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Abstract
This paper investigates the impact of tourism investments on energy efficiency across the transportation and residential
sectors of 32 Organization for Economic Co-operation and Development economies. Using annual data from 1995 to
2012, we employ various panel econometric techniques to achieve the study objectives. Given the nature of variables, the
paper applies panel autoregressive distributed lag models to estimate the long-run elasticities of energy intensity. The long-
run estimates confirm that tourism investments play an essential role in improving energy efficiency across the transpor-
tation and residential sectors. Furthermore, the results show that both the foreign direct investment inflows and trade
openness also play a considerable role in reducing energy uses across these sectors. Finally, the findings suggest that the
tourism investments Granger cause energy efficiency of transportation and residential sectors in the short-run. Given these
findings, the paper adds considerable value to the empirical literature and also provides various policy- and practical
implications.

Keywords Tourism investments . Energy efficiency . Transportation . Residential . Organization for Economic Co-operation and
Development economies . Panel autoregressive distributed lag estimations

Introduction

Energy efficiency policies have an increasing precaution in
the twenty-first century due to the effects of climate
change. Energy efficiency policies can bring some advan-
tages to economies in the aspects of the production process
by reducing carbon dioxide emissions and fossil fuel ener-
gy consumption as well as providing security for energy
supply. On the consumption side, energy efficiency poli-
cies can save the money of consumers (Costa-Campi et al.
2015). The recent evidence of Energy Information
Administration (EIA 2017) indicates that the level of car-
bon dioxide emissions related to energy consumption sig-
nificantly reduced in the Organization for Economic Co-
operation and Development (OECD) countries since 2008.
The continuity of this trend requires an increase in energy
efficiency (i.e., the lower fuel economy)1 especially in

1 Energy efficiency usually refers to the use of technology within the energy
related products. Therefore, energy efficiency helps the economies to mitigate
the growth of carbon emissions (Apergis et al. 2018).
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buildings and the transportation sector (Scott et al. 2016).2

In short, energy efficiency can not only be a significant
factor for providing sustainable economic growth but also
for raising the green global economy. However, these is-
sues depend on efficient energy and infrastructure policies;
and therefore, it is needed to understand the determinants
of energy efficiency. For this purpose, the paper aims to
analyze how the development of the tourism industry af-
fects energy efficiency in a panel data sample of 32 OECD
countries.

Given that without new energy policies, the CO2 emis-
sions, due to energy demand, are projected to increase by
28% from 2015 to 2040 (EIA 2017).3 Besides, according to
the EIA (2017), energy consumption in the OECD countries is
expected to increase by 9% from 2015 to 2040. The industrial
sector has the largest share (more than 50%) of energy con-
sumption in 2015 and expected to be around 50% even by
2040. It is important to note that the energy demand in resi-
dential and transportation sectors is expected to increase much
quicker than the industrial sector: For instance, the expected
growth rate of energy consumption for the industry is 0.7%,
while it is 1.1% for both the residential and transportation
sectors in the world (EIA 2017). The difference between the
growth rate between industry and transportation is higher in
the OECD countries, and the growth rate is projected to be
around 0.2% for the industry and 0.5% for residential and
transportation sectors, respectively. The European Union
(EU) has recently aimed to improve energy efficiency, and
they have specifically targeted an annual reduction of 1.5%
in domestic energy sales (EIA 2017). This target mainly re-
lates to the evidence that economic activities and production
in the OECD countries will move from energy-intensive in-
dustries to more service-oriented sectors, including tourism
(Yuan et al. 2017). As a consequence, energy uses in buildings
and transportation sectors for the OECD countries are
projected to decline in the forthcoming decades, if the required
new energy efficiency policies will be implemented
effectively.

However, relatively underdeveloped infrastructures and
large rural population (lack of shift from rural to urban areas)
can negatively affect the development of energy efficiency in
the residential and transportation sectors. It is also well argued
that tourism contributes to higher energy consumption and
carbon dioxide emissions. Hence, the tourism investments
can be considered to play an essential role in minimizing

energy uses by adopting the most advanced technologies in
the tourism sector and making use of energy efficiency strat-
egies (Alam and Paramati 2017; Paramati et al. 2018; Shiftan
et al. 2003). Keeping this view in mind, policymakers and
government officials of the OECD economies have initiated
sustainable tourism investments in their economies. Indeed,
tourism investments are aimed to improve energy efficiency
by adopting advanced technologies in energy uses across the
residential and transportation sectors and also building the
hotels and restaurants in an environmentally friendly way.
These factors may assist those economies in minimizing the
use of energy and the growth of CO2 emissions. More specif-
ically, hotels and other tourism-related services have signifi-
cant potential for implementing energy efficiency measures
and utilizing renewable energy sources. However, energy ef-
ficiency measures and renewable energy sources require new
technology, and therefore, the investments in tourism facilities
are crucial for understanding the potential gains of energy
efficiency measures and renewable energy sources. At this
stage, promoting energy efficiency in hotels can also create
benefits not only for the overall performance of the economy
and the objectives of the green economy but also it can en-
hance the image of hotels and decrease the operational costs of
tourism facilities and the tourism-related activities. A lower
level of operating expenses can increase the competitiveness
of the tourism sector in the global area. However, it is note-
worthy tomention that promoting environmental awareness to
the customers is also an essential aspect of improving energy
efficiency since the demand side of the market can also be a
significant determinant factor.

Globalization can also be one of the significant factors to
drive the customer demand for energy efficiency measures in
the tourism facilities. The impact of globalization indicators is
mainly due to an issue that globalization increases consumers’
desire for goods and services and producers become further
integrated into global supply chains. Thus, it can significantly
affect energy efficiency. Also, these indicators (foreign direct
investment (FDI) and trade openness) can also bring technol-
ogies from other countries to the OECD countries; hence,
these global factors can further improve energy efficiency.
To control the effects of globalization over the study period,
the models include the FDI inflows and trade openness, which
can play a considerable role in energy efficiency.

Given this backdrop, the paper aims to examine the impact
of tourism investments on energy efficiency across the resi-
dential and transportation sectors in 32 OECD economies
using annual data from 1995 to 2012. The results from the
long-run elasticities show that tourism investments improve
energy efficiency across the transportation and residential sec-
tors. More specially, the growth of tourism investments helps
the transportation and residential sectors to reduce the use of
energy to produce one unit of economic output. Similarly, the
paper demonstrates that the growth in FDI inflows and trade

2 The transportation sector accounts for 55% of the fuel consumption in 2015
and it is expected to be around the share of 60% by 2040 (EIA 2017).
Therefore, transportation is the largest consumer of fuels due to energy use
for travel and freight services (Craig et al. 2013). The growth rate of fuel
consumption related to transportation is expected to be higher than their use
in other objectives for the period from 2015 to 2040 (EIA 2017).
3 Half of this increase is expected to occur from China and India, where strong
economic growth causes a higher demand for energy (Chung et al. 2013).
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openness also improve energy efficiency in the transportation
and residential sectors of the OECD economies. The findings
from short-run causalities indicate that the tourism invest-
ments Granger cause the use of energy in transportation and
residential sectors, while there is no evidence of reverse cau-
sality. Given these findings, tourism investments are playing
an essential role in the tourism industry to improve energy
efficiency across the residential and transportation sectors.
Therefore, the policymakers and government officials of these
economies should further implement sustainable tourism pol-
icies, including initiating further tourism investments in the
industry. All these factors can assist the OECD economies in
ensuring sustainable tourism growth. To the best of authors’
knowledge, this paper is the first cross-country study to inves-
tigate the effect of tourism investments on energy efficiency.
Hence, the article adds significant value to the empirical liter-
ature and also to the policies and practical implications.

The rest of the paper is organized as follows. The
BLiterature review^ section reviews the relevant literature on
the determinants of energy efficiency. The BData, models, and
methodology^ section explains the nature of data, measure-
ment, the empirical models, and the econometric methodolo-
gy. The BEmpirical Results^ section discusses the observed
results. The BDiscussion and Policy Implications^ section pro-
vides a detailed discussion of the findings and the relevant
policy and practical implications. Finally, the conclusion of
the paper is discussed in the BConclusion^ section.

Literature review

Various papers in the literature examine the determinants of
energy efficiency across the industry (manufacturing),
residential, and transportation sectors. Most of those papers
based on the survey data at the firm level, and they generally
focus on a specific country or a region. For example, Abadie
et al. (2012) and Blass et al. (2014) use the data for the small
and the medium manufacturing (industrial) enterprises in the
United States (U.S.) for the period from 1984 to 2009, while
Costa-Campi et al. (2015) consider data for the Spanish firms
in manufacturing over the period 2008–2011. These papers
observe that innovative behavior of the firms can provide
energy efficiency and a decline of environmental degradation
are among the leading objective of innovation.4 Following this
branch of literature, the empirical models consider the FDI
inflows and trade openness as benchmark indicators of inno-
vation, which are the potential drivers of energy efficiency
across residential and transportation sectors in the OECD

countries. Furthermore, these indicators (FDI inflows and
trade openness) also account for the globalization effect on
energy efficiency. According to Dreher (2006) and Gozgor
(2018), globalization increases consumers’ demand for goods
and services (measured by the trade openness), and producers
become further integrated into global supply chains (measured
by the FDI inflows). In line with these findings, the models
test the hypothesis whether the trade openness and the FDI
inflows can significantly affect the energy efficiency across
residential buildings and transportation sector. In addition,
since there is a positive correlation between per capita gross
domestic product (GDP) and the probability of investing in
energy technologies in residential buildings and transportation
sector is observed in the previous literature (see e.g., Long
1993; Mills and Schleich 2012; Nair et al. 2010); hence, the
empirical models include the per capita GDP in the
estimations.

Indeed, the tourism sector is a significant part of the world
economy as it not only provides much employment and in-
come opportunities for the local community but also provides
revenues for the local and national governments and even
enormous foreign exchange reserves (Alam and Paramati
2016). As a result of increasing tourism activities around the
world, every year, millions of tourists travel to vast distances
(Gössling et al. 2013). Those millions of travelers stay in
hotels, which consume a significant amount of energy
(Bohdanowicz et al. 2001). At this point, the hospitality in-
dustry is the largest business in the globe, and the energy used
in the hospitality industry produces a significant amount of
greenhouse gas emissions (Babaei et al. 2015).

At this point, there are only a few papers which investigate
the effects of tourism indicators on energy efficiency mea-
sures. For instance, Becken and Cavanagh (2003) analyze
the energy consumption of the tourism sector in New
Zealand during 1999 and 2001. The authors provide
potential implications for energy efficiency of vehicles and
accommodation providers. In a further study, Becken and
Hay (2007) discuss the potential risks and opportunities in
the tourism sector to affect the pattern of climate change,
including energy efficiency measures. In their seminal paper,
Gössling et al. (2005) conclude that limiting the consumption
of fossil-related energy source is the main issue for achieving
the objectives of sustainable tourism development. Finally,
Scott et al. (2016) illustrate that the consumption of fossil fuels
is associated with the emissions of greenhouse and it is the
leading environmental problem. The increasing greenhouse
gases can have a significant adverse effect on climate change
and also on the tourism industry. Indeed, hotels and tourism-
related services have more considerable potential for
implementing energy efficiency measures and utilizing re-
newable energy sources. However, implementing energy effi-
ciency measures and using renewable energy sources require
new technology (Gozgor 2016). Therefore, tourism

4 See Liu and Lin (2018), and Stephan and Stephan (2016) for a detailed
review of the related literature on the determinants of energy efficiency in
residential and transportation sectors in various countries, including BRIC,
the European Union (EU), G-7, Iran, Mexico, the OECD economies, South
Korea, Spain, and the U.S.
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investments (improvements) can enhance existing techniques
for saving energy to address environmental degradation, thus
the pattern of global climate change (Paramati et al. 2018).
Therefore, there could be a significant link between tourism
investments and energy efficiency due to the residential (e.g.,
hotels) and transportation activities (e.g., air, rail, road, and
sea).

To add these papers, the recent empirical study by Alam
and Paramati (2017) focus on the effects of tourism invest-
ments on tourism development and the level of carbon dioxide
emissions in a panel of ten major tourism-based economies
over the period 1995–2013. According to the results, tourism
investments not only promote the growth of the tourism in-
dustry but also help to reduce CO2 emissions.5 In line with the
model of Alam and Paramati (2017), our paper considers the
tourism investments as the leading indicator of tourism devel-
opment, but it focuses on the indirect effects of tourism invest-
ments on environmental quality by enhancing energy efficien-
cy in residential and transportation sectors of the OECD
countries.

Also, Hochman and Timilsina (2017) investigate the bar-
riers on the implementation and adoption of energy-efficient
technologies for commercial and industrial firms in Ukraine,
and they conclude that lack of knowledge and awareness are
significant barriers to the approval of energy-efficient technol-
ogies in those firms. However, it is also argued that the high
barrier to energy efficiency is minimized for tourism sector
because the hospitality businesses have to maintain the posi-
tive image, including more green and eco-lodgings and trans-
portation services (Babaei et al. 2015). Therefore, the invest-
ments in energy-efficient technologies in the tourism sector
can save energy consumption, improve productivity, and re-
duce carbon dioxide emissions from the productive areas.
Increased investment in greening the tourism sector can con-
tribute to improved efficiency in resource use and minimize
environmental degradation, attribute to the expectations of
tourists regarding responsible natural resource management
and also the needs of communities that support or are affected
by tourism projects and the environment (United Nations
Environment Program 2011). However, the hypothesis of
the causality running from tourism investment to energy effi-
ciency as put forward by the above explanations has not yet
investigated in the literature.

To conclude the literature review, we observed that there
are various papers, which examine the determinants of energy
efficiency; however, the previous studies neglected the effects

of tourism investments on energy efficiency across the resi-
dential and the transportation sectors. Considering the role of
tourism investments as the benchmark indicator of tourism
development on energy efficiency, we provide the first empir-
ical evidence on this subject. For this purpose, this study fo-
cuses on a panel of 32 OECD countries throughout 1995–
2012. To be consistent with the previous literature on energy
efficiency, we include the FDI inflows, trade openness, and
per capita income in the models along with the tourism invest-
ments. Therefore, the findings derived from this paper have
important practical implications and add new knowledge to
the empirical literature.

Data, models, and methodology

Data description and empirical models

The present paper collects yearly data from 1995 to 2012 from
32 OECD economies, such as Australia, Austria, Canada,
Chile, the Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Israel,
Italy, Japan, Korea Republic, Latvia, Mexico, the
Netherlands, New Zealand, Norway, Poland, Portugal,
Slovenia, Spain, Sweden, Switzerland, Turkey, the United
Kingdom (UK), and the U.S. The balanced panel dataset on
the selected variables and countries of the OECD economies is
only available from 1995 to 2012; hence, the sample period of
the study is determined by the availability of annual data.

In this paper, it is aimed to empirically investigate the im-
pact of tourism investments on energy efficiency across trans-
portation, residential, and overall economy by accounting oth-
er potential determinants in the models, such as FDI net in-
flows, per capita income, and trade openness. The tourism
investments are measured in a million USD (real prices)
(TI);6 the energy intensity of the transportation sector is in
MJ/2011 USD PPP (TEI); energy intensity of residential sec-
tor is in GJ/household (REI); energy intensity of overall econ-
omy is of final energy in MJ/2011 USD PPP (OEI), FDI, net
inflows as a percentage of GDP (FDI), and real GDP per
capita income in constant 2010 USD (PI). Finally, trade open-
ness is the total exports and imports as a percentage of GDP
(TO).We obtain the required data on TI from theWorld Travel
and Tourism Council (WTTC), while data on TEI, REI, and
OEI downloaded from the BSustainable Energy for All^

5 A recent study by Paramati et al. (2018) also examined the effect of tourism
investments on tourism development and CO2 emissions in a panel 28 EU
countries. Their results established that the growth in tourism investments has
considerable positive and negative effects on tourism development and CO2

emissions, respectively. Further, the authors suggest that tourism investments
in the EU nations not only promoting sustainable tourism development but
also ensuring low carbon economies.

6 The definition of tourism investment is that it includes capital investment
spending by all industries directly involved in Travel and Tourism. This also
constitutes investment spending by other industries on specific tourism assets
such as new visitor accommodation and passenger transport equipment, as
well as restaurants and leisure facilities for specific tourism use. It is also
important to highlight that we do not have information on how much is the
share of FDI in tourism investments for each country. Therefore, the reader
may consider this as a limitation of the study.
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dataset of the World Bank; and finally, data on PI, FDI, and
TO collected from the BWorld Development Indicators
(WDI)^ dataset of the World Bank. As implied from the de-
scription of the variables, they measured in different units;
hence, the study converts all these variables into natural log-
arithms before the empirical estimations.

The objective of this research is to empirically investigate
the impact of tourism investment on energy efficiency of
transportation, residential, and overall economy of the 32
OECD economies. To achieve the above objectives, following
traditional energy demandmodels, we use the following equa-
tions:

TEIit ¼ f FDIit; PIit;TOit;TIit; við Þ ð1Þ

REIit ¼ f FDIit; PIit;TOit;TIit; við Þ ð2Þ

OEIit ¼ f FDIit; PIit;TOit;TIit; við Þ ð3Þ

In Eq. (1), (2), and (3), where TEI, REI, OEI, FDI, PI, TO,
and TI indicate the energy efficiency of transportation, resi-
dential, overall economy, FDI inflows, per capita income,
trade openness, and tourism investments, respectively.
Similarly, vi represents for the individual (country) fixed-
effects; and i and t capture the cross-section and period,
respectively.

Econometric methodology

To begin the investigation, we examine the order of inte-
gration of variables using several panel unit root tests. It is
important to understand the order of integration of the var-
iables before employing any econometric technique. This
knowledge will help us to choose the appropriate econo-
metric methodology. The paper makes use of five-panel
unit root tests that examine common, as well as individual,
unit root processes. For instance, the common unit root
process is analyzed using Levin et al. (2002) and
Breitung (2002) tests, while the individual unit root pro-
cess is investigated using Im et al. (2003) and two Fisher
type tests, such as the Augmented Dickey and Fuller
(ADF) and Phillips and Perron (PP). The Fisher-type unit
root tests are developed based on the approach suggested
by Maddala and Wu (1999). All of these unit root tests
follow the null hypothesis of a unit root as against the
alternative hypothesis of no unit root in general.

The long-run energy efficiency elasticities of transpor-
tation, residential, and the overall economy are investigat-
ed using the panel autoregressive distributed lag (ARDL)
models. The significance of the ARDL method is that it
can be applied to the model, which possesses a different
order of integration of the variables, that is, either I (0) or I

(1). Therefore, given the nature of the variables, the ARDL
model is more appropriate to examine the long-run energy
efficiency elasticities.7 To this end, the paper applies the
panel approach suggested by Pesaran et al. (2001). This
panel ARDL approach assumes the cross-sectional inde-
pendence, implying that the disturbances are independent-
ly distributed across units and over time with the zero mean
and the constant variances. The appropriate lag length for
this test is selected based on the Akaike Information
Criteria (AIC).

Finally, the paper applies the short-run bivariate panel
non-causality test to examine the direction of causal rela-
tionships among the variables of energy efficiency of trans-
portation, residential, and overall economy, as well as the
FDI inflows, per capita income, and trade openness. For
this reason, the paper focuses on the approach suggested
by Dumitrescu and Hurlin (2012). This test requires all the
variables to be stationary; hence, we applied to the first
difference data series of these variables. The null hypoth-
esis of no causality tested against the alternative hypothesis
of causality at least for a few cross-sections. The Wald
statistics are computed separately for each cross-section,
and the panel test value obtained by taking the cross-
sectional average of the individual Wald statistics.

Empirical results

Preliminary analysis of the data

Firstly, the paper provides a preliminary analysis of the
variables included in the empirical models. Table 1 shows
summary statistics on the individual OECD economies for
the period from 1995 to 2012. Among 32 OECD econo-
mies, we observed that the energy efficiency in transporta-
tion, residential, and overall economy are significantly
higher in the countries like Turkey and Mexico, while it
is lower in the U.S. and Iceland, respectively. Likewise,
Japan had received the lowest FDI inflows among the con-
sidered OECD economies, whereas the Netherlands re-
ceived the highest. Japan also has the lowest trade open-
ness among these countries. The per capita income ranges
from 8597 US$ (Mexico) to 83,980 US$ (Norway).
Finally, the tourism investments also vary across these
OECD economies; specifically, it ranges from 183 million
US$ (Latvia) to 135,466 million US$ (U.S.). Overall, the
OECD countries invest 10,640 million US$ per year, on
average, during the sample period.

Table 2 reports the compounded annual growth rates on the
individual OECD economies for the period of 1995 to 2012. It

7 Given that it is estimated the single cointegrating vector to investigate long-
run estimates.
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is interesting to notice that the country that has significant
growth in tourism investment is associated with the largest
reduction in the overall energy intensity. For instance, Latvia
has shown a growth rate of 13.34% in tourism investments,
whereas it has shown the highest level, among the considered
countries, of reduction in overall energy intensity, i.e., 3.84%.
On the other hand, Iceland experienced the lowest growth in
tourism investment, i.e., 0.54% only, whereas its reduction in
the overall energy intensity is only 0.01%, and it is the lowest
among all 32 OECD countries. However, some other coun-
tries such as Greece, Japan, the Netherlands, and Spain have
shown negative growth in tourism investments. It is also im-
portant to note that all of the OECD economies have shown
the positive growth rate in per capita income.

Findings on order of integration of the variables

To begin the empirical investigation, we firstly investigat-
ed the order of integration of the selected variables. We
used several panel unit root tests since it is an important
step in the appropriate modeling strategy for the subse-
quent empirical analyses. Therefore, it is applied five ver-
sions of panel unit root tests, namely LLC (Levin et al.
2002), Breitung test (Breitung 2002), the IPS (Im et al.
2003), and the Fisher ADF, and the Fisher PP (Maddala
and Wu 1999; Choi 2001). The results of these tests on the
level and the first difference data series are shown in
Table 3. All panel unit root tests have been estimated by
including constant and trend variables. The results of these

Table 1 Summary statistics on
the individual OECD economies
(1995–2012)

Country TEI REI OEI FDI PI TO TI

Australia 15.78 51.13 3.77 2.92 46,699.59 40.41 13,385.04

Austria 15.65 80.75 3.16 3.99 43,288.93 88.73 3883.32

Canada 26.22 108.89 5.95 3.19 44,646.72 70.17 7339.84

Chile 14.30 49.74 3.07 7.09 10,804.07 65.22 2120.42

Czech Republic 8.70 67.76 4.48 5.43 16,941.53 108.69 1605.53

Denmark 11.58 75.26 2.73 3.16 56,302.24 85.98 2506.11

Estonia 8.01 73.77 4.99 9.09 12,628.78 139.49 315.09

Finland 12.04 91.78 5.57 3.65 42,322.79 73.31 1214.29

France 12.21 68.91 2.89 2.29 38,956.28 52.09 24,956.07

Germany 11.14 69.69 2.87 2.27 39,132.40 65.72 22,486.43

Greece 14.11 55.43 2.66 0.63 25,098.29 50.41 5989.94

Hungary 6.59 63.89 3.44 10.42 11,675.08 129.84 1043.67

Iceland 12.98 206.15 8.47 3.49 39,107.21 78.88 357.62

Ireland 14.41 89.54 2.67 13.07 44,828.61 161.10 3805.51

Israel 14.95 58.37 2.59 3.16 27,434.09 70.13 2136.12

Italy 7.80 54.19 2.53 1.01 35,879.32 49.36 14,170.45

Japan 8.18 42.41 2.89 0.15 43,134.77 24.28 27,077.45

Korea Republic 18.81 39.35 3.93 1.07 17,529.55 75.13 7137.29

Latvia 8.41 63.97 4.91 4.34 9340.55 93.63 183.20

Mexico 14.69 31.54 2.46 2.67 8597.47 54.33 2948.50

Netherlands 8.12 62.72 3.06 20.39 46,793.08 123.92 3891.99

New Zealand 19.92 39.14 4.10 1.63 31,465.60 59.53 1830.08

Norway 8.57 81.47 2.73 3.16 83,980.46 70.60 2330.80

Poland 7.62 60.33 4.12 3.62 9798.98 67.44 2251.81

Portugal 14.57 34.62 2.69 3.35 21,325.46 65.38 2814.43

Slovenia 17.82 70.18 4.04 1.75 20,523.89 113.26 447.32

Spain 15.06 39.82 2.56 3.05 29,048.73 53.93 17,104.48

Sweden 10.17 71.13 4.19 5.74 47,002.52 81.20 2081.00

Switzerland 7.62 77.98 2.31 4.42 68,997.85 100.01 3059.48

Turkey 4.91 52.69 2.58 1.29 9227.45 47.02 8337.41

UK 9.79 71.27 2.87 4.42 36,778.60 53.34 16,229.86

U.S. 31.01 98.41 4.18 1.69 45,930.16 25.32 135,466.36

Panel average 12.87 68.82 3.61 4.30 33,288.16 76.18 10,640.84

The summary statistics were calculated using before the log conversion data
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panel unit root tests show the mixed order of integration.
The LLC test indicates that all variables are stationary ex-
cept the overall energy efficiency and the real GDP per
capita. The Breitung test, however, indicates that all vari-
ables are non-stationary except the FDI, trade openness,
and tourism investments. The IPS test and the ADF test
indicate that all variables are stationary except the real
GDP per capita. The PP test indicates that the overall en-
ergy efficiency, the real GDP per capita, and the trade

openness are non-stationary at the levels. Therefore, it is
safe to conclude that the FDI and the tourism investments
are stationary variables, but the evidence is mixed for
others. The results, therefore, suggest that some of the var-
iables are stationary at the levels, while some other vari-
ables are non-stationary. Given that, the paper applies these
unit root tests on the first order difference data series and
the findings show that the null hypothesis is strongly
rejected for all of the variables. Based on these findings,
we concluded that the variables of this study have a mixed
order of integration, i.e., either I (0) or I (1).

Findings of long-run energy efficiency elasticities

Since above panel unit root tests confirm the mixed order
of integration of the selected variables, hence, the study
uses the panel ARDL model of Pesaran et al. (2001) to
investigate the long-run elasticities of the energy efficiency
across transportation, residential, and overall economy of
the 32 OECD economies. More specifically, the paper in-
vestigates the impact of tourism investments on energy
efficiency by accounting other potential determinants, such
as per capita income, FDI inflows, and trade openness in
the models. The significance of the panel ARDL method is
that it allows estimating long-run parameters even in the
presence of a mixed order of integration of the variables.
Furthermore, it accommodates endogeneity concerns that
may occur in the models. We present the findings of the
panel ARDL models in Table 4. The results indicate that
tourism investments have played a considerable role in
improving energy efficiency across transportation, residen-
tial, and the overall economy.

According to the results presented in Table 4, a 1%
growth in tourism investment reduces the energy use in
transportation, residential, and overall economy by 0.024,
0.078, and 0.042%, respectively. It implies that higher
tourism investments lead to higher energy efficiency across
the transportation, residential, and overall economy of the
OECD economies. Furthermore, the results establish that
the growth in FDI inflows and trade openness also improve
the energy efficiencies in these economies. However, the
increase in per capita income raises energy use across
transportation and residential sectors but reduces the over-
all energy consumption in the marketplace.

The long-run elasticities indicate that the tourism invest-
ments, along with the FDI inflows and trade openness (ex-
cept in the case of the overall energy efficiency) signifi-
cantly promote energy efficiency in the OECD countries,
while the real GDP per capita growth promotes the overall
energy efficiency, but adversely affects the energy efficien-
cy in transportation and residential sectors. These results
show that tourism investments have a significant positive

Table 2 Compounded annual average growth rates on the individual
OECD economies (1995–2012)

Country TEI REI OEI FDI PI TO TI

Australia − 1.64 − 0.20 − 1.73 0.76 1.89 0.69 4.32

Austria 0.22 − 0.47 − 0.52 2.72 1.54 2.41 0.61

Canada − 1.62 − 0.90 − 1.52 3.17 1.45 −0.57 4.08

Chile − 2.34 0.77 − 0.89 5.97 3.17 1.21 9.86

Czech Republic 1.46 − 0.81 − 2.78 0.30 2.22 3.16 3.63

Denmark − 2.49 − 0.50 − 1.41 − 5.29 0.97 2.30 2.46

Estonia − 2.44 1.14 − 3.72 2.94 4.64 0.97 7.50

Finland − 11.99 − 0.67 − 1.62 5.15 2.07 1.27 1.72

France − 0.67 0.12 − 1.21 − 1.01 1.05 1.76 2.12

Germany − 3.33 − 1.09 − 1.53 8.00 1.35 3.84 3.40

Greece − 3.48 2.06 − 0.71 − 0.71 0.76 2.88 − 0.01
Hungary − 0.28 − 1.16 − 2.29 − 1.21 2.18 4.28 0.49

Iceland − 4.40 − 3.01 − 0.01 N/A 1.94 2.78 0.54

Ireland − 0.81 0.10 − 2.57 12.76 2.86 2.06 6.87

Israel − 1.80 1.21 − 1.31 5.06 1.68 0.75 2.12

Italy − 2.15 0.40 − 0.42 − 26.35 0.34 1.14 1.68

Japan − 1.91 − 0.18 − 1.06 14.92 0.64 3.44 − 0.02
Korea Republic − 5.27 2.56 − 2.23 5.06 3.68 4.16 1.64

Latvia − 3.25 − 0.87 − 3.84 1.18 5.26 3.06 13.34

Mexico − 1.44 − 1.80 − 0.76 − 2.44 1.42 2.05 10.76

Netherlands − 12.72 − 0.80 − 1.56 14.00 1.50 1.98 − 0.49
New Zealand − 1.85 − 0.35 − 1.66 − 4.48 1.46 0.01 1.52

Norway 10.46 − 0.61 − 1.54 6.95 1.28 0.00 3.28

Poland 11.93 − 1.07 − 3.76 − 3.06 4.08 4.05 4.49

Portugal − 2.30 − 0.23 − 0.47 17.25 0.93 1.33 4.66

Slovenia − 2.23 − 0.23 − 1.55 − 11.88 2.34 2.36 8.59

Spain − 1.72 0.92 − 0.74 1.94 1.21 1.63 − 0.27
Sweden − 2.71 − 0.82 − 2.78 − 10.39 1.86 1.29 7.67

Switzerland − 1.13 − 0.75 − 1.31 9.28 1.11 2.67 0.05

Turkey − 3.12 − 0.11 − 0.43 6.27 2.81 0.93 3.49

UK − 14.31 − 0.60 − 2.43 0.39 1.39 1.12 3.30

U.S. − 2.60 − 0.94 − 1.92 3.91 1.38 1.77 3.47

Panel average − 2.25 − 0.28 − 1.63 1.97 1.95 1.96 3.65

The compounded annual average growth rates were calculated using
before the log conversion data; N/A implies that the begging value of
the FDI was negative, so we did not calculate the compounded annual
growth rate in Iceland
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impact on energy efficiency across the considered indus-
tries in the paper.

Findings on short-run causalities

Finally, the paper examines short-run causalities among the
variables of energy efficiency indicators, the GDP per
capita, the FDI inflows, the trade openness, and the
tourism investments. The study uses heterogeneous
causality technique of Dumitrescu and Hurlin (2012) to
estimate the short-run dynamics among the variables. We
display the short-run causalities in Table 5.

The causality test results demonstrate that the tourism
investments Granger cause the energy efficiency of trans-
portation and residential sectors, but it has no significant
impact on the energy efficiency of the overall economy in
the short-run. Similarly, the results display bidirectional
causality between FDI inflows and energy efficiency of
transportation and also between per capita income and en-
ergy efficiency of transport. On the other hand, we find that
the unidirectional causality that runs from per capita and
trade openness to the energy efficiency of the residential
and overall economy. Hence, these short-run findings on
causal relationships among the consider variables imply
that the tourism investments play an essential role to affect
the energy efficiency of transportation and residential sec-
tors. Similarly, the per capita income and trade openness
also cause energy efficiency.

Discussion and policy implications

Based on the empirical findings from long-run and short-run
estimations, it suggests that tourism development
(investments) has a positive environmental impact on the
economy given the adoption ofmore environmentally friendly
strategies and technologies. Besides, the empirical results
demonstrate that it is possible to invest in tourism to offset
tourism-based carbon dioxide emissions, especially in the res-
idential and transportation sectors. Several policy implications
in regard to enhancing the level of energy efficiency in the
OECD economies can derive from the long-run estimates. The
findings establish that the tourism development not only pro-
vides an opportunity for residents to participate in direct em-
ployment but also enhances energy efficiency through the
investment in renewable energy and energy efficiency tech-
nologies both in residential and transportation sectors.

Table 5 Results of the short-run heterogeneous panel non-causalities

Null Hypothesis Zbar-
Stat.

Prob. Lags

Transportation energy intensity causalities

FDI does not homogeneously cause TEI − 1.946* 0.052 3

TEI does not homogeneously cause FDI 4.108*** 0.000

PI does not homogeneously cause TEI 3.175*** 0.002 2

TEI does not homogeneously cause PI 8.788*** 0.000

TO does not homogeneously cause TEI 0.479 0.632 3

TEI does not homogeneously cause TO 0.894 0.372

TI does not homogeneously cause TEI 1.681* 0.093 1

TEI does not homogeneously cause TI − 0.914 0.361

Residential energy intensity causalities

FDI does not homogeneously cause REI 1.084 0.278 2

REI does not homogeneously cause FDI 1.124 0.261

PI does not homogeneously cause REI 5.254*** 0.000 2

REI does not homogeneously cause PI 0.816 0.414

TO does not homogeneously cause REI 2.212** 0.027 2

REI does not homogeneously cause TO − 0.968 0.333

TI does not homogeneously cause REI 3.306*** 0.001 1

REI does not homogeneously cause TI − 1.411 0.158

Overall energy intensity causalities

FDI does not homogeneously cause OEI 1.375 0.169 2

OEI does not homogeneously cause FDI − 1.073 0.283

PI does not homogeneously cause OEI 9.177*** 0.000 2

OEI does not homogeneously cause PI 1.006 0.315

TO does not homogeneously cause OEI 3.034*** 0.002 2

OEI does not homogeneously cause TO − 1.025 0.305

TI does not homogeneously cause OEI 0.513 0.608 2

OEI does not homogeneously cause TI 0.002 0.999

***, **, and * indicate the rejection of the null hypothesis of no causality
at the 1%, 5%, and 10%, respectively; the causality test was applied on
the first difference data series

Table 4 Results of the long-run estimations using panel ARDL models

Variable Coefficient t-statistic Prob.

TEI = f (FDI, PI, TO, TI)

FDI − 0.161*** − 9.136 0.000

PI 0.513*** 18.473 0.000

TO − 0.223*** − 33.194 0.000

TI − 0.024** − 2.518 0.013

REI = f (FDI, PI, TO, TI)

FDI − 0.023 − 1.336 0.183

PI 0.246*** 4.339 0.000

TO − 0.080** − 2.239 0.026

TI − 0.078*** − 8.486 0.000

OEI = f (FDI, PI, TO, TI)

FDI − 0.039*** − 12.523 0.000

PI − 0.040* − 1.825 0.070

TO − 0.007 − 0.655 0.513

TI − 0.042*** − 9.222 0.000

***, **, and * indicate the significance levels at the 1%, 5%, and 10%,
respectively; the panel ARDL models were estimated by incorporating
the constant and the trend variables; the lag length was chosen based on
the AIC approach
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Several previous studies suggest that tourism development
leads to higher pollution and environmental degradation (Raza
et al. 2017; Sun 2016; Zhang and Gao 2016). However, the
development of low-carbon and sustainable tourism (i.e., in-
vestment in the industry) can ensure that it develops sustain-
ability for the benefits of the local economy by enhancing
national energy efficiency both in residential and transporta-
tion sectors (e.g., the usage of green energy and energy effi-
ciency practices in hotels and hospitality industry, including
pubs and restaurants). The energy efficiency in the whole
economy can provide through several successful businesses
approaches in accordance with the corporate social responsi-
bility (CSR) principles, including adopting and implementing
sustainable supply-chain initiatives, and focusing on business
to business marketing rather than business to consumer mar-
keting (Dodds and Joppe 2005), and fostering clean energy
sources (Sun 2016).

Besides, the results are in line with existing literature, indi-
cating that both the FDI inflows and the trade openness play a
considerable role in reducing energy uses across the sectors in
32 OECD economies (Lee 2013; Mielnik and Goldemberg
2002; Zheng et al. 2011). These results imply that free trade
and the promotion of inward FDI, in particular, encourage
more efficient energy use to combat CO2 emissions (Gozgor
2017; Sbia et al. 2014). For instance, the real estate projects of
artificial islands are huge energy-intensive projects; therefore,
the government of the United Arab Emirates (UAE) facilitates
the FDI inflows to green energy projects. These findings im-
ply that the policymakers and government officials should
consider different policies for different sectoral FDI since the
FDI can be a source of innovation in promoting energy effi-
ciency, but the outcome varies in magnitude and significance
by the sectoral FDI (Doytch and Narayan 2016).

The established conclusion is that investments in the tour-
ism sector enhance the energy efficiency for the economy.
Therefore, the policymakers of the OECD countries should
provide the incentives in the form of subsidies and financial
support to the tourism industry to replace older machines and
facilities with more efficient models, improving operational
and infrastructure use, and adopting more of clean energy
sources. The policymakers in government should also recog-
nize that the above environment-friendly business practices
can reduce the carbon dioxide emission levels in these coun-
tries by avoiding or reducing the use of fossil fuel energy and
benefit the well-being of the local communities.Moreover, the
business owners and managers should also realize that more
efficient use of energy not only result in a reduction of oper-
ating costs but also attracts more international tourists, espe-
cially from the developed countries.

Given the above findings, policymakers should initiate
more of sustainable tourism development policies, which
may assist those countries in enhancing energy efficiency
and reducing energy intensity in the long run. Equally

important, the government should develop holistic and com-
prehensive tourism development strategies in partnership with
the community and industry stakeholders (Dodds and Joppe
2005). For instance, the Green Lights Program between
BGreen Lights Partner^ and the United States Environmental
Protection Agency (USEPA) encourages the use of energy-
efficient lighting.

Given the above evidence and arguments, we suggest that
the policymakers, government officials, travel agencies, and
stakeholders in the industry should realize the substantial ben-
efit of the tourism investments and use of renewable energy
for the general enhancement of energy efficiency across the
OECD countries. Therefore, political leaders should consider
the tourism investment and, hence, energy efficiency as an
essential tool in their energy policy portfolio. Among other
areas, government officers should initiate policies to promote
sustainable tourism investments and the procedures related to
the promotion and use of renewable energy sources. These
policies may include information provision and energy audits
from the government officials as the energy efficiency invest-
ments are affordable to small- and medium-sized enterprises
due to a wide range of sophisticated technologies and services,
which are difficult to determine their quality either before or
after purchase. Consequently, the information costs of
obtaining and processing information on the energy efficiency
can be high (Jollands et al. 2010). Besides, the lack of infor-
mation, knowledge, and awareness are significant barriers to
the adoption of energy-efficient technologies (Hochman and
Timilsina 2017). The difficult access to financing is another
barrier, which further impedes investment in these technolo-
gies, especially for the small-and-medium-sized enterprises;
and without easy access to funding, many energy-efficient
investments are unlikely to be implemented (Hochman and
Timilsina 2017; Jollands et al. 2010). Nevertheless, the com-
mitment to sustainable development from the industry and
government level is definite, but not yet decisive in the choice
of customers.

Conclusion

The paper analyzed the impact of tourism investments on the
energy efficiency of the transportation, residential, and overall
economy in a panel of 32 OECD countries. Using annual data
from 1995 to 2012, we employed various panel econometric
techniques to achieve the research objectives. Given the na-
ture of variables, the paper applied the panel ARDLmodels to
estimate the long-run energy intensity elasticities. According
to the long-run estimations, tourism investments play an es-
sential role in improving energy efficiency across transporta-
tion and residential sectors. Furthermore, we find that both the
FDI inflows and trade openness play a considerable role in
reducing energy uses across these sectors. Finally, we
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observed that tourism investments cause energy efficiency
both in the residential and transportation industries in the
short-run. Given these findings, the paper provided new em-
pirical knowledge on the nexus between tourism investments
and energy efficiency by discussing various policies and prac-
tical implications. Future research may focus on country
cases, especially large developing economies (e.g., China
and India), the most-visited developing countries (e.g.,
Mexico, Thailand, and Turkey), or the small-island countries
(e.g., the Maldives), which can be ideal sample countries in
order to analyze the relationship between tourism indicators
and energy efficiency.
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