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A carbon footprint is “a measure of the exclusive total amount of carbon dioxide emissions that is directly and indirectly

caused by the activities of an individual or is accumulated over the life stages of a product”.
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1. Introduction

There is wide concern about the emissions associated with tourism and, consequently, increasing interest in reducing the

carbon footprint derived from tourism activities , which account for 8% of global emissions . These concerns are

confirmed in the report released by UNWTO and the International Transport Forum , which puts the focus on transport

related to tourism.

A tourism carbon footprint refers to the measurement of the emissions associated with a tourism activity . Reflecting

the increasing interest in this topic, a search in the Scopus database shows that the term “carbon footprint” first appeared

in 2002 with just one item and has increased exponentially over the years, and in 2018, 1857 items were found. The

analysis of emissions produced by tourism is a part of the literature on tourism and climate change, which, in fact, has

evolved into a knowledge domain .

The relevance of carbon footprint comes from the increasing awareness of policymakers regarding responsible

consumption resulting in the growing tendency toward environmentally friendly holidays . This is because tourism

activities make extensive use of resources (transport, lighting, air-conditioning, heating, etc.) resulting in tourism

destinations producing higher emissions than other areas .

Calculations of tourism carbon footprint have become crucial, as they can help quantify and determine the causes of

emissions , and, thus, they can support environmental policymaking. Currently, such calculations follow different

approaches, particularly the production accounting principle (PAP) or the consumption accounting principle (CAP) .

However, there is a need to refine carbon footprint calculations to improve the accuracy of these measurements .

Ground access has also been a topic of interest from the perspective of airport management and sustainability .

However, in the case of leisure travel and tourism trips, it has been a somewhat neglected issue.

Land transportation of tourists to their destinations contributes 32% of the emissions associated with tourism . Some

studies have centred on rental cars instead of private motor vehicles . One notable exception that did focus on

analysing private vehicle emissions in tourism was based on estimations from the Tourism Satellite Account (TSA) and

household consumption patterns in Australia . Our research, by contrast, is focused on the emissions associated with

surface access to airports as part of an outbound tourism trip (i.e., tourists’ journeys from their homes to the airports and

vice versa). The issue of airport access has been analysed by Budd, Ison and Ryley , who observed that these trips

depended heavily on private transport with the corresponding concerns regarding congestion and environmental impacts.

Airport ground access has also been analysed from the point of view of transport mode choice . Sustainability

policies for airport access have been discussed , as well as estimations of the carbon dioxide emissions of ground

access to Manchester Airport . Finally, the environmental implications of transport modes and the advantages of

accessing airports by public transport have also been addressed .

2. Carbon Footprint and Its Relation to Transportation, Tourism and
Airports

As one of the main worldwide economic activities, tourism has the capacity to enhance the well-being of populations 

. Indeed, it contributed 10.4% to global GDP including direct, indirect and induced impacts . In terms of

environmental impact, overall tourism activity contributes 8% to total global CO  emissions , and of these global
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emissions up to 75% is estimated to be generated by transportation . Tourism is generally an intensive activity in terms

of resource use (e.g., transportation to long haul destinations, high consumption of resources in hotels, etc.). In fact,

Koçac et al.  found, for a panel including the main destination countries, that tourism arrivals have an increasing effect

on national CO  emissions because of their dependence on transportation. This issue has awakened interest among

consumers, transport operators and destination managers and is changing the way tourists travel and plan their holidays,

as well as the way destinations are managed and promoted.

GHG emissions are at the core of the causes of climate change and, therefore, there is increasing interest in reducing

these emissions. Several methods have been used to analyse the carbon footprint related to transport . However, when

we deal with tourism trips, there are two main approaches to account for tourism carbon footprint: The production

accounting principle (PAP) and the consumption accounting principle (CAP). Whereas PAP considers a destination

responsible for the emissions derived from local production within the geographical boundaries of a destination

(regardless of whether they are consumed within the region or exported), CAP considers end users’ products and services

consumed (regardless of whether they have been produced within the region or imported). In this regard, resulting from

each of these mentioned principles, there are two main approaches to calculate tourism carbon footprints: Bottom-up

analysis or top-down analysis , sometimes called expenditure-based or production-based, respectively . Both

approaches provide very useful knowledge about tourism carbon footprints and improve the tourism sector’s sustainability,

as they help quantify the impact of an activity . These two main approaches can be extended with two additional

accounting approaches . These additional approaches are the Kyoto Protocol Framework, very similar to the PAP, and

the Tourism Satellite Account Protocol, which assigns emissions to the country where the tourism activities occur.

The PAP approach used for the study of carbon footprints considers a region responsible for the emissions derived from

local production within its geographical boundaries . This is the principle that underlies the Kyoto Protocol in order to

reduce nations’ emissions. From the PAP point of view, importance is placed on the production of goods and services

regardless of whether they are consumed within the region or exported. With regards to the tourism carbon footprint of a

given tourism destination, the PAP measure considers emissions associated with domestic tourism (i.e., residents of a

given tourism destination visiting that same tourism destination), inbound tourism (i.e., non-residents of a given tourism

destination visiting that tourism destination) and transactions of outbound tourism that take place before departing (i.e.,

residents of a given tourism destination buying package tours in travel agencies to visit foreign tourism destinations). PAP

does not take into consideration emissions related to the rest of activities associated with outbound tourism and imports.

This top-down (or production-based) analysis allows the assessment of tourism as a sector within the wider economy .

Alternatively, the CAP places the responsibility of emissions on consumers’ consumption patterns without considering the

origin of goods and services consumed . In this sense, the tourism carbon footprint of a region using the CAP measure

considers emissions associated with domestic tourism (i.e., residents of a given tourism destination visiting that tourism

destination) and outbound tourism (i.e., residents of a given tourism destination visiting another tourism destination).

Under the CAP measure, all emissions associated with inbound tourism that are considered imports are excluded. CAP

provides detailed information on energy end-uses and the main drivers of emissions. Thus, CAP focuses on tourists’

behaviour patterns when they travel . It considers emissions associated with expenditure in a country by foreign and

domestic tourists, emissions from air travel by tourists and emissions by outbound residents within their own country prior

to or following flights (e.g., internal transport, hotels, etc.). It excludes emissions of outbound flights and outbound tourists

outside their country.

Regardless of the approach chosen, there is no universal and accepted method to be followed when calculating the

tourism carbon footprint. Moreover, researchers are still refining proposals to improve this measure. For example,

Cadarso et al.  identified the importance of the emissions associated with tourism investments and refine the

calculation of the tourism carbon footprint by incorporating investment emissions. Consequently, there is an explicit call for

improving the accuracy of the measurement of the emissions derived from tourism transport, excluding accommodation.

As a result, the focus is placed in this study on a specific part of tourists’ trips, which has often been neglected in studies

to date.

Most of tourism’s carbon footprint comes from transportation, and specifically from aircraft modes of transportation .

Indeed, 75% of tourism emissions are connected to means of transportation . However, there has been much attention

placed on the fact that about 40% of total tourism emissions comes from air transportation yet neglects the fact that 32%

of this amount comes from car modes of transport. Indeed, one of the main recommendations in order to mitigate

emissions suggests a shift from both aircrafts and cars to other modes of transportation . However, in the case of

remote islands, it is difficult from an eco-efficiency point of view to reduce impacts concerning the use of aeroplanes. The

main reason is that, geographically speaking, potential markets need to access the destination using air transport, and it
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would be unrealistic to switch to other transportation modes. In addition, tourists also generate CO  emissions when

travelling to the airport, thus strategies can be implemented to try to reduce these emissions. Therefore, the focus of this

study is on the estimation of the carbon footprint generated by different means of transport to arrive at the airports of

origin.

Fuel consumption by land transport used by tourists during their trips (at destination and origin) produces CO  emissions.

In fact, it generates 32% of total transportation CO  emissions according to UNWTO, UNEP and WMO , while all kinds

of transportation generate 23% of total CO  emissions . The focus on the calculation of the carbon footprint derived from

the use of land transportation has often been placed on rental cars used within tourism destinations , and the access

to destinations by car . Nevertheless, little attention has been given to tourism-related domestic mobility to airports in

intermodal land–air traffic, as we show in this paper. In this sense, Dwyer et al.  calculated the GHG emissions of motor

vehicles, other than rental cars, with estimations from the TSA derived from household consumption. Their analysis

considered emissions of Australian travel agencies and tour operators, accommodation, restaurants, private car use,

transport to the destination and other connected industries to calculate the tourism carbon footprint of Australia from a

PAP and a CAP point of view. They considered emissions from tourism-related private motor vehicle use to be 20% of the

production-based total tourism carbon footprint, but in this case, the private car was the main mode of tourist transport.

To develop a more accurate measure of tourism GHG emissions from private motor vehicle use for tourism purposes,

there is still a need for estimations regarding the use of these vehicles in tourists’ places of residence. Specifically, the

impact of tourists’ journeys from their homes to the airports should be analysed. This study argues that this specific part of

people’s holidays also contributes to the emissions of the tourism industry and, therefore, its assessment is necessary in

order to increase the accuracy of the measurement of tourism carbon footprints.

In the case of airports, there are a number of studies on ground access and/or sustainability, but none are related

specifically to tourism. In the systematic literature review on airport sustainability conducted by Greer et al. , after

analysing 108 contributions from 2009 to 2019, they showed that the topic of ground access has not been a central

concern in studies on airport sustainability. However, there are specific contributions on ground access to airports that

have been reviewed by Pasha and Hickman , who concluded that there is a need for research on passengers’ mode

choice to improve sustainable transport planning. There are also several papers that include surveys on airport access

aimed at developing multinomial models to understand passenger choices. The contribution of Pasha  provides a

model of transport mode choice for Brisbane airport. Moreover, interest in access to airports has been recognized within

transport studies, and even the National Academies of Sciences, Engineering and Medicine of the United States has

published a report on worldwide access to airports  that provides a global review of the topic.

The methodological challenges related to measuring airport ground access and footprints have also been addressed by

several papers. Postorino and Mantecchini  consider that access to the airport must be considered as a piece in a

larger puzzle. In fact, the methodology proposed by these authors is focused on the carbon footprint of a transport node,

the airport, considering ground access, terminal and landing and take-off operations. Other authors, such as Bud et al. ,

Ryley et al.  or Miyoshi and Mason  provide very insightful methodological and empirical approaches to airport

access and sustainability. This literature mainly focuses on a production accounting approach, based on the airport.

Nevertheless, there is still a gap in the literature related to tourist mobility and airport ground access following a consumer

accounting perspective, where the research focus is on the tourist throughout the travel cycle, beyond just a transport

node, like an airport. The literature shows that aeroplane emissions seem to have taken precedence over those derived

from ground access, but there is an opportunity for managing tourism emissions by better measuring, managing and

planning of ground access to airports .
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