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POTENTIAL CONSEQUENCES OF A CO2 AVIATION TAX IN MEXICO  

ON THE DEMAND FOR TOURISM   

 

 

Luis Miguel Galindo, Allan Beltran* and Karina Caballero† 

 

 

Abstract: There is limited evidence on the potential consequences of the implementation of a CO2 

aviation tax in developing countries. In this paper we analyze the potential impact of a CO2 aviation 

tax on the inbound tourism demand from the United States, Canada and Europe to Mexico. The 

methodology consists of a panel cointegration estimation of the demand for international tourism 

to Mexico. Unlike previous studies we analyze the potential effect of the tax on both tourism 

expenditure and the number of airplane arrivals. The results indicate an income elasticity of 1.9 

for tourism expenditure and 2.9 for the number of airplane tourist. The price elasticities of airplane 

tourism expenditure and the number of airplane tourists are -0.94 and -0.39, respectively. The 

difference in price elasticity between tourism expenditure and number of tourists suggest that a 

CO2 aviation tax in Mexico would lead to a larger adjustment in total expenditure rather than in 

trip decisions. The implementation of such tax is therefore consistent with a continuous growth of 

the demand for tourism. Furthermore, the tax has the potential to generate additional fiscal revenue 

for 163 - 480 million dollars. The price elasticity of the competitive destination highlights the 

importance of considering a regional agreement for the implementation of an international CO2 

aviation tax.  
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I. INTRODUCTION  

 

Foreign airline tourism has several positive effects on the Mexican economy but it also generates 

several negative environmental externalities such as carbon dioxide (CO2) emissions derived from 

airplane flights (Pearson, 1985). Aviation CO2 emissions represent just 2% of total CO2 emissions 

in 20143 but they are growing fast and there are very few options to control them in the short run4. 

In this context, there is an increasing interest on the potential effect of a CO2 tax on the aviation 

sector (Pearce and Pearce, 2000; Wit et al., 2005).  

 

There are already several environmental taxes on airplane traffic in some European Countries and 

there are also several analyses considering the inclusion of aviation emissions under the framework 

of the European Trading System (ETS) for carbon dioxide (Wit et al., 2002, 2005). However, these 

CO2 taxes have been analyzed mainly in developed countries and there are few studies for 

developing countries. Therefore, the main objective of this article is to analyze the potential 

consequence of a CO2 tax on flights from the United States, Canada and Europe on airplane 

tourism expenditure and the number of airplane tourist arrivals to Mexico. The article is divided 

into four sections. The first section is, obviously, the introduction, the second section presents the 

general framework and the third section discusses the literature review. The fourth section shows 

the results of the econometric analysis of the tourism demand for Mexico and the effect of a carbon 

tax on tourism demand. The fifth section discusses the policy implications of the analysis and 

concludes.    

 

 

II. GENERAL FRAMEWORK  

 

The global aviation sector has historically been one of the most rapidly growing economic sectors. 

According to figures from the International Civil Aviation Organization (ICAO) the global number 

of air passenger increased at an annual rate of 7% during the period 1990 - 2014 (ICAO, 2016). In 

2014 there were a total of 3.2 billion air passengers globally, this figure is expected to reach 7.2 

billion in 2035 (IATA, 2016). The expected growth in the demand for air travel implies a rise in 

the number of flight operations and therefore in the total volume of aviation CO2 emissions. During 

                                                           
3 Air Transport Action Group (2016). www.atag.org.  
4 For example, the new Airbus is expected to be in use for the next 30 years (Bows and Anderson, 2007).  
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the period 1990 – 2012 international aviation CO2 emissions grew by over 75% and they are 

projected to grow up to 300% by 2050 unless action is taken (ICAO, 2016).   

 

In Mexico, international tourism is very dynamic and airline tourism is one of its main components. 

For example, in 2014 the total number of international tourists5 coming to Mexico was 16 million; 

this influx of tourist generated a total expenditure of about 12.9 billion dollars (2011 prices). Both 

variables show an annual average growth rate of 3.9% and 3.3%, respectively, for the period 1980-

2014. Out of the total number of international tourists traveling to Mexico in 2014, 84% (13.5 

million) arrived by plane and they accounted for 94% (12.1 billion dollars) of the total international 

tourism expenditure in the country. The average growth rate of international airplane tourism and 

airplane tourism expenditure in Mexico for the period 1980-2014 was 5% and 3.9%, respectively6 

(table 1) (BANXICO, 2016; SECTUR, 2014). This growth is expected to continue for the 

foreseeable future. 

 

Table 1. Basic statistics of international tourism to Mexico 

 
 International Tourism to Mexico 

 Total Airplane  Road 

Number of tourists (2014)  

(millions) 

(share in parenthesis) 

16.0 

 

(100%) 

13.5 

 

(84%) 

2.5 

 

(16%) 

Growth rate:    

1980 – 1990 4.4 5.7 2.2 

1991 – 2000 5.2 6.3 2.3 

2001 – 2010 2.3 2.9 0.3 

2010 – 2014 3.1 4.0 -1.1 
    

Average 1980 – 2014  3.9 5.0 1.2 

    

Tourism expenditure (2015)  

(million 2011 USD) 

(share in parenthesis) 

$12,925 

 

(100%) 

$12,156 

 

(94%) 

$769 

 

(6%) 

Growth rate:    

1980 – 1990 5.2 5.7 3.1 

1991 – 2000 0.6 1.5 -4.5 

2001 – 2010 3.2 3.5 0.6 

2010 – 2014 4.5 4.8 -0.2 
    

Average 1980 – 2014 3.3 3.9 -0.3 
Source: BANXICO (2016). Account of international travelers. 

Note: Cross-border tourism is excluded.   

                                                           
5 Airline tourism expenditure from United States, Canada and Europe represent 74%, 6% and 6% of total airline 

tourism expenditure in Mexico (BANXICO, 2016). 
6 In 2014 the average expenditure of a tourist from the United States, Canada and Europe in Mexico was about 1,176 

dollars per person (2011 prices) (INEGI, 2015). 
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It is estimated that by 2010 65% of total aviation CO2 emissions in Mexico corresponded to 

international flights (Herrera and Vales 2013). Under the Paris Agreement (2015) Mexico is 

committed to a 22% unconditional reduction of greenhouse gases (GHG). Given the urgency of 

addressing the issues of climate change and the relevance of international tourism for the Mexican 

economy it is important to explore the economic impact of policies that can contribute to make 

international traveling a more sustainable activity. In this paper we analyze the effect of a CO2 

aviation tax on the demand of tourism in Mexico.  

 

 

III. LITERATURE REVIEW 

 

The consequences of a CO2 tax on airline tourism are closely related with the analysis of the price 

elasticity of tourism expenditure or number of tourist arrivals (Michaelis, 1997). This analysis 

assumes that tourism expenditure satisfies the weak separability condition and, therefore, there is 

a multistage budgeting process (Deaton and Muellbauer, 1980). Thus, the consumer, initially, 

decides the expenditure allocated to tourism and afterwards decides the allocation for different 

tourism products. In this sense, tourists consume a bundle of goods and services while traveling 

and, therefore, a CO2 tax might affect the total tourism expenditure or the number of visitors.   

 

Demand equations for tourism expenditure or the number of visitors are usually specified as 

follows (Song and Witt, 2000; Witt and Witt, 1995): 

 

(1)   𝑡𝑒𝑖𝑡 = 𝛽0𝑡 + 𝛽1𝑡𝑦𝑖𝑡 + 𝛽2𝑡𝑝𝑖𝑡 + 𝛽3𝑡𝑝𝑎𝑖𝑡 + 𝛽4𝑡𝑜𝑡𝑖𝑡 + 𝑢𝑖𝑡 

 

Where 𝑇𝐸𝑖𝑡 represents tourism expenditure in real terms or the number of tourist arrivals from 

country 𝑖 to the selected destination, 𝑌𝑖𝑡 is income or income per capita of the country of origin, 

𝑃𝑖𝑡 is the price index costs in the tourist destination7, 𝑃𝐴𝑖𝑡 represents the price index of a 

competitive destination, and 𝑂𝑇𝑖𝑡 represents other variables such as habit persistence, 

advertisement, age, time of travel, characteristics of the destination and tourist infrastructure, 

                                                           
7 The distinction between the price effect and the exchange rate effect considers that the responses are different because 

consumers are more aware of the exchange rate than of local prices (Crouch and Ritchie, 2005).   
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education level, language, homicide rates or political stability. Small letters indicate the natural 

logarithm of the variables in the entire document. 

 

There are already a large number of studies on the demand for tourism with different estimation 

techniques, methodologies, time periods, countries and variables. In general, the evidence shows 

that tourism expenditure is influenced by the evolution of income and price but that the specific 

responses are heterogeneous when considering, country of origin and destination, type of 

expenditure, time of traveling or purpose of the trip (Song et al., 2009; Battersby and Oczkowski, 

2001).  

 

Table 2 summarizes the evidence from different large reviews of the literature or meta-analyses 

on the elasticities of international tourism demand. The average income elasticity of the meta-

analyses is 2.5 but the variability of the results is rather large. For example, some of the meta-

analyses identify an average income elasticity between 1 and 2.5 (Peng, et al. 2015, Crouch, 1996, 

Wit and Wit, 1995, Song et al., 2010; Song and Wit, 2003).  

 

The average own-price elasticity of tourism demand8 of the meta-analyses is -0.7. However, the 

evidence on the price elasticity of tourism expenditure can be classified for public policy purposes 

into two groups. In the first group, there are price elasticities of the demand for tourism larger, in 

absolute terms, than -1 and therefore the tax impact on tourism expenditure is significant (Peng et 

al., 2015, Brons et al., 2002, Oum et al., 1990; Battersby and Oczkowski, 2001). The second group 

indicates that tourism activities are price inelastic considering the presence of asymmetric 

information and inevitable expenses. Travelers do not know the real prices of the tourist destination 

but it is inevitable that they consume once they arrive there9 (Crouch, 1996, Peng et al., 2015, Witt 

and Witt, 1995, Song et al., 2010, Wohlgemuth, 1997; Melville, 1998). There is considerable less 

evidence on the price elasticity of competitive destinations and it is very heterogeneous (Song, et 

al., 2009). For example, Gonzalez and Moral (1995) find a price elasticity of -0.65 for competitive 

destinations, Witt and Witt (1995) estimate an average cross-price elasticity of 1.3 and Seetanah 

                                                           
8 In most cases the cost of tourism is defined as the price index at the destination country with respect to the country 

of origin. 
9 Also, ICAO (1985) assumes a price elasticity for long flights of -0.8.  
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et al. (2010) find relative price elasticity between 0.07 and 0.26 for alternative destinations. Under 

these conditions a national tourism tax might generate some sort of tourism leakages (Aguiló et 

al., 2005). Finally, the specific evidence for Latin America and Mexico suggests an average income 

elasticity close to 2 and a very heterogeneous price elasticity, between 0 and -2.0 (Jud and Joseph, 

1974, Bridal et al., 2008, Wit et al., 2005, Stronge and Redman, 1982). 

 

There is also evidence on price elasticities of transportation costs on travel demand. For example, 

Jud and Joseph (1974) estimate the transport price elasticity of tourism expenditure from United 

States to Latin America between -1.6 and -2.0. Also, Witt and Witt (1995) estimate transport price 

elasticity between -0.04 and -4.3 with a median value of -0.5 and a median price elasticity of -0.7 

in destination costs. Sobieralski (2012) estimates, for the United States, a long run price elasticity 

of airplane fuel demand between -0.13 and -0.30 for aggregate series and -0.04 and -0.31 for panel 

data. However, it is common that transportation costs are not included as an independent variable 

in the econometric specification due to potential multicollinearity with income and other costs and 

because travel costs data are considered not to be very reliable (Song et al., 2009). Also, there is 

evidence that changes in tourism prices derive on several adjustment processes on the demand for 

tourism. For example, there is a negative cross price elasticity among different items of tourism 

expenditure suggesting that all these items are complementary (Divisekera, 2010). Additionally, 

Brons, et al. (2002) consider that airline ticket price elasticity generates complex adjustment 

processes, such as the substitution of Airplane Company or mode of transport. This implies that 

the real reduction in traveling and in CO2 emissions as the consequence of a new tax is potentially 

less than originally estimated.  
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Table 2. Tourism demand elasticities: Summary results from meta-analysis studies  

 

Author 
Income elasticity   Own-Price elasticity  Cross-Price elasticity 

Mean1 Range2   Mean1 Range2  Mean1 Range2 
          

Oum et al. (1990)     -1.4 -0.4 - -4.5    
          

Witt and Witt (1995) 2.4 6.6 – 0.4  Own-price -0.7 -0.04 - -1.5  1.1 0.1 – 3.3 

    Travel cost -0.5 -0.04 - -4.3  1.6 0.6 – 6.3 

    Exchange rate 1.8 2.2 – 0.6    
          

Crouch (1995) 2.2 4.1 – 0.3  Own-price -0.9 -0.2 - -1.7    

    Travel cost -1.2 0.1 - -1.9    

    Exchange rate -0.9 0.2 - -1.6    
          

Crouch (1996) 2.2 5.0 – 0.5   -0.9 0.9 - -3.4    
          

Lim (1999) 3.2 4.1 – 2.2  Own-price -0.7 -0.4 - -1.1    

    Travel cost -0.9 -0.2 - -2.0    
          

Brons et al. (2002)     -1.1 0.2 - -3.2    
          

Peng et al. (2015) 2.5 6.4 – 1.0   -1.3 -0.3 - -1.7    

          

Mean elasticity 2.5    -0.7   1.3  
          

Note: 1 Mean, corrected mean or average, depending on the measures reported in the individual studies. 
2 Refers to the minimum and maximum values of the meta-sample.  

 

There are several studies on the consequences of a carbon tax on CO2 emissions under the 

assumption that the tax is passed on to the consumer. Figure 2 summarizes the evidence from these 

studies. All taxes are converted to US dollars per tonne of CO2 and emission reductions are 

expressed as relative to the total emissions of the aviation sector. For example, Wit et al. (2002) 

argue that a tax between 10 and 50 euros per tonne of CO2 increases10 the price of airline tickets 

in the range of 10 to 20 euros. This would lead to a reduction of CO2 emissions of -1% and -5%11, 

respectively. Wit et al. (2005), considering a CO2 trading system, estimate that a tax between 10 

and 30 euros per tonne of carbon will lead to a rise in airline ticket prices of 0.2 and 2.9 euros 

using price elasticities between 0 and -1. Michaelis (1997) estimates that a tax between 5 and 125 

dollars per ton of CO2 increases airline ticket prices in the range of 2% to 50% and reduce the 

demand for air travel between 4.4 – 13.3% with price elasticities of -0.7 and -2.1. Olsthoorn (2001) 

argues that a tax of $1500 per tonne of CO2 might reduce aviation emissions by 90%. FitzGerald 

and Tol (2007) and Mayor and Tol (2007) argue, imposing a price elasticity of -0.45, that a carbon 

                                                           
10 This implies a price increase between 2% and 6% in holiday packages (Wit et al., 2002).  
11 Wit et al. (2002) argue that a €50/t CO2 carbon tax is equivalent to €9 charge per round trip. These authors use price 

elasticities of the AERO model developed by the Dutch Civil Aviation Administration which range between -0.7 and 

-0.9 depending on the region of origin. 
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tax on British flights will have a small impact on the demand. Therefore, a global carbon tax of 

1000 dollars per ton would reduce travel flights by only 0.8% and CO2 emissions by 0.9% (Tol, 

2007). Similarly, Pearce and Pearce (2000) suggest that a flight London-San Francisco with a 

pollution tax equal to the shadow price of aircraft pollutants (including CO2) implied a carbon tax 

of 13.54 pounds; that is, a tax of 1.9% on the ticket price. All this evidence suggests that the impact 

of a carbon tax on the price of the airline ticket is limited. Only a very high tax might seriously 

influence CO2 emissions (Wit et al., 2005; Olsthoorn, 2001).  

 

Figure 2. Literature review: Carbon tax and CO2 reduction in the aviation sector  

 

 

Note: The percentage reduction of CO2 emissions is relative to the total CO2 emissions of the 

aviation sector in the relevant market for each study. All taxes have been converted to US dollars 

per tonne of CO2. Results from Michaelis (1997) are included assuming that the estimated reduction 

in air traffic is proportional to the reduction in CO2 emissions.   

 

 

IV. EMPIRICAL RESULTS 

 

Our empirical analysis is based on the inbound tourism demand to Mexico from the United States, 

Canada and Europe. Equation (2) shows the econometric specification for the demand of airplane 

tourism. The econometric estimations are based on a panel data with an unbalanced structure. The 

data set consists of annual information for Mexico for the period 1980-2014 for tourists from the 
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United States and Canada, and 1980-2003 for tourists from Europe. The different periods are a 

consequence of the availability of the data. The dependent variable considers two common 

definitions of tourism demand that are available in the literature, namely (i) airplane total tourist 

expenditures by visitors from country of origin 𝑖 in Mexico (𝑇𝐸𝑖𝑡), and (ii) total number of airplane 

tourists from country 𝑖 to Mexico (𝑇𝑉𝑖𝑡) (Peng et al., 2015; Witt and Witt, 1995).  

 

(2)   𝑡𝑒𝑖𝑡 = 𝛽0𝑡 + 𝛽1𝑡𝑦𝑖𝑡 + 𝛽2𝑡𝑝𝑖𝑡 + 𝛽3𝑡𝑝𝑎𝑖𝑡 + 𝑢𝑖𝑡 

 

Where 𝑇𝐸𝑖𝑡 represents airplane tourism expenditure in real terms or airplane tourist arrivals from 

country 𝑖 to Mexico; 𝑌𝑖𝑡 is the income per capita measured as the GDP per capita at the country of 

origin 𝑖; 𝑃𝑖𝑡 is the tourism price index constructed as the general price index in Mexico relative to 

the price index at the country of origin 𝑖 (2011=100), multiplied by the corresponding nominal 

exchange rate. This price index is considered a reasonable alternative, however, it also generates 

several controversies as it does not necessary represent the price that the consumer pays12 (Song 

and Witt, 2000). Colombia is considered as the relevant competitive destination. Our definition of 

the price index at the alternative destination, 𝑃𝐴𝑖𝑡, follows that of authors such as Song et al. 

(2003), Seetanah et al. (2010) or Kusni et al. (2013) where the price index of the competitive 

destination (Colombia) is divided by the price index at the country of origin 𝑖 (2011=100), 

multiplied by the corresponding nominal exchange rate13. The variables measured in monetary 

terms are expressed in US dollars and deflated using the general price index (2011=100) of the 

corresponding country.  

 

The data set is collected from official sources. Airplane tourist expenditure and airplane tourist 

arrivals are from the Mexican Ministry of Tourism (SECTUR) accessed via the National Institute 

of Statistics and Geography (INEGI, 2015). The nominal exchange rates of the Mexican peso to 

the currency of country 𝑖 are from the Mexican Central Bank (BANXICO). The GDP per capita 

of the countries of origin is collected from the official economics statistics bureau of the 

corresponding countries. Data on consumer price indices and nominal exchange rates are from the 

                                                           
12 However, the use of this price index is common (Witt and Witt, 1995).  
13 This differs from the substitute price index used by authors such as Song et al. (2000) and Kulendran and Witt 

(2001) where the price index at the alternative destination is defined as the price in the destination relative to that in 

the competing destinations. 
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official website of the Central Bank in each country. Unfortunately, the information of tourism 

costs is not clear-cut. The data on the real airfare, for example, is difficult to obtain. It was, 

therefore, not possible to estimate the specific price elasticity for the demand of airline tickets. The 

data on inbound tourism to Mexico correspond to visitors staying for more than 24 hours in the 

country; hence cross-border tourism is excluded14. Table 3 summarizes the basic statistics of the 

database.  

 

Table 3. Summary statistics  

 

Descriptive Statistic 
Variable 1 

𝑻𝑬𝒊𝒕  𝑻𝑽𝒊𝒕 𝒀𝒊𝒕 𝑷𝒊𝒕 𝑷𝑨𝒊𝒕 

Mean 2,491 3,014 34,755 106.5 91.4 

Median 627 490 34,026 103.2 87.9 

Maximum 9,553 12,742 50,535 167.6 173.2 

Minimum 157 86 21,139 62.7 54.4 

Std. Dev. 2,847 3,866 7,602 22.5 24.9 
      

Observations 94 94 94 94 94 

Cross section 3 3 3 3 3 
      

      

 ∆𝒕𝒆𝒊𝒕  ∆𝒕𝒗𝒊𝒕 ∆𝒚𝒊𝒕 ∆𝒑𝒊𝒕 ∆𝒑𝒂𝒊𝒕 

Mean 0.026 0.039 0.015 -0.004 -0.007 

Median 0.019 0.039 0.017 0.012 -0.004 

Maximum 0.802 0.763 0.061 0.289 0.212 

Minimum -0.574 -0.625 -0.048 -0.531 -0.428 

Std. Dev. 0.214 0.228 0.019 0.151 0.107 
      

Observations 91 91 91 91 91 

Cross section 3 3 3 3 3 
      

Note: 1 𝑖 = United States, Canada and Europe; 𝑇𝐸𝑖𝑡 is measured in million 2011 US dollars; 𝑇𝑉𝑖𝑡  is the 

number of airplane tourists to Mexico expressed in thousands of people; 𝑃𝑖𝑡  and 𝑃𝐴𝑖𝑡  are the relative price 

indices at the destination and competitive destination countries, respectively (2011=100). Letters in small 

cases denote the natural logarithm of the series.   
Source: Based on official statistics as described in the text. 

 

 

The panel unit root tests, summarized in table 4, indicate that tourism expenditure, number of 

tourists, income per capita by country of origin, the relative tourism prices of Mexico and the 

alternative price index destination are non-stationary series15.  

                                                           
14 For visitors to boarder cities a minimum stay of 72 hours is required to be considered as tourists.  
15 Although there are some exceptions in which the null of nonstationarity can be rejected for the variables in levels, 

differencing the variables results in a consistent rejection of the null. Therefore the panel unit root tests tend to confirm 

the hypothesis that all the variables are nonstationary I(1) processes. 
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Table 4. Panel unit root tests 

 

Variable 
LLC   IPS  ADF-Fisher1 

A B C  A B  A B C 

Dependent variables         

𝑡𝑒𝑖𝑡 -0.782 (3)* -1.291 (1)* 1.645 (1)*  -1.581 (3)* -0.860 (1)*  11.127 (3)* 7.548 (1)* 1.115 (1)* 

∆𝑡𝑒𝑖𝑡 -6.133 (0)* -7.184 (0)* -8.732 (0)*  -6.329 (0)* -7.375 (0)*  40.215 (0)* 52.167 (0)* 70.134 (0)* 
           

𝑡𝑣𝑖𝑡 -2.069 (2)* -0.704 (1)* 2.905 (1)*  -2.275 (2)* 0.782 (1)*  14.949 (2)* 2.206 (1)* 0.711 (1)* 

∆𝑡𝑣𝑖𝑡 -10.947 (0)* -11.745 (0)* -10.831 (0)*  -9.391 (0)* -10.289 (0)*  68.021 (0)* 75.918 (0)* 100.72 (0)* 

           

Independent variables         

𝑦𝑖𝑡 1.428 (1)*  -2.124 (1)* 4.152 (1)*  1.719 (1)* 0.335 (1)*  3.018 (1)* 3.806 (1)* 0.035 (1)* 

∆𝑦𝑖𝑡 -5.853 (0)* -5.720 (0)* -4.586 (0)*  -3.942 (0)* -4.499 (0)*  24.534 (0)* 30.309 (0)* 29.278 (0)* 
           

𝑝𝑖𝑡 -1.373 (0)* -1.733 (0)* -0.441 (0)*  -1.344 (0)* -1.982 (0)*  9.939 (0)* 13.123 (0)* 3.222 (0)* 

∆𝑝𝑖𝑡 -7.644 (1)* -8.608 (1)* -9.288 (0)*  -7.065 (1)* -7.937 (1)*  47.472 (1)* 59.126 (1)* 78.705 (0)* 
           

𝑝𝑎𝑖𝑡 -1.112 (4)* -1.760 (3)* -0.704 (1)*  -1.510 (4)* -0.741 (3)*  8.116 (4)* 17.738 (3)* 3.868 (1)* 

∆𝑝𝑎𝑖𝑡 -2.678 (0)* -3.268 (0)* -6.034 (0)*  -3.213 (0)* -3.872 (0)*  20.042 (0)* 25.684 (0)* 42.365 (0)* 

Note. Unbalanced panel. Period 1980-2014 for i =United States and Canada, and 1980-2003 for i =Europe. The values 

in the table refer to the relevant statistic of the corresponding panel test on the natural logarithm of the series. Values 

in parenthesis correspond to the optimal number of lags based on Schwarz information criterion. All tests assume the 

existence of a unit root under the null.  

(*) indicates a rejection of the null hypothesis at the 5% level of significance. Model A: individual intercept and trend. 

Model B: individual intercept. Model C: no intercept and no trend.  
1 Refers to the ADF-Fisher Chi-square statistic. 

 

 

The analysis of a long-run relationship in the demand of tourism to Mexico (equation (2)) considers 

three different panel cointegrations tests: the Engle and Granger (1987) type residual based tests 

by Kao (1999) and Pedroni (1999, 2004), and the Fisher (1932) type test using Johansen’s (1988, 

1995) cointegration test methodology by Maddala and Wu (1999). Table 5 summarizes the results 

for these tests. The tests consider all variables included in the tourism demand specification in 

equation (2) and two separate panel cointegration tests for the two dependent variables that we 

consider in the analysis, airplane tourism expenditure and number of airplane tourists.  
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Table 5. Panel cointegration tests 

 

Panel 

Cointegration Test 

Dependent variable 
         

Tourism expenditure (𝒕𝒆𝒊𝒕)  Number of tourists (𝒕𝒗𝒊𝒕) 
    

Pedroni (1999, 2004)         

  Statistic Prob.    Statistic Prob.   

 Within group          

  Panel v 0.349*** 0.363    -0.346*** 0.635   

  Panel rho -0.019*** 0.492    -1.872*** 0.031   

  Panel PP -0.916*** 0.179    -2.742*** 0.003   

  Panel ADF -2.983*** 0.001    -2.721*** 0.003   

            

 Between group          

  Group rho 0.855*** 0.804    -0.708*** 0.239   

  Group PP -0.483*** 0.315    -2.232*** 0.013   

  Group ADF -2.702*** 0.003    -2.195*** 0.014   

            

Kao (1999)          

 Statistic Prob.    Statistic Prob.   

  ADF Statistic -4.188*** 0.000    -3.524*** 0.000   

            

Maddala and Wu (1999)         

  
𝐻0 

𝜆-Trace 

rank test 
Prob. 

𝜆-Max 

rank test 
Prob. 

 𝜆-Trace 

rank test 
Prob. 

𝜆-Max 

rank test 
Prob. 

  None 26.11*** 0.000 16.68*** 0.010  26.34*** 0.000 19.29*** 0.004 

  At most 1 12.83*** 0.046 7.77*** 0.255  12.46*** 0.052 6.95*** 0.326 

  At most 2 8.32*** 0.215 6.43*** 0.377  8.38*** 0.211 8.43*** 0.208 

  At most 3 5.86*** 0.439 5.86*** 0.439  3.42*** 0.754 3.42*** 0.754 
            

Note. The values in the table refer to the relevant statistic of the corresponding panel cointegration test.  

(***), (**) and (*) indicate rejection of the null hypothesis at the 1%, 5% and 10% significance level, respectively. 

Pedroni (1999, 2004) and Kao (1999) test the null hypothesis of no cointegration. The null hypothesis of Maddala and 

Wu (1999) is as specified in the table. Unbalanced panel. Period 1980-2014 for i =United States and Canada, and 1980-

2003 for i =Europe. All variables correspond to the natural logarithm of the series. All tests are performed on the model 

estimated with intercept, but no trend.  

 

Pedroni’s (1999) panel cointegration test indicates that, for the model using the number of airplane 

tourists (𝑡𝑣𝑖𝑡) as the dependent variable, the null of no cointegration can be rejected at the 5% 

significance level in most of the cases. However, with airplane tourism expenditure (𝑡𝑒𝑖𝑡) as the 

dependent variable, the results are inconclusive as it is only possible to reject the null based on the 

panel and group version of the ADF-statistic. Nonetheless, Pedroni (1999) shows that the panel 

ADF and group ADF statistics have the best small-sample properties of the seven test statistics, 

and thus, provide the strongest single evidence of cointegration. Furthermore, the results using the 

approach by Kao (1999) are unambiguous in the sense that they reject the null of no cointegration 

at the 1% significance level for the two models in table 5.  
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Cointegration tests by Pedroni (1999) and Kao (1999) are residual based and do not allow for the 

possibility of multiple cointegrating vectors. The Johansen’s Fisher panel cointegration test by 

Maddala and Wu (1999) addresses this issue using likelihood ratio-type statistics to test the 

cointegrating rank of a system in heterogeneous panels. Table 5 shows the results of both the trace 

(𝜆-Trace) and maximum eigenvalue (𝜆-Max) statistics. For the two systems represented in table 5, 

using 𝑡𝑒𝑖𝑡 or 𝑡𝑣𝑖𝑡, the trace statistic indicates the existence of two cointegrating vectors at the 5% 

and 10% level of significance, respectively, whereas the maximum eigenvalue test suggests the 

existence of only one cointegrating relationship at the 1% level of significance. Lütkepohl et al. 

(2001) argue that the trace statistic has a superior power performance however their analysis is in 

a bivariate setting. More recently Spiru and Qin (2016) suggest that in a multivariate framework 

like the one we analyze in this paper the maximum eigenvalue test has more power. We therefore 

follow Spiru and Qin (2016) and conclude the existence of one cointegrating relationship for each 

set of variables in table 5 based on the maximum eigenvalue statistic. Altogether, the panel 

cointegration tests in table 5 provide strong evidence of cointegration considering airplane tourism 

expenditure or number of airplane tourists.  

 

Table 6 shows the estimated long-run parameters of equation (2) using both fully modified OLS 

(FMOLS) and dynamic OLS (DOLS) (Pedroni, 2000 and 2001, Kao and Chiang, 2000 and Mark 

and Sul, 2003). We report the coefficients for the panel regressions and the individual cross-

sections. For both models we use the group-mean panel estimators proposed by Pedroni (2001) 

which accounts for the potential parameter heterogeneity present in the fixed effects among 

different cross-section units of the panel. Pedroni (2001) shows that this estimator behaves well 

under heterogeneity prevalent in the dynamics associated with panels that are composed of 

aggregate national data. This procedure also allows us to recover coefficients for individual 

members of the panel as shown in table 6. Column (1) shows the long-run parameters of the 

cointegration relationship of the demand of tourism to Mexico normalized for airplane tourism 

expenditure (𝑡𝑒𝑖𝑡) and for the number of airplane tourists (𝑡𝑣𝑖𝑡). Both estimators, FMOLS and 

DOLS, yield similar results with slightly greater coefficients for the equations using DOLS. Due 

to the small sample properties of the DOLS estimator, this represents our preferred specification 

for the interpretation of results (Pedroni, 2000; Kao and Chiang, 2000). The results indicate that 

airplane tourism expenditure has a positive income per capita elasticity of 1.86 and a negative 
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own-price elasticity of -0.94. The coefficient on the price index of the competitive destination has 

the expected sign, with a cross-price elasticity of 0.36. This positive coefficient indicates that 

international tourism to Mexico considers Colombia as a possible substitute destination. Therefore, 

the reduction in the relative price of tourism to Colombia, with respect to the country of origin, 

derives in a reduction of international tourism to Mexico.  

 

Table 6. Demand of tourism to Mexico: Heterogeneous panel  

cointegration regressions using FMOLS and DOLS 

 

Model 

 (1)  (2) 

 Dependent variable: 𝒕𝒆𝒊𝒕  Dependent variable: 𝒕𝒗𝒊𝒕 

 𝒚𝒊𝒕 𝒑𝒊𝒕 𝒑𝒂𝒊𝒕  𝒚𝒊𝒕 𝒑𝒊𝒕 𝒑𝒂𝒊𝒕 
         

FMOLS               

 Panel 
 1.873 *** -0.899 *** 0.218 **  2.882 *** -0.244 * 0.207 * 

 (0.192)  (0.118)  (0.106)   (0.210)  (0.133)  (0.118)  
                

                

                

 
United States 

 1.707 *** -0.625 *** -0.015   2.288 *** 0.006  0.111  

  (0.087)  (0.097)  (0.061)   (0.117)  (0.130)  (0.082)  

 
Canada 

 2.421 *** -1.573 *** 0.267 *  3.500 *** -0.649 ** 0.209  

  (0.241)  (0.186)  (0.160)   (0.311)  (0.241)  (0.214)  

 
Europe 

 1.492 *** -0.499 * 0.402 *  2.858 *** -0.091  0.301  

  (0.517)  (0.284)  (0.253)   (0.536)  (0.294)  (0.273)  

                

DOLS                

 
Panel [2,1] 1 

 1.861 *** -0.940 *** 0.346 ***  2.887 *** -0.386 ** 0.309 ** 

  (0.189)  (0.146)  (0.118)   (0.244)  (0.189)  (0.138)  
                
                

                

 
United States 

 1.494 *** -0.550 *** -0.001   2.142 *** 0.103  0.134 * 

  (0.096)  (0.131)  (0.059)   (0.103)  (0.188)  (0.075)  

 
Canada 

 2.297 *** -1.717 *** 0.766 ***  3.609 *** -0.935 *** 0.365 * 

  (0.259)  (0.220)  (0.157)   (0.285)  (0.225)  (0.214)  

 
Europe 

 1.791 *** -0.552  0.274   2.993 *** -0.179  0.312  

  (0.496)  (0.354)  (0.264)   (0.674)  (0.495)  (0.346)  
                

Note. Standard errors in parenthesis. (***), (**) and (*) indicates rejection of the null hypothesis at the 1%, 5% and 10% 

significance level, respectively. Unbalanced panel. Period 1980-2014 for i =United States and Canada, and 1980-2003 for i 

=Europe. All variables correspond to the natural logarithm of the series.  
1 The numbers in brackets represent the optimal number of lags and leads, respectively, included in the DOLS estimation 

based on the Schwarz information criterion. See Kejriwal and Perron (2008) on the good performance of the Schwarz criterion 

for lags and leads selection in DOLS regression.  

 

The results in column (2) indicate that the number of tourists has a positive income per capita 

elasticity with a coefficient greater than one (2.89), a negative own-price elasticity (-0.39) and a 

positive cross-price elasticity (0.31). In this case, the income per capita elasticity for the number 

of tourists is bigger, in absolute terms, than for total tourism expenditure. This difference indicates 
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that an increase in real per capita income at the country of origin has a larger impact on the total 

number of tourist traveling to Mexico than on total tourism expenditure. The coefficients of the 

own-price elasticities (columns 1 and 2) are both smaller than unity in absolute terms16; however, 

the own-price elasticity of tourism expenditure (-0.94) is significantly larger than for the number 

of tourists (-0.39). This result suggests that a carbon tax might have a larger impact on total 

expenditure than on the number of tourists. Therefore, a CO2 tax in Mexico would lead to a larger 

adjustment in total expenditure rather than travelers cancelling, postponing or changing their travel 

plans17. The cross-price elasticities are similar in both cases. These results are well within the range 

of international tourism elasticities reported by Witt and Witt (1995), Crouch (1996), and Peng et 

al. (2015) and they are also consistent with previous evidence for Mexico. Our results also 

highlight the relevance of differentiating between tourism expenditure and number of tourist for 

the analysis of the income and price elasticities. Finally, there are some differences between 

income per capita and price elasticities by country of origin, in particular for Canadian travelers.  

 

The panel cointegration tests and panel cointegration equations in tables 5 and 6 indicate the 

existence of a long-run relationship on the demand for airplane tourism to Mexico, but do not 

indicate the direction of causality. Causality is usually tested using the standard Engle and Granger 

(1987) two-step procedure to determine short-run and long-run dynamics of the cointegrated 

relationship. For each cointegrated equation (𝑡𝑒𝑖𝑡 and 𝑡𝑣𝑖𝑡) in table 6  we use the lagged residuals 

as the error correction term (𝑒𝑐𝑡−1) in a dynamic error correction model based on Holtz-Eakin et 

al. (1988). We use the results of our preferred panel cointegration equations (DOLS panel 

regressions)18 to estimate the following error correction specification.  

 

 

(3a) ∆𝑡𝑒𝑖𝑡 = 𝛼𝑖 + ∑ 𝛾1𝑘∆𝑡𝑒𝑖𝑡−𝑘
𝑞
𝑘=1 + ∑ 𝛾2𝑘∆𝑦𝑖𝑡−𝑘

𝑞
𝑘=0 + ∑ 𝛾3𝑘∆𝑝𝑖𝑡−𝑘

𝑞
𝑘=0 + ∑ 𝛾4𝑘∆𝑝𝑎𝑖𝑡−𝑘

𝑞
𝑘=0 +

               +𝜆𝑒𝑐𝑡−1 + 𝑣𝑖𝑡  

 

                                                           
16 However, a T-test on the coefficient of the own-price elasticity of tourism expenditure (-0.94) suggests that this 

coefficient is not significantly different from unity (t-statistic = 0.41, prob. = 0.68).  
17 These price elasticities for expenditure and number of visitors are consistent with Crouch (1996). Wohlgemuth 

(1997) also finds high income elasticity and very low price elasticity for air travel.  
18 See table A2 of the appendix for the results of the Granger-casuality test using the FMOLS panel cointegration 

equation.  
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where ∆ is the first-difference operator; 𝑞 is the lag length set at two based on likelihood ratio tests; 

𝛼𝑖 represents country fixed effects and 𝑣 is a serially uncorrelated error term. Since this is a 

dynamic panel data model standard estimation techniques yield biased and inconsistent estimators 

(Holtz-Eakin et al., 1988, 1989; Kiviet, 1995).To deal with this issue we follow authors such as 

Constantini and Martini (2010), Mandal and Madheswaran (2010), Al-Iriani (2006) and 

Christopoulos and Tsionas (2004) in using an instrumental variable (IV) estimator which yields 

consistent estimates of the parameters using lagged values of the dependent variable as instruments 

(Holtz-Eakin et al., 1988, 1989; Easterly et al., 1997). After estimating equations (3) the sources 

of causality can be identified by testing the significance of the coefficients of the independent 

variables. The sum of the lagged coefficients can be interpreted as the short-run elasticities and the 

coefficient on the error correction term represents the speed at which short-run deviations converge 

to the long-run equilibrium.    

 

Table 7 shows the results of the dynamic error correction model for the demand of airplane tourism 

to Mexico on both, airplane tourism expenditure (𝑡𝑒𝑖𝑡) and the number of airplane tourists (𝑡𝑣𝑖𝑡). 

The results of equation (3) shows that income per capita, local tourism prices at the destination 

country (Mexico) and the price level at the competitive destination (Colombia), each have a 

significant short-run effect on the demand for tourism to Mexico, both in terms of tourism 

expenditure and total tourist arrivals. The coefficients have the expected signs similar to the ones 

reported for the long-run relationships in table 6. When using tourism expenditure as the dependent 

variable the result show a short-run income per capita elasticity of 1.77, a negative short-run own-

price elasticity of -0.98 and a positive short-run cross-price elasticity of 0.11. An examination of 

the sum lagged coefficients on the number of tourists suggest a short-run income per capita 

elasticity of 1.67, a negative short-run elasticity of -0.45 and a positive short-run cross-price 

elasticity of 0.13. In both cases, own-price short-run elasticities are similar to their long-run 

counterpart whereas cross-price elasticities are slightly lower in the short-run than in the long-run. 

For the case of tourism expenditure the short-run and long-run income per capita elasticities have 

similar values, whereas for the number of tourists the long-run elasticity is much higher than in 

the short-run. The negative and statistically significant coefficient on the error correction terms 

suggest that short-run deviations of the tourism demand to Mexico reverse to the long-run 

equilibrium in a relatively slow way.  
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Table 7. Error Correction Model of the demand of torusim to Mexico: using DOLS 

cointegration results on airplane tourism expenditure (∆𝒕𝒆𝒊𝒕) and airplane tourists (∆𝒕𝒗𝒊𝒕) 
 

Dependent 

variable 
 Independent variables  

 ∆𝒚𝒊𝒕−𝒌  ∆𝒑𝒊𝒕−𝒌  ∆𝒑𝒂𝒊𝒕−𝒌  𝒆𝒄𝒕−𝟏  

∆𝒕𝒆𝒊𝒕 

 1.774 

(0.237) 

[55.79] 

*** -0.981 

(0.106) 

[85.67] 

*** 0.109 

(0.053) 

[4.260] 

** -0.164 

(0.083) 

** 

∆𝒕𝒗𝒊𝒕 

 1.673 

(0.144) 

[134.8] 

*** -0.449 

(0.123) 

[13.39] 

*** 0.127 

(0.054) 

[5.631] 

** -0.388 

(0.127) 

 

*** 

Note. The coefficients represent the sum of the lagged coefficients for the respective short-run parameters. Standard 

errors in parenthesis. The numbers in brackets represent the partial F-statistics reported with respect to short-run 

changes in the independent variable. (***), (**) and (*) indicates rejection of the null hypothesis at the 1%, 5% and 

10% significance level, respectively. Unbalanced panel. Period 1980-2014 for i =United States and Canada, and 1980-

2003 for i =Europe. All variables correspond to the first-difference of the natural logarithm of the series.  

 

Once we have established a causal relationship between the variables considered in the 

cointegration equation, we estimate the potential long-run consequences of a CO2 aviation tax on 

the demand for international tourism to Mexico. The methodology involves two steps. First, we 

estimate the percentage increase in the ticket cost associated with different scenarios of a carbon 

tax rate on aviation emissions. In doing so, we follow previous authors such as Olsthoorn (2001), 

Wit et al. (2002), Wit et al. (2005) and FitzGerald and Tol (2007), among others, in assuming that 

the tax is fully passed on to consumers. In reality, price elasticity of demand and supply and market 

structure determine how much of additional tax is passed on to consumers. For the tourism 

industry, Damonte et al. (1998) suggests that the more price inelastic the demand, the larger the 

proportion of the tax that is passed on to consumers and Anderson et al. (2001) argue that in an 

oligopolistic market, such as the airline industry, taxes might be passed on to consumers by more 

than 100 percent (Gabszewicz and Tarola, 2005). Given the price inelastic demand for the number 

of international tourists to Mexico (𝑡𝑣𝑖𝑡) in table 6 (-0,38), we believe that assuming the tax is fully 

passed on to consumers represents a valid assumption. For the second step of our estimation, we 

use the own- and cross-price elasticities from the cointegration equation in table 6 to estimate the 

potential effect of the carbon tax on tourist expenditure (𝑡𝑒𝑖𝑡) and the number of tourists to Mexico 

(𝑡𝑣𝑖𝑡). This methodology is similar to Aguiló et al. (2005) and it has the obvious limitation that the 

tax is imposed on the value of airline tickets but it is evaluated on airplane tourism expenditure or 
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the number of airplane tourists in the destination country. This implies that the different items of 

the budget for tourism expenditure have similar price responses. 

 

The results for the percentage increase in the ticket cost due to the carbon tax are reported in table 

8. In order to obtain these figures, we first estimate the average CO2 emissions per passenger in a 

round-trip international flight to Mexico from the three countries of origin considered in the 

analysis (United States, Canada and Europe). Airplane carbon dioxide emissions can be estimated 

considering energy use, occupancy rates, type of plane, distance traveled and that takeoff and 

landing are energy intensive and therefore imply higher CO2 emissions. For example, Wit et al. 

(2002) estimate 0.02 kg per passenger per kilometer and 6.5 kg per passenger for takeoff and 

landing.19 Pearce and Pearce (2000) estimate that carbon dioxide emissions equal on average 4.05 

kg C per passenger for takeoff and landing, and 0.013 kg per passenger-kilometer. Both 

estimations are relatively similar and are also similar to the ones available on the website 

www.climatecare.org. Based on this information, we estimate the implied CO2 tax on airfare 

considering a range of three potential tax rates (10, 30 and 100 USD per tonne of CO2). Finally, 

we compare the resulting monetary figure to the average economy cost of airline tickets to get an 

estimate of the percentage increase in the price of an airline ticket associated with each tax rate.  

 

The estimations of the corresponding carbon tax on the price of the airline tickets appear in table 

8. Monetary values are expressed in current US dollars. Information on the distance and airfare 

correspond to the average of a direct round trip to Mexico (Mexico City) from the country/region 

of origin considering the following cities: United States: Los Angeles and New York; Canada: 

Vancouver and Toronto; Europe: London, Madrid and Paris. Information on the cost of the airline 

tickets was accessed through www.skyscanner.net and corresponds to the average economy fare 

for a round trip between May-September 2016, as of February 2016. We estimate the values for 

the CO2 emissions assuming traveling in an aircraft Boeing-747 type. The details of the 

calculations per city of origin are in table A1 of the appendix.  

 

 

 

                                                           
19 There are differences in emissions between short, medium and long flights (Williams and Noland, 2006).  
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Table 8. Estimated increase in airplane ticket price due to carbon tax 

(round trip) 

 
Flying  From  

Average To: Mexico City, MEX United States Canada Europe  
     

Distance (kms)1 5,870 7,168 18,122  10,387 

CO2 emissions per passenger (tons)3 0.58 0.71 1.80  1.03 

Economy class airfare (USD)1, 2 $442 $545 $1,068  $685 

       

Carbon tax (per tonne of CO2)3:      

10 USD 
Implied tax on airfare $5.84 $7.13 $18.02  $10.33 

Change in ticket cost 1.32% 1.31% 1.69%  1.51% 

       

30 USD 
Implied tax on airfare $17.51 $21.38 $54.05  $30.98 

Change in ticket cost 3.96% 3.93% 5.06%  4.52% 

       

100 USD 
Implied tax on airfare $58.36 $71.26 $180.17  $103.26 

Change in ticket cost 13.21% 13.09% 16.87%  15.07% 
       

Note: 1 For each country/region it represents the average distance and airfare considering a round trip departing from 

the following cities: United States: Los Angeles and New York; Canada: Vancouver and Toronto; Europe: London, 

Madrid and Paris. 
2 Average economy cost of direct round trip ticket flying between May-September 2016, as of February 2016. 
3 Assumes traveling in a Boeing 747 with a fuel efficiency of 5 gallons per mile, emitting 9.6 kg of CO2 per gallon of 

jet fuel, and an average of 300 passengers per aircraft. It is also assumed that the entire cost of the tax is passed on to 

consumers as an increase in the price of the ticket.      

 

In this context a tax of 10 and 30 dollars per tonne of CO2 implies a rise in the ticket price between 

1.3 and 4.0% for travelers from United States, 1.3 and 3.9% for Canada and 1.7 and 5.1% for 

Europe. We use this information to estimate the overall long-term impact of the carbon tax on the 

demand of airplane tourism to Mexico using the average values of table 8 and the own- and cross-

price elasticities from the cointegration equation of the DOLS panel specifications in table 6. The 

results appear in table 9.  

 

Table 9 shows the potential effect of a carbon tax on the demand for airplane tourism to Mexico. 

Columns (1) and (3) show the direct effect of different carbon tax rates on tourist expenditure and 

the number of tourists, respectively. The results suggest that the average increase in the price of 

airline tickets due to the imposition of carbon tax of 10 and 30 dollars per tonne of CO2 leads to a 

reduction in total tourism expenditure of 1.4 and 4.2%, and a reduction of 0.6 and 1.7% in the 

number of airplane tourists from United States, Canada and Europe. The results indicate that an 
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airplane carbon tax on international tourism to Mexico has a large impact on the reduction of 

tourist expenditure rather than tourists cancelling or postponing their trip. These figures are 

calculated assuming that the relative tourist cost between Mexico and Colombia remains constant. 

Columns (2) and (4) show the additional reduction in the demand for tourism due to the change in 

relative prices between Mexico and the competitive destination, i.e. the substitution effect. 

Considering the substitution effect, the reduction in the number of tourists could go up to about 1 

and 3% for the 10 and 30 dollars tax, respectively, for the year of the implementation (table 9). 

The last column in table 9 shows the potential fiscal revenues from each tax scenario. The results 

suggest that a tax of 10 and 30 dollars per tonne of CO2 would lead to a total fiscal revenue between 

163 and 480 million dollars in 2014. These estimations consider price and substitution effects and 

are estimated on the basis of a total number of airline tourists to Mexico of 13.5 million people for 

201420.  

 

Table 9. Estimated demand reduction and potential fiscal revenue due to carbon tax in the 

year of implementation 

 

Carbon tax 

(per tonne 

of CO2) 

Tourism expenditure (𝒕𝒆𝒊𝒕) 
1  Number of tourists (𝒕𝒗𝒊𝒕) 

1 
Potential fiscal 

revenue 2 

(million $USD) 

(1) 

Price  

effect (𝒑𝒊𝒕) 

(2) 

Substitution 

effect (𝒑𝒂𝒊𝒕) 

Total 

(1)+(2) 

 (3) 

Price  

effect (𝒑𝒊𝒕) 

(4) 

Substitution 

effect (𝒑𝒂𝒊𝒕) 

Total 

(3)+(4) 
         

10 USD -1.42% -0.52% -1.94%  -0.58% -0.47% -1.05% $163.5 
         

30 USD -4.25% -1.56% -5.81%  -1.74% -1.39% -3.13% $480.2 
         

100 USD -14.17% -5.21% -19.38%  -5.82% -4.67% -10.49% $1,403.2 
         

Note: 1 Using the price elasticities of the DOLS panel specification in table 6. 
2 Calculated on the total number of airplane tourist to Mexico in 2014. Considers both, the price and substitution effect. 

 

The carbon tax on international tourism demand in Mexico turns out to be an effective revenue-

raising instrument and it is consistent with a continuous growth of the demand of international 

tourism. This is partly due to the inelastic demand of the number of international tourist traveling 

to Mexico. Only a CO2 tax over 30 dollars per tonne might have a significant impact on the rate 

of growth of tourism expenditure on the year of implementation. For example, economic scenarios 

                                                           
20 Data from the International travelers account reported by BANXICO. 
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for United States, Canada and Europe for the period 2015-202021 indicate that the average growth 

rates of tourism expenditure and the number of tourists22 in Mexico, without any tax, will be 2.3% 

and 3.5%, respectively. Then, considering taxes of 10 and 30 dollars per tonne of CO2, the average 

growth rates of tourism expenditure would be 2.0% and 1.6% respectively, and 3.4% and 3.2% for 

the number of tourists in the year of implementation. Also, the substitution effect of the alternative 

destination could further reduce the expected growth rates of tourism expenditure to 1.9% or 1.3% 

for the 10 and 30 dollars tax, respectively, and to 3.3% or 3.0% for the number of tourists for the 

year of implementation. Nevertheless, the evolution of airplane tourism demand will continue to 

grow at previous rates in the long run.   

 

 

V. CONCLUSIONS  

 

Airplane international tourism to Mexico shows a dynamic and continuous growth with a 

significant positive impact on the economy during the last two decades. However, it also has 

several negative externalities such as the emissions of greenhouse gases. In this sense, there is an 

increasing interest to consider the potential consequences of a CO2 tax. This paper analyzes the 

potential consequences of a CO2 tax on the evolution of airplane tourism expenditure and the 

number of airplane tourists in Mexico from United States, Canada and Europe considering the 

income and price elasticities.   

  

The econometric evidence from a panel data indicates that international airline tourism expenditure 

in Mexico has a positive income per capita elasticity of 1.9 and a negative own price elasticity of 

-0.9. The number of international airline tourists shows an income per capita elasticity of 2.9 and 

an own price elasticity of -0.4. In both cases, the price elasticity of an alternative destination is 0.3. 

These results reveal important differences in the income and price elasticities between airplane 

tourism expenditure and number of airplane tourists. The price elasticities suggest larger 

                                                           
21 Economic scenarios for GDP per capita of each country were constructed using official economic forecasts. For the 

United States the scenario of GDP growth is from the Federal Reserve Bank of St. Louis, and population growth from 

the US Census Bureau. For Canada the scenario on GDP growth is from the International Monetary Fund. (IMF) and 

population growth from official population statistics of the Government of Canada. For Europe GDP growth scenarios 

are from the IMF, and population scenarios from Eurostat. 
22 These results are estimated considering the aforementioned economic scenarios and the elasticities of the DOLS 

panel specifications in table 6.  
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adjustments in tourism expenditure than in trip decisions in the case of a new tax. This difference 

in price elasticities is relevant from a policy perspective. While the number of tourists to Mexico 

is unlikely to experience major changes as a result of a CO2 aviation tax, incoming tourists are 

likely to adjust their spending on local consumption such as the length of the trip, the type of 

accommodation or other consumption goods at the destination country. The consequences of such 

changes for the Mexican economy remain an area of future research. The price elasticity of the 

competitive destination suggests the importance of considering a regional agreement for the 

implementation of international CO2 aviation taxes. These results are consistent with the 

international evidence on the demand for tourism.  

 

Overall, our results suggest that a CO2 tax is consistent with a continuous growth on airplane 

international tourism demand to Mexico. That is, a tax of 10 dollars imply an average rise in the 

airline ticket price of 1.5% meanwhile a 30 dollars tax per tonne of CO2 implies an average rise in 

the airline ticket price of 4.5%. In this context, the potential impact of carbon taxes of 10 and 30 

dollars per tonne of CO2 leads to a reduction in total airplane tourism expenditure of 1.4 and 4.4%, 

and a reduction of 0.6 and 1.7% in the number of airplane tourists from United States, Canada and 

Europe, respectively. These figures assume that the relative tourist cost between Mexico and a 

competitive destination remains constant. Estimations of a carbon tax of 10 and 30 dollars per 

tonne of CO2 contribute to generate additional fiscal revenue for 163 and 480 million dollars, 

respectively. These results suggest that a carbon tax is therefore feasible and might also generate 

significant additional fiscal revenue but it is very important to consider the appropriate tax level 

and regional coordination. 

 

 

REFERENCES 

 

Aguiló, E., A. Riera and J. Rosselló (2005). “The Short-Term Price Effect of a Tourist Tax through a 

Dynamic Demand Model: The Case of the Balearic Islands”, Tourism Management, Vol. 26, No. 3, pp. 

359-365. 

Air Transport Action Group (2016), [online] www.ata.org. 

Al-Iriani, M. (2006). “Energy-GDP relationship revisited: An example from GCC countries using panel 

causality”, Energy Policy, Vol. 34, No. 17, pp. 3342-3350. 

Anderson, S., A. Palma and B. Kreider (2001). “Tax incidence in differentiated product oligopoly”, Journal 

of Public Economics, Vol. 81, No. 2, pp. 173-192. 

http://www.ata.org/


23 
 

Banco de México (BANXICO) (2016). [online] Balanza de Pagos, Cuenta de Viajeros Internacionales: 

www.banxico.org.mx. 

Battersby, B. and E. Oczkowski (2001). “An econometric analysis of the demand for domestic air travel in 

Australia”, International Journal of Transport Economics, Vol. 28, No. 2, pp. 193-204. 

Bows, A., and K. Anderson (2007). “Policy clash: Can projected aviation growth be reconciled with the 

UK Government’s 60% carbon-reduction target?”, Transport Policy, Vol. 14, No. 2, pp. 103-110. 

Brida, J., W. Risso and E. Carrera (2008). “A long-run equilibrium demand function: Tourism in Mexico”, 

Tourismos: An International Multidisciplinary Journal of Tourism, Vol. 3, No., pp. 66-82. 

Brons, M., E. Pels, P. Nijkamp and P. Rietveld (2002). “Price elasticity of demand for passenger air travel: 

a meta-analysis”, Journal of Air Transport Management, Vol. 83, No. 3, pp. 165-175. 

Christopoulos, D. and E. Tsionas (2004). “Financial development and economic growth: evidence from 

panel unit root and cointegration tests”, Journal of Development Economics, Vol. 73, No. 1, pp. 55-74. 

Constantini, V. and C. Martini (2010). “The causality between energy consumption and economic growth: 

A multi-sectoral analysis using non-stationary cointegrated panel data”, Energy Economics, Vol. 32, 

No. 3, pp. 591-603.  

Crouch, G. (1995). “A meta-analysis of tourism demand”, Annals of Tourism Research, Vol. 19, No. 4, pp. 

643-664. 

Crouch, G. (1996). “Demand Elasticities in International Marketing: A Meta-Analytical Application to 

Tourism”, Journal of Business Research, Vol. 36, No. 2, pp. 117-136. 

Crouch, G. and B. Ritchie (2005). “Application of the Analytic Hierarchy Process to Tourism Choice and 

Decision Making: A Review and Illustration Applied to Destination Competitiveness”, Tourism 

Analysis, Vol. 10, No. 1, pp. 17-25. 

Damonte, T., D. Domke-Damonte and S. Morse (1998). “The case for using destination-level price 

elasticity of demand for lodging services”, Asia Pacific Journal of Tourism Research, Vol. 3, No. 1, pp. 

19-26. 

Deaton, A., and J. Muellbauer (1980). “An Almost Ideal Demand System”, The American Economic 

Review, Vol. 70, No. 3, pp. 312-326. 

Divisekera, S. (2010). “Regional variations in tourist consumption patterns: a model of tourism expenditure 

allocation”, Global Business and Economic Review, Vol. 2, pp. 101-111. 

Easterly, W., N. Loayza and P. Montiel (1997). “Has Latin America’s post reform growth being 

disappointing? Journal of International Economics, Vol. 43, No. 3-4, pp. 287-311. 

Engle, R. and C. Granger (1987). “Co-integration and error correction: representation, estimation, and 

testing”, Econometrica, Vol. 55, No. 2, pp. 251-276. 

Fisher, R. (1932). Statistical Methods for Research Workers, Oliver and Boyd, London. 

FitzGerald, J. and R. Tol (2007). “Aviation in the European trading system of carbon dioxide emission 

permits”, CESIfo Forum 1/2007, pp. 51-54. 

Gabszewicz, J. and O. Tarola (2005). “Air traffic expansion and monopoly pricing”, International Journal 

of Transport Economics, Vol. 32, No. 2, pp. 161-169. 

Gonzalez, P. and P. Moral (1995). “An Analysis of the International Tourism Demand in Spain”, 

International Journal of Forecasting, Vol. 11, No. 2, pp. 233-251. 

Herrera, A. and N. Vales (2013). Estimación de las emisiones de gases contaminantes generadas por la 

actividad aérea en México. Mexican Institute of Transport and Ministry of Transport and 

Communication, Technical Note No. 384.  

Holtz-Eakin, D., W. Newey and H. Rosen (1988). “Estimating vector autoregressions with panel data”, 

Econometrica, Vol. 56, No. 6, pp. 1371-1395. 

http://www.banxico.org.mx/


24 
 

Holtz-Eakin, D., W. Newey and H. Rosen (1988). “The revenue expenditure nexus: Evidence form local 

government data”, International Economic Review, Vol. 30, No. 2, pp. 415-429. 

International Air Transport Association (IATA) (2016). IATA Annual Review 2016. IATA, Montreal, 

Canada. 

International Civil Aviation Organization (ICAO) (2016). ICAO Environmental Report 2016: Aviation and 

climate change. ICAO, Montreal, Canada. 

Inglada-Pérez, L. (2016). “Uncovering nonlinear dynamics in air transport demand”, International Journal 

of Transport Economics, Vol. 43, No. 1-2, pp. 33-66. 

International Civil Aviation Authority (ICAO) (1985). Manual on Air Traffic Forecasting, ICAO Doc 

8991-HT/772/2. 

Johansen, S. (1988). “Statistical analysis of cointegration vectors”, Journal of Economic Dynamics and 

Control, No. 2-3, pp. 231-254. 

Johansen, S. (1995). Likelihood-based Inference in Cointegrated Vector Autoregressive Models, Oxford: 

Oxford University Press. 

Jud, G. and H. Joseph (1974). “International Demand for Latin American Tourism”, Growth and Change, 

Vol. 5, No. 1, pp. 25-31. 

Kao, C. (1999). “Spurious Regression and Residual-Based Tests for Cointegration in Panel Data”, Journal 

of Econometrics, Vol. 90, No. 1, pp. 1-44. 

Kao, C. and M. Chiang (2000). “On the estimation and inference of a cointegrated regression in panel data”, 

In: Baltagi, B. (ed.), Nonstationary Panels, Panel Cointegration, and Dynamic Panels, Advances in 

Econometrics, Vol. 15, Amsterdam: JAI Press, pp. 161-178. 

Kejriwal, M. and P. Perron (2008). “Data dependent rules for the selection of the number of leads and lags 

in the dynamic OLS cointegration regression”, Econometric Theory, Vol. 24, No. 5, pp. 1425-1441. 

Kiviet, J. (1995). “On bias, inconsistency, and efficiency of various estimators in dynamic panel data 

models”, Journal of Econometrics, Vol. 68, No. 1, pp. 53-78.  

Kulendran, N. and S. Witt (2001). “Cointegration Versus Least Squares Regression”, Annals of Tourism 

Research, Vol. 28, No. 2, pp. 291-311. 

Kusni, A., N. Kadir and S. Nayan (2013). “International Tourism Demand in Malaysia by Torusits from 

OECD Countries: A Panel Data Econometric Analysis”, Procedia Economics and Finance, Vol. 7, pp/ 

28-34. 

Lim, C. (1999). “A Meta-Analytic Review of International Tourism Demand”, Journal of Travel Research, 

Vol. 37, No. 3, pp. 273-284. 

Lütkepohl, H., P. Saikkonen and C. Trenkler (2001). “Maximum eigenvalue versus trace tests for 

cointegrating rank of VAR process”, Econometrics Journal, Vol. 4, No. 2, pp. 287-310. 

Maddala, G. and S. Wu (1999). “A comparative study of unit root tests with panel data and a new simple 

test”, Oxford Bulletin of Economics and Statistics, Vol. 61, No. S1, pp. 631-652.  

Mandal, S. and S. Madheswaran (2010). “Causality between energy consumption and output growth in the 

Indian cement industry: An application of the panel vector error correction model (VECM)”, Energy 

Policy, Vol. 38, No. 11, pp. 6560-6565. 

Mark, N. and D. Sul (2003). “Cointegration vector estimation by panel DOLS and long-run money 

demand”, Oxford Bulletin of Economics and Statistics, Vol. 65, No. 5, pp.655-680.  

Mayor, K. and R. Tol (2007). “The impact of the UK aviation tax on carbon dioxide emissions and visitor 

numbers”, Transport Policy, Vol. 14, pp. 507-513. 

Melville, J. (1998). “An empirical model of the demand for international air travel for the Caribbean 

region”, International Journal of Transport Economics, Vol. 25, No. 3, pp. 313-336. 



25 
 

Michaelis, L. (1997). Special Issues in Carbon/Energy Taxation: Carbon Charge on Aviation Fuels – Annex 

1 Export Group on the UNFCCC, Working Paper No. 12, Organization for Economic Cooperation and 

Development, OCDE/GD(97)78, Paris. 

National Institute of Statistics and Geography (INEGI for its Spanish acronym) (2015). Estadísticas 

históricas de México 2014, Instituto Nacional de Estadística y Geografía, México. 

Olsthoorn, A. (2001). “Carbon Dioxide Emissions from International Aviation: 1950 – 2050”, Journal of 

Air Transport Management, Vol. 7, pp. 87-93. 

Oum, T., W. Waters, II, and J. Yong (1990). “A Survey of Recent Estimates of the Price Elasticities of 

Demand for Transport”, The World Bank, Working Paper Series, 359.  

Pearce, B., and D. Pearce (2000). Setting Environmental Taxes for Aircraft: A Case Study of the UK, 

CSERGE Working Paper, GEC 2000-26. 

Pearson, C. (1985). Down to Business: Multinational Corporations, the Environment and Development, 

World Resource Institute, New York, US. 

Pedroni, P. (1999). “Purchasing Power Parity Tests in Cointegrated Panels”, Working Paper, Department 

of Economics, Indiana University. 

Pedroni, P. (2000). “Fully modified OLS for heterogeneous cointegrated panels”, Advances in 

Econometrics, Vol. 15, pp. 93-130. 

Pedroni, P. (2001). “Purchasing power parity tests in cointegrated panels”, The Review of Economics and 

Statistics, Vol. 83, No. 4, pp. 727-731. 

Pedroni, P. (2004). “Panel cointegration: asymptotic and finite sample properties of fooled time series tests 

with an application to the PPP hypothesis”, Econometric Theory, Vol. 20, No. 3, pp. 597-625. 

Peng, B., H. Song, G. Crouch and S. Witt (2015). “A Meta-Analysis of International Tourism Demand 

Elasticities”, Journal of Travel Research, Vol. 54, No. 5, pp. 611-633. 

Secretaría de Turismo (SECTUR) (2014). Compendio Estadístico del Turismo en México 2014, SECTUR, 

México. 

Seetanah, B., R. Durbarry and J. Ragodoo (2010). “Using the Panel Cointegration Approach to Analyse the 

Determinants of Tourism Demand in South Africa”, Tourism Economics, Vol. 16, No. 3, pp. 715-729. 

Sobieralski, J. (2012). Taxation of United States general aviation, PhD Thesis at the Southern Illinois 

University at Carbondale, US. 

Song, H. and S. Witt (2000). Tourism demand modelling and forecasting: modern econometric approaches, 

Oxford, Pergamon. 

Song, H. and S. Witt (2003). “Tourism forecasting: the general-to-specific approach”, Journal of Travel 

Research, Vol. 42, No. 1, pp. 65-74. 

Song, H., J. Kim and S. Yang (2010). “Confidence intervals for tourism demand elasticity”, Annals of 

Tourism Research, Vol. 37, No. 2, pp. 377-396. 

Song, H., P. Romilly and X. Liu (2000). “An Empirical Study of Outbound Tourism Demand in the UK”, 

Applied Economics, Vol. 32, No. 5, pp. 611-624. 

Song, H., S. Witt and G. Li (2003). “Modelling and forecasting the demand for Thai tourism”, Tourism 

Economics, Vol. 9, No. 4, pp. 363-387. 

Song, H., S. Witt and G. Li (2009). The Advanced Econometrics of Tourism Demand, London, Rutledge. 

Spiru, A. and Z. Qin (2016). “Investing on the Edge: Exploring the opportunities for diversification in 

frontier markets” in P. Andrikopoulos, G. Gregoriou and V. Kallinterakis (eds.) Handbook of Frontier 

Markets: Evidence from Middle East North Africa and International Comparative Studies, Elsevier, 

London. 

Stronge, W. and M. Redman (1982). “U.S. Tourism in Mexico: An Empirical Analysis”, Annals of Tourism 

Research, Vol. 9, No. 1, pp. 21-35. 



26 
 

Tol, R. (2007). “The impact of a carbon tax on international tourism”, Transportation Research Part D, 

Vol. 12, pp. 129-142. 

Williams, V. and R. Noland (2006). “Comparing the CO2 emissions and contrail formation from short and 

long haul air traffic routes from London Heathrow”, Environmental Science and Policy, Vol. 9, No. 5, 

pp. 487-495.  

Wit, R., B. Boon, A. van Velzen, M. Cames , O. Deuber and D. Lee (2005). Giving Wings to Emissions 

Trading – Inclusion of Aviation under the European Trading System (ETS): Design and Impacts, CE 

Delft, Delft Report for the European Commission No. ENV.C.2/ETU/20004/0074r. 

Wit, R., J. Dings, P. Mendes de Leon, L. Thwaites, P. Peeters, D. Greenwood and R. Doganis (2002). 

Economic Incentives to Mitigate Greenhouse Gas Emissions from Air Transport in Europe, CE Delft.  

Witt, S. and C. Witt (1995). “Forecasting tourism demand: a review of empirical research”, International 

Journal of Forecasting, Vol. 11, No. 3, pp. 447-475. 

Wohlgemuth, N. (1997). “World Transport Energy Demand Modelling – Methodologies and Elasticities”, 

Energy Policy, Vol. 25, No. 14-15, pp. 1109-1119. 

 

 

APPENDIX 

 

Table A1. Estimated increase in airplane ticket price due to carbon tax,  

by city of origin 

(round trip) 

 
Flying  From 

To: Mexico City, MEX United States  Canada  Europe 

 LA NY  VN TR  LON MAD PAR 
          

Distance (kms) 5,004 6,736  7,894 6,442  17,816 18,142 18,410 

Economy class airfare (USD)1  $335 $549  $575 $515  $918 $1,142 $1,144 

           

Carbon Tax (per tonne of CO2)2:          

10 USD 
Implied tax on airfare $4.97 $6.70  $7.85 $6.40  $17.71 $18.04 $18.30 

Change in ticket cost 1.49% 1.22%  1.37% 1.24%  1.93% 1.58% 1.60% 

           

30 USD 
Implied tax on airfare $14.92 $20.09  $23.54 $19.21  $53.14 $54.11 $54.91 

Change in ticket cost 4.46% 3.66%  4.10% 3.73%  5.79% 4.74% 4.80% 

           

100 USD 
Implied tax on airfare $49.75 $66.97  $78.48 $64.05  $177.13 $180.37 $183.03 

Change in ticket cost 14.86% 12.20%  13.66% 12.45%  19.29% 15.79% 15.99% 
          

Note: LA=Los Angeles, NY=New York, VN=Vancouver, TR=Toronto, LON=London, MAD=Madrid, PAR=Paris. 
1 Average economy cost of direct round trip ticket flying between May-September 2016, as of February 2016.    
2 Assumes traveling in a Boeing 747 with a fuel efficiency of 5 gallons per mile, emitting 9.6 kg of CO2 per gallon of jet fuel, 

and an average of 300 passengers per aircraft. It is also assumed that the entire cost of the tax is passed onto consumers as an 

increase in the price of the ticket. 

 

 

 


