable to the explanatory variables changes due to different factors such as structural changes and may vary over time, as discussed in Park
and Hahn 1999; Chang et al. 2014; Mikayilov et al. 2018b,
inter alia. Second, if the true relationship among the variables
is time varying, but if it is estimated using the fixed coefficient
technique, then the results will be spurious. For further discussion of the TVC approach, see, for example, Park and Hahn
(1999), Chang et al. (2014), and Mikayilov et al. (2018b).
Third, the existence of the EKC implicitly means variation
in the income elasticity of environmental indicator, which is
easier to observe employing the technique which takes into
account this feature explicitly. To the best of our knowledge,
this is the first study to apply TVC techniques in the tourism
literature. However, Liddle and Messinis (2016), Apergis
Table 1

Unit root tests results
First, we should check the stationarity properties of the used
variables. As mentioned in the methodology section, for this
purpose, we use the ADF and PP unit root tests. The results of
the unit root tests are presented in Table 2. The unit root tests
results reveal that all the variables, except urbanization, are
non-stationary at their levels but they are stationary at first
differences, being integrated of order one, I(1). It is worth to
note that Mukhtarov et al. (2017, 2018) also found energy
consumption (EC) variable to be I(1) as a result of different
unit root tests for Azerbaijan case. According to the results of

Descriptive statistics of the variables for three time periods
Mean

EF
TR
TD
EC
UR
GE
RQ

Empirical results

Standard deviation

Coefficient of variation, %

1996–
2014

2005–
2014

2010–
2014

1996–
2014

2005–
2014

2010–
2014

1996–
2014

2005–
2014

2010–
2014

17.85
6.72
265.01
1451.60
4.49
−0.79
−0.63

19.70
11.20
416.38
1452.35
4.78
−0.68
−0.41

20.28
18.68
469.84
1419.57
5.01
−0.64
−0.38

25.78
8.23
176.99
81.35
0.38
0.17
0.29

16.37
9.36
83.82
102
0.27
0.15
0.09

16.75
7.41
43.72
93.19
0.14
0.21
0.07

14
122
66
6
9
22
45

8
84
20
7
6
22
23

8
40
9
7
3
32
18

EF ecological footprint, in mln hectares; TR tourism receipts, in bn constant US dollars; TD trade, in billion constant US dollars; EC energy consumption,
in kg of oil equivalent; UR urbanization, in mln persons; GE government efficiency; RQ regulatory quality
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Table 2

Results of unit root tests

Variable

The ADF test

Table 3

Cointegration tests’ results

The PP test

Bounds test

Engle-Granger test
− 5.682**

Level

k

First difference

k

Level

First difference

19.567***

EF

− 1.038

0

− 4.768***

0

− 1.067

− 4.756***

TR

0.067

0

− 3.040**

0

− 0.242

− 3.056**

TD
EC

− 1.534
− 2.941

1
0

− 3.195**
− 6.786 ***

0
0

− 1.069
− 2.859

− 3.153**
− 3.629 **

Bounds test stands for the Pesaran’s ARDL–based F test and EngleGranger test stands for FMOLS–based Engle-Granger test. Triple asterisk
and double asterisk stand for cointegration at 1% and 5% significance
level, respectively. Since we have a small sample size in the Bounds test,
we used Narayan (2005) critical values

URB

0.709

1

− 1.607

0

− 2.731

− 1.873

RQ
GE

− 2.068
− 0.008

0
0

− 2.803*
− 3.871**

0
0

− 2.291
− 0.008

− 2.772*
− 3.871**

ADF and PP denote the augmented Dickey-Fuller and Phillips–Perron
tests respectively. Maximum lag order is set to two and optimal lag order
(k) is selected based on Schwarz criterion in the ADF test; Triple asterisk,
double asterisk, and single asterisk indicate rejection of the null hypotheses at the 1%, 5%, and 10% significance levels respectively. The critical
values are taken from MacKinnon (1996) for the ADF and PP tests
respectively

the tests, only urb is stationary at second difference, being
integrated of order two. As discussed in Hasanov et al.
(2016) and Mikayilov et al. (2017a, b), the demographic variables such as population and urbanization demonstrate the
feature of I(2) variables, but this is not in line with their graphical visualization as well as the common sense regarding the
nature of these variables, rather this result can be caused by the
small sample size, which is a case in our time period. Hence,
as a research decision, we conclude that urbanization variable
is also integrated of order one, and proceed to the next step.
Since the variables of interest are integrated of the same order,
namely they are I(1) variables, we can proceed to the next
step, testing the existence of cointegration among the
employed variables.

Cointegration and long-run estimation results
As a next step, we test the variables for long-run co-movement.
We employ Pesaran’s (Pesaran et al. 2001) Bounds test and
FMOLS-based Engle-Granger tests for this exercise. First, we
used the cubic specification for the ecological footprint function
and tested the relationship for the cointegration. The test results
revealed that the variables are cointegrated (to save space we do
not report the test results but they are available upon the request). After having cointegration relationship among the variables, we can test the specification. The cubic term is found to
be insignificant. Hence, based on the procedure proposed by
Shafik and Bandyopadhyay (1992), we dropped it. Next, we do
the same exercise for the quadratic specification. The results of
cointegration tests for quadratic specification are given in
Table 3. Both cointegration tests conclude the existence of
cointegration relationship among the variables. In other words,
the variables move together in the long run. Since we have more

than two variables, to robustify the cointegration test results and
justify the use of single equation estimation methods, we tested
the existence of long-run relationship using Johansen’s trace
and rank tests (Johansen 1988; Johansen and Juselius 1990).
Both tests concluded one cointegration relationship that is, for
the null hypothesis Bthere is at most one cointegration
relationship^ test statistics for trace and rank tests are 42.27
and 23.71, while the 5% critical values are 47.86 and 27.58,
respectively. That is, we can continue with the single-equation
estimation techniques.
Considering the conclusion that the variables share a common trend in the long run, we can estimate the long-run relationship among them. As mentioned in the methodology section, we employ the ARDL and FMOLS methods first. The
long-run estimation results are given in Table 4. We estimated
different models to test different hypotheses, namely we estimated 8 different models. The main method is ARDL, since it
outperforms its counterparts in the small sample case. Hence,
the main model is Model1 in Table 4. As can be seen in
the models M3 to M8, we tested the urbanization, government
efficiency, and regularity quality to see if urbanization- and
government-related administrative quality measures have impact on the environmental quality. As can be seen from
Table 4, all three variables were found to be insignificant by
either estimation method.
For robustness check, Model 2 is the FMOLS based one.
To conclude, our main models are M1 and M2. The results
from M2, FMOLS based, are quite close to the M1 (ARDL
based) results, which can be seen as a robustness of our results. The closeness of the coefficients through the variables,
even after adding new explanatory variables to the model, also
can be considered as a robustness of the specification.2

Results of time-varying coefficient cointegration
approach
As mentioned before, we employ the TVC approach for further robustness check to avoid the drawbacks discussed by
Liddle and Messinis (2016), Apergis (2016), Mikayilov
2

Based on one of the referee’s suggestion, we used real exchange rate as one
of the potential drivers of environmental degradation (Katircioglu et al. 2018a,
inter alia), but it is found to be insignificant.
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Long-run estimation results

Indicator

Ecological footprint

Method

ARDL

FMOLS

ARDL

FMOLS

ARDL

FMOLS

ARDL

FMOLS

Variables/models

M1

M2

M3

M4

M5

M6

M7

M8

td

0.17***

0.19***

0.21***

0.19***

0.22***

0.20***

0.12***

0.18***

tr
tr2

− 1.07**
0.04**

− 0.55***
0.02***

− 1.17***
0.04***

− 0.60**
0.02**

− 0.80***
0.03***

− 0.56***
0.02***

− 1.10**
0.04**

− 0.54***
0.02***

ec

0.55**

0.74***

0.67***

0.74***

0.60***

0.68***

0.71***

0.66***

ge
Rq

–
–

–
–

–
–

–
–

–
− 0.10

–
− 0.02

0.20
–

0.03
–

Urb

–

–

0.16

− 0.11

–

–

–

–

tr international tourism receipts, td trade, ec energy consumption, ge government effectiveness, rq regulatory quality, urb urbanization; Triple asterisk,
double asterisk, and single asterisk stand for the rejection of null hypothesis at 1%, 5%, and 10% respectively. Mi’s stand for models 1 through 8

et al. (2018b), inter alia. Since we have a small sample, we use
only the income proxy, namely international tourism receipts,
as an independent variable. Taking into account the effects
over time, employing varying coefficient, this approach is
not sensitive to the omitted variable bias; hence, we can continue our exercise. First, we test variables for cointegration
relationship. Park and Hahn (1999) advocate that the failure
to find cointegration relationships in many studies based on
fixed-coefficients parametrizations might be the result of parameter instability. Hence, we employ the variable addition
test (VAT, Park 1990) to examine if the variables move together in the long run.
The idea of the VAT test is simply to look at the joint
statistical significance of the coefficients of the added polynomial trend variables. The results of the VAT cointegration test
are given on the left-hand side of Table 5. As can be seen from
the table, the test concludes cointegration relationship between the variables at 1% significance level, supporting Park
and Hahn’s (1999) argument.
As a next step, we test whether the time-varying coefficient
is significant or not. This is the Wald test of joint significance
of the varying coefficients (Chang et al. 2014). The test results
are given on the right-hand side of Table 4. As can be seen
from Table 4, the test concludes the insignificance of the varying coefficient. Despite the fact that the time-varying coefficient is found to be insignificant, meaning that the difference
Table 5

between different values of income elasticity across the time is
negligible (insignificant), its time profile says some insights
about the developing nature of that country. In addition, the
values plotted versus per capita income also enables to conclude the idea about the EKC phenomenon in that country
case. We provided these graphs for the above-mentioned purposes. The profile of the time-varying coefficient is given in
Fig. 2, against time and Fig. 3, against per capita income
levels.
To see the visual exercise for the EKC, Fig. 3 can be observed. At the first glance, as the graph of the varying elasticity shows, the response of ecological footprint to international
tourism receipts does not seem to support the EKC
phenomenon.

Discussion of the results
Starting with the conventional unit root exercise, the results of
the current study show that the variables of interest are integrated of order one. Hence, the cointegration tests can be
applied. The employed Bounds, Engle-Granger, and VAT
cointegration tests concluded the existence of the long-run
relationship among the variables. Based on the procedure proposed by Shafik and Bandyopadhyay (1992), it is concluded
that the quadratic specification is the best fit relating the

Results of the test for joint significance of coefficients and cointegration tests

Variable addition test (VAT)

Test for joint significance of time-varying coefficients

Test statistics

1% CV

5% CV

10% CV

Test statistics

1% CV

5% CV

10% CV

2.35***

13.18

9.49

7.78

2.66

15.09

11.07

9.24

The left-hand side of the table shows the results of VAT cointegration test. The right-hand side of the table demonstrates results of the joint significance
test of time-varying coefficients, in order to test whether or not the income elasticity is fixed or time varying. Triple asterisk and double asterisk stand for
acceptance of the null in case of VAT test and rejection of the null in Chi-square test at 1% and 5% significance level, respectively
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Fig. 2 Time-varying income
elasticity, versus time
Time-varying income elasticity

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Time

variables of interest, hence this functional form is used in the
empirical estimations. Estimation results employing ARDL
and FMOLS methods produced quite close results in terms
of the magnitudes of the estimated coefficients. Examination
of different variables in empirical estimations showed that
urbanization and administrative quality variables do not have
significant impact on ecological footprint. The impact of trade
and energy consumption variables on ecological footprint is
found to be positive and statistically significant. Based on
estimation results, we can say that 1% increase in trade and
energy consumption causes ecological footprint to increase by
0.17% (0.19% by FMOLS) and 0.55% (0.74% by FMOLS),
respectively. The coefficient of energy consumption is somehow close to that of Ozturk et al. (2015), the only study investigating the same relationship in Azerbaijani case, being
0.83%. The slight difference might be due to the estimation
period, being 1998–2008 in their case and 1996–2014 in our
case. Ozturk et al. (2015) found negative coefficient for the
trade variable, which does not seem proper considering the
fact that in terms of consumption-based ecological footprint,
Azerbaijan consumes more than its available biocapacity
(Global Footprint Network 2018). Hence, our positive

Fig. 3 Time-varying income
elasticity, versus income

coefficient is in line with the expectations. The sign of the
coefficient of the quadratic term (leading term) of income
proxy is found to be positive, while the coefficient of linear
term is negative. The positive sign of the leading term means
that the relationship between income proxy and ecological
footprint is U shaped. As the left wing of the U-shaped curve
demonstrates the response of income from the beginning of
the sample is decreasing, which does not seem to be reasonable, because as discussed in the related literature, the response is increasing first, and only after some threshold point
can decline. Hence, we interpret a U shape as an evidence of
N-shaped relationship as discussed in Lieb (2003), and therefore we conclude that relationship between ecological
footprint and international tourism receipts is N shaped,
which means currently the response of ecological
degradation measure to income measure is positive and
increasing. This conclusion is in line with the economic
development stage of Azerbaijan. Ozturk et al. (2015) found
the EKC in the case of Azerbaijan, which does not seem to be
proper considering the country’s development path, and their
finding might be due to the data sample which covers relatively ungrounded period of the development path.

Time-varying income elascity

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
0.14 0.14 0.15 0.16 0.17 0.17 0.19 0.24 0.34 0.36 0.42 0.47 0.48 0.64 0.87 1.52 2.49 2.51 2.60

Per capita internaonal tourism receipts, real, 2010 USD
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In order to have the response of ecological footprint to
income proxy from tourism sector, we should calculate the
elasticity using the following formula:
elasticity ¼ b1 þ 2b2 yt

ð2Þ

based on Eq. (1), where yt is the logarithm of the mean of
international tourism receipts (which is 15.72). Based on the
estimated coefficients using ARDL, and employing the elasticity formula in (2), we found the elasticity to be 0.19. This
means that 1% increase in income proxy results, on average,
0.19% increase in ecological footprint.
The use of VAT test also concluded the cointegration relationship between ecological footprint and income proxy, and
the test for time-varying coefficient revealed that the coefficient of income variable is not time varying. Although the
coefficient is found to be insignificant, its time profile provides some insights about the economy’s development trajectory as well as the examination of the EKC hypothesis.
From Fig. 3, where the varying elasticity is depicted versus
per capita income level, we can derive the following conclusions: The income elasticity of ecological footprint increases,
with some fluctuations, with the increase in income proxy, and
after some point of income level it starts to increase steadily.
The shape of the varying elasticity in Fig. 3 does not allow us
to conclude the EKC phenomenon in the case of Azerbaijan,
rather it says that the response of environmental degradation
to increase in income proxied by international tourism receipts
started to increase after some value of income. In addition, the
shape of income elasticity depicted in Fig. 3, also confirms,
the finding of U-shaped, consequently N-shaped relationship
between the two variables of interest. Combining the findings
of ARDL and TVC estimation results, we can say that the
relationship between ecological footprint and income proxied
by international tourism receipts does not confirm the EKC in
Azerbaijan.

Conclusion and policy implications
The study analyses the impact of tourism on environmental
degradation, employing time-varying coefficient
cointegration approach, which is the first application to the
ecological footprint-tourism relationship, in addition to the
conventional functional form, and fixed coefficient methods.
After testing variables for unit root, the results showed their
stationarity at first differenced form. Hence, the variables can
be tested for a common long-run trend. The Bounds test,
Engle-Granger test, and the VAT test for cointegration concluded a long-run co-movement among the variables. This
implies that the variables, namely ecological footprint, energy
consumption, and international tourism receipts share common trend in the long run. Results of the estimations,

employing the conventional cubic functional form, revealed
that the best fit for the relationship, in the case of Azerbaijan,
is a quadratic functional form. We also tested explanatory
variables such as urbanization, measures of administrative
quality, energy consumption, and total trade. Except urbanization and measures of administrative quality, all other variables were found to have positive (sign wise) and statistically
significant impact on ecological footprint. Furthermore, results of the empirical estimations, based on ARDL method,
show that, numerically, 1% increase in trade and energy consumption causes ecological footprint to increase by 0.17% and
0.55%, respectively. Based on the results of the TVC approach, which takes into account the varying feature of the
coefficient over time, the varying coefficient of income proxy
was found to be insignificant, which means that the relationship can be modeled using the conventional approach. It is
worth to mention that both conventional approach and the
TVC method concluded the U-shaped relationship between
ecological footprint and income (which can be interpreted as
an N shaped, as discussed in Discussion section). To put differently, the results of the study show that between the variables of interest the EKC phenomenon does not hold in the
case of Azerbaijan. The main findings and related policy implications of this study are as follows: (1) if the objective of the
research is to conclude the nature of the relationship for specific case, and to make proper policy suggestions, then the
relationship between environmental degradation and its
drivers should be investigated individually for each country
case, unless the purpose is to see the general (rough) tendency
between the variables in a big picture; (2) if the conventional
cubic specification is used, one should follow the proper
methodology, namely starting with the cubic form, test for
long-run co-movement to choose the best fit of the relationship and then continue from there; (3) the results of the fixed
coefficient approach might be biased if the correct relationship
is time varying. Since the coefficient is found to be time invariant, the relationship can be modeled employing the traditional approach. Numerically, based on the conventional approach utilizing the ARDL, the income elasticity of ecological
footprint is found to be 0.19%; (4) the country’s policymakers
should take into account the positive impact of trade, energy
consumption, and income from tourism sector on environmental degradation, proxied by ecological footprint. In terms
of negative impact (the sign is positive) of total trade on environmental degradation, the fact that Azerbaijan consumes significantly more than it possesses, in terms of available
biocapacity (Global Footprint Network 2018), the structure
of imported goods and services should be reconsidered.
Regarding the positive impact of the energy consumption on
environmental degradation, efficient energy use directions,
activities to motivate public awareness in terms of adverse
consequences of environmentally harmful energy use, and
usage of alternative energy sources can be taken as relevant
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measures to follow. Taking into account the increasing interest
and number of the international tourists to Azerbaijan, in order
to mitigate the negative impact of the development of tourism
sector on the environment and attain the macro-prudential and
sustainable tourism development path, the set of regulations to
be followed by the local service providers to the tourism sector, as well as the relevant control mechanism, need to be
reconsidered and more environmental friendly measures
should be taken.
As a direction for future research, the impact of international
tourism on environmental degradation, proxied by CO2 emissions, needs to be studied for individual oil-exporting countries,
considering the contributions of imports and exports separately.
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