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Abstract

:

Many small islands base their economy on tourism. This activity, based to a large extent on the movement of millions of people by air transport, depends on the use of fossil fuels and, therefore, generates a large amount of greenhouse gas (GHG) emissions. In this work, these emissions are evaluated by means of various carbon calculators, taking the Canary Islands as an example, which is one of the most highly developed tourist archipelagos in the world. The result is that more than 6.4 million tonnes (Mt) of CO2 are produced per year exclusively due to the massive transport of tourists over an average distance of more than 3000 km. The relative weight of these emissions is of such magnitude that they are equivalent to more than 50% of the total amount produced by the socioeconomic activity of the archipelago. Although, individually, it is travelers from Russia and Nordic countries who generate the highest carbon footprint due to their greater traveling distance, the British and German tourists account for the greatest weight in the total, with two-thirds of emissions.
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1. Introduction


Tourism is considered one of the most important economic activities on a global scale, with a total of 1.4 billion international tourists in 2018 [1] (during the writing of this article, the planet is mired in the COVID-19 pandemic that has led to a drastic reduction in the number of tourist trips in 2020) and an estimated 1.8 billion by 2030 [2]. The carbon footprint of tourism on a global scale is equivalent to approximately 8% of total greenhouse gas (GHG) emissions, reaching 4.5 GtCO2eq in 2013 [3]. Furthermore, while other sectors have begun to develop a carbon mitigation program, the response of the tourism industry to climate change has been ineffective [4]. A substantial part of these emissions is due exclusively to air traffic, which, in Europe, for example, in 2017, was 3.8% of its total emissions [5]. In 2017, on a planetary scale, 3.7 billion passengers traveled by plane [6]. It is not difficult to imagine their impact on the amount of GHG emitted into the atmosphere since oil was the primary source of energy used in their means of transport, accounting for 3% of the world consumption of fossil fuels in recent years and 12% of the emissions related to transport [7], rising in the European case to 13.4% [8]. There is no doubt that this enormous development has been due to population growth and urbanization, better levels of education or higher economic income, among others, as well as the general decrease in the price of fares. This facilitates an increase in flights and the shortenings of stays [9]. Consequently, socioeconomic factors are the key to explaining the increase in the use of this transport, as well as investment in the tourism sector [6]. On a continental scale, Asia is the continent that has grown the most in air connections and, therefore, in polluting emissions [10].



In this context, flight demand is expected to continue to increase by between 3.7% and 5.5% annually in the coming decades [11,12,13,14,15], which would mean that in the next 20 years, between 2019 and 2039, the number of passengers transported could multiply by 2.1, to over 8 billion annually [16], and this tendency will not be affected by the COVID-19 pandemic [11]. A total of 280 million air trips/passengers were recorded in 2017 [16] and all air travel will triple by 2050 [17]. With regard to this, although research and investment continue to improve fuel efficiency because, in addition, this is one of the highest operating costs for airlines, improvement in the energy efficiency of aircrafts has only been 1.5% annually (2009–2020) [16]. Although airlines are concerned about climate-friendly ethics [18], it seems that the energy used for the propulsion of aircrafts will not change in the medium term [19,20]. Consequently, although airline fleets are constantly being modernized and are supposedly cleaner from an environmental perspective, the number of flights has increased much more notably, with the result that approximately 160 million tonnes (Mt) of fuel were consumed in 2015 [21], leading to increasingly higher emissions. Furthermore, in Europe, the international aviation sector grew by 128.9% between 1990 and 2017, with more than 1.1 billion passengers in 2018, becoming the fastest growing sector responsible for the main sources of emissions on a continental scale [5].



This huge number of journeys generates massive GHG emissions. It is estimated that around 665 Mt were released into the atmosphere by commercial aviation in 2018, compared to, for example, the slightly more than 21 Mt generated by cruise ships in 2017. The mean average annual increase has been almost 8% since 2015 [22] and CO2 emissions are predicted to have increased by at least 21% in 2040 compared to 2017 [8]. It is no exaggeration to say that the compatibility between environmental sustainability and the expectations of continued growth in the coming decades is extremely difficult [23].



Small islands have a series of common features and difficulties that differentiate them from continental territories [24], such as the generation or supply of energy, water, and food, transport in general, waste treatment, etc. In the case of those with Mediterranean, tropical, or subtropical climates, most of them are highly dependent on tourism and their insular condition means that their connectivity is based on aviation. In general, island territories are considered highly vulnerable to the impacts of climate change [25,26].



In Spain, for example, both in the case of the Balearic Islands and the Canary Islands, as they are archipelagos, the main route of arrival is by plane, which is more pronounced for the Canary Islands due to its distance from the countries that send the tourists. It could be said that, with the exception of the cruise ships that visit the ports of the islands but do not spend the night there, practically 100% of foreign tourists—and also domestic tourists—who arrive in the Canary Islands do so by air.



This mass tourism, generally located on the coast, generates a high environmental cost, which is reflected, above all, in territorial impacts and in the landscape, which have been widely studied in the Canary Islands [27,28]. In addition, other specific impacts have been addressed such as the generation of waste, the exploitation of water, or other aspects related to the ecological footprint of tourism on the islands [29,30]. However, in the current context of climate change, although a framework has been proposed to quantify the general carbon footprint of tourism on islands [31], there is still an important knowledge gap in terms of studies that allow a specific assessment of international aviation concerning the contribution of the current tourism model of small island territories to global warming. In this respect, the main aim of this work is the quantification of the carbon footprint generated by the movement of millions of international tourists who travel from the European continent to island destinations, using the Canary Islands as a laboratory and axis of the discussion.



The present study seeks to identify which tourists generate the largest carbon footprints in their journeys, and at the same time, perform an analysis of the origin of these tourists, taking into account the number of journeys and the distance traveled and comparing the impact of each tourist with respect to their emissions in their countries of origin. In addition, there is an evaluation of the total emissions produced by international aviation in the Canary Islands. On the other hand, several aspects are compared between the two Spanish archipelagos and other tourist islands and, finally, the contribution of tourist air transport to the islands’ carbon footprint is compared with the amount produced by other economic activities.




2. Context of the Study Case (Study Area)


Over time, the tourism sector in the Canary archipelago has been increasing its potential and development, currently and prominently as the main engine of its economy. In this sense, the Canary Islands are one of the first European destinations to have focused on sun and beach tourism and it is the Spanish region that generates the most employment from tourism, accounting for 40% of the regional total (2017) as well as 35% of the Canary GDP [32]. The Canary Islands have led the rankings as a European destination in recent years in terms of the number of overnight stays in tourist establishments, surpassing destinations such as Paris, Catalonia, the Balearic Islands, and London [33].



The Canaries are a consolidated historical destination that have attracted many travelers since the 18th and 19th centuries, initially for medical and therapeutic reasons [34] and recently for coastal leisure, but with the climate always being the biggest attraction. However, it was not until the arrival of commercial aviation and, above all, with the generalization of the jet engine that visitor numbers began to have a real and noticeable impact on the economy.



The main advantage of these islands with respect to other European and even Asian or American destinations specialized in sun and beaches is that they do not have a climatic seasonality that determines the inflows. The fact that the Canary Islands are one of the few destinations less than 4–5 h by plane from the heart of Europe means that the accommodation on the coast is open all year round. This feature is especially visible when compared with the other big Spanish island destination, the Balearic Islands, or other Mediterranean islands, which are marked by seasonal changes in climate. In other words, winter climatic features are the main economic resource of the Canary Islands from a tourist perspective, meaning it has hardly any competitors in the European market.



In Spain, the second largest tourist power in the world in 2018, only behind France [35], its two archipelagos accounted for more than a third of the almost 83 million international tourists who arrived in the country in 2018. These two island territories have recorded similar numbers of tourists in recent years, with an annual average of just over 13.5 million tourists each between 2015 and 2019 [36]. The sum of both would place them as the fifteenth largest power in the world for international tourism based on data from 2018 [35].



However, the annual distribution is markedly different (Figure 1). There is a clear summer maximum in the Balearic Islands. There are only a few other archipelagos on the planet which are not affected by seasonality, the case of Hawaii being a good example although, unlike the Canary Islands, most of its visitors are domestic tourists [37].



The number of aircrafts of European origin arriving in the Canary Islands has multiplied by 345 in recent decades. The number of tourists who arrived in the islands in 1955 was 39,500 [38] and the average number who arrived in the last five years was 13,500,000; in other words, an increase of 34,000%, only taking into account international visitors.
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Figure 1. Distribution of the number of foreign tourists in the Balearic Islands, the Canary Islands, and Hawaii. Average 2016–2019 (Canary Islands and Balearic Islands) and 2018–2019 (Hawaii). Source: INE [36], DBEDT [37], and AETIB [39]. 
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It is also important to note that the growth of low-cost airline companies and the significant reduction in fares has, in turn, generated greater demand, facilitating a greater frequency of flights. According to data from the Spanish Airports and Air Navigation [40], more than 50 different airlines fly to the main Canary airports from many different domestic and international origins, especially from Europe; there are about 80 destinations from Tenerife South and Gran Canaria and around 55 from Lanzarote and Fuerteventura [41] (Figure 2). This has led to the possibility of creating a large number of second homes for European citizens on Canary soil, to the point that international connections with many different cities, especially British and German, with several daily flights, exceed or equal those of domestic connections with Madrid and Barcelona. The five main Canary airports (Gran Canaria, Tenerife South, Tenerife North, Lanzarote, and Fuerteventura), handled in the region of 400,000 operations in 2019, accounting for 17% of all operations in Spain for the same year [40]. Therefore, more than 1 out of every 6 flights in Spain originates or ends at a Canary airport, although the archipelago only represents 4.5% of the population [36].



In short, the plane as a means of transport in recent decades has enabled the mass movement of European citizens to the archipelagos. The prices mean that it is affordable for many people to travel the 6400 km or the 8600 km round trip from Berlin or Stockholm, respectively, for example, to the Canary Islands several times a year. Connectivity due to air transport is a key link in the tourist value chain of all the archipelagos dependent on such activity. Thus, it is clear that aviation needs to become more climatically sustainable [42].



The undoubted economic benefit of the entire aforementioned process has resulted in a marked increase in income on the islands, even attracting a large number of immigrants to fill the number of jobs connected in one way or another to tourism. However, the environmental impact has also been considerable, with a notable deterioration of the coastlines and a depletion of the archipelago’s natural resources, which can be referred to as unsustainable development.



In this regard, the wealth created by mass air transport should also be considered not only in terms of the high GHG emissions responsible for climate change on the planet, but also in terms of large-scale air pollution [10,15]. It should not be forgotten that, despite the relative proximity of the Canary Islands to the European continent, the distances, with respect to the emitting countries, are notably greater than those of the other European archipelagos or islands such as the Greek Islands, Malta, Sardinia, or the Balearic Islands. In general terms, the distance between the countries sending the tourists and the Canary Islands is double that of the Balearic Islands or Malta (Table 1). In any case, it is undeniable that island tourist destinations have the largest carbon footprint, due to a large extent to the imperative need for air transport to fill their tourist places.



The large-scale arrival of international tourism, with an average of more than one million monthly visitors in the Canary Islands and over 2 million in the Balearic Islands in the high season, has a great impact. This tourism model, based on quantity rather than quality, endangers the conservation of the natural resources of most of the islands offering sun and beach tourism and as it depends on aviation is, therefore, a generator of large amounts of GHG.




3. Materials and Methods


3.1. Data


In order to comply with the proposed objectives, in addition to scientific publications, a series of official statistical sources, national or regional observatories of tourism activity, as well as various reports issued by different institutions and related to the matter have been used. A wealth of information has been collected from official documents of the European Commission and the European Parliament, as well as from websites specializing in air transport and the environment.



The collection of data on tourists and trips to the Canary Islands used information provided by the Spanish National Institute of Statistics (INE) [36], the Canary Institute of Statistics (in Spanish, ISTAC) [43] and, indirectly, information from the public company National Airports and Spanish Air Navigation (in Spanish, AENA) [40], in charge of all Spanish airports, through ISTAC. For data from other islands, official sources were used to collect information on tourism activity, such as data from the Balearic Islands Tourism Strategy Agency (AETIB) [39], the National Statistics Office of Malta (NSOM) [44], and the Department of Business, Economic Development and Tourism (DBEDT) [37] of the state of Hawaii in the USA.



CO2 emissions calculations were performed with what are known as carbon emission calculators, implemented in dynamic and interactive web pages. Those used in this work are the ones provided by:



Carbon Footprint Ltd. (CFL), which is a company dedicated to research, consulting, and services related to quality, the environment, and energy. Among its many products, it offers a free application that allows any user to compute their CO2 emissions at home or from the use of car [45], motorcycle, train, and air travel, the latter being the main topic of the analysis in the present work. To do this, the user needs to select the point of origin and destination, and they can also choose the type of flight class (economy, business, or first class).



CeroCO2 [46]: this is a Spanish website promoted in conjunction with the NGOs ECODES and Acciónatura, which only calculates emissions for air routes based on distance; it is not necessary to establish a specific path.



The International Civil Aviation Organization (ICAO) is a specialized agency belonging to the United Nations [21], whose information has been widely used in other scientific works [10,47]. Its design takes into consideration different factors such as the type of aircraft, the specific data of the route, the load factors of the passengers, and the cargo transported. In the same way as CFL, it is necessary to enter data such as the origin, destination, and type of ticket. It also has the particularity that it is based on real flights, so it is only possible to calculate the routes that are covered by an airline.



The first two dynamic and interactive websites for calculating emissions are of a more general nature; however, the one offered by ICAO is more specific and focuses on aviation, which was taken as the reference here.



The search for GHG emissions used the World Bank resources, which provides all the analyses and results on the CO2 emissions generated by each nation and per capita.



Finally, information related to GHG emissions from all types of activities in the Canary Islands came from the latest Canary Islands Energy Yearbook (in Spanish, AEC), published in 2018 [48].




3.2. Approach


Assigning international aviation emissions is complex and, in fact, studies calculating the carbon footprint of the tourism sector have only recently appeared [31], with very few studies exclusively evaluating the footprint of aerial traffic. Furthermore, highly varied data and sources are not always comparable [17]. Thus, the calculations in this work are approximate quantifications of the amounts of GHG produced by air mobility in relation to a specific spatial context. Therefore, the main methodological contribution consists of determining the carbon footprint generated by tourist trips to the Canary Islands from the main tourist-emitting countries. To do this, firstly, a procedure was developed to count the number of visitors, journeys, and kilometers traveled by them in the period of one year. Subsequently, with the use of the abovementioned emissions calculators, quantifying of the estimated emissions for the group of islands during the same period of time was performed.



3.2.1. Estimation of Tourist Trips to the Islands


The search for statistical information on international passengers arriving in the Canary Islands was conducted to calculate the tourist influx. This search identified the number of visitors per month, year, and nationality. The method followed for the calculations was based, first of all, on an exhaustive analysis of the data on the number of tourists arriving through the airports, taking into account nationalities, using tourist portals and official statistics to calculate distances and emissions per trip. In order to avoid fluctuations inherent to inter-annual changes associated with multiple causes, the mean number of visitors analyzed for a period of five years (2015–2019) was taken as a reference.




3.2.2. Calculation of CO2 Emissions


Once the tourist influx data were established, CO2 emissions were estimated. A methodological test was performed using the calculation of CO2 emissions per passenger based on the flight taken to know the carbon footprint generated on the journey from the country of origin to the destination. In order to do this, the three online calculators mentioned above were used to calibrate the differences between them and their reliability.



For all options, a standard, tourist, or economic flight class was computed, and the same reference airports, calculating the complete journey, that is, round trip. However, as it is not possible to know exactly all the departure airports of all the tourists who travel to the islands, the authors decided to locate the departure of the flights from the main airport of each emitting country, which usually coincided with the larger and/or centrally located cities. For example, Frankfurt am Main was used in the case of Germany. The only exception was the UK, where, due to the high number of flights from Wales, Scotland, and England, Manchester was used as the reference airport for the calculation. Manchester is the third busiest British airport in number of passengers and second in the ranking outside the London area [49], and is located in a more central geographical area than the different London airports, which are located in the southeast of the country.



It should be noted that some of the tourists who arrive in the Canary Islands may have made a previous domestic transfer. In reality, it is true to say that this is not so frequent by air and not particularly relevant in the global computation, except for very large countries such as Russia. Thus, only direct routes are used in this work. Therefore, the final calculation in this article may be a slight underestimate.



With regard to the destination, only one airport was selected to calculate the distance of the journeys, designating Gran Canaria as the point of arrival. The justification for this, instead of Tenerife South, the islands’ other major international airport, is because it is located in a more equidistant place with respect to the main tourist islands (Tenerife, Gran Canaria, Lanzarote, and Fuerteventura) (The difference regarding a flight between Frankfurt and Gran Canaria with respect to Frankfurt to Tenerife is only 55 km more, which is 1.7% shorter. If the destination is Fuerteventura or Lanzarote, the difference is 128 and 188 km less, respectively, 4% and 5.9%. Taking into account that there are many more flights to Tenerife than to Fuerteventura or Lanzarote, the difference is practically cancelled out). The distances traveled and the emissions hardly vary in relative terms, so it is possible to fulfill the objective set with a high level of accuracy.



In this way, the tonnes of CO2 produced on each journey are established along with the number of passengers arriving from each of the different emitting countries included in the study, thus obtaining the carbon footprint of each nationality and, at the end of the process, an approximation of the total emissions from international air traffic in the Canary Islands.



Finally, the study compares the carbon footprint generated by the international commercial transport of people with that generated by other economic activities and the implication of air travel for the islands is related to each of the nationalities of origin depending on the carbon footprint per capita.






4. Results


4.1. Quantification of Tourist Trips to the Islands


The Canary Islands receive tourists with many different nationalities throughout the year, due, as already mentioned, to the absence of seasonality. In the five years analyzed here (2015–2019), there are direct connections with at least 26 countries, with the possible addition of the arrival of people from other nations with a stopover in Madrid, Barcelona, or any of the large European airports (Table 2).



Although there is no seasonality in the general flow of tourists, there is a certain temporal variation according to nationality, presumably depending on economic situation, climate in the country of origin, holiday period, age, etc., as shown in the reports prepared by the Government of Canary Islands in order to know the characteristics and preferences of foreign visitors in depth [50]. Thus, the highest number of visitors, British and German, are distributed throughout the year, but the former arrive somewhat more in the warm months, while the latter arrive more between October and April. Scandinavians, Finns, and Austrians also clearly predominate in winter; French and Swiss are distributed more evenly. In the overall computation, as has been seen, a somewhat higher volume of tourists arrive on the islands in the cold months than in May and June, the time of least inflow (Table 2 and Figure 1).



As can be seen, these are exclusively European tourists (99.3% of the total). Among all the nationalities, the UK with an average of more than five million tourists and Germany with three million stand out, well above Dutch, Swedish, and Irish visitors who number over half a million (Figure 3). Italy, Belgium, Switzerland, France, Norway, Poland, Finland, and Denmark send between 100,000 and 500,000 visitors per year. Austria, Portugal, Russia, Luxembourg, and the Czech Republic emit less than 100,000 tourists with the remaining countries, including Hungary and Iceland, sending less than 50,000, [43].




4.2. Estimation of CO2 Emissions in the Canary Islands


The results regarding the quantification of CO2 emissions show that the countries that generate the most carbon footprint on their journey depending on the distance to the archipelago are Russia, Finland, and Sweden, each passenger emitting more than 0.60 Tn of CO2 according to ICAO, on a round trip. This amount rises to above 1.3 Tn with the other emission calculators, followed by Norway, Iceland, Denmark, Poland, Austria, the Czech Republic, and Hungary, with between 0.5 and 0.6 Tn according to ICAO. Flights from Belgium, Switzerland, Luxembourg, Italy, the UK, Germany, The Netherlands, Ireland, and France account for between 0.4 and 0.5 Tn. Finally, with less than 0.4 Tn, one finds the routes from Cape Verde, Portugal, Mauritania, Gambia, Senegal, and Morocco which, as mentioned above and with the exception of Portugal, hardly involve foreign visitors to the islands, as is the case of Venezuela, since they mainly transport Canary travelers to these destinations, although this is obviously international air traffic (Table 3). Although the ICAO calculator is the most precise because of its specialization, it is paradoxical that their results are considerably lower than those obtained with other carbon footprint calculators. The ICAO offers results that are approximately 50% below those obtained by the CFL and CeroCO2 calculators. The CFL method gives, on average, an 86% higher result and CeroCO2, 106%.



The final calculation shows how the tourist volume factor intervenes more in the total emission count than the distance factor between the country of origin and the local destination. In fact, the correlation (Pearson) between the number of tourists and CO2 emissions is 0.99. Therefore, the percentage of emissions by nationality and the percentage of number of tourists by nationality are practically the same. The UK and Germany also stand out in the volume of emissions, with almost two-thirds of total emissions (Table 4). In the case of the Canary Islands, although a tourist traveling from Russia or Finland pollutes more on an individual basis, approximately 50% more than a Briton, due to the length of their route to the archipelago, the latter, although with less pollution per capita, have a higher global incidence due to the large number of British tourists traveling to the islands.



When the distribution of emissions by month is observed, it can be clearly seen how the carbon footprint is higher in the cold months compared to the warm ones. Especially in July and August, emissions per traveler decrease compared to the winter season (Figure 4). It should be remembered that most of the visitors from the most distant countries (Sweden, Finland, etc.) and also Germany travel more in the cold months.



The annual mean average of total CO2 emissions for the Canary Islands in the analyzed period (2015–2019), as a result of international air transport, is close to 6.5 Mt of CO2 (Table 5). When analyzing this amount in its context, it is possible to observe the notable relative importance of this activity, both for the Canary Islands and for any island that depends on the plane as a means of transport for its visitors.




4.3. The Aerial Carbon Footprint of Tourism Compared to Other Activities and in the European Context


The result obtained for the Canary Islands is a considerable figure and the equivalent of a large percentage of the archipelago’s total emissions (Table 5). The data collected in the Canary Islands Energy Yearbook for 2018 [48], based on the GHG inventory of Spain, prepared by the Spanish System of Inventory and Projections of Atmospheric Pollutants Emissions and using a methodology approved by the Intergovernmental Panel on Climate Change (IPCC), present the air emissions in the context of the archipelago.



The total estimated GHG emissions in the community were 13,586,940 Tn of CO2-eq in 2017, which is 4% of national emissions. Of these, transportation contributed 5,270,800 Tn of CO2-eq including land, sea, and national air transport (Table 5). Almost all of this GHG volume, 99.03%, was CO2 [48].



Breaking down the types of transport shows that international tourist aviation exceeds, by far, the magnitude of the carbon footprint of the rest of the means of transport. Terrestrial transport has the greatest weight in GHG emissions, but far less than those generated by aviation. This difference is greater when the emissions appear in CO2-eq in the calculations of the Yearbook, whereas the estimates calculated in the present work only include CO2. In other words, international air traffic generates emissions that far exceed, by almost 23%, those produced by road, maritime, and national air transport together and is 10 times higher than national domestic air traffic. Furthermore, although power generation and industry is the sector with the highest emissions, with 6.6 Mt of CO2-eq, their CO2 emissions only slightly exceed those of international air traffic (Figure 5 and Table 6).



International aviation is, therefore, conspicuously configured as a sector with high CO2 emissions, reaching the equivalent of 54.3% of total emissions in the Canary Islands (Table 6). In any case, it should not be forgotten that, if the calculation is carried out with other applications such as Footprint or CeroCO2, it would show results that would duplicate the presented data, and would be well above all economic sectors in the archipelago.




4.4. Relationship between the Carbon Footprint of International Tourists to the Islands and Their National per Capita Footprint


Similarly, the per capita emissions of the countries involved have been related to those of the journey to the islands (Table 7). The highest percentages are found in Gambia, Mauritania, Cape Verde, and Senegal, thus accentuating the great inequality that exists between developing countries and tourist emitters. In other words, a flight between the Canary Islands and the Gambia emits more than what an inhabitant of that country emits in their daily activities for a year. On the contrary, a German citizen’s emissions from a flight to the Canary Islands are equivalent to 5.3% of their total annual emissions. The journey to the Canary Islands has the highest percentage contributions in the case of tourists who come from Sweden (13.6%), Switzerland (11.95%), and Hungary (11.3%), since an important part of the per capita emissions are generated by the flights to the islands. However, tourists traveling from Luxembourg (3.1%) or the Netherlands (4.6%) have the least impact on their national per capita carbon footprint when making the trip because their citizens generate high annual emissions, over 10 Tn per year (Table 7).





5. Discussion


The analyses carried out for quantification of tourist trips to the islands only focus on direct connections which make up the vast majority of connections. It is also worth mentioning that some of the destinations (Senegal, Cape Verde, Venezuela, Mauritania, Gambia, and Morocco) are not emitters of tourists but rather receivers of a diverse range of visitors mostly residing in the Canary Islands. However, their impact on the total is almost negligible, both in number of passengers and in emissions.



Regarding the European origins of tourists, it is, by far, the climate of the islands that is the primary motivator for the trip [51,52], with notably drier and warmer environmental conditions than in the countries of origin, especially in winter. It should not be forgotten that, although there is no seasonality, the Canary Islands attributes its low season to the warm months of the year due to competition from other destinations, especially Mediterranean ones, which offer products and services at lower prices compared to the winter season [33].



According to the ICAO, the emissions on the journeys are mainly due to the distance traveled, that is, their specific data, and to the load factors of the different aircraft. Therefore, Russia (Moscow) is the country that leads this ranking, since it is the place of origin with the greatest distance of all the nations studied with respect to the Canary Islands with almost 5200 km between Tenerife South (The ICAO only allows calculations for real flights, so since there are no routes from Gran Canaria to Moscow, the calculation has been made with Tenerife South, which has flights operated by the Russian airline Aeroflot) and Moscow (Table 3).



Nevertheless, all passengers need to be counted to arrive at the total emissions. When making this calculation, the total volume of CO2 is much more linked to the number of tourists than to the distance traveled. Therefore, in the case of nationalities, the tourists that generate the highest carbon footprint annually are the most numerous, those who arrive from the UK and Germany because, although their route generates per capita just over half of the emissions from flights from Russia, they are, by far, the countries with the most trips to the islands. The sum of British and German tourists accounts for two out of every three visitors (Figure 3).



The mean average emission per tourist in the Canary Islands on their way to the islands is 0.48 Tn, compared to only 0.26 Tn in the case of the Balearic Islands. This difference is fundamentally due to the greater distance of the countries of origin from the Canary Islands, since the number of travelers, as mentioned above, is similar. The data found on most of the European islands are similar to the data on the Balearic Islands. This is the case of Malta, for example, with 0.31 Tn. On the other hand, it should be mentioned that the emissions in the case of the Canary Islands are on average approximately two times higher than those emitted by a European citizen, 0.25 Tn, in their annual air travel [17].



On a worldwide basis, other archipelagos further away from their emitting airports, such as Hawaii, have figures much higher than those of the Canary Islands. In this case, the city of Los Angeles in California, the closest airport emitting tourists, is located more than 4100 km away, which means minimum emissions per passenger of 0.59 Tn, amounting to 1.03 in the case of a flight from New York to Honolulu. As regards international tourism, the Japanese market [37] stands out, so that a flight from Tokyo to Hilo, with a distance very similar to that of a flight from Los Angeles of 4100 km, emits 0.59 Tn per passenger. Other tourist islands far from the emitting countries such as Bali in Indonesia or the Maldives exceed 0.8 Tn. The most extreme cases would be the routes between Western Europe and the islands of the South Pacific: a flight between Paris and Papeete (Tahiti) via Los Angeles emits almost 1.7 Tn per passenger in economy class and 3.3 in first class. If the other calculators like ZeroCO2 are used, the data are 2.4 times higher.



With respect to the carbon footprint of tourism in the Canary Islands compared to other activities and in the European context, the high environmental impact of the movement of tourists to the islands is evident. In this regard, taking into account that air traffic emissions in Europe slightly exceeded 200 Mt in 2010 [14], it could be true to say that the air traffic with origin and destination in the Canary Islands could be between 2% and 3% of the total emissions of the continent and about 1% on a worldwide scale. At the national level, considering that 17% of all operations have their origin or destination in the Canary Islands and knowing that the majority of flights are from Europe, it is clear that a significant part of CO2 emissions in Spain are due to air traffic in the Canary Islands. In fact, according to the Global Sustainable Tourism Panel at the Griffith University, CO2 emissions from air traffic in Spain in 2018 were 20.71 Mt, making Spain the fifth biggest emitter of CO2 from air traffic in the world [22]. Consequently, international air traffic with the Canary Islands on its own could account for the equivalent of 31% of total emissions from Spain, provided that all the pollution was attributed to the archipelago and not to the countries of origin.



In this context, the studies published to date show that the carbon footprint of international traffic in the Canary Islands is much higher than that of various European countries with a much larger population than the archipelago, as is the case of Denmark, which produces 3.81 Mt of CO2 annually [53], 2.6 Mt less than the Canary Islands.



In the latter observation, the relationship between the carbon footprint of international tourist to the islands and their national per capita footprint was analyzed. The exploration shows that the transfer of tourists to the islands does not only have consequences on the carbon footprint originated in the destination, but it also affects the countries that emit tourists, creating a double impact if analyzed separately. In this regard, aviation emissions affecting climate change need to be regulated [54]. The interest of European Union policies in the impact of GHG emissions by airlines crystallized in 2012 when a regulation on traffic emissions was implemented with the aim of reducing the carbon footprint, supported by the International Air Transport Association (IATA) [47]. This last fact was consolidated in Directive (EU) 2018/410, of 14 March 2018, of the European Parliament and of the Council, which aims to intensify GHG reduction actions. A Directive that also adopts Regulation (EU) 2017/2392, of 13 December 2017, by which the reduced emissions trading scheme of the European Union for the aviation sector ends in 2023. However, despite efforts in Europe, on a worldwide scale, this type of regulatory framework is still lacking, meaning that there is no effective control of emissions.



On the other hand, the inequalities in air traffic emissions have been described by Gössling and Humpe (2020) [17]. Only between 2% and 4% of the planet’s population took an international flight in 2018. Of these, more than 13.5 million did so to the Canary Islands. The emissions of these few international tourists in relative terms affect the entire population of the planet. In this context, a new concept known as “flygskam” [55] appeared in 2018 in Sweden and which could be translated as “flight shame”, whose main exponent is Greta Thunberg. The results of this are diverse political or social proposals, still diffuse and dispersed, tending to aim to drastically reduce the use of airplanes as a means of transport. It seems clear that this trend could be highly detrimental for the aviation industry and also for various tourist destinations as is the case in Spain, where more than 80% of visitors arrive by air [56,57] and especially islands, such as those that make up the outermost territories of the European Union that can only be reached by plane. A clear example of this is the aforementioned Directive (EU) 2018/410 and Regulation (EU) 2017/2392 whose transposition in the new proposed Spanish law amending Law 1/2995, of March 9, in its third transitory provision, clearly states how flights with destination or origin in airports belonging to an outermost region of the European Union will have advantageous conditions regarding the restriction of emission rights until 31 December 2023, thereby aiming to safeguard the insular and remote condition of the said territories.



There are already some experiences showing that an increase in taxes on aviation fuels produces an indisputable decrease in the use of the airplane as a means of transport [15]. The truth is that in 2017, the peak in the arrival of tourists to the Canary Islands was reached and in the following years, the number has been decreasing, by 3.3% between 2017 and 2018 and 5.2% between 2018 and 2019 [43]. It is clear that there are multiple causes, but it could be hypothesized that some of the potential visitors change their choice of destination for environmental reasons, motivated by the increase in awareness of climate change. The Canary Islands Government and local administrations have extensive knowledge of why tourists travel to the archipelago based on large-scale and exhaustive surveys of travelers. Based on the aforementioned hypothesis, it could be useful to add questions related to climate change or the environmental awareness of those who visit the islands.



As the latest data of interest, it should be noted that some authors suggest that all tourism activity emissions are slightly more than twice those of emissions due to air traffic [53] or that international aviation accounts for approximately one-third of the carbon footprint generated by tourism activity [31]. It could be said, therefore, that the international tourist activity in the Canary Islands may generate up to 13 Mt of CO2 annually, an amount equivalent to all the emissions produced by the archipelago in all its socioeconomic activity each year. In short, the above confirms, as other authors point out, that the tourism sector is highly vulnerable to climate change [58]; the results presented here show the great environmental significance of the movement of millions of tourists between the more developed parts of Europe and the islands of its periphery, but also the great economic and social cost that mitigating the problem will entail.




6. Conclusions


Tourist islands have enjoyed rapid development in recent decades. Air transport has facilitated the mass arrival of tens of millions of visitors. One of the main impacts of this touristic activity is the emission of large amounts of GHG, especially CO2, mainly due to air transport. The Canary archipelago is a good example of islands where the plane is the only means of passenger transport. Its distance from the tourist-emitting countries, most of them at an average distance of between 3000 and 3500 km, means that the consumption of aircraft fuel generates vast amounts of CO2. In order to evaluate the carbon footprint generated by tourist aviation, an accessible and useful methodological test has been proposed here, based on emissions per capita per air route, but which is effective thanks to the robustness and disaggregation of tourist data on arrivals to one of the most important island destinations in the world. In this regard, the total emissions from international tourist aviation in the Canary Islands account for the equivalent of 54% of all emissions produced in the archipelago, with more than 6 Mt, second only to electricity generation and industrial processes for all the islands.



As regards total emissions, it is the countries from where most tourists travel to the islands which account for most of the volume of emissions which, in the case of the Canary Islands, are the UK and Germany, making up two-thirds of the total, although Scandinavian and Russian tourists have the highest carbon footprint (around 0.65 Tn/passenger) when considering countries on an individual basis.



Calculation of the emissions of each of the routes was performed with three different calculators in order to calibrate the measurement methods and expose the differences that exist between them. It is supposed that the most reliable data should be those offered by the ICAO, as it is a UN agency specialized in civil aviation, which is why it has been taken as a reference for the analysis. However, the other calculators give a higher amount of emissions, around 100% more.



Quantifying emissions is the first step in establishing mitigation measures, which will have significant repercussions on small island territories specializing in tourism. Among the measures proposed by different bodies is the implementation of measures and specific taxes to help reduce the number of flights, especially in the European population groups who are more aware of climate change or to increase the price of the fares, which would affect the poorest sections of the population.



The aviation carbon footprint is in the spotlight due to its participation in global warming, not only because of environmental groups or climate scientists but even public institutions such as the European Union or numerous governments which have drawn attention to it. In this context, climate change mitigation measures aimed, above all, at reducing GHGs may not only have economic repercussions on the islands, but also on peripheral countries, especially the Mediterranean countries, with a significant weight of their economies based on tourism.



For the more remote islands, whose only possibility of connectivity is the plane, their strategies about promoting themselves as tourist destinations should, in all probability, demonstrate environmental sustainability and offer prospective visitors a product that is attractive enough to persuade tourists to extend the length of their stays instead of pushing to increase the number of visitors. However, in the case of the Canary Islands, this is difficult since the data show that the average stay is already long, nine days on average [52]. In any case, emission reduction measures should be sensitive to the existing situation in the case of islands and their extremely fragile economies which are highly dependent on aviation.
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Figure 2. Canary Islands international destinations. Source: OpenFlight [41]. 
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Figure 3. Average annual arrival of tourists by nationality to the Canary Islands (2015–2019). Source: ISTAC [43]. 
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Figure 4. Monthly evolution of CO2 emissions from international air traffic and tourists in the Canary Islands (2015–2019). Source: ISTAC [43]. 
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Figure 5. CO2 emissions by sector and international aviation. Source: AEC [48]. 
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Table 1. Distances (Km) between different island airports and some of the most common airports sending the tourists.
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	Airport
	Gran Canaria
	Malta
	Mallorca
	Difference: Gran Canaria and Malta
	Difference: Gran Canaria and Mallorca





	Paris
	2799
	1754
	1049
	1045
	1750



	Dublin
	2931
	2530
	1683
	401
	1248



	Rome
	2932
	689
	837
	2243
	2095



	Zurich
	2998
	1378
	993
	1620
	2005



	Manchester
	3024
	2340
	1579
	684
	1445



	Amsterdam
	3180
	1981
	1424
	1199
	1756



	Frankfurt
	3182
	1645
	1.249
	1537
	1933



	Stockholm
	4334
	2655
	2474
	1679
	1860



	Helsinki
	4694
	2821
	2771
	1873
	1923



	Moscow
	5181
	2827
	3124
	2354
	2057



	Mean Distance
	3526
	2062
	1718
	1464
	1808







Source: ICAO [21].
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Table 2. Monthly average (in thousands) of arrivals by air to the Canary Islands, 2015–2019.
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	Total
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sept
	Oct
	Nov
	Dec





	Total Countries
	13,353
	1255
	1187
	1215
	997
	1075
	1098
	953
	917
	1088
	1270
	1150
	1149



	Europe
	13,253
	1246
	1179
	1207
	987
	1063
	1088
	947
	911
	1079
	1262
	1142
	1141



	Germany
	3051
	289
	294
	269
	226
	226
	233
	210
	204
	252
	299
	269
	278



	Austria
	96
	11
	11
	7
	6
	6
	6
	5
	5
	8
	10
	10
	11



	Belgium
	434
	39
	36
	38
	34
	38
	42
	32
	32
	37
	36
	34
	34



	Denmark
	354
	50
	44
	33
	10
	10
	13
	10
	9
	23
	51
	49
	53



	Finland
	259
	45
	44
	25
	1
	0
	0
	0
	1
	14
	43
	41
	44



	France
	446
	34
	23
	39
	34
	49
	47
	33
	36
	51
	36
	35
	28



	Hungary
	30
	3
	3
	3
	2
	3
	3
	2
	2
	2
	2
	2
	3



	Ireland
	526
	38
	35
	49
	48
	47
	56
	55
	45
	43
	41
	34
	36



	Iceland
	43
	4
	3
	4
	3
	3
	4
	3
	2
	3
	5
	5
	4



	Italy
	476
	47
	40
	39
	36
	46
	41
	36
	35
	36
	39
	37
	42



	Luxembourg
	52
	4
	4
	6
	4
	5
	4
	3
	3
	6
	4
	4
	4



	Norway
	447
	63
	63
	43
	13
	12
	19
	13
	9
	25
	61
	62
	65



	The Netherlands
	579
	49
	44
	56
	44
	57
	59
	38
	43
	51
	48
	45
	44



	Poland
	312
	24
	23
	25
	28
	32
	33
	28
	24
	21
	24
	23
	26



	Portugal
	86
	6
	5
	7
	10
	17
	15
	8
	5
	5
	3
	3
	3



	UK
	5042
	415
	385
	468
	435
	461
	460
	425
	412
	423
	438
	373
	347



	Czech Republic
	48
	3
	3
	6
	5
	5
	6
	4
	3
	3
	3
	3
	2



	Russia
	73
	5
	5
	7
	7
	7
	8
	8
	6
	6
	5
	3
	5



	Sweden
	535
	84
	80
	45
	10
	10
	10
	9
	9
	36
	80
	77
	85



	Switzerland
	318
	28
	29
	33
	27
	23
	25
	21
	25
	30
	28
	26
	23



	Other European countries
	49
	6
	6
	5
	3
	4
	4
	2
	1
	5
	5
	4
	5



	Cape Verde
	14
	1
	1
	1
	1
	1
	1
	0
	0
	2
	2
	2
	2



	USA *
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



	Gambia
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



	Morocco
	49
	4
	3
	4
	6
	7
	5
	3
	3
	4
	3
	3
	3



	Mauritania
	19
	2
	1
	1
	2
	2
	2
	1
	1
	1
	1
	1
	1



	Senegal
	7
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1



	Venezuela
	4
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



	Other countries
	4
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0







* Only 76 passengers have arrived per year. Source: ISTAC [43].
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Table 3. CO2 emissions (Tn) per passenger from their country of origin to the Canary Islands on a round trip flight.
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	Country
	City
	IATA Code
	Kms
	ICAO
	CeroCO2
	CFL





	Russia
	Moscow
	SVO
	5181
	0.72
	1.55
	1.44



	Finland
	Helsinki
	HEL
	4694
	0.65
	1.41
	1.3



	Venezuela
	Caracas
	CCS
	5680
	0.60
	1.70
	1.58



	Sweden
	Stockholm
	ARN
	4334
	0.60
	1.30
	1.2



	Norway
	Oslo
	OSL
	4102
	0.56
	1.23
	1.14



	Iceland
	Reykjavik
	KEF
	4041
	0.55
	1.21
	1.12



	Poland
	Warsaw
	WAW
	3803
	0.53
	1.14
	1.05



	Austria
	Vienna
	VIE
	4028
	0.55
	1.21
	1.12



	Denmark
	Copenhagen
	CPH
	3542
	0.55
	1.11
	0.98



	Czech Republic
	Prague
	PRG
	3510
	0.52
	1.10
	0.97



	Hungary
	Budapest
	BUD
	3690
	0.52
	1.15
	1.02



	Belgium
	Brussels
	BRU
	3050
	0.49
	0.95
	0.85



	Switzerland
	Zurich
	ZRH
	2998
	0.49
	0.96
	0.83



	Luxembourg
	Luxembourg
	LUX
	3029
	0.48
	0.95
	0.84



	Italy
	Rome
	FCO
	2932
	0.47
	0.91
	0.81



	UK
	Manchester
	MAN
	3024
	0.47
	0.94
	0.9



	Germany
	Frankfurt
	FRA
	3182
	0.47
	0.99
	0.88



	Netherlands
	Amsterdam
	AMS
	3180
	0.46
	0.99
	0.88



	Ireland
	Dublin
	DUB
	2931
	0.45
	0.91
	0.81



	France
	Paris
	CDG
	2799
	0.44
	0.87
	0.78



	Cape Verde
	Espargos
	SID
	1463
	0.38
	0.46
	0.41



	Portugal
	Lisbon
	LIS
	1336
	0.31
	0.42
	0.37



	Mauritania
	Nouakchott
	NKC
	1093
	0.31
	0.34
	0.3



	Gambia
	Banjul
	BJL
	1625
	0.25
	0.507
	0.45



	Senegal
	Dakar
	DKR
	1486
	0.21
	0.46
	0.41



	Morocco
	Casablanca
	CMN
	959
	0.15
	0.30
	0.27







Source: ICAO [21], CFL [45] and CeroCO2 [46].
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Table 4. Average annual carbon footprint of European air tourism to the Canary Islands by country of origin (2015–2019).
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	Country
	Percentage
	Total (Tn)





	Germany
	22.3
	1,430,417.1



	Austria
	0.8
	52,817.0



	Belgium
	3.3
	213,063.1



	Denmark
	2.9
	188,799.6



	Finland
	2.6
	168,985.8



	France
	3.1
	196,319.6



	Hungary
	0.2
	15,268.0



	Ireland
	3.7
	238,474.6



	Iceland
	0.4
	23,785.9



	Italy
	3.5
	224,540.0



	Luxembourg
	0.4
	24,885.2



	Norway
	3.9
	252,142.9



	Netherlands
	4.2
	267,007.9



	Poland
	2.7
	172,541.6



	Portugal
	0.4
	26,409.1



	UK
	36.7
	2,354,409.3



	Czech Republic
	0.4
	24,712.9



	Russia
	0.8
	52,403.1



	Sweden
	5.0
	319,805.6



	Switzerland
	2.4
	152,419.8







Source: ICAO [21].
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Table 5. Tn GHG (CO2-eq) of the different means of transport.
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	Type of Transport
	Tonnes of GHC





	Terrestrial
	3,485,200



	Maritime
	1,159,500



	Domestic air
	634,200



	Total transport
	5,270,800



	International air
	6,414,352 *







* Calculation in the present work of CO2 emissions. Source: AEC [48].
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Table 6. Tonnes of GHG and CO2 from the different economic sectors (2017) and international aviation (2015–2019).
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Economic Sectors

	
GHG

	
Percentage

	
Tonnes CO2

	
Percentage






	
Power generation and industry

	
6,574,340

	
48.39

	
6,548,670

	
55.5




	
Waste treatment and disposal

	
1,160,600

	
8.54

	
0

	
0




	
Industrial processes

	
391,000

	
2.88

	
34,850

	
0.3




	
Agriculture

	
190,200

	
1.4

	
2100

	
0.02




	
Transport

	
5,270,800

	
38.79

	
5,219,840

	
44.22




	
Total

	
13,586,940

	
100

	
11,805,470

	
100




	
International aviation

	

	
6,414,352

	
54.33








Source: AEC [48].
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Table 7. Percentage of the contribution of the journey to the Canary Islands to the per capita carbon footprint (2016).
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	Country
	Emissions per Capita (Tn)
	Emissions per Journey (Tn)
	Involvement of the Journey (%)





	Gambia
	0.2
	0.25
	125.00



	Mauritania
	0.7
	0.31
	44.29



	Cape Verde
	1.0
	0.38
	38.00



	Senegal
	0.7
	0.21
	30.00



	Sweden
	4.4
	0.60
	13.64



	Switzerland
	4.1
	0.49
	11.95



	Hungary
	4.6
	0.52
	11.30



	Venezuela
	5.5
	0.60
	10.91



	Denmark
	5.5
	0.55
	10.00



	France *
	4.6
	0.44
	9.57



	Iceland
	6.2
	0.55
	8.87



	Italy *
	5.3
	0.47
	8.87



	Morocco
	1.7
	0.15
	8.82



	UK
	5.8
	0.47
	8.10



	Austria
	7.0
	0.55
	7.86



	Finland
	8.3
	0.65
	7.83



	Norway
	7.8
	0.56
	7.18



	Poland
	7.9
	0.53
	6.71



	Portugal
	4.7
	0.31
	6.60



	Russia
	12.0
	0.72
	6.00



	Belgium
	8.6
	0.49
	5.70



	Ireland
	7.9
	0.45
	5.70



	Czech Republic
	9.7
	0.52
	5.36



	Germany
	8.8
	0.47
	5.34



	Netherlands
	10.0
	0.46
	4.60



	Luxembourg
	15.4
	0.48
	3.12







* Data from 2014. Source: ICAO [21] and IBRD [35].



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Reykjavik

Flesland - Gardermoen Pulkovo
% .2 Arlanda ®
Prestwick Glasgow /Billund i, 1 Riga
Aldergrove G‘Lﬁed§/3ra‘;f°r,d 2 Sheremetyevo
Shannon | z o lMang,hester/ Tegel Domodedovo

J /
®_ Koln/Bonne*

i .
Connaught @ . ko e .o Leipzig Halle
cork o/ e #°¢” Dresden ~Boryspil Int
HS iff oY/ o7 GrazSchwechat -
L - @

7 4 Fiumicino
afc/elona I -
# ~Valencia
A Menara
o o Ne
Dakhli\o Hassan I
IoNouadhibou
o)’ Nouakchott
Francisco Mendes y [
./ ! I Leopold Sedar.Senghor Intl 0 1000' 2000 km
e - Banjul Intl

‘./Simon Bolivar Intl

A

75 150 km

~~Fuerteventura

.. lTenerife Sur:\. / .
i = /AGran Canaria






nav.xhtml


  sustainability-13-01795


  
    		
      sustainability-13-01795
    


  




  





media/file2.png
N? of foreign tourists

2,500,000

2,000,000

1,500,000

1,000,000

500,000

— N—

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Month

—Balearic Islands ~ CanarylIslands =—=Hawaii





media/file5.jpg
fr—,
s,

apiadey

ey
O
fassanyy

P

g >

vy

Sumoquonm

e

sy

ey

Pt

P

[

yewnng

wndpy

ey

Sonon.

i
pucps
wpag
spuon
vy
wopu pn

6,000,000
5000000
4000000
3000000
200000
1000000

Sstnonjo o





media/file3.jpg





media/file1.jpg
2,500,000

2,000,000

1,500,000

1,000,000

N of foreign tourists

500,000

0+

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Month

——BalearicIslands ——Canarylslands =—Hawaii





media/file7.jpg
Percentage (%)

Jan

Feb

Mar

Apr May Jun Jul
Month
€O, (Tn) =—CO, (%)

Aug Sept Oct

—Tourists (%)

Nov

Dec

700,000

600,000

500,000

400,000

300,000

200,000

100,000

@ o>





media/file10.png
CO, (Tn)

7,000,000

1
T
I

6,000,000

1
T

5,000,000

1
=
I

4,000,000

1
T
I

3,000,000

1
.

2,000,000

1
T

1,000,000

Power generation Waste treatment ~ Industrial Agriculture Transport International
and industry and disposal processes aviation





media/file9.jpg
Power gencration Wastetreatment  Industial  Agricultare  Transport Intemmational
andindustry  anddisposal  processes ‘aviation

o






media/file0.png





media/file8.png
Percentage (%)

12

Jan

Feb

Mar

Apr

May

CO, (Tn)

Jun Jul
Month
O, (%) ===Tourists (%)

Aug Sept  Oct

Nov

Dec

700,000

600,000

500,000

400,000

300,000

200,000

100,000

(uL) ‘00





media/file6.png
SILIUNOD 1Y)
elquen
R[INZIUD A
[eSauag

ap1a aded
RIURILINEA]
sarunod ueadoanyg 12y30
Are3uny
puejs]
d1qnday] ypaz)
ODD0IOA]
3moquaxn-]
eISSny|
[e8njio g
eLysny
pueui]

pue[oq
pue[I19Z}IMG
yaIewua(]
wnidag
Duel]
KemioN

Arey

pueaig
uapamg
SpueIRYIdN
Auewrian

wop3uny pajiun

6,000,000 -

5,000,000 -
4,000,000 -
3,000,000 -

S)SLINOY JO 5N

2,000,000 -
1,000,000 -





