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 This paper explores the relationship between carbon dioxide (CO2) emissions, 
economic growth, energy consumption, the number of tourist arrivals and trade in Iran 

spanning the period 1975-2011. The unit root and cointegration tests show that the 

long-run relationship and the short-run relationship between CO2 emissions and its 
determinants. The empirical findings reveal the presence of a long-run relationship 

across the variables under investigation. Furthermore, short-run dynamics show a 

bidirectional causality running between GDP, energy consumption, the number of 
tourist arrivals and CO2 emissions. In addition, there is a unidirectional short-run causal 

link without feedback effects from economic growth to trade and as well as a 

unidirectional causality running from the number of tourist trade to arrivals. In the long-
run, there is sign of bidirectional causality between emissions, renewable energy 

consumption and the number of tourist arrivals. Long-run estimates highlight that  the 
trade contribute to the reduction of emissions, while both real GDP, and energy 

consumption the number of tourist arrivals contribute to the increase of emissions. 
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INTRODUCTION 

 

 There have been many attempts in the energy economics literature to determine the link between energy, 

environmental degradation or pollution, and economic growth. Climate change is regarded as one of the proxies 

for environmental degradation in the literature, and climate change has also been extensively peroxided by 

carbon dioxide (CO2) emissions. However, the relationship of energy and climate change with particular 

segments or sectors of the economy deserves attention. One such sector is that of international tourism. 

Development in international tourism and an increase in the number of international tourists not only contribute 

to a country's economy but also lead to an increase in energy consumption. However, tourism development is 

also likely to bring about changes to the climate through different channels; for example, an increase in tourism 

activities comes with an increased demand for energy within various functions, such as transportation, catering, 

accommodation, and the management of tourist attractions [1–2], which is also likely to lead to environmental 

degradation and pollution. In this respect, an investigation of the relationship between tourism, the energy sector 

(that is, energy consumption), and climate change is of immense significance to both policy makers and 

practitioners.  

 The tourism industry is responsible for about 5% of the global carbon footprint [3] and the share of tourism 

transport is estimated between 50 and 97.5%.The transit element is recognized as the largest carbon contributor 

to the GHG emissions from, for example, holiday tours and pilgrimage travel but its share is very variable 

depending on the distance travelled, mode of transport used and length of time spent at the destination. The 

destination-based elements of holidays are attributed significantly smaller values of carbon intensity [4]. 

 Research on the relative carbon significance of different elements of holiday travel is limited. The number of 

studies is small and their geographical scope is narrow which hampers better understanding of the carbon 

footprint attributed to different holidaying choices in popular tourist destinations. This is because the research 

outcomes of existing studies cannot be directly projected onto other geographies as the carbon intensity of fuels 

and energy production varies considerably from region to region. 

 Searching for the link among energy consumption, climate change, and economic growth has drawn 

attention from researchers in energy economics. However, the relationship of energy and climate change to 
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specific segments or sectors of the economy deserves further attention. International tourism is one of them. 

Development of international tourism and more international tourists not only contribute to economies' income 

but also lead to an increase in energy consumption [4]. However, it is also likely that tourism development 

might have indirect effects on climate change through economic growth and energy capacity expansion. For 

example, an increase of tourism activities creates increased demand for energy at various functions such as 

transportation, catering, accommodation, and the management of tourist attractions, which is also likely to lead 

to environmental pollution and degradation.  

 Davies and Cahill [5] mentioned that there are three categories for the environmental impact of tourism 

including: (i) direct impacts, including impacts from the travel to a destination, the tourist activities in and of 

themselves at that destination, such as hiking or boating, and from the creation, operation and maintenance of 

facilities that cater to the tourist; (ii) “upstream” impacts, resulting from service providers‟ ability to influence 

suppliers; and “downstream” impacts, where service providers can influence the behavior or consumption 

patterns of custom. 

 Gössling [4] estimates that global tourism related energy consumption is 14,000 PJ. Of this amount, 94 

percent comes from transportation, 3.5 percent to accommodation, and the remainder to the activities sector. 

Since an increase in tourism and transportation activities comes with an increased demand for energy, the 

importance of energy for the tourism sector is beyond debate. 

 Becken et al. [6] argue that if tourists travel to/from a short-haul destination by overland modes of 

transportation or direct flights, but stay in luxurious hotels and undertake energy-intense activities at the 

destination, these non-transport elements of tourism may have a much more profound contribution to the total 

carbon footprint than conventionally accepted.  

 Nepal [7] study South Africa, in 2002, has acknowledged international tourism as one of the major energy-

consuming sectors. He indicates that the transportation sector, especially air transportation, is responsible for the 

majority of energy consumption and resultant emissions from activities related to international tourism. The 

existing literature of energy economics generally focuses on the link among economic growth, energy, and 

carbon emissions (as a proxy of environmental pollution) .he  finds that primary energy sources include wood 

and kerosene, but the use of renewable energy and locally developed energy-saving technologies increases in 

the tourism sector. 

 Katircioglu [8] suggests that international tourism and international trade are two major factors that could 

have a long-run association with economic growth, mainly due to their contribution to revenues from foreign 

exchange.  

 Liu et al.[9] suggests that transportation is a major contributor to energy consumption and carbon emissions 

in the tourism industry.  

 Tsagarakis et al. [10] suggests that tourists from countries with higher energy awareness prove to be more 

willing to choose hotels with energy-saving installations and renewable energy sources. They argue that citizens 

from those countries (i.e. Canada, Japan, Sweden, and Finland) that adapt energy-saving policies successfully 

are more likely to prefer hotels with energy-saving installations in destination countries. In this respect, an 

investigation of the relationship among international tourism, energy consumption, and climate change will be 

of interest to both policy makers and practitioners.  

 Lee and Brahmasrene [11] find that tourism and FDI in the European Union countries create a high 

significant impact on CO2 emissions. This issue deserves further attention from researchers. 

 To our knowledge, this paper is the first study that examines the causal link between CO2 emissions, 

economic growth, energy consumption, international tourist arrivals and Trade of Iran spanning the period 

1975-2011. Empirically, we use ARDL techniques and Granger causality tests for both the short- and long-run 

investigation.  

 The rest of the paper is organized as follows: Section 3 describes the Research Methods and data. Section 4 

is designated for the empirical results; Finally, Section 5 concludes the paper. 

 

3 Research Methods: 

3.1 Model specification: 

 Theoretically, we follow the same specification model developed by Katircioglu et al. [8]. In particular, 

international tourism and trade may be a driving factor of the environmental indicator (CO2). 

 Thus, our empirical model investigates the impact of economic growth, energy consumption, international 

tourism and trade on CO2 emissions. The functional link between these variables yields: 

CO2 = f(GDPt , ENEt , TORt , TRt)                (1) 
 The natural logarithmic transformation of Eq. (1) yields the following equation: 

LnCO2t = α0 + α1LnGDPt + α
2

LnENEt + α3LnTORt + α5Ln TRt            (2) 
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3.2 ARDL Test: 

 The Autoregressive Distributed Lag (ARDL) approach suggested by Pesaran et al. [12] is applicable for 

variables that are I (0) or I (1) or fractionally integrated. The ARDL framework of Equation 3 of the model is as 

follows: 

∆LnCO2t = a0 + a1i∆LnGDPt−i

n

i=1

+ a2i∆LnENEt−i

n

i=1

+ a3i∆TORt−i

n

i=1

+ a4i∆LnTRt−i

n

i=1

+ λ ECMt−1

+ ut  

(3) 

 a0, a1, a2, a3 and a4 correspond to the long-run relationship in Equation. Where ECM t–1 is the error 

correction term which is gained from the following estimated cointegration equation: 

𝐸𝐶𝑀𝑡 =  𝐿𝑛𝐶𝑂2𝑡 − a0 + a1𝑖∆𝐿𝑛𝐺𝐷𝑃𝑡−𝑖

𝑛

𝑖=1

+ a2𝑖∆𝐿𝑛𝐸𝑁𝐸𝑡−𝑖

𝑛

𝑖=1

 a3𝑖∆𝐿𝑛𝑇𝑂𝑅𝑡−𝑖

𝑛

𝑖=1

+ a4∆𝐿𝑛𝑇𝑅𝑡−𝑖

𝑛

𝑖=1

 

(4) 

3.3 Granger Causality Analyses: 

 In the final stage, we can use Granger causality testing to examine the presence of any bidirectional causal 

link across the variables under study. To this end, we run the pairwise 

 Granger causality tests and the vector error correction model for the short- and long-run relationships, 

respectively. Two stages are suggested by Engle and Granger [13]: the first stage recovers the estimated 

residuals from Equation (2), while the second stage estimates the parameters related to the short-run adjustment. 

The estimation of the dynamic vector error correction model is given as follows: 
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       (5) 

 ECMt-1 is the lagged error-correction term. Residual terms are uncorrelated random disturbance term with 

zero mean and i„s are parameters to be estimated.  

 

3.4 Data Description: 

 We obtain annual data, for the period 1975-2010 in Iran. The variables included in the empirical analysis are 

carbon dioxide emissions (CO2) measured in kilo tons (kt), real gross domestic product (Y), measured in 

constant 2005 prices, energy consumption (ENE) measured in kilo tons (kt), international tourism (TOR), 

defined as the total number of arrivals, and merchandise trade (TR), measured as its share of GDP. Data on CO2 

emissions, Y, ENE, TOR and TR are obtained from the Word Bank Development Indicators online database 

[14].  

 All the variables transformed to natural logarithms for the purpose of the analysis. We have used Microfit 4 

and Eviews 7.1 to conduct the analysis.  

 

4 Empirical Analysis and Results: 

 Table 1 presents some descriptive statistics of the selected variables over the period 1975-2011. The 

summary common statistics contain the means, maximum and minimum, standard deviation  

(Std. Dev), Skewness and Kurtosis of each series after transformation in logarithms form. 

 
Table 1: Descriptive statistics for variables. 

Variables CO2 GDP ENE TOR TR 

Mean 292854.6 1.36E+11 100098.4 836428.2 3.670102 

Maximum (Year) 577482.8 2.50E+11 213422.8 2938000. 7.179766 

Minimum (Year) 112987.6 7.84E+10 26643.06 61595.00 1.403393 

Std. Dev. 0.654250 0.936383 0.597388 0.985233 0.520773 

Skewness 2.019858 2.648290 2.105333 2.831394 2.899095 

Kurtosis 2.019858 2.648290 2.105333 2.831394 2.899095 

Source: Author's calculation using Eviews 7.1 

 

 In this empirical study we used Augmented Dickey-Fuller Stationary unit root tests to check for the 

integration order of each variable. We apply unit root tests to ensure that no variable is integrated at I (1) or 

beyond. We have used the ADF unit root test to check for stationarity. The results in Table 2 indicate that all 

variables are non-stationary at their level form and stationary at their first differences. 
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Table 2: Augmented Dickey-Fuller Stationary Test Results. 

Variable Constant 

No Trend 

Critical Value Variable Constant 

No Trend 

Critical Value 

Ln CO2 0.058343 -2.945842 DLn CO2 4.984505 -2.948404 

Ln GDP 1.153609 -2.954021 DLn GDP -4.284726 -2.954021 

Ln ENE -1.223854 -2.945842 DLn ENE -9.013797 -2.948404 

Ln TOR -0.226929 -2.945842 DLn TOR -5.072136 -2.948404 

Ln TR -2.281515 -2.945842 DLn TR -5.516682 -2.948404 

Source: Author's Estimation using Eviews 7.1  

 

 The null hypotheses of no cointegration are rejected, implying long-run cointegration relationships amongst 

the variables. The VECM is set up for considering short and long-run causality. The optimum lags are selected 

relying on minimizing the Akaike Information Criterion (AIC). The maximum lag order two was set. With that 

maximum lag lengths setting, the ARDL (2, 0, 3,  3, 2) model is selected using AIC ARDL (2, 0, 3,  3, 2) 

represents the ARDL model in which CO2,  ENE, TOR and TR take the lag length 2,3,3,2 respectively.  

 All estimated coefficients can be interpreted as long-run elasticities, given that variables are expressed in 

natural logarithms in table 2. The long-run coefficients of CO2, GDP, ENE, TOR and TR estimated from these 

techniques have the same magnitude at the 5% significance levels.   

 
Table 3: Long-run Estimation Results. 

Dependent Variable: 

LnCO2 

    

Variable Coefficient Std. Error T-Statistic Prob 

Ln GDP 0.46** 0.17476 2.6374 [0.016] 

Ln ENE 0.48** 0.083917 5.7136 [0.000] 

Ln TOR 0.09** 0.025823 3.3921 [0.003] 

Ln TR -0.18** 0.074827 -2.4503 [0.024] 

C -5.78** 3.4485 -1.6778 [0.110] 

Note** significant 5 % level. 
Source: Author's calculation using Microfit 4  

 

 The results indicate that all estimated coefficients are statistically significant. Based on these estimation 

results, we show that real GDP and tourist arrivals are the two major drivers in increasing CO2 emissions. 

Moreover, the estimates indicate that a 1% increase in real GDP leads to higher CO2 emissions by 0.46%, while 

a 1% increase in tourist arrivals leads to higher CO2 emissions by 0.09%.  

 However, the impact of the energy consumption is positive the estimates indicate that a 1% increase in the 

energy consumption leads to higher CO2 emissions by 0.46he estimates indicate that a 1% increase in real GDP 

leads to higher CO2 emissions by 0.48%, and the coefficient trade openness on CO2 emissions is negative and 

may contribute to the reduction of pollution in the long-run. 1% increase    trade openness decreases emissions 

by 0.18%. 

 The results of the short causality are described in Table 4. The error correction mechanism (ECM) is used 

to check the short-run relationship among the variables. The coefficient of ECM t-1 which indicates that speed of 

adjustment for short-run to research in the long-run equilibrium is significant.  

 
Table 4: Error correction model (ECM) for short-run elasticity ARDL (2, 0, 3, 3, 2) 

Dependent Variable: 

DLn CO2 

   

Variable Coefficient T-Statistic Probability 

D Ln GDP 0.35** 2.2872 [0.032] 

D Ln ENE 0.43** 2.2622 [0.034] 

D Ln TOR 0.11** 2.9605 [0.007] 

D Ln TR -0.08*** -1.7140 [0.101] 

C -4.36 -1.5798 [0.128] 

ECM (−1) -0.75** -5.1889 [0.000] 

The Short-Run Diagnostic Test Results 

R-Squared 0.82046   

Akaike 

info Criterion 

49.2618   

Schwarz Criterion 37.8141   

F-Statistic 7.8933 [0.000]  

Durbin-Watson 2.0928   

Note: **shows a percent level of 5%,. 

Source: Author's calculation using Microfit 4  
 

 The speed of adjustment process restores the equilibrium. The relatively high coefficients imply a faster 

adjustment process. The values of the coefficients of ECMt-1 (-0.75) indicating that the variables will adjust to 

the long-run equilibrium in about 1.33 period following a short-run shocks. 
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 The estimates indicate that a 1% increase in real GDP leads to higher CO2 emissions by 0.35%, while a 1% 

increase in tourist arrivals leads to higher CO2 emissions by 0.11% in the short -run.   

 
Table 5: VECM Granger Causality results. 

Long -run  Short-run Variable 

ECM(-1) DLn TR DLn TOR DLn ENE DLn GDP DLn CO2 

26.9250** 

[0.000] 

13.8555** 

[0.001] 

22.8848** 

[0.000] 

16.8986** 

[0.001] 

5.2313** 

[0.022] 

- DLn 

CO2 

20.9971** 

[0.000] 

0.91649 

[0.338] 

23.3308** 

[0.000] 

0.17496 

[0.676] 

- 5.3699** 

[0.020] 

DLn 

GDP 

6.1531 

[0.013] 

.53153 

[0.466] 

6.6534** 

[0.010] 

- 2.2975 

[0.130] 

16.1799** 

[0.001] 

DLn 

ENE 

25.0319** 

[0.000] 

7.5785** 

[0.023] 

- 5.0361** 

[0.025] 

0.3547E-4 

[0.995] 

9.1984** 

[0.002] 

DLn 

TOR 

5.0566** 

[0.025] 

- .19565 

[0.658] 

.030815 

[0.861] 

6.3219** 

[0.042] 

.39402 

[0.530] 

DLn TR 

x → y means x Granger causes y. 

Note: ** denote the statistical significance at the 5% levels. 

Source: Author's calculation using Microfit 4  
 

 The results from the causality test reveals a short-run bidirectional causality running between energy 

consumption to CO2 emissions at the 5% significance level, a short-run bidirectional causality running between 

real GDP to CO2 emissions, and a short-run bidirectional causality running between number of tourist arrivals 

to CO2 emissions at the 5% significance level. Furthermore, short-run causality links between energy 

consumption and the number of tourist arrivals is present either. 

 The error correction term is statistically significant for CO2 emissions the economic growth the number of 

tourist arrivals, and trade equations, but not statistically significant for the energy consumption equation.  

 The short-run Granger causality test results reveal the absence of any causal relationship between economic 

growth and energy consumption. Our findings are similar to those by Menegaki [15] for the case of 27 European 

countries. 

 In addition, we find the short-run causality link between CO2 emissions and economic growth, implying 

that increases in economic growth are expected to have any impact on the environmental quality, while 

increases in the pollution share may affect the economic activities development either. This result is the same as 

Apergis and Payne [16] for a panel of six Central American countries and by Apergis et al. [17] who find 

bidirectional causality between economic growth and CO2 emissions.  

 We additionally find the short-run dynamic causal relationship between CO2 emissions and the number of 

tourist arrivals, indicating that any changes in the number of tourists arrivals in Iran  is  expected to affect 

environmental quality, while any changes in the degree of pollution is expected to impact the number of tourist 

arrivals either.  

 A unidirectional short-run causality has been also found running from economic growth to trade, with the 

feedback channel not to hold, indicating that increases in real GDP are expected to increase trade in the short-

run. These results are contrary to those provided by Ben Aïssa et al. [18].  However, the authors show the 

presence of bidirectional causality between economic growth and trade.  

 We additionally find unidirectional causality running from the number of tourist arrivals to trade. In other 

words, economic authorities on the selected region should increase the use of renewable energy consumption 

not only to stimulate economic growth, but also to reduce pollution, while policymakers should think effectively 

about international tourism strategies, which could be a good policy to combat global warming as well as to 

encourage more green technology in Iran. 

 The long-run bidirectional relationship between the number of tourist arrivals and trade denotes that 

increases in the number of tourist arrivals in Iran may substantially contribute to increases in international trade 

transactions. However, increasing the number of tourist arrivals can significantly assist the countries to decline 

their levels of CO2 emissions, while at the same time they can increase their economic activity. 

 

Conclusions: 

 The analysis utilized three annual time series variable for the period 1975-2015 in order to assess the causal 

relationship between number of international tourist arrival, RGDP, energy consumption and CO2. 

 The primary goal of this empirical study was to explore the impact of both the number of tourist arrivals 

and trade on the environmental quality. Using cointegration tests, the empirical findings showed that the long-

run relationship across the above variables has been strongly supported when CO2 emissions turns to be the 

dependent variable. 

 Using ARDL, it is evident that long-run relationship exists among the variables. Furthermore, short-run 

causality exists from RGDP to CO2 in the short-run. The results suggest policy makers should specify certain 

policy targeting on the adaptation of tourism development while preserving the environment. In addition, local 
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communities should be aware on the legislation involved when dealing with the consumption and also 

utilization of natural resources as the awareness would lead to a better environmental protection in the long-run. 

 Based on the long-run result documented that both economic growth and the number tourist arrivals 

significantly contribute to more CO2 emissions. Indeed, any increase in real GDP or in the share of merchandise 

trade exchanges increased the level of pollution in the regions under study. However, trade of are substantial 

drivers for the decline of CO2 emissions. 

 The empirical finding raise a number of substantial policy implications related to policies that support the 

development of the tourism sectors seems to be a good vehicle to combat global warming across the two 

regions. 
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