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Abstract 

Tourism is one of the largest economic sectors and one of the fastest growing industries in 

the world. Within the EU Austria is one of the most tourism-intensive countries. Tourism 

creates 13% of all jobs in Austria, contributes 9% to the national income and the future 

demand is expected to grow above average. Given the importance of the tourism sector 

and in the light of scarce resource and increasingly tighter environmental regulations, there 

is surprisingly little research in Austria about the environmental impacts and absolutely no 

knowledge about the raw materials necessary to serve the production and consumption 

demand of the tourism activities. Hence, the goal of the thesis is to quantify the material 

footprint of Austrian tourism activities and to analyse its development, the decoupling 

tendencies and the drivers of the footprint path from 2000 to 2014. The quantification of 

the material footprint follows the destination-based accounting approach and is calculated 

with a hybrid LCA-IO model based on Austrian Tourism Satellite Accounts. The findings 

show that the material footprint has doubled to 32Mt since 2000 and has grown by 12% 

since 2008, being responsible in 2014 for 34% of the total consumption of the service sector 

and for 14% of the Austrian RMC. During this period Austrian tourism activities have been 

on a rematerialization path with declining rates close to relative decoupling. Only in years 

of economic crisis 2001, 2009 and 2011 a decoupling can be observed. The technological 

improvement is not strong enough to compensate the footprint growth driven by the rising 

expenditure and the changed travel habits determined by decreasing length of stay and a 

shift to material-intensive mobility consumption. Tourism as a part of the service sector has 

the potential to dematerialize the economy, however, given the current consumption 

pattern, the activities just add up to the Austrian absolute material consumption growth. 

The development of Austrian tourism is characterized by the acceleration of tourist flows, 

leading to an even faster acceleration of material flows and rising material intensities, 

especially in energy and non-metallic minerals consumption. Prolonging the length of stay 

and shifting demand from and within mobility would ease the environmental pressure 

associated with Austrian tourism activities. 
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1. Introduction 

The story of the magician, the rabbit and the hat 

Welcome to the show in Vienna. The big red curtains are opening. A woman with this 

special hat steps onto the stage. It is the court magician. She lets her eyes wander over the 

audience. And starts to explain: “To be a true magician, you have to make a rabbit appear 

from a hat!”. The audience is gazing in wonder what will happen next. The magician starts 

to swirl her hand over the hat. Making up a funny spell, she squeezes the hat on the sides 

and pulls out a rabbit. The visitors are clapping. End of story. Or not?  

What is happening on the stage? What is the supernatural source and what is the cause 

starting the magic production? Who gets dragged into the ban of the stage? Who is 

entertained and who is not? Magicians are people whose abilities, from the perspective of 

the observer, are not in harmony with their interpretation of the natural environment. 

Some visitors believe in magic and some not. However, the visitor is a part of the show, he 

or she is the cause of the staging and the magician the source of the show.  By looking at 

the backstage, under the stage, above the stage, in front of the stage, it becomes visible 

how and by which means the staging comes about. This is what is all about. Tourism seems 

like magic. The magician, a legitimated tourism agent is constructing an experience using 

the hat, the infrastructure, the highways, the planes, the decorated façade and creating 

stories and meanings together with the audience, the visitors. By pulling out the rabbit, the 

materials and the visitors out of nothing makes the staging of tourism complete. All the 

elements are coordinated with each other and each element of the play does not work 

without the other elements. So, does the magic also not work without its biophysical 

foundations. If we want to understand the magic, we must unveil the curtain and look 

behind and under the stage. This is what the material footprint is about.  

(inspired by students at a self-organized seminar at the Institute of Social Ecology) 
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The numbers of magic  

2015 was a milestone for the future development of the world, as 193 governments 

adopted the Agenda 2030 for Sustainable Development and the 17 Sustainable 

Development Goals (SDG), which should be achieved through social, economic and 

environmental measures (UN 2015). The United Nations World Tourism Organization 

(UNWTO) attributes the potential of tourism to the goals 8, 12 und 14, which aim to 

promote an inclusive and sustainable economic growth (SDG8), sustainable consumption 

and production patterns (SDG12), and the sustainable use of oceans and marine resources 

(SDG14) (UNWTO 2018c). To highlight the importance of tourism to accomplish the SDG 

and the impacts of tourism on the environment, the United Nations declared 2017 as the 

"International Year of Sustainable Tourism for Development" and initiated with UNWTO 

the project "Measuring Sustainable Tourism / MST” (UNWTO 2017) to improve the 

measurement of sustainable tourism. 

More and more regions use tourism activities to foster development, making tourism not 

only one of the largest economic sectors but also one of the fastest growing industries. 

Globally and in the EU, tourism represent 10% of the GDP and every 10th job is in the 

tourism industry. With a 7% share of the world´s exports, global incoming tourism (foreign 

visitors on domestic territory) is one of the most important trade categories, ranking 3rd 

just after chemicals and the fuels industry. Over the last decades international tourist 

arrivals (quantifying each visitor staying at least 1 night, same-day visitors not included) 

grew from 25 million in 1950 to 1.235 million in 2016, of which 40% are attributed to the 

EU. In a UNWTO’s long-term outlook for Europe the international tourism arrivals are 

expected to grow at rate of 1.9% up to 1.8 billion until 2030 (UNWTO 2018a, 2018d, 2018b).

  

The numbers in Austria are similar, as it is one of the most tourism-intensive countries in 

the European Union, 13% of the workforce is employed in the tourism industry, ranking 

number one together with Spain within the EU. The share of the national income is 

estimated to be 9%, which places Austria among the top five EU member states. Since 2000 

the domestic Austrian tourism demand increased by 64% with an average growth rate of 
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3.3% per year. Consequently, tourism contributes significantly to job security and material 

wealth in Austria, especially in peripheral, rural regions (Fritz 2017; Laimer 2014). 

Given the strong growth and volume of the tourism economy and in light of limited 

resources and sink functions of the ecosphere, scholars have raised the question about the 

environmental consequences of tourism activities. In a recent study by Lenzen et. al (2018), 

the authors quantified the tourism share of the total global greenhouse gas emissions with 

8%. Also, numerous other studies have analysed the relationship between the tourism 

industry and the environment with focus on biodiversity loss (Hall 2010), climate change 

mitigation, water consumption, waste management or land use (overview by Hall, Gossling 

& Scott 2015). In a review Wang et. al (2017) systematically summarize the tourism 

footprint research, namely, the tourism ecological footprint, tourism carbon footprint and 

tourism water footprint. Most of these studies focus on the emissions under different 

aspects like specific sectors, destinations, tourist segments, or geographic areas and there 

are only few time-series studies (Sun 2016). Besides the water footprint (ibid.) there is no 

research about resource use and resource efficiency. What is lacking is the knowledge 

about the quantity, the structure and development of raw materials necessary to serve the 

production and consumption demand in the tourism sector. The material footprint is an 

indictor and offers an approach to quantify all raw materials necessary along the whole 

supply chain to meet the consumption demand of tourism activities (Krausmann et al. 

2017).  

In this master thesis, I follow the concept of social metabolism (Marina Fischer-Kowalski 

and Haberl 1998), which describes the interaction between the natural and economic 

sphere as a system of physical flows. In this interplay raw materials are extracted from 

nature, transformed by the society into goods and service and emitted back to ecological 

systems. The volume and the structure of the material flows can cause scarcity problems 

and put pressure on the environmental at the extraction process and through emissions to 

land and air (Fischer‐Kowalski u. a. 2011). In contrast to the above-mentioned output-

oriented footprints (e.g. CO2 emissions), material footprint (Krausmann et al. 2017) is an 

input-oriented indicator, describing the raw materials entering the economic system and 

indicating the pressure on the environment associated with the extraction, production and 
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consumption patterns. Through the allocation of raw materials to economic activities, such 

an indicator offers the opportunity to better understand the socio-economic drivers of 

resource use and to create a decision base to regulate production processes or 

consumption structures. Also, the knowledge of the volume and structure of material use 

serves to identify and prevent potential future environmental risks and future social 

scarcity problems (Fischer‐Kowalski et al. 2011; Giljum and Hinterberger 2014). Material 

footprints or raw material consumption quantifies all upstream material use associated 

with final demand irrespective of location of use. It has been estimated for nearly all 

countries and related to aspects like economic growth, land use, biodiversity, international 

trade, GHG emissions (Eisenmenger et al. 2016a; Wiedmann et al. 2015). The development 

and the volume of the material footprint has been also assessed for Austria (Wenzlik, 

Eisenmenger, and Schaffartzik 2015a), showing that the resource consumption in Austria 

has slowed down, resulting in modest relative decoupling of resource use in relation to 

economic growth. Despite the dematerialization gains the absolute resource consumption 

in Austria is still increasing and the Austrian target to raise material productivity by 50% 

until 2020 compared to 1990 is about to fail. Accordingly, domestic material consumption 

(DMC) decreased only by 2% and will not reach the reduction goal of 20% (Eisenmenger, 

Warr, and Magerl 2017). Wenzlik, Eisenmenger and Schaffartzik (2015) have shown for 

Austria that the efficiency gains in production and by changed consumption patterns have 

been offset by the overall consumption rise. Similar, recent research about 

dematerialization in 150 national economies shows that resource use reduction is unlikely 

if the GDP rises by more than 2% (Shao et al. 2017).  

So far, there are no material footprint studies focusing on tourism activities. In a study 

about priority areas of the EU´s resource policy (Giljum et al. 2016), one of the main findings 

is that 25% of the material footprint is driven by the service sector. With a share of 30%, 

tourism is the leading industry in the service sector in Austria (Fritz 2017). Given the GDP 

share of 9%, the average yearly growth rate of the value added of 4% from 2000–2017 

(Statistik Austria- TSA n.d.) and the future growth projections for the EU by UNWTO 

(2018b), this indicates a prospective increase of the resource consumption in the tourism 

industry. 
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These findings and the missed Austrian resource targets show the need for a better insight 

into the resource consumption of the tourism sector as one of the biggest and fastest 

growing economic activities in Austria. Given the nation-wide trend of the Austrian 

resource use and the enormous growth of domestic tourism expenditure in the last 

decades, I assume that the resource consumption within the tourism sector is also 

expanding and I assume that the efficiency performance has been outpaced by demand 

growth. Yet, these are just assumptions, revealing the need for an evaluation of the 

material basis of the tourism sector and its relations to growth and technological efficiency. 

A better insight of the development of the resource use of one of the biggest economic 

activities is mandatory to identify material-intensive production and consumption areas, if 

the overall resource use wants to be organized more efficiently and reduced. A sectoral 

perspective is also essential to political decision-makers, as policy measurements are 

mostly designed for specific characteristics of certain sectors or consumption areas (K. W. 

Steininger et al. 2018). To set the right political measurements for a more sustainable 

tourism development, it is necessary to know the scope and the development of the 

resource consumption and the driving forces behind, both on the demand side and on the 

supply side. 
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2. Approach and Questions 

In line with the Agenda 2030 (UN 2015), the national resource efficiency goals (Austrian 

federal ministry of Agriculture, forestry environment and water management 2015) and 

the imperative for more sustainable tourism (UNWTO 2017), it is of interest to understand 

the material basis of the tourism sector and to look for opportunities to reduce the material 

throughput of the whole industry. Accordingly, it is important to know whether a 

decoupling of material use and economic development (Krausmann et al. 2017) observed 

for Austria can also be observed within tourism and which tourism activities, material 

categories and final demand categories have contributed to which extent to the 

dematerialization of the sector. To get a clear picture of the material flows through the 

tourism sectors and to analyse the drivers of the material throughput, two methods will be 

used. First, an Environmentally Extended Input-Output Model (EEIO) (Schaffartzik et al. 

2014) is used, which captures the material use from 2000 until 2014, the production and 

trade structures and on the demand side the different consumption categories. Secondly, 

to detect the driving forces behind the tourism material footprint development, a 

decomposition method (de Boer and Rodrigues 2020) is applied. 

There are different EEIO approaches (Eisenmenger et al. 2016a), however, due to data 

availability and its easy application, the hybrid LCA-IO model developed by Schaffartzik et 

al.  (2014) has been chosen together with data from the Austrian Tourism Satellite Accounts 

(Laimer 2014). To estimate the tourism material footprint, basically, the expenditure of 

different tourism final demand categories on different products is multiplied by the 

Leontief Inverse, which represents the direct and indirect material inputs per unit of output 

to final tourism demand (Miller and Blair 2009a). The consumption data is taken from 

Tourism Satellite Accounts, which record economic transactions and visitor spending on 

tourism characteristic products within national boundaries (Laimer 2014; OECD 2000). Data 

for the hybrid LCA-IO model, that is, the resource use, the material use coefficients and 

data on production structure and trade are derived from Austrian Material Flow Accounts, 

Monetary Input-Output Tables, trade statistics and life cycle inventory coefficients from 

the GEMIS database (Schaffartzik et al. 2014). Having the volume and structure of the 
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tourism material footprint from 2000–2016, the questions arises which factors are driving 

the resource consumption. 

Decomposition analysis is a widely used method to detect the contributing effects of 

different variables on an indicator (Miller and Blair 2009a). Several studies explained the 

change of the material consumption by looking at the effects of GDP growth, changes in 

production and demand structure, technology improvements or international trade 

patterns (Hashimoto et al. 2008; Pablo Muñoz and Hubacek 2008; Plank et al. 2018; Wang 

et al. 2018; Weinzettel and Kovanda 2011). Similar decomposition analysis have been 

conducted for the tourism sector, focusing on the drivers determining emissions (Robaina-

Alves, Moutinho, and Costa 2016; Sun 2016a; Tang and Ge 2018) or the water footprint 

(Sun and Hsu 2018). So far there is no study identifying the drivers of resource use in the 

tourism industry.  

Clearly, there is a range of intertwined factors determining the development of demand for 

tourism activities and consequently driving the material footprint of these activities. On the 

demand side these driving factors are, for example, changing consumption preferences 

towards more international visits or shorter stays or, on the supply side, changing 

production technologies due to transport or digitalization innovations (Fritz 2017; UNWTO 

2018d). Facing the current growth paradigm and the growth of the tourism demand, 

especially, the production technologies and material use efficiencies become an important 

issue, if the economic effects of tourism and its resource base want to be sustained or 

reduced. However, all efficiency improvements will not help to reduce the overall material 

throughput if the demand for tourism activities is growing faster. Here, based on the 

chosen Environmental Extended Input Output Model (Schaffartzik et al. 2014) and the 

Tourism Satellite Accounts of Austria (Statistik Austria- TSA n.d.), the contributing effects 

leading to the overall tourism material footprint will be discussed. 

The goal of this thesis is to get a picture of the development and the driving forces of the 

material footprint related to tourism activities in Austria from 2000–2014. This is a first step 

on the way of setting resource use reduction goals or to develop scenarios. Furthermore, 

it is a prerequisite to discover priority areas to reduce the material footprint and to adjust 

tourism policy. Policy measurements which do not consider the driving forces of the 
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resource use could unintentionally result in strengthening the unsustainable tourism 

footprint path and putting an important pillar of the Austrian economy at risk. This analysis 

would be a starting point in preventing this and taking pressure from the environment by 

understanding the limits and possibilities of the future sustainable development of the 

tourism industry. To do so, the following research questions will be discussed. 

Questions: 

1. How has the volume and the structure of the material footprint of tourism activities in 

Austria developed from 2000 to 2014? 

 

2. Is there a decoupling between economic growth and material use in Austrian tourism? 

 

3. Which are the driving forces behind the development of Austria´s tourism material 

footprint?  

 

4. What options to reduce the material footprint of the tourism sector in Austria can be 

identified?  
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3. Theoretical foundations, Methods and Data Sources 

3.1. Social Metabolism 

To understand the raw material base of tourism activities I will draw upon the concept of 

social metabolism (Marina Fischer-Kowalski and Haberl 1998). Figure 1 illustrates the core 

idea of the social-ecological exchange relationship between the human society and the 

natural environment (Marina Fischer-Kowalski and Weisz 2016). Similar to biological 

organisms, which transform materials and energy to reproduce themselves, also human 

societies are integrated in a metabolic process with nature. Humans extract raw materials 

and energy, transform them to food or products to sustain themselves and their 

infrastructures and artefacts, and dissipate the unused parts as emission and waste back 

into the environment. 

 

Figure 1: the concept of Social Metabolism describing the interaction between society and nature 
(Marina Fischer-Kowalski and Weisz 2016) 

The concept applies the laws of thermodynamics and the principles of mass-balances on 

socio-economic systems (Marina Fischer-Kowalski and Haberl 1998). Hence, the economy 

is regarded as a globally, closed thermodynamic system in which materials and energy 

cannot be created nor destroyed, but just transformed while the mass of the overall system 

remains constant. This means that all inflows of material and energy into system must be 

equivalent to the outflows. This also applies to national economies, which are, however, 

open thermodynamic systems, in which inflows must be equivalent to the outflows if the 

inputs do not remain in the system as stocks or are traded. Every existing stock in the 

system has two associated flows, an input and an output flow, which summed up, describe 

the inventory changes in the stocks. The biophysical exchange (energy and materials) 
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within the socio-ecological system is measured in physical units metric tons and joules 

(ibid). 

In the social metabolism concept the society is considered as a hybrid sphere and a result 

of a complex interaction between the symbolic-cultural system and material world (Marina 

Fischer-Kowalski and Haberl 1998). Culture is the immaterial part of the whole system, 

which consists of symbolic representations on the individual level and cultural programs 

(norms, beliefs, knowledge, institutions) on the collective level. The natural sphere 

represents the biosphere and the biophysical laws of the system. Both spheres operate and 

reproduce themselves following different logics and causality (nature: e.g. conservation of 

energy; economy: +/-, politics: votes, media: information). The overlapping realm of the 

interaction and exchange represents the hybrid interface, where the natural and the 

cultural spheres of causation meet, meaning that this sphere is determined by biophysical 

forces and social attributions. This intersection is called biophysical structures (ibid) and 

consists of humans, livestock and artefacts (infrastructure, buildings, durable consumer 

goods, technical equipment). It is that part of the material world societies appropriate, 

transform and maintain to meet their needs. To sustain their wellbeing and to keep the 

biophysical structures in the desired state, societies organise a constant flow of materials. 

They extract the necessary biophysical resources from nature by investing labour and 

developing practices like capital, technology or animal labour. During the intervention into 

the nature and through the feedback of natural forces on biophysical stocks, humans 

collect experiences with natural forces, communicate the nature experiences by translating 

them into symbols and transmit them into cultural programs, which then guide again the 

reintervention into natural ecosystems (ibid). 

The biophysical structures and the associated metabolism processes are mainly socially 

regulated, however, as societies depend on the metabolic exchange with the nature, 

through their body metabolism, at least. Hence, the human society is structurally coupled 

with selected elements of the material world and the two spheres coevolve in the 

interaction (Marina Fischer-Kowalski and Erb 2016; Marina Fischer-Kowalski and Weisz 

2016). The ecosystem and its processes are indispensable and constitutive for the 

functioning of the social system. This coupled relationship shapes the development of both 
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systems. Through social interventions in the material world, societies acquire an input of 

resources and energy, which transforms societies labour organisation (e.g. fossil fuel 

energy substitutes energy from human labour), production and technology (rising 

productivity) or population dynamics (e.g. family size, mobility, time use, leisure time). At 

the same time the interventions leave an impact on the environment and transforms eco-

system processes (e.g. CO2 concentration in the atmosphere, biodiversity loss) (ibid). 

Depending on the mode of subsistence (gather/ hunter society, agrarian society, industrial 

society), its impact on the environment and the society’s reactions to these impacts, the 

composition and volumes of the social metabolism and the coevolution of the system differ 

(Marina Fischer-Kowalski and Erb 2016). Each social phenomenon is coupled to material 

and energetic prerequisites and consequences. When analysing social phenomena and its 

sustainability, one cannot just analyse the social system. The sustainability can only be 

understood and evaluated through the interaction of the social system with the natural 

system and their potential coevolutionary development (ibid). 

Each metabolic profile is associated with specific problems on the input side (scarcity, 

overexploitation, conflicts) and on the output side (sink capacity, emissions, waste) on 

different spatial and temporal scales (Krausmann, Weisz, and Eisenmenger 2016). Also, 

within each mode of subsistence, different social dynamics threaten the continuity of the 

metabolism (ibid). The current industrial metabolic profile is the base of modern affluent 

societies with high life standards. Its current biophysical structures can only be reproduced 

as long as the necessary flows can be ensured and as long as the society develops the ability 

to deal with the environmental feedbacks. However, industrial societies have reached 

metabolic growth rates and a metabolic scale that threatens the maintenance of the 

system and creates local and distal social conflicts (Krausmann et al. 2016). The larger the 

biophysical stocks (population, livestock, artefacts) the greater the demand for continuous 

input from the biosphere, the greater the impacts on and feedbacks from the environment, 

the more communication and social organization is necessary (Marina Fischer-Kowalski and 

Erb 2016). Socio-ecological systems are complex and require a certain degree of complexity 

to reproduce themselves (ibid). But interventions into socioecological complexity cannot 
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be fully controlled, create unintended surprises and the complexity-solving solution are 

often a part of the problem (Marina Fischer-Kowalski and Erb 2016).   

A natural environment without human intervention hardly exits. The high volumes of 

material and energy consumption have changed the biogeochemical processes that a new 

geological epoch of the Anthropocene is about to be proclaimed (Krausmann et al. 2017). 

Without considering the social-ecological interplay, it is not possible to understand the 

emergence and the circumstances of ecological problems and the biophysical foundations 

of societies. The social metabolism concept with its focus on socio-ecological 

interdependencies offers an approach to bridge natural and social knowledge and to 

analyse and to measure the biophysical flows and its cultural drivers. It helps to understand 

the socio metabolic problems of past societies, to identify current lock-in-effects and to 

assess the legacies of the current system (Haberl et al. 2019). By comparing the metabolism 

of different societies with similar levels of social wellbeing, the framework allows to look 

for alternative development paths. Its systemic interaction approach based on the mass 

balances also guides through temporal (shifting environmental burdens into the future), 

spatial (outsourcing environmental burden) and material (substitution of human labour by 

fossil energy carriers) trade-offs (ibid). 

The approach not only allows to describe and analyse the biophysical and social processes 

on different temporal and spatial scales, but also across functional subsystem (energy 

system, transport system, health system, tourism activities), as long as the compartments 

add up to the balance sum of the whole system (Marina Fischer-Kowalski and Haberl 1998; 

Simron Singh et al. 2010). Functional subsystems strongly depend on each other, share the 

same goal (e.g. to provide energy) and can act as a whole functioning unit within the society 

(Simron Singh et al. 2010). 
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3.1.1. Tourism and Social Metabolism 

How can tourism be analysed through the prism of social metabolism? Petridis and Fischer-

Kowalski (2016) describe tourism services on a local level as a part of a wider biophysical 

stock system. A touristically shaped socioeconomic metabolism consists of a local 

population, the visiting population, livestock and a biophysical infrastructure including the 

biophysical compartments of tourism services. The local population invests work and 

capital into certain economic sectors and builds up biophysical structures in order to deliver 

services to the visitors. The visiting population brings income into the visited destination, 

receives leisure and food but also generates additional waste and emissions. All tourism 

activities are coupled to the services provided by the ecosystem, which provides 

biophysical resources for the tourism activities, delivers regulating services like climate 

cycles and offers through the landscape and land cover spiritual and recreational services. 

Petridis and Fischer-Kowalski (2016) note that a touristically influenced socio-ecological 

system highly depend on the visiting population, but also on transportation, to ensure the 

mobility of the visitors. The authors highlight, that remote, rural areas, lacking income 

opportunities need tourism and the visiting population to sustain their metabolism and a 

life-quality comparable to other regions; otherwise the local population is threatened by 

emigration triggering a downwards spiral of life quality and a collapse of the socio-

ecological system. The authors conclude, that tourism is a balancing act between a too high 

metabolic profile, threatening the ecosystem foundations of the visited destination and 

society, and a too small profile, threatening to sustain the basic needs and services of the 

visited society (Petridis and Fischer-Kowalski 2016).  

Groß (2016) examines the socio-ecological transformation of an Alpine area from an 

agrarian to an industrial-touristic regime. He shows how completely new biophysical 

structures develop with differently structured material and energy flows and social 

relationships. He describes how social constructions, cultural guidelines and technologies 

transformation coevolve with new intervention into the ecosphere and how they mutually 

define each other. Also, here, tourism solved income problems, however, introduced also 

new income dependencies (loans, finance market, snow, permanent innovation), new risks 
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(global economic crisis, climate change, fierce competition) and new environmental 

problems like overconsumption, erosion or eutrophication (Groß 2016).  

The observations of Groß (2016) about the enlargement of the fossil-based energy system, 

the increasing significance of build infrastructure and the expansion of mobility capacity, 

go in line with the development of the industrial sociometabolic regime (Krausmann, 

Weisz, and Eisenmenger 2016). Some basic attributes of the industrial regime (ibid) are the 

preconditions for today´s mass tourism activities. This is an area wide energy system, large 

infrastructures for communication and for transportation of materials, energy, goods, 

humans and the access to huge volumes of energy and materials. Some attributes of the 

industrial regime (ibid) are not only preconditions but also highly favourable for the 

development of tourism activities. This is mass production and mass consumption, a high 

income (relating to global standards), time availability (a certain work- free time 

relationship) and, especially, mobility. Passenger transport services are the constitutive 

element of tourism services. Tourism would not be possible without the movement of 

people at certain pace, which is directly supported by biophysical structures like roads or 

the energy system. Also, some biophysical structures would not exist without tourism, like, 

civil aviation and hotels, or, would not exist to a certain extent (e.g. theatres, restaurants, 

roads). 

Following the framework of social metabolism, this study aims to understand the 

subsystem tourism as a reciprocal relationship between society and the natural 

environment. The goal is to examine the characteristic features of the metabolism of the 

tourism subsystem, its biophysical foundations or consequences, and the development of 

the biophysical expressions of the system. It is not primarily about the cultural experience 

and practices within the tourism context, but the material prerequisites of the cultural 

phenomenon tourism. 
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3.1.2. Decoupling 

Rising metabolic profiles go hand in hand with economic growth (Marina Fischer-Kowalski 

et al. 2011; Krausmann et al. 2017). If economic growth (measured in GDP) remains a 

dominant political goal and if the global environmental goals are to be achieved, then the 

used raw materials and energy need to be decoupled from economic growth; both, at an 

adequate decoupling rate and within a sufficient time horizon (Haberl et al. 2020). The goal 

of the decoupling indicator approach is to reduce environmental pressure (calculated with 

a pressure indicator like material footprint) and impacts (e.g. CO2 concentration in the 

atmosphere), while achieving economic growth (ibid). The development of the relationship 

between an environmental pressure or impact indicator and economic growth is either 

referred to as relative decoupling or absolute decoupling. If an economy succeeds to 

increase the economic output stronger compared to resource use, it has achieved relative 

decoupling. Absolute decoupling describes a development of decreasing resource use 

while the economic output keeps increasing (ibid). In both situations resource intensity 

(pressure indicator/ GDP) or the resource productivity (GDP/ pressure indicator) has 

improved, however, only during an absolute decoupling phase the pressure or the impact 

on the environment decreases.  

There is a weak common understanding of the decoupling concept and the decoupling 

trends in the literature (Haberl et al. 2020; Krausmann et al. 2017; Wiedenhofer et al. 

2020). The questions whether a decoupling occurs or not and how to interpret its 

development, highly depends on the considered temporal (used base year, data 

availability) and spatial scope (e.g. globally or country level), the dimension (pressures or 

impacts) or economic development phase (fast growing developing stage, emerging 

countries, industrial with high income, recession years, development legacies etc.) (Haberl 

et al. 2020; Wiedenhofer et al. 2020). Also, the used resources use indicators and its 

inherent allocation principles (e.g. consumption- or production-based indicators) can 

deliver divergent decoupling results and interpretation (ibid). The reasons why decoupling 

occurs could be interpreted as technological effects or just structural changes in the 

production or consumption mix (Krausmann et al. 2017). An important issue in the 
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decoupling debate is trade and the decoupling effect caused by the outsourcing of resource 

intensive industries and its substitution of imported final products (ibid). 

The decoupling trends diverge across the considered material and energy types (e.g. 

biomass, metals, minerals, fossil energy carriers, exergy), impact category (waste, 

emissions, land use) and the examined driver (e.g. GDP, population) (Haberl et al. 2020; 

Krausmann et al. 2017). In a recent review Haberl et al. (2020) state, that, globally there 

had been a long relative decoupling phase in the 20th century and a stagnation of resource 

consumption at a high level. However, since 2002 the decoupling state has turned into a 

rematerialization phase due to the strong industrialization and urbanisation in the Global 

South and the shift of material intensive industries from efficient to less efficient countries. 

The authors also note that absolute decoupling occurred solely in single countries during 

very low economic growth years and during recessions (ibid). 

Due to the varying decoupling understandings, considered aspects, correspondingly 

different trends and its interpretations, also the policy recommendations and strategies 

vary (Haberl et al. 2020). The discussion is dominated by two opposite position, namely, by 

green growth and de-growth/post growth (ibid). Green growth agents do not question 

growth as a development paradigm and point to a reformation of the current economy. It 

is argued that efficiency, innovation and technology will keep future - economic growth 

driven - resource consumption and its impacts within the planetary boundaries. The de-

growth community (Kallis et al. 2018) doubts the independence of economic growth and 

resource consumption and points towards a fundamental transformation of the economic 

system beyond growth. The decoupling strategy is strongly criticized (ibid). It is argued that 

resource consumption rates of the high-income countries cannot be realized on the global 

scale and that the decoupling rates are not high enough to meet the set environmental 

goals. It is stated that resource consumption can only be achieved in a steady- state or de-

growth economy. Decoupling in certain regions only occurs due to spatial (outsourcing/ 

burden shifting abroad), temporal (development legacies) or material (substitution of fossil 

energy carriers by metals for solar power energy) trade-offs (Haberl et al. 2020). It is also 

argued that the decoupling strategy will not succeed as efficiency gains are often 

reinvested into additional resource consumption (rebound effect/ Jevons Paradox) (ibid). 
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As no absolute decoupling is observed in the long term, the de-growth representatives 

(Kallis et al. 2018) suggested to look beyond technology and market instruments and to 

push more comprehensive policies which also include cultural changes such as sufficiency. 

Haberl et al. (2020) suggest a growth independent gateway steering between efficiency 

and sufficiency with a focus on social wellbeing. They conclude in their review that 

decoupling and efficiency strategies are just a part of the solution, which need to be 

supplemented by sufficiency measures and absolute reductions goals. The authors call into 

attention to focus on the social wellbeing and the necessary level of resource consumption. 

This also entails the reduction of material and energy consumption, the substitution of GDP 

by a more comprehensive economic policy indicator and demand-side solutions, that take 

into account consumer behaviour and wider cultural preferences, which “…have less risks 

and are more benevolent to societies than technological fixes” (Haberl et al. 2020). The 

discussion about efficiency and decoupling is about the assessment if things are done right, 

but it does not assess if the right things are done. Creating relations between 

environmental and economic indicators and its interpretation is arbitrary if it is not 

precisely laid out what the decoupling indicator is showing. The choice of the driver and 

pressure indicators in the first place excludes alternative decoupling results. Hence, its 

information content needs to be made transparent and the derived explanation power 

needs to be discussed.      
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3.2. Material Flow Accounting 

Economy-wide Material Flow Accounting (MFA) (Krausmann et al. 2017) is a concept to 

describe the biophysical interactions between the environment and the society and 

ultimately serves to analyse the social metabolism of an economy. The interaction between 

the society and the environment is understood a system of biophysical flows. In this 

intertwined system raw materials are extracted from nature (inputs), transformed into 

goods or services by the social and economic system and, in the short or long term, 

disposed back to nature as waste or emissions (output). This biophysical view on the society 

complements the prevailing monetary economic analysis with environmental data. In 

analogy to economic accounts MFA generates information about the composition and 

development of the biophysical stocks, inputs and outputs of the studied socio-economic 

system. Volumes and developments are summarized in international harmonized and 

comparable indicators, showing the use of resources and environmental pressure in 

relation to economic development, population, technological development, land use, 

trade, biodiversity, emissions and many more other indicators (M. Fischer-Kowalski et al. 

2011; Krausmann et al. 2017). 

Following the biophysical understanding of the society, the circulation logic of matter and 

based on the law of the preservation of matter, where the sum of matter in closed systems 

always stays constant, the MFA method creates compilations of national material balances 

measured in metric tonnes. MFA accounts record up to 70 material groups and are 

aggregated to four material categories, namely, biomass, non-metallic minerals, metal ores 

and fossil energy carriers (Marina Fischer-Kowalski and Haberl 1998; Krausmann et al. 

2017). The material flows of an economy are collected on a yearly base and are determined 

by defined and harmonized system boundaries. First, a boundary is defined between the 

socio-economic system and the natural environment.  Here, it is defined that only elements 

of the nature that are being reproduced and kept in a certain state through human 

intervention belong to the biophysical structures. For example, only animals that are bred 

to supply food belong to the system; so not all animals of the biosphere belong to the 

system. The second boundary is drawn between two socio-economic systems, which 

strongly depends on the research focus or on data availability and which have to be 
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revealed, as the result highly vary with the set system borders. In the second case, the 

definition of socio-economic boundaries can be guided by different principles. This could 

be, for example, by political, administrative or territorial borders that separate a national 

or a regional economy from other socio-economic systems. The borders can be also set by 

a functional principle (Simron Singh et al. 2010), which postulates to include a group of 

interdependent elements with a common goal into one functional system, although the 

elements simultaneously belong to different systems. This is, for example, the energy 

system that consists of different sectors (extraction of energy carriers, refinery, distribution 

system, energy power suppliers), which strongly depend on each other, share the goals to 

provide energy to the rest of the society and can act as a whole functioning unit within the 

society. The biophysical flows crossing the administrative boundaries are trade flows 

(import and export). Only material flows that pass one or both system boundaries are 

considered in the MFA (ibid.). Material flows are mainly compiled on the national level. 

Flows within a national socio-economic system are mostly not considered in EW-MFA and 

not compiled for each sector but can be modelled with Input Output Tables (Krausmann et 

al. 2017). Materials that stay in the socio-economic system for longer than one year are 

considered additions to stocks. The balance between inputs to and outputs from stocks are 

counted as net-additions to stocks (NAS). Inputs taken from the national environment and 

used by the society are summarized as domestic extraction (DE). Unused materials or the 

DE unused indicator includes materials which are taken from the environment but have no 

economic value, are not intentionally used in economic processing and are therefore not 

considered by economic statistics. These would be, for example, overburden from mining 

or unused biomass at harvest. The indicator direct material inputs (DMI= DE used + 

Imports) refers to domestically extracted used materials and the mass of imported 

products. Imported and exported materials are balanced in the physical trade balance (PTB) 

of a national economy, where exports are deducted from imports. To calculate the amount 

of materials which are directly used and consumed by the national economy domestic 

extraction is corrected by adding imports and deducting exported mass, resulting in the 

indicator domestic material consumption (DMC= DE + PTB). The DMC is currently the most 

widely used and reported material flow indicator (Krausmann et al. 2017). However, it is 

criticized for excluding indirect mass movements outside the domestic production 
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territory, enabling increases in material efficiency by shifting material intensive production 

abroad and substituting it by imported goods (Marina Fischer-Kowalski et al. 2011; 

Schaffartzik et al. 2014). The indirect flows summarize all materials used in a production 

chain to produce a traded good but are not part of the sold product itself. In response, 

several more comprehensive indicators have been developed to indicate both direct and 

indirect materials consumed by a national economy (Eisenmenger et al. 2016a; Krausmann 

et al. 2017). The indicator raw material consumption (RMC or material footprint) quantifies 

besides domestic extraction, all upstream flows associated with the production of imports 

and exports (DE + RMEim − RMEex). Imported or exported goods including all upstream 

materials are termed Raw Material Equivalents of import or export (RMEim or RMEex; RMEs 

are also called indirect/ hidden flows). Besides RMC there are other comprehensive 

indicators, like the Total Material Requirements (TMR= DMI + DEunused + indirect material 

inputs), which includes all used and unused materials used for domestic production and 

consumption. The indicator DMC indicates also potential future waste and emissions. 

Emissions to land, water or to air are grouped under domestic processed outputs (DPO). 

These are processed and dissipated materials by the national production system, which are 

released to the domestic environment (M. Fischer-Kowalski et al. 2011; Krausmann et al. 

2017). 
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3.3. Consumption-based and Production-based Accounting 

Material use arises both from production and consumption. Supply wouldn´t exist without 

demand and vice versa. The allocation of resource use across countries and sectors, from 

extraction, intermediate use along the supply chain to final demand or capital investment, 

household and government consumption, is an open debate. Each of the different material 

flow indicators (DE, DMC or RMC) represent also an allocation tool and have been 

developed for specific purposes and deliver answers to specific questions (Eisenmenger et 

al. 2016b; Krausmann et al. 2017; Lutter, Giljum, and Bruckner 2016; Schaffartzik, 

Wiedenhofer, and Eisenmenger 2015). Applying different accounting approaches to the 

same national economy lead to different levels of resource use depending on the set 

system borders and depending on the focus of the study. The different approaches also 

aim to underline different aspects like the role of export, import or significance of 

consumption. Hence, all indicators have certain advantages and blind spots and need to be 

used in combination to show the overall picture and, also, need to be applied in accordance 

with the issue studied (Krausmann et al. 2017; Lutter, Giljum, and Bruckner 2016). 

Additionally, all indicators are allocation approaches of environmental responsibilities 

which could be contested depending on the set of criteria like compensatory justice, 

distributive justice, capacities to deal with the burden, environmental effectiveness, cost-

effectiveness, completeness or leakage (Afionis et al. 2017; K. Steininger et al. 2014; K. W. 

Steininger et al. 2016). As indicators, in general, serve as monitoring tools and for the 

development of policy instruments, also, practical/technical issues, political 

implementation problems and jurisdiction constraints are discussed (ibid.). Currently, 

production-based, consumption-based, extraction-based and income-based accounting 

approaches are discussed in the scientific community (Afionis et al. 2017; Eisenmenger et 

al. 2016a; Lenzen et al. 2007; Schaffartzik, Wiedenhofer, and Eisenmenger 2015; K. 

Steininger et al. 2014; K. W. Steininger et al. 2016, 2018; Wiedmann et al. 2015). In this 

chapter, the consumption-based accounting approach (CBA) will be presented and contrast 

to the production-based perspective (PBA). In the chapter that follows, the destination-

based accounting approach (DBA) will be introduced, which serves as the target construct 

for the applied calculation to capture the material turnover of tourism activities in Austria. 
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Production-based Accounting  

DE, DMC or DMI represent the production-based perspective of resource use, as it 

quantifies and allocates material use associated with production for domestic consumption 

and production for export to the territory of production, regardless where the products are 

consumed (Jorgenson and Rice 2005; Schaffartzik et al. 2014; Schaffartzik, Wiedenhofer, 

and Eisenmenger 2015). This also means, that upstream use of imported goods is allocated 

to the producing country and not to the consuming country like in the consumption-based 

perspective. It also means, that only flows that cross national borders are considered in the 

PBA perspective, that is, the weight of the traded goods. Production-based data is widely 

recognised, internationally harmonised and collected for 25-30 years  (Krausmann et al. 

2017; K. Steininger et al. 2014). It includes materials that actually flow through the 

economy and which represent potential stocks or future waste and emissions of the 

studied territory (Krausmann et al. 2017; Schaffartzik, Wiedenhofer, and Eisenmenger 

2015). Therefore, it is more suitable in evaluating environmental pressures within the 

national borders. It is also of great relevance since the used materials within its 

administrative borders can be directly addressed by national resource policy (K. W. 

Steininger u. a. 2018). Implicitly, production-based indicators attribute only responsibilities 

for the material turnover and the connected environmental burden happening on the 

national territory. The environmental consequences of the exported goods and the 

material turnover associated with imports to meet domestic demand are left out 

(Krausmann et al. 2017; Schaffartzik, Wiedenhofer, and Eisenmenger 2015). However, the 

potential environmental burden triggered abroad by domestic consumption becomes more 

relevant, as the distances between production and consumption keep increasing. Due to 

the internationalization of supply chains, the development of economic specialisation, the 

rising trade volumes, uncoordinated environmental regulations and differences in 

production costs, material and emission intensive productions stages have been relocated. 

This resulted in unequal distribution of environmental burden and economic benefits  and 

in overestimation of resource efficiency efforts (Schaffartzik et al. 2014). 
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Consumption-based Accounting  

To tackle these issues and to complement the production-based perspective, consumption-

based indicators, like RMC or RMI, have been introduced to record indirect flows or 

upstream materials associated with the whole supply chain of traded goods (Eisenmenger 

et al. 2016a; Schaffartzik et al. 2014; Schaffartzik, Wiedenhofer, and Eisenmenger 2015; 

Wiedmann et al. 2015). Consumption-based indicators show the final demand induced raw 

material extraction irrespective of the geographic location of extraction or production and 

irrespective of whether these materials have actually crossed national borders or not. CBA 

attributes the imported goods and all upstream materials along the supply-chain to the 

territory of final consumption. Exported goods, which are not consumed within national 

boundaries, are excluded from the domestic account but allocated to the location of final 

demand. With IO-based RMC calculations (presented below) it is possible to link the 

production side with the consumption side and to trace back and analyse the material 

requirements of intermediate consumption and the material use of different final demand 

groups, like the state, capital investments or households (ibid.). Furthermore, RMC 

calculations allow to show different material intensities of the traded goods from different 

countries, which helps to analyse international trade, varying stringency in international 

environmental regulations and potential shifts in consumption or trade in order to 

substitute material intensive goods (Schaffartzik et al. 2014; K. W. Steininger et al. 2018). 

Compared to DMC or DE the calculation of RMC is less harmonized, more complicated, 

modelled and therefore based on more assumptions (Schaffartzik, Wiedenhofer, and 

Eisenmenger 2015). PBA indicators, DMC or DE, are used as headline indicators by the EU 

and are applied by all OECD countries, while only few countries have applied CBA on a 

voluntary basis (Afionis et al. 2017; K. W. Steininger et al. 2016). The prospects of CBA to 

be applied globally and to be used to set reduction targets in the near future are unlikely. 

Its political acceptability is questioned, as measures to reduce MF would demand greater 

international cooperation, control of consumption and changes of production outside of 

national borders (ibid.). Policies based on CBA indicators have the potential to mitigate 

environmental pressure and to reduce leakage, however, only under certain circumstances 

(K. W. Steininger et al. 2016). Despite its imperfections, CBA indicators provide valuable 

information. Contrasting the two accounting approaches Schaffartzik et al. (2014) showed 
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for Austria that imports and exports in the consumption-based approach are much higher 

(by the factor 2.6 and 3.0)  compared to the production-based approach. Also, imports 

expressed in raw material equivalents, are significantly higher than exports, showing a 

different material composition of Austrian trade compared to the PBA and confirming that 

Austria is importing commodities and exporting finished goods. In total Austrian RMC is 1.1 

times larger than the DMC. The results show the dependency of Austrian final demand on 

upstream materials abroad and that, with regard to resource productivity, the indirect 

flows associated with Austrian demand need to be considered. This demonstrates also that 

Austrian production and consumption activities have a great environmental impact abroad. 

Similarly, Steininger and colleagues (2018) prove that emissions in Austria are 54% higher 

in the CBA and that 60% percent of the emissions induced by domestic consumption are 

actually released abroad.  

Production and consumption-based approaches have to be applied jointly to serve 

different policy measures. Whereas, CBA shows the volume and share of material turnover 

induced abroad and home by domestic demand, PBA shows the volume of materials 

extracted and used within national borders, which can be directly addressed and 

potentially reduced by national policy. If a country wants to reduce the material intensities 

of its demand on its territory and the material use outside its borders, it has to address the 

consumer by consumption-based policies. Considering both approaches, means addressing 

material reduction not only on domestic ground but also abroad. Each accounting principle 

delivers different levels and structures of material use. Thus, material reduction measures 

based only on PBA may be different and may address other products compared to 

measures based on CBA results, which deliver different material intensities, structures, 

volumes and driving forces. The appropriate accounting choice regarding policy, depends 

on several factors and conditions, like availability of technology, economic feedbacks, costs 

etc. For further discussion about policy implications see, for example, Steininger (2014) and 

Afionis (2017). 

Beside full consumption and full production-based approaches, also mixed approaches are 

discussed. The debate is focused mainly on carbon accounts, as the methods are more 

advanced, and the authors discuss in addition suitable attribution of responsibilities. 
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Looking for adequate apportion criteria, value added or income principles (Lenzen et al. 

2007), “carbon added” principles and carbon tariffs or carbon intensities are discussed (for 

an overview see: Afionis u. a. 2017; Lenzen u. a. 2007; K. Steininger u. a. 2014). While mixed 

approaches can highlight some issues, like distribution effects, they are probably even 

more difficult and more time-consuming to implement compared to a consumption-based 

approach, since they are a subject of negotiation and require a complex international 

system to ensure compliance. It is therefore proposed to separate the approaches and to 

have a simultaneous multiple accounting system showing different perspectives (K. 

Steininger et al. 2014; K. W. Steininger et al. 2018; Sun, Lenzen, and Liu 2019). However, by 

applying simultaneous multiple accounting system the question about which criteria to use 

to apportion the environmental cost between the producer and consumer still remains 

open. The discussion about the accounting principles show that none single accounting 

approach is sufficient enough to meet the challenges of today’s intertwined open 

economies and the current political situation.  
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3.4. Input Output Modelling:  

Environmental Extended Input Output Analysis 

3.4.1. Input Output Analysis: static open quantity model 

The methodical and mathematical procedure to allocate raw materials to the tourism 

activities follows the Leontief approach of the Input-Output Analysis (IOA). It was 

developed by Wassily Leontief in the 1930s, for which he was awarded the Nobel Prize for 

Economic Sciences in 1973. The method is based on so-called Input-Output-Tables (IOT), 

which display the production process of the whole economy for one year and the 

transformation of inputs into output. The tables are an ex-post description of the economic 

circuit and illustrate the circulation of goods and services from primary input via 

intermediate input to intermediate output and to output for final demand. In detail, it 

shows how the output from domestic production and from imports is composed of single 

product groups and how the products are used along different final demand categories, i.e. 

household demand, government, capital formation and export. Furthermore, it shows the 

generation of income of single sectors during the production process. Originally, designed 

to monitor the development and the structure of the economy, it became also a widely-

used standard in the analysis of environmental economic issues (Miller and Blair 2009a). 

The environmental extended method enables to quantify the local and global impacts of 

production and consumption along the whole supply chain and to develop political relevant 

indicators. By that, it serves as an information base to find entry points to reduce the 

environmental burden associated with the consumption of different final demand groups 

and along the supply chain (Holub and Schnabl 2014; Miller and Blair 2009b; Wiedmann et 

al. 2015). 

A production sector needs inputs from other sectors to produce its goods. The delivering 

sectors in turn also need inputs for producing the delivered goods. Next to the direct and 

indirect intermediate consumption also other inputs, like labour, capital or imports are 

necessary to deliver a product to the final consumer. Also, some goods are delivered 

directly to the final consumer. All these supply and use activities are summarized in an IOT 

of a national economy on an annual basis. The flows are measured in monetary terms. In 
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Austria, the IO tables used here, are published by Statistic Austria in the form of symmetric 

tables and in the form “products by products”, with defined 64 homogeneous product 

groups. In the Leontief IO approach, the economy is described by the following equation: 

𝑥 = 𝑍 + 𝑦, Eqn. 1 

where x, the total output of each sector represented by a n x 1 vector, is the result of 

intermediate consumption n x n product matrix Z and final demand matrix y grouped by 

consumption, investment and export. Each element of Z illustrates the monetary value of 

the products a certain sector consumes from another sector in order to produce its 

characteristic product. If each element of the matrix Z is divided by the corresponding 

output x, the result is the technical coefficients matrix A, based on the domestic technology 

assumption (DTA). These direct input coefficients describe the inputs, which are necessary 

to produce one unit of the sector. In order to quantify the overall connection between 

inputs and outputs, not only the direct but also the indirect inputs need to be included: 

𝑥 = 𝐴𝑥 + 𝑦 Eqn. 2 

Solving the equation with x, we get an equation describing the effect of changing or given 

final demand on the total output: 

𝑥 =  (𝐼 − 𝐴)−1 × 𝑦 Eqn. 3 

𝐼 is the identity matrix with 1s on the diagonal and the rest being zero. The term (𝐼 − 𝐴)−1 

is the Leontief Inverse or the Leontief multiplicator describing the direct and indirect 

requirements to produce one unit of output for final demand.   

The goal of the above mentioned static open quantity model is to analyse the direct and 

indirect effects on the output induced by changed demand. Doing so, monetary flows are 

transformed in fictional quantity flows (quantity model). Furthermore, it is assumed that 

final demand is exogenous given, that the inputs are proportional linked to output, 

independently of its volume and that there are no capacity constraints. The model is static 

as values refer to the same time or the same year. Also, there are no feedback effect 

between consumption, production or income (open model). For further discussion about 

other models see (Holub and Schnabl 2014; Miller and Blair 2009b). In the following section 
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we will see how the basic Leontief approach can be extended to allocate environmental 

flows associated with production and consumption. 

3.4.2. Environmentally Extended Input–Output Analysis (EE-IOA) 

The biophysical prerequisites of the tourism sector, the limited resources and sink 

functions of our planet challenge the expansion of the tourism metabolism. To understand 

the material foundations of the tourism phenomenon the static open Leontief model is 

extended by environmental inputs. This means, once data on resources used in the national 

economy or data on environmental emissions is available, it can be linked with Input 

Output Tables (IOT) and tourism expenditure to develop indicators for environmental 

pressure or impact associated with production for final demand. Here, the goal of the 

Environmental Extended Input Output Analysis (EE-IOA) is to quantify direct and indirect 

environmental pressures per monetary unit of tourism expenditure and to determine the 

Material Footprint or Raw Material Consumption (Krausmann et al. 2017) of the tourism 

sector. The IO monetary table is extended by a matrix of MFA physical data on extracted 

materials, which represent the direct material intensities. It is calculated by building the 

ratio of the extracted materials k to the output x: 

𝑓𝑘𝑗 =
𝑎𝑘𝑗

𝑥𝑗
 

Eqn. 4 

𝑓𝑘𝑗 is direct material intensity, where k is the number of materials considered, j is the 

number of products. f creates a connection between material input and monetary output 

and shows the tonnes of material k used in a product j to produce one EUR of output. The 

coefficient creates and describes a measurable and a technological relationship between 

the material input and the production or consumption activities. 𝑎𝑘𝑗 is the absolute amount 

of the material k associated with this activities, product or output j.  

Even though the tourism sector is considered as a service sector it is also based on material 

flows, directly but also indirectly through interconnections with other sectors. Also, even if 

some of the tourism activities might have marginal direct material intensities, they can 

contribute to large material flows if they strongly depend on intermediaries from material 

intensive sectors. To consider, the intermediary linkages within the economy and 
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associated indirect level of the environmental pressure, the intensity matrix f is 

diagonalized and multiplied with the Leontief multiplicator, resulting in the direct and 

indirect material intensity or the total resource multiplicator.  

𝐹𝑘,𝑗 =< 𝑓 > Eqn. 5 

𝑞𝑘,𝑗 = 𝐹 × (𝐼 − 𝐴)−1 Eqn. 6 

Each cell of the matrix represents the amount of material k employed in product i to enable 

the production of one final product j. The sum of the row indicates than the total necessary 

material input in product i to enable all activities j to produce an additional unit for the final 

demand. Every column sum of the matrix q, or the resource multiplicator by product, 

describes the additional volume of materials in all products i necessary to produce product 

j for a monetary unit of final demand. In other words, each € of final demand spend on 

product j requires 𝑞𝑘 of upstream materials. The resource multiplicator or the material 

intensities by product is of particular interest, as it represents the technological progress 

and the economic structure behind the consumed resources and the resulting 

environmental pressure by consumed product. Eqn. 6 also describes how the consumption 

of one product multiplies environmental pressure due to the indirectly induced demand 

for intermediate goods and services. The resource multiplicator indicates also, which 

demand component induces the highest material turnover by 1€ of expenditure. However, 

to assess the total environmental pressure, not only the direct and indirect intensities, but 

also the volume of spending and its structure need to be considered. 

When further multiplying the matrix q with Y - a vector or matrix of final demand or tourism 

expenditure- the EEIO model allocates the extracted materials to the final demand 

consumption and shows the overall consumption of materials Q driven by different 

demand components.  

𝑄𝑘,𝑣 = 𝐹 × (𝐼 − 𝐴)−1 ∗ 𝑌𝑖,𝑣 Eqn.7 

Each cell of 𝑄𝑘,𝑣 shows the total amount of material k associated with the expenditure of 

visitor group 𝑌𝑣. The columns represent the material pattern of each visitor differentiated 

by k resources, whereas the column sums indicate the total amount of all consumed 

resources. The rows of the matrix 𝑄𝑘,𝑣 show the distribution of the material k across all 
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demand groups. If each resulting cell is related to the appropriate column, row sums and 

the total sum of the material consumption, we can show the material consumption pattern 

for each single visitor category, the structural composition of demand within each material 

category and the consumption shares based on the total material footprint. 

The matrix 𝑌𝑖,𝑣 can be split up (Holub and Schnabl 2014) to show, firstly, the consumption 

pattern within each visitor group or the expenditure share on single tourism products by 

each single tourist group ( 𝑌𝑖,𝑣
𝑆𝑡𝑟 𝑉 ), secondly, the demand structure of single visitor 

categories on total demand ( 𝑦𝑖,𝑣
𝑆𝑡𝑟 𝑇 ) and, thirdly, the absolute expenditure of all visitors 

on all tourism activities ( 𝑦𝑇 ) : 

𝑌𝑖,𝑣 =  𝑌𝑖,𝑣
𝑆𝑡𝑟 𝑉 ∗  𝑦𝑖,𝑣

𝑆𝑡𝑟 𝑇 ∗  𝑦𝑇 Eqn. 8 

𝑌𝑖,𝑣
𝑆𝑡𝑟 𝑉 =  𝑌𝑖,𝑣 ∗ (< 𝑦1,𝑣 >)−1 Eqn. 9 

𝑦𝑖,𝑣
𝑆𝑡𝑟 𝑇 =  𝑦𝑣,1 ∗ 𝑦𝑇

−1 Eqn. 10 

Each cell of the matrix 𝑌𝑖,𝑣 represents the amount of product i bought by visitor v. If each 

element of 𝑌𝑖,𝑣 is divided by the appropriate row sum 𝑌1,𝑣 of each visitor demand category 

we get, 𝑌𝑖,𝑣
𝑆𝑡𝑟 𝑉, the structural composition of consumption of each single visitor group or 

the consumption shares in percent by product and visitor. If the total demand of each 

visitor category, 𝑦𝑣,1, is divided by the total tourism consumption 𝑦𝑇, we get, 𝑌𝑖,𝑣
𝑆𝑡𝑟 𝑇, the 

structural composition of total demand by visitor categories or, in other words, the 

consumption shares of single total visitor groups. 

Combining Eqn.7 and Eqn. 8, we can see that the overall material footprint is determined 

by consumption preferences of different visitor categories, its shares on total spending and 

by the level of internal tourism expenditure: 

𝑄𝑘,𝑣 = 𝐹 × (𝐼 − 𝐴)−1 ∗ (𝑌𝑖,𝑣
𝑆𝑡𝑟 𝑉 ∗  𝑌𝑖,𝑣

𝑆𝑡𝑟 𝑇 ∗  𝑌𝑇) Eqn.11 

In the following section Eqn.7 will be transformed in various ways to study the material 

footprint from different perspectives. Additionally, the transformation of a matrix like in 

Eqn. 8 will be used to calculate shares based on row, column and total sums in order to get 

a better understanding of the composition of the examined matrices. Where appropriate, 
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the matrices will be summarized to tourism characteristic and non-characteristic products 

(according to Tourism Satellite Account definitions) and to primary and secondary sector 

products. The resulting summary will give us a simple insight how the consumption of 

service-based activities, like tourism activities, are interlinked and distributed across the 

whole economy. 

To show the distribution of the consumption of the six material groups across consumed 

products and visitors, the total amount of each single material k can be further allocated 

to consumed products i by diagonalizing each row of 𝑞𝑘,𝑗 and multiplying this material 

inverse or the total resource multiplicator with each demand category 𝑌𝑖,𝑣: 

𝑄𝑖,𝑣
𝑘 =< 𝐹 × (𝐼 − 𝐴)−1 > × 𝑌𝑖,𝑣 Eqn.12 

Each element of 𝑄𝑖,𝑣
𝑘  shows the direct and indirect input of resources k in product i in order 

to produce the output of product j for final demand 𝑌𝑣. In short, each cell depicts the total 

material requirements embodied in final consumption of product i. 

The resource pattern of each tourism activity or, in other words, the material footprint 

pattern of different visitor group structured by consumed products, can be shown by the 

following transformation: 

𝑄𝑘,𝑗
𝑉 = 𝐹 × (𝐼 − 𝐴)−1 ×< 𝑌𝑖,𝑣 > Eqn.13 

𝐹 × (𝐼 − 𝐴)−1 or the total resource multiplicator indicates the embodied materials of all 

necessary products to produce one unit of product j. By postmultiplying the multiplicator 

with the diagonalized demand of each visitor group 𝑌𝑣, each column of the total resource 

multiplicator matrix is expanded column by column by the factor or the level of 

consumption of 𝑌𝑣 of product j. This way, we get vectors that show all required materials 

structured by consumed goods j. In other words, the matrix 𝑄𝑘,𝑗
𝑉  describes the distribution 

of all production inputs or materials k across single consumed product categories j. So, the 

material inverse postmultiplied by the tourism expenditure of all visitor groups, shows the 

embodied resource of the whole tourism sector differentiated by consumed products. Also, 

here, like above, the shares will be calculated, and the resulting matrix will be summarized 

in tourism characteristic products and tourism connected products. Having the material 
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shares of each product, we can see, first of all, the material composition of each tourism 

activity, and secondly, which tourism activity embodies most resources or which activity 

has the highest material footprint differentiated by material groups and visitor category. 

Replacing 𝑌𝑖,𝑣 by final consumption expenditure by households of whole Austria, 𝑌𝑖,ℎ, in 

Eqn. 5 and calculating shares between 𝑌𝑖,𝑣 and 𝑌𝑖,ℎ, we can compare the material footprint 

of the tourism sector with the whole Austrian economy and the service sector in Austria. 

This comparison will give us a better understanding of the material dimension of the 

tourism sector as a part of the service sector and the whole Austrian economy. 

Not all the consumed materials are extracted domestically. To show the dependence of the 

tourism sector on imported materials and to quantify the materials associated with import 

for tourism consumption, the import share of tourism expenditure is estimated and 

multiplied by the material inverse: 

𝑌𝑖𝑚𝑝 𝑐ℎ𝑎𝑟 =
𝐼𝑚𝑝𝑜𝑟𝑡𝑖

𝑆𝑢𝑝𝑝𝑙𝑦𝑖
∗ 𝑌𝑖

𝑐ℎ𝑎𝑟 
Eqn.14 

𝑌𝑖𝑚𝑝 𝑐𝑜𝑛 =
𝐼𝑚𝑝𝑜𝑟𝑡𝑖

𝑆𝑢𝑝𝑝𝑙𝑦𝑖
∗ 𝑌𝑖

𝑐𝑜𝑛 
Eqn.15 

 

𝑄𝑖𝑚𝑝 = 𝐹 × (𝐼 − 𝐴)−1 ∗  𝑌𝑖,𝑣
𝐼𝑚𝑝 Eqn.16 

Calculating the RME of imports this way, it is assumed that the imported goods are 

produced within the Austrian economy with the same domestic technology (DTA) adjusted 

by LCI data (Eurostat 2018a; Schaffartzik et al. 2014). Further details are described in the 

RME chapter.  

𝑌𝑖𝑚𝑝 is the absolute import share of tourism expenditure which is estimated by weighting 

the tourism expenditure with the average import share of total supply of product i. If we 

apply the same average import shares of product i to the other visitor groups, we can build 

an import demand matrix 𝑌𝑖,𝑣
𝐼𝑚𝑝. The result of 𝑄𝑖𝑚𝑝 represents RIM, the Raw Material 

Equivalents of imported and consumed goods by all tourism activities. Tourism demand for 

imported goods is also differentiated in tourism characteristic products and tourism 

connected products. Eqn.16, can be also rearranged according to Eqn.11, Eqn.12 and 

Eqn.13, to illustrate the structural composition of imported RME. Further information 
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about basics of IOA and EEIOA can be found at Holub and Schnabl (2014) and Miller and 

Blair (2009b) 

The total RMC, RIM and the single material categories are also related to tourist arrivals, 

overnight stays, average stays, tourism expenditure and tourism value added to create 

relative references. The necessary data is derived from databases offered by Austrian 

national bank (OeNB 2019) and the official statistical office of Austria (Statistik Austria 

2019c). These intensity indicators will tell us whether a decoupling of resource use from 

visitor numbers, tourism expenditure and tourism growth can be observed. 

Following an overview of the above-mentioned indicators: 

tourist arrivals RMC in t/ cap 

overnight stays RMC in t/ overnight stay 

average stay RMC in t/ average stay 

expenditure in thousand EUR 
 

RMC/ expenditure in t/k€ 

Tourism Value Added in k€ RMC/ TVA in t/k€ 

Table 1: intensity indicators 

Repeating the presented calculations for all the years from 2000 to 2014, we will get an 

insight into the material footpath of the tourism activities in Austria differentiated by 

products and by visitor groups and we will see the development of the decoupling 

performance per capita, stay, expenditure and tourism growth. The period from 2000–

2014 was chosen as tourism expenditure is available since 2000 and MFA data is given up 

to 2014. 
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3.5. Tourism Satellite Accounts (TSA) 

To compile consistent data on environmental pressure, it is necessary to have a clear 

picture of the boundaries. Defining tourism is not easy. There are several terms, definitions 

and implicit system boundaries. Decisions must be made about involved sectors, 

movements of people and their expenditure and spatial boundaries. Here, I will adhere to 

the definition of Statistics Austria. Hence, the boundaries regarding the territory of 

expenditure and involved products are determined by the boundaries set by Tourism 

Satellite Accounts (TSA) and their collection procedures about expenditure data of visitors 

in Austria.  

Tourism is not an industry as such. In the System of National Accounts (SNA), it is not 

published as a sector like the construction or transport sector, which are defined by the 

supply side. Unlike the two mentioned or "regular" sectors, the tourism industry is defined 

by payments of visitors made on tourism products. The scope and structure of the tourism 

industry is determined by the visitor spending’s in connection with their journey. To 

capture the expenditure and products and services delivered to tourist and to measure the 

economic relevance of tourism, the Tourism Satellite Account has been introduced (Laimer 

and Smeral 2013; UNWTO 2018a).  

Tourism Satellite Accounts, as they exist for Austria do not cover the full range of tourism 

activities. They cover only the direct relationship between production and consumption 

activities or solely the economic effects directly triggered by tourism demand. This means 

that the TSA only considers the direct tourism demand, or the part of the demand made by 

or for a visitor for goods and services before and during a journey. This means that 

economic relations are underestimated, as the TSA excludes the diverse indirect and 

induced effects of economic interrelations. To capture the indirect effects, due to economic 

interlinkages, and induced effects, due to additional generated income of tourism 

production and consumption activities, further investigations, calculation and corrections 

are necessary (Laimer and Smeral 2013), which go beyond the scope of this thesis. 

Therefore, only the direct payments of tourism products and activities on Austrian territory 

will be considered to quantify the direct and indirect environmental pressures. Also, the 

allocation to tourism relevant products follows the TSA definitions. 
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To quantify the tourism footprint, one must answer the questions how to apportion the 

overall consumed raw materials within the whole economy to the tourism specific 

products, to the person or activity consuming the products and how to align data from 

different databases? The first question will be answered in the next chapter, while in the 

following section the adaption of data will be described and the foundation for the material 

allocation will be build. Material flows enter the tourism sector through the extraction 

sectors and are the result of tourism production and consumption activities, which are 

measured in monetary terms or by tourism expenditure. Hence, the basis for the allocation 

of material flows is tourism expenditure. Tourism expenditure is taken from the Austrian 

Tourism Satellite Accounts (Laimer and Smeral 2013). Figure 2 illustrates the included 

visitor consumption categories (for further details see Table 13 in the annex). The internal 

tourism consumption (including imported goods) is differentiated by domestic 

expenditure, by inbound expenditure, by the type of visitor (same day, tourist staying 

overnight and total) and by the type of consumed product. Here, we can see that the 

political-administrative territory principle and the residence principle guides the 

boundaries set, by including only the expenditure of Austrians and foreigners in Austria and 

not their expenditure abroad. To consider international spending of domestic Austrian and 

non-resident visitors, which is not done here, the TSAs of all the visited countries need to 

be connected. According to Statistik Austria and UNWTO (Laimer and Smeral 2013; UNWTO 

2019) tourism related products are identified according to the tourism share on total 

expenditure and are differentiated in tourism characteristic products and in tourism 

connected and non-specific products. Expenditure by visitors on products with a significant 

share on the overall expenditure of that product or product group is defined as a tourism 

characteristic product (in Austria tourism characteristic products have at least a share of 

25%). These are, for example, hotels or air travel services. Tourism-connected and non-

specific products (in the following just “tourism-connected services") are linked to tourism 

activities but are of much lower significance to visitors and are estimated to be 1% of all 

spending on the respective product category. These products would also exist in absence 

of tourism demand and comprise all other services visitors buy during their journey. These 

are groceries, shoes, hairdressing services, education, clothes, electronics etc. (Laimer and 

Smeral 2013; United Nations and Statistical Division 2016; UNWTO 2019). 
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Figure 2: visitor categories  
(Laimer 2014; UNWTO 2019) 

 

Material flow and TSA data are linked to national supply and use tables and underly the 

same product ISIC (International Standard Industrial Classification of All Economic 

Activities) respectively CPC (Central Product Classification) classifications, however, MFA 

data and TSA data are recorded on different product aggregation levels. Material flow data 

and Input Output Tables are available for 64 product groups on a 2-digit aggregation level 

(division class), whereas tourism expenditure data is collected more detailed on 3 to 5-digit 

product level (group, class and sub-class) and summarized to 22 product groups. This 

means when calculating the material use of tourism activities, the average material 

intensity of the product group is multiplied with the tourism expenditure. So, the material 

intensity is a characteristic of the 2-digit level product group, that tourism belongs to and 

is not a feature of the specific tourism products on 3-5-digit level. For example, if the 

expenditure is made on products with a lower material intensity compared to the average 

intensity of that product group, the material consumption of tourism activities is 

overestimated. This, also, means the higher the share of tourism products in one of the 64 

product categories of the Input Output Table the more accurate is the resource allocation 

and, conversely, the lower the tourism share the more inaccurate the estimations. Since 

tourism characteristic products are defined by high expenditure shares within a product 

group the allocation using 2-digit level data seems reasonable. For example, in the 
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accommodation sector the share of tourism expenditure accounts for 70% of total demand, 

which means that most products supplied and most material used for production and 

consumption in that sector are for tourism activities. In the case of tourism-connected 

products the share of tourism expenditure on total demand makes up only 1%. Hence, the 

estimation of the material intensity of tourism-connected products is very inaccurate. 

Here, the expenditure data from the TSA accounts will be assigned to the 64 products in 

accordance with the structure and resolution of the 64x64 product group Input Output 

Table and the bridging tables (see appendix Table 14: From TSA expenditure to IOT 

expenditure). Due to different data availability on material flows, there are three different 

correspondence tables (see appendix Table 14: From TSA expenditure to IOT expenditure) 

for the years 2000–2004, 2005–2007 and for 2008–2014 describing the allocation of the 

expenditure data from the TSA table to the IOT table structure. Basically, where 

consumption data for the 64 products is missing, the given aggregated expenditure data 

from TSA is distributed on the 64 products by multiplying expenditure with its shares 

(tourism ratio) on total output of the corresponding product. In other words, 

correspondence tables display the tourism shares, which result from the comparison of 

total output of each good and the tourism expenditure for the corresponding good. The 

result is a tourism demand matrix 𝑌𝑖,𝑣 – used in Eqn.7-, where i represents the consumed 

64 products and v the different tourism expenditure categories of inbound tourism, 

domestic tourism consumption and total internal tourism consumption of Austria (see 

appendix Table 15 Tourism Expenditure by product). The rows of each visitor consumption 

category are additionally summarized in tourism characteristic products, tourism connected 

products (according to Tourism Satellite Account definitions), primary and secondary sector 

products and service sector products to get an overview how the consumption of service-

based activities, like tourism activities, are interlinked and distributed across the whole 

economy. The tourism final demand matrix 𝑌𝑖,𝑣 includes expenditure data of internal 

tourism consumption (Annex: Table 15), that is the expenditure of: inbound/ non-resident 

visitors incl. same-day visitors and tourists, resident visitors incl. same-day visitors and 

tourists travelling within Austria and the spending of resident visitors incl. same-day visitors 

and tourists on their way to another country. 



 

38 
 

3.6. Destination-based Accounting 

Studies on emissions in and from tourism also use production-based and consumption-

based indicators (Dwyer et al. 2010; Lenzen et al. 2018; Munday, Turner, and Jones 2013; 

Sun 2016a; Sun, Lenzen, and Liu 2019). CBA indicators, derived from tourism expenditure, 

are differentiated between residency-and destination-based indicators (Lenzen et al. 2018; 

Sun 2016b). Residency-based approaches (RBA) allocate the environmental burden 

associated with tourism spending to the visitors´ country of residence, which include direct 

and indirect emissions steaming from resident visitors travelling within the country of 

residency and abroad. RBA corresponds to the full CBA perspective. Destination-based 

indicators (DBA) appoint emissions to the visitors´ travelling destination, including direct 

and indirect emissions linked to the consumption of resident and non-resident visitors and 

upstream emissions associated with the production of imports consumed by resident and 

non-resident visitors on the territory of the destinations (Dwyer et al. 2010; Lenzen et al. 

2018; Munday, Turner, and Jones 2013; Sun 2016a; Sun, Lenzen, and Liu 2019). 

It is important to notice, that resident tourism expenditure is a part of the domestic 

household consumption and, especially, that inbound tourism, as reported in Tourism 

Satellite Accounts, represents exports in the System of National Accounts (SNA) and, 

accordingly, outbound tourism expenditure abroad is considered as imports. This reflects 

that just the flow of money and not the flow of humans, products or material is considered. 

In physical terms, however, incoming tourism (inbound visitors) is the import of non-

resident human bodies and their metabolism, which spend their income, gained abroad, 

on products within the destination. The consumed final products within the destination 

never cross the border. In monetary terms these inbound visitors represent export, as the 

money is flowing into the economy from outside. This poses an interesting issue for 

consumption-based accounting applied to tourism. In the classic CBA approach, it is 

assumed that humans do not cross borders and that income is spend where it is gained, 

however, this is not the case in tourism (Sun, Lenzen, and Liu 2019). So, the decisive 

allocation criterion of the CBA approach is the country of residency and not the point or 

location of consumption or the location where the income of the resident is spent. The 
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following figure is based on Sun´s (Sun, Lenzen, and Liu 2019) discussion and gives an 

overview of discussed allocation principles. 

 

Figure 3: MF allocation options of tourism demand 
(based on Sun, Lenzen, and Liu 2019; red shaded blocks represent the considered final demand 
groups by each allocation approach) 

The red shaded blocks in Figure 3 show the considered demand categories of different 

accounting principles and how domestic and foreign production or consumption is 

allocated according to either the criteria country of production, country of consumption or 

country of residency. The difference between the approaches is the environmental burden 

arising from international travel (inbound and outbound visitors), as emissions from 

resident visitors on domestic ground are the same (red shaded blocks on the bottom). The 

PBA approach includes the environmental burden connected with the production within 

the country, irrespective of the origin of consumption or the country of residency. DBA is a 

CBA approach, since it is derived from final demand expenditure and includes all upstream 

emissions or materials associated final consumption, however, as exports or inbound 

tourism spending on national territory are considered, it is a mixed approach. The 

environmental burden linked to domestic production and consumed by resident visitors 
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travelling, for example, within Austria and to a different country (outbound inside: only the 

part spend on Austrian territory/ Austrian suppliers) is in the DBA and CBA the same. 

However, the considered burden connected with domestic production for export or how 

imported goods are dealt with, depends on the allocation criterion, namely, the country/ 

location of consumption or the residency of the visitor. In the case of DBA, production for 

export consumed by foreign visitors in Austria is included, while the consumption of 

Austrian production by Austrian tourists abroad (outbound outside) and foreign visitors in 

the Rest of the World (RoW) is not included. In the case of CBA, Austrian production for 

export consumed by Austrian residents abroad is included. As the cut-off criterion is 

residency, the consumption of inbound and RoW tourists is not considered in the CBA 

perspective. Foreign production or imports and the associated emissions or materials 

consumed by Austrians are included in the CBA and in the DBA perspective. However, in 

DBA the consumption of imported goods (including the embodied upstream materials) by 

foreign tourists travelling within Austria are also taken into account.  

Figure 3 also indicates, what kind of data is necessary to calculate the resource 

consumption using different principles. Choosing the classic PBA approach, one would need 

supply data of tourism characteristic sectors and tourism connected sectors from IOT, 

which would include supply for tourist and supply for final demand of households. Here, 

two problems arise. Supply data from tourism characteristic sectors exists, however, the 

actual supply, solely for tourist, can only be calculated from tourism expenditure. As 

tourism takes place only when tourists spend money and as such, it is only defined and 

quantified by expenditure data for tourism purposes, the supply for explicit tourism 

activities cannot be calculated irrespective of consumption. The second problem relates to 

the supply of tourism connected products, which are all other products produced by the 

domestic non-tourism characteristic sectors, that tourist buy, but which primarily exits for 

non-tourists’ consumption (e.g. bread, shoes etc.). Tourism non-connected products make 

up approximately 17% of tourism expenditure and, as we will later see, approximately 30% 

of the material footprint. But, supply data of tourism non-connected products doesn´t 

exist. It is not surveyed like expenditure data on tourism characteristic products but 

estimated as a residuum value from expenditure data on tourism characteristic products 

(Laimer 2014). The PBA approach offers only a solution if at least tourism expenditure is 
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considered to calculate the supply, irrespective where the consumption takes places and 

independently of the residency of the visitor. In order to calculate the footprint in the PBA 

sense, international trade data is necessary, which includes, first and questionable, 

information on Austrian tourism production (characteristic and non-characteristic) bought 

by foreign visitors travelling around the globe. Secondly, data needs to be collected on 

Austrian production for tourism bought by Austrians travelling around the globe. Such data 

could be obtained, for example, from international TSAccounts or other international 

statistical tourism databases by collecting expenditure profiles of resident outbound tourist 

in top 10 visiting countries (Sun, Lenzen, and Liu 2019). For the CBA approach, also the 

latter information is needed. The collection of the rest of the expenditure data is less 

problematic. While the PBA approach doesn´t seem adequate to grasp the extent of the 

tourism footprint, the CBA seems suitable to study environmental burdens focusing on the 

visitor, her or his travel choices and the complete life cycle of a trip of a certain citizen. In 

contrast, DBA indicators can be used to deal with environmental pressures at the 

destination. This can be done, for example, by monitoring the resource efficiency of 

domestic technology, by analysing resource intensities of different local tourism services  

or by combining the data with regulatory measures within the jurisdiction of the 

destination (Lenzen et al. 2018). 

Compared to PBA and CBA, in the DBA approach, resource consumption is allocated to the 

travel destination or the market, where products are offered and consumed, where income 

to a large part is gained and spend, and where activities actually take place, irrespectively 

of the origin of the product or the origin of the tourist. In the classic PBA and CBA approach 

it is assumed that humans do not cross borders and that income is spend where it is gained, 

however, this is not the case in tourism (Sun, Lenzen, and Liu 2019). Cross-border or 

international travel (Inbound and/ or outbound) makes up a large portion of tourism 

income and population flows, and it is therefore a crucial part of tourism development 

(Statistik Austria- TSA n.d.; UNWTO 2018d) and its environmental impacts. Due to its 

volumes and the probably high environmental intensities of mobility, it is important to have 

good coverage of international trade and travel. Compared to the other accounting 

principles the DBA approach seems to better cover international travel compared to PBA, 
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which is difficult or impossible to conduct and therefore cannot offer a complete picture of 

international travel (e.g. production for tourism services outside of Austria, see above). 

Also compared to the CBA approach, DBA seems more promising. Firstly, as CBA is partly 

difficult to perform (e.g. level and structure of Austrian tourism expenditure around the 

globe) and would therefore lack in terms of coverage. Secondly, DBA reflects better the full 

magnitude of international travel for open, small and/ or simple structured economies with 

a positive tourism balance and high tourism intensity rates like Austria (or similar countries 

and regions along the Alps, in der Mediterranean or Island States). For these countries, the 

CBA results would be much lower compared to DBA, as it wouldn´t reflect the imports for 

tourism demand and, more importantly, wouldn´t capture the high proportion of incoming 

tourists. Additionally, the DBA approach covers the largest part of the supply chain and 

probably the largest part of the consumption impacts, which can be influenced and 

controlled by national policy. Also, the highest share of the value across the whole tourism 

supply chain is covered by the destination-based approach. As Tourism Satellite Accounts, 

the base of DBA, shows the contribution of tourism to national well-being and where 

income is gained and where it is spent, it could also indicate the related environmental 

burden connected with the beneficiaries. Due to the detailed and harmonized data 

collection within Tourism Satellite Accounts on national and subnational level, it is easier 

to identify the agents or regions profiting from tourism and being responsible for the 

associated environmental burden. This could support justified compensatory claims. If 

international harmonized TSAs are compared, also the distribution of environmental 

burdens linked to tourism activities and involved agents could be studied. TSAs are already 

used as target and monitory bases for tourism and economic policy (Laimer and Smeral 

2013; Smeral 2007; UNWTO 2019), from which consumption-based environmental 

approaches could profit. Thus, environmental accounts based on TSA might be more 

legitimated compared to other approaches. As full CBAs are difficult to implement due to 

political and practical reasons (Afionis et al. 2017; K. W. Steininger et al. 2016), a DBA 

approach offers an opportunity to introduce a partly consumption-based perspective more 

easily into policy and practice and to develop consumption based mitigation targets and 

instruments. Also, environmentally extended TSA data could be more directly linked to 

economic data to study environmental and economic trade-offs or to monitor the 
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efficiency of environmental policy within tourism, for example. TSA exist on subnational 

level (Laimer et al. 2016; Laimer and Smeral 2005), which could be also extended by 

environmental data to support regions, branches or regional businesses to monitor and to 

understand the environmental pressure associated with their activities and to evaluate 

risks and uncertainties connected with future raw material and emissions policies or 

constraints. Tourism is often concentrated in certain regions. Here, subnational DBA 

accounts could help to identify spatial and regionally specific socio-economic drivers of the 

environmental pressure and could, therefore, support tailored and more effective policy 

interventions. In the case of Austria, the DBA approach shifts the environmental 

responsibility to agents that are in control of the most tourism processes and to the agents 

with the highest transformative power to develop environmental sound tourism activities. 

In this study resource consumption in Raw Material Equivalents is calculated based on 

tourism expenditure. The functional unit are visits captured in annual tourism expenditure 

as reported in the Austrian Tourism Satellite Accounts (TSA) (Laimer and Smeral 2013). TSA 

captures tourism expenditure within the Austrian territory and expenditure on products 

delivered by Austrian companies, irrespectively, where the products and the necessary 

inputs steam from. This means only raw materials with economic value are considered and 

only materials associated with tourism expenditure within Austria (here extended by RME). 

Materials connected with expenditure of Austrian residents abroad are not considered, but 

resources associated with resident visitor spending´s travelling abroad on nationally 

registered carriers. This means, also, that inbound tourism is underestimated as raw 

materials connected with travel spending to the final destination are allocated to the 

departing country. As exports and imports in the SNA and MFA sense are considered here, 

neither a typical production perspective, which includes DE and exported goods, nor a 

consumption-based perspective, which includes DE and RIM but excludes REX, as discussed 

in chapter 5.2, is applied, but a destination-based accounting approach. In this study, 

according to the DBA approach, the raw material input of internal tourism consumption is 

calculated. Typically, RMI quantifies the consumption of Austrian residents and when RME 

of exports (REX) are subtracted, one gets the RMC of the material footprint. However, in 

this study the RMC of internal consumption is calculated which includes exports, which are 
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consumed on national territory. In total, the material input associated with the 

consumption of resident visitors travelling in Austria and to another country (domestic 

tourism demand/ resident household demand) and non-resident visitors travelling in 

Austria (inbound tourism/ export demand) is quantified. Table 13 (in the appendix) 

provides an overview of the used demand categories applied to calculate the resource 

consumption of the tourism sector. The choice for the destination-based accounting 

approach is based on the idea to offer information about resource consumption on 

Austrian territory, which is mostly under control of Austrian policy power and to offer a 

simple model, which can be calculated on a regular basis using internationally harmonized 

and publicly available data. 
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3.7. Material Footprint 

RMC (raw material consumption) and DMC (domestic material consumption) are indicators 

derived of EW-MFA (Economy-wide Material Flow Accounts) and implement compatible 

data and quantification methods (M. Fischer-Kowalski et al. 2011; Krausmann et al. 2017). 

Whereas DMC only considers the actual weight of the traded products, RMC allocates with 

the RME approach a virtual weight of all raw materials used along the supply chain to 

imports and exports indicating the total raw materials used to produce the traded good 

(Krausmann et al. 2017). As presented above, RMC is a consumption-based indicator, which 

includes all materials associated with final consumption irrespective of the location of 

production, while DMC is a production-based indicator, which shows how many materials 

are actually used within the productions processes of an economy, how efficient the 

economic processes are and indicates the potential future waste flows of an economy. The 

RMC indicator reflects better the material volumes associated with final demand and with 

international trade. It shows the effect of trade on resource use, resource productivity, 

reflects the biophysical characteristics of international labour division and has been used 

to show the outsourcing of environmental pressures through trade (ibid). 

There are three methods to calculate RMC: different variations of IOA including multi-

regional IOA, coefficient-based approaches IOA and hybrid LCA-IO approaches combining 

the two former methods (Krausmann et al. 2017; Lutter, Giljum, and Bruckner 2016). There 

is not one best method, but all of the three have their advantages and limitations (ibid). In 

the scientific literature IOA and LCA-IO calculations are more often applied compared to 

sole coefficient-based approaches (Eisenmenger et al. 2016a; Lutter, Giljum, and Bruckner 

2016). For this study, the hybrid LCA-IO model developed by Schaffartzik et al. (2014) has 

been chosen. In this approach, environmentally extended Input-Output-Analysis (EEIOA) is 

combined with trade and LCA data, or, in other words, EEIOA is linked to life cycle inventory 

data of imports. To calculate the material consumption of final demand, firstly, final 

demand for domestic products is calculated by extending domestic production for 

domestic consumption with MFA data. Secondly, the consumption of materials embodied 

in imported goods (direct and indirect) is differentiated in products, which are also 

produced in Austria (competitive goods) and in products, for which no similar production 
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exits (non-competitive goods). Materials embodied in competitive products are calculated, 

as if they were produced in Austria (domestic technology assumption), while non-

competitive imports are extended by life cycle inventory data (further details are provided 

in the next chapter). 

By combining IOA and LCA it is possible to cover the whole supply chain of product groups 

with a high level of product detail (Eisenmenger et al. 2016a). Furthermore, the underlying 

statistical data, as collected by official national statistical offices, is widely accepted and 

also applied by Eurostat, the statistical office of the European Union (Eurostat 2018b; 

Lutter, Giljum, and Bruckner 2016). The LCA-IO approach can be easily applied for single 

countries using national data without depending on big models, which are more 

complicated to apply, not easily available and difficult to combine with national data 

(Kovanda, Weinzettel, and Schoer 2018; Schaffartzik et al. 2014; Schoer et al. 2012). So far 

hybrid approaches have been applied to calculate the material footprint for the EU (Schoer 

et al. 2012), Austria (Schaffartzik et al. 2014) and the Czech Republic (Kovanda, Weinzettel, 

and Schoer 2018). 

The domestic technology assumption can lead to imprecision, as material intensities vary 

and when import rates are high  (Lutter, Giljum, and Bruckner 2016). Hybrid approaches 

exists only for single regions and, mostly, the used coefficients do not differentiate 

between countries (ibid.). Also, the LCI coefficients may vary from database to database 

and it is often not clear how they are quantified (ibid.). As I will focus here on the tourism 

activities in one country and due to data availability and its easy application, the LCA-IO 

model developed by Schaffartzik et al. (2014) seems the best choice. Moreover, the 

indicator is considered as robust and adequate to answer policy guiding issues regarding 

resource use (Eurostat 2018b). 
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3.7.1. The applied model:  

Hybrid LCA-IO Model and tourism expenditure 

In the following section the used procedure to calculate the material footprint of the 

tourism sector will be described. In order to allocate the raw materials consumed by the 

tourism sector, equation Eqn.17 has been introduced: 

𝑄𝑘,𝑣 = 𝐹 × (𝐼 − 𝐴)−1 ∗ 𝑌𝑖,𝑣 Eqn.17 

Now, a more detailed description of the environmental extension term F quantified in RME 

is presented in Figure 4. The calculation follows 6 steps, which basically represent the 

Leontief approach, the Environmental Extended Input Output approach introduced in 

chapter 3.4.2. and the LCA-IO approach developed by Schaffartzik et al. (2014): 

 
Figure 4: Applied model calculating tourism material footprint 

The allocation of domestic extraction to the primary sectors and the imported goods to the 

sectors of the Austrian IOT are processed manually and by given import coefficients from 

Statistic Austria (Schaffartzik et al. 2014). Imported non-competitive products have been 

complemented by LCI coefficients from the GEMIS database (ibid), reflecting the upstream 

materials necessary to produce the imported goods (Steps 1 and 2). In the next steps 3 and 



 

48 
 

4, the Austrian IO Table is extended by the obtained DMI (DE + imported products) 

including the LCI of the non-competitive products in a double loop process. In the first loop 

the intensities of the Austrian imports (RIM) are calculated. In the second loop RIM 

intensities are “reintroduced” into the economy and added up to DE, representing the 

intensities of Austrian gross production. Multiplying the intensities of Austrian RIM with 

tourism import demand matrix 𝑌𝑖,𝑣
𝐼𝑚𝑝, leads us to the imported raw materials associated 

with tourism demand within Austrian borders. Multiplying the intensities of the second 

loop with the total internal tourism demand, one gets the total resource consumption of 

the tourism sector in Austria. The creation of time series from 2000 to 2014 involved great 

data amounts and standardized tables differentiated by material groups, products, by 

visitor groups and several indicators. The calculation was performed with the help of excel 

sheets. 
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3.8. Decomposition analysis 

In order to identify the driving forces of the material footprint development, the so-called 

decomposition analysis is applied (de Boer and Rodrigues 2020). The goal of a 

decomposition analysis is to show the impact of the change of a factor or several factors 

on the development of the overall output value. The basic assumption is that only one 

explanatory variable or only one driver changes over time, while the other drivers remain 

unchanged. Also, in order to create a causal link of the single drivers to the overall change, 

it is presumed that the explanatory variables do not depend on each other. Although 

different approaches to decompose a value exist, all follow the same approach (de Boer 

and Rodrigues 2020). First, a relationship between different factors and an output value is 

created like in Eqn. 18. Typically, the determining factors represent the structural, 

technological, growth or behaviour related properties of the output value. Secondly, the 

change of the output value from base year to the comparison year is allocated to the 

changes of the single factors. Thirdly, as the changes of the single factors do not add up to 

the total change, a decision must be made on how to deal with the residual value.  

Summarizing the different decomposition methods de Boer and Rodrigues (2020) 

developed a decision tree, which leads to five different methods without a residual value. 

The approaches differ by the used output value (absolute value or intensity value), how the 

factors are connected (multiplicative or additive), the used index (Laspeyres, Paasche, 

Fisher, Montgomery, Vartia) and the allocation or the weighting method of the residual 

value (joint effects) applied on the single factors. In this study, as the change of the absolute 

material consumption is decomposed and as we have a change-in-sign, the attribution to 

the single factors follows the approach called Bennet additive decomposition, which is 

similar to the widely known Dietzenbacher-Los or Sun-Shapley approach (ibid.). In this 

study, additionally to the recommendations of de Boer and Rodrigues (2020), the index 

calculation is based on annually changing base years. Thus, the results show for each year 

the contributing effect of the single components. By adding up the effects of the single 

years, one gets the results for the period examined. 
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With the decomposition analysis I want to show how the change of behaviour of the 

tourism population, the affluence of the visitors and the technological change have 

contributed to the overall material footprint of the tourism activities in Austria. Based on 

the IPAT approach, formulated by (Ehrlich and Holdren 1971), it is assumed here that the 

MF is the environmental pressure and that the volume and the development of the tourism 

material footprint is the result of the change of the following four factors: arrivals (V), 

length of stay (D), expenditure per night (A), material footprint by expenditure (T). Eqn. 18 

shows this relationship: 

MF= P (V (tourism arrivals) * D (LOS or overnight/ arrival)) * A (Exp/ Overnights) * T 

(MF/Exp) 

Eqn. 18 

The material footprint depends, firstly, on the number of tourism arrivals per year (V= 

visitors). Secondly, the number of days having the status of a tourist (D=duration) or the 

average length of stay (LOS). In case of tourists, this is calculated by dividing overnight stays 

by arrivals. The number of overnight stays, which can be also coined the effective tourist 

population per year, is determined by the number of arrivals multiplied by the length of 

stay (P=V x D). Thirdly, the material footprint is determined by affluence or the level of 

spending on all tourism products per overnight stay (A=affluence). And fourth, the 

necessary material volume to serve tourism consumption, which is expressed as the 

material consumption per expenditure or the material intensity (MF/Exp in EUR) 

(T=technology). T is a composite indicator, which includes all other factors (besides visits, 

length of stay, expenditure) that affect the use of technology and economic organisation 

of the tourism industry. Typically, these are changes in consumption patterns, technology, 

industry interconnections and institutions (Holub and Schnabl 2014; Miller and Blair 

2009b). 

The annual change of the material footprint is decomposed into four factors or difference 

changes in arrivals (V), length of stay (D), expenditure per overnight stay (A) and material 

intensity (T) with the joint effects (R):  
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𝑑𝑀𝐹0,𝑡 = 𝑀𝐹𝑡+1 −  𝑀𝐹𝑡 =   𝑑𝑉0,𝑡 +  𝑑𝐷0,𝑡 + 𝑑𝐴0,𝑡 +  𝑑𝑇0,𝑡 + 𝑅 Eqn. 19 

Based on Eqn. 18 and Eqn. 19 and the Shapley solution (Boer and Rodrigues 2020), the 

contribution of each of the four drivers 𝑋𝑖 (V,D,A,T) on the MF change is determined by 

𝑑𝑀𝐹𝑥𝑖
= ∑

(𝑠𝑖 − 1)! (𝑛 − 𝑠𝑖)!

𝑛!
 ∑ [𝑀𝐹(𝑆) − 𝑀𝐹(𝑆 − 𝑋𝑖)]

𝑆: 𝑥∈𝑆

2𝑛−1

𝑖=1

 Eqn. 20 

, where MF(S) describes a function in which the driver included in the interaction S refers 

to data in year t, while the other factors are kept unchanged or in the year t-1. This function 

indicates the contribution of the driver combination S with and without the driver 𝑋𝑖. This 

marginal contribution of each driver 𝑋𝑖 in combination S is weighted with the first term, 

which is the probability of the combination S. Here, there are n= 4 drivers with a number 

of 2𝑛−1 = 23 = 8 possible driver combinations for each driver. When all weighted marginal 

values of all 8 combinations are summed up, one gets the total contribution of driver 𝑋𝑖 to 

difference change in MF, which reflects the significance of the driver on the material 

consumption. The total sum of all contributions of all drivers results in the total change of 

MF from year t-1 to year t. The basic idea of the formula is to distribute the commonly 

induced MF change of all drivers, according to the marginal contribution of each driver in 

each possible driver interaction, so that no unexplained residual value exists (Boer and 

Rodrigues 2020).  
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Applying Eqn. 20 for 4 factors leads to the following formula, represented in Eqn. 21, for 

the effect of driver 𝑋1 on the MF change. The equation for the other 3 drivers are the same 

under consideration of the appropriate driver (𝑒. 𝑔.
1

4
 ∑ [𝑋1

0𝑋2
0𝑋3

0𝑋4
𝑡 −  𝑋1

0𝑋2
0𝑋3

0𝑋4
0],𝑖  𝑆1 =

{𝑋4} . ..). 

 formula combination 
 

∆𝑀𝐹𝑥𝑖
 = ∑

(𝑠𝑖 − 1)! (4 − 𝑠𝑖)!

4!
 ∑ [𝑀𝐹(𝑆) − 𝑀𝐹(𝑆 − 𝑋𝑖)]

𝑆: 𝑥∈𝑆

4

𝑖=1

 
𝑆1 = {𝑋𝑖}… 
𝑆8 = {𝑋i, 𝑋i , 𝑋𝑖, 𝑋𝑖} 

 

∆𝑀𝐹𝑥1
 =

1

4
 ∑[𝑋1

𝑡𝑋2
0𝑋3

0𝑋4
0 −  𝑋1

0𝑋2
0𝑋3

0𝑋4
0]

𝑖

 𝑆1 = {𝑋1} 
Eqn. 21 

 

 +
1

12
 ∑[𝑋1

𝑡𝑋2
𝑡𝑋3

0𝑋4
0 −  𝑋1

0𝑋2
𝑡𝑋3

0𝑋4
0]

𝑖

 𝑆2 = {𝑋1, 𝑋2 } 
 

 +
1

12
 ∑[𝑋1

𝑡𝑋2
0𝑋3

𝑡𝑋4
0 −  𝑋1

0𝑋2
0𝑋3

𝑡𝑋4
0]

𝑖

 𝑆3 = {𝑋1, 𝑋3 } 
 

 +
1

12
 ∑[𝑋1

𝑡𝑋2
0𝑋3

0𝑋4
𝑡 −  𝑋1

0𝑋2
0𝑋3

0𝑋4
𝑡]

𝑖

 𝑆4 = {𝑋1, 𝑋4 } 
 

 +
1

12
 ∑[𝑋1

𝑡𝑋2
𝑡𝑋3

𝑡𝑋4
0 −  𝑋1

0𝑋2
𝑡𝑋3

𝑡𝑋4
0]

𝑖

 𝑆5 = {𝑋1, 𝑋2 , 𝑋3} 
 

 +
1

12
 ∑[𝑋1

𝑡𝑋2
𝑡𝑋3

0𝑋4
𝑡 −  𝑋1

0𝑋2
𝑡𝑋3

0𝑋4
𝑡]

𝑖

 𝑆6 = {𝑋1, 𝑋2 , 𝑋4} 
 

 +
1

12
 ∑[𝑋1

𝑡𝑋2
0𝑋3

𝑡𝑋4
𝑡 −  𝑋1

0𝑋2
0𝑋3

𝑡𝑋4
𝑡]

𝑖

 𝑆7 = {𝑋1, 𝑋3 , 𝑋4} 
 

 +
1

4
 ∑[𝑋1

𝑡𝑋2
𝑡𝑋3

𝑡𝑋4
𝑡 −  𝑋1

0𝑋2
𝑡𝑋3

𝑡𝑋4
𝑡]

𝑖

 𝑆8 = {𝑋1, 𝑋2 , 𝑋3, 𝑋4} 
 

 
The basic idea of a decomposition analysis is to attribute the effects on the examined 

output value exclusively on the single drivers (Holub and Schnabl 2014; Miller and Blair 

2009b). However, when more than two factors are involved and the ceteris paribus 

assumption is violated, joint effects of the different driver combinations on the output 

occur (which is the case here). Any decision on how to deal with the effect is to some extent 

arbitrary if the joint effect is not strictly stated for itself (ibid). But when joint effects are 
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ignored, or just stated and large, no conclusion can be drawn on the effect of the single 

drivers. Hence, there are several opportunities on how to allocate the joints effects on the 

single drivers (de Boer and Rodrigues 2020; Miller and Blair 2009b). The method chosen 

here follows the principle “jointly created and equally distributed” (de Boer and Rodrigues 

2020) and distributes the joint effect, according to the marginal contribution of each driver 

in each possible driver interaction, and without to change the relative impacts of the single 

drivers on the output value. In any case, the joint effect, the division of the joint effect on 

the single drivers and the set relationship between the drivers and the output value needs 

to be justified. Especially the causality of the set relationship in Eqn. 18 needs to be 

discussed, as the chosen drivers length of stay and expenditure are probably not 

independent from of each other.  
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3.9. Limitations and potential of chosen calculation model 

The developed material footprint of the tourism sector is an indicator which describes the 

material characteristics of the tourism phenomena within the Austrian country borders. A 

wealth of information is compressed in a restricted system of tables, which are then used 

to indicate the environmental pressure associated with tourism activities in Austria. As an 

indicator, it is a targeted and systemized construct consisting of assumed relations within 

the construct and an interpretation suggestion of the tourism phenomena. It doesn´t 

represent an “objective” reality itself. Accordingly, the results of the calculation and the 

calculations itself should be interpreted in light of the theoretical construct „material 

footprint“, and not independently, as if it is the reality or “the right” indicator for 

environmental pressure. The topic here is not the validity of the construct, but the validity 

of applied measurement, which is a circular reflexion process, from the construct to the 

results and back (Adcock and Collier 2001). In order to ensure that the indicator is used 

correctly in regard of the construct and that it helps to answer the right questions and to 

avoid misinterpretation, it is crucial to understand its potential and limitations or risk of 

interpretation. 

The validity of the applied measurement is challenged by the chosen calculation method, 

limited data sources (IOT, MFA, LCI, TSA) and in this context the assumptions made due to 

data restrictions (Schaffartzik, Wiedenhofer, and Eisenmenger 2015). In this study I am 

looking for adequate raw material use values for tourism activities, which are recorded in 

TSA in yearly monetary flows at current prices (Statistik Austria- TSA n.d.). Each field or 

each characteristic product in the constructed tables represents a sum of many different 

single product value flows (quantity by price). The bought touristic products are then 

extended by raw materials and the resulting flows are interpreted as quantity units in 

tonnes or kg. Consequently, not only different datasets are compiled together to one, but 

also biophysical phenomena and economic phenomena or monetary data are linked. The 

connections made are more accurate and represent the material footprint better, the 

greater the detail or the resolution on product groups, consumed products and life cycle 

inventories. Conversely, if different products are highly aggregated to one heterogenous 
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product group the poorer the material estimations are. But due to lack of data, some 

product inhomogeneity across and within the datasets cannot be avoided.  

The homogeneity assumption in IOT states that different product groups are treated as one 

product with one price (Miller and Blair 2009b; Schaffartzik, Wiedenhofer, and 

Eisenmenger 2015). For example, in the case of tourism, the product “accommodation and 

food services”, groups 5 stars restaurants, 2 stars hotels and camping together to one 

product with one price. It is not observable, which kind of accommodation is responsible 

for which volume and kind of material. The product just represents an average input 

structure from different products and one average material intensity, although the material 

intensities might differ heavily. There is no publicly available expenditure data on different 

accommodation types, which would help to differentiate the material intensities. In this 

study, it is assumed that only one type of biomass, metals, minerals and fossil energy 

carriers exits. The composition of each single material category is not examined, although 

the environmental pressure induced by extraction of different materials can be very 

different. 

The product flows in the used IOT are assessed in basic prices, whereas the flows in TSA are 

collected and published in net purchased prices paid to tour operators and travel agencies. 

Accordingly, the price homogeneity is violated, as the prices vary from sector to sector due 

to different transportation and trade margins. Also, the prices might vary due to touristic 

seasonal nature. This means that the quantity flows are biased by the prices paid to 

different buyers at different times. This means, for example, if a visitor pays more for the 

same meal in a 5star hotel in high season compared to a fast food restaurant, the resource 

consumption increases although the same amount of the biomass was consumed. The 

question, how strong the distortion is, cannot be answered. The adjustment of prices might 

be possible, but it would also involve estimation errors, which might be even worse.  

In EEIOT calculations proportional relationships between products, material input and 

output are assumed. Although, in reality, there is not only one technology, process or 

resource combination to create one product, in EEIOT, each sector is presented by one 

production function with certain input factor ratios of products and associated material 
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input to create a characteristic product. This implies that only an average sectoral material 

intensity exists, which changes proportionally to the outcome. This is a rather simple 

assumption, but it allows an extensive description of the economic interrelations and links 

to tourism consumption. Accepting nonlinearity of the factor relations would increase the 

complexity of data collection and calculation, which would heavily affect the analysis and 

the interpretation of the results (Holub and Schnabl 2014; Miller and Blair 2009b).  

So far, assessment problems regarding the homogeneity of products and services, price 

homogeneity, material homogeneity and proportionality of material intensities were 

presented. There are also several coverage and bridging problems, due to lack of data and 

as the data is compiled from different dataset, which can be seen in Table 14 and Table 15 

in the appendix. Basically, where tourism consumption data for the 64 products and 

services in the IOT is missing, the given aggregated expenditure data from TSA is distributed 

on the 64 products and services by multiplying expenditure with its shares (tourism ratio) 

on total output of the corresponding product. Also, imported goods consumed by visitors 

are estimated assuming that visitors consume imported goods accordingly to the average 

import share of the respective product. This means the higher the share of tourism 

products in one of the 64 product categories of the Input Output Table the more accurate 

is the resource allocation and, conversely, the lower the tourism share the poorer the 

estimations. Since the tourism sector is defined by high expenditure shares within a sector 

the allocation by average shares seems reasonable. For example, in the “accommodation 

and food services” sector the share of tourism expenditure accounts for 70% of total 

demand, which means that most products supplied and most material used for production 

and consumption in that sector are for tourism activities. In the case of tourism-connected 

products and services the share of tourism expenditure on total demand makes up only 

1%, indicating a poor allocation of raw materials associated with tourism.  

The used LCI coefficients for imports were given and not updated for each year. It is not 

clear how the changing inventory data from year to year would have affected the results. 

Updated LCI data and further disaggregated imports would strengthen the validity. Also, 

the availability of more detailed IOT data on 3-5-digit level as reported in TSA would avoid 

calculation with average shares. Further differentiation of the single material categories 
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with allocation to the associated tourism products and demand categories would lead to 

more insights about resource intensities and environmental pressures. Regionally 

disaggregated data across Austria, would be also more useful regarding environmental 

pressure and environmental policy. Interesting would be to have country specific 

expenditure data and expenditure data on different accommodations types, as it would 

show more in detail the connected material consumption pattern of different visitor groups 

Austrian tourism policy is trying to attract. This would help to better analyse the strategic 

policy papers and goals of Austrian tourism considering environmental goals. 
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4. Results 

Before presenting the material footprint of the tourism sector, we will have a swift look at 

the travelling population on Austrian territory and the staging in Euro. That is the spending 

of visitors travelling within Austria, which is the driver according to Eqn.11, but also the 

results of resource consumption of the tourism industry. Tourism value added has been 

expanding by 61% from 2000–2014 (2008–2014 by factor 1.55) with an average growth 

rate of 3.4% (Figure 5). At the same time, gross value added in the tertiary sector grew 

slightly faster with 65% (2008–2014 by 1.59) (Statistik Austria 2019c; Volkswirtschaftliche 

Gesamtrechnungen–Hauptergebnisse 1995–2018 2019). The contribution of tourism value 

added to the complete tertiary sector decreased slightly from 14.1% to 13.8% from 2000–

2014 (increase from 13.6% to 13.8% from 2008 to 2014), while its percentage on Austrian 

GDP grew from 8.4% to 8.8% from 2000–2014 (2008–2014 by 4%) (ibid.). Likewise, after 

the recession in 2008/ 2009 tourism expenditure (drop by -4% compared to previous year) 

continued to grow until 2014, whereas the growth slowed down after 2012 with growth 

rates of 1-2% per year (Figure 5). In 2014 tourism expenditure amounted to EUR 37 billion 

and grew by 60% (3% per year) from 2000 and by 17% from 2008 to 2014. 

 

Figure 5: Development arrivals, stays, expenditure and TVA 
(based on Statistik Austria 2019c) 
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 Expenditure by visitor category 

Expenditure among the single visitor groups is more or less equally distributed between 

foreign and resident tourist (appendix: Table 19). The share of foreign tourism demand 

dropped from 51% in 2000 to 46% in 2014, while the spending of resident visitors grew 

from 48% to 53%. Inbound tourist staying overnight are responsible for 39% of the 

spending. Overnight tourism by resident visitors is lower and makes up 28% of the total 

demand, while the spending of resident same-day visitors´ are higher (17%) compared to 

foreign day tourist (7%). The increase of 60% in total expenditure over 2000, is the result 

of strong increase of Austrian expenditure on trips by 76%, while inbound visitors´ spending 

grew less by 44%. In both visitor groups same-day trips rose strongly, inbound same-day 

tourism by 96% and resident same-day by 80%. In total same-day tourism increased by 

83%, which is 30% more compared to overnight tourism (54%). Over 2000 same-day 

tourism share on total expenditure grew by 4%, with a share being 29% in 2014, while 

overnight tourism dropped by 2% and share of 71% in 2014. 

Expenditure by tourism products and services 

Visitors on Austrian territory spend one third of their budget on accommodation and nearly 

the same amount (27%) on food and beverages (Figure 6: 2014). The share of passenger 

transport services amounts to 16%, whereas 10% is expend for air travel, 3% on interurban 

railway and 2% road transport. Of similar importance to visitors are tourism connected and 

non-specific services which account for 18% of total expenditure (clothes, groceries, 

education, hairdressing services etc.). 9% of the budget of Austrian visitors was used in 

2014 for culture and recreation. 
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Figure 6: Structure of tourism expenditure in 2000, 2008 and 2014 

(based on Statistik Austria 2019c) 

Despite of very different growth rates of tourism services, the expenditure structure hasn´t 

changed too much from 2000 to 2008 and 2014 (Figure 6). This is due to the low absolute 

expenditure amounts of single tourism services. Road transport, for example, has had the 

highest relative growth rate with 108%, but due to its low absolute amount and low 

absolute change of 325Mio., its share in overall consumption hasn´t changed since 2000 

(Figure 7, Figure 8). Expenditure on hotels and other lodging services have the second 

highest increase by 71% and the highest absolute expenditure growth. Spending on air 

transport services has grown by 34% and having the fourth largest absolute expenditure 

change. Studying the expenditure development based on the year 2008, all tourism 

activities had still strong growth rates until 2014; from 5% on water transport services up 
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to 32% on road transport services. Air transport spending grew by 18% and accommodation 

and food by 15% from 2008 to 2014. 

 

Figure 7: expenditure change in % 
(index 00; based on Statistik Austria 2019c) 

 

Figure 8: expenditure change in Mio. EUR 
from 2000–2014 
(based on Statistik Austria 2019c) 

 

Tourist population 

The physical flow of tourist or the tourist population can be analysed by using tourism 

statistics recording the propensity to travel of Austria´s total population (travel intensity), 

the number of visits (differentiated by 1-3 nights and 4+ nights), tourism arrivals (= number 

of visitors) and overnight stays (effective tourist population). The quotient of the latter two 

shows the average length of stay of a visitor or the length of the status as a visitor. Publicly 

available data on the population of same-day visitors, which make up 30% of total 

expenditure (Table 19) and, which has experienced the strongest growth in spending (by 

factor 1.8) of all visitor types since 2000, does not exist.  

In Austria the travelling population continues to grow, not only within the Austrian 

population, but also within foreign visitors (Statistik Austria 2019b). From 2000 to 2014 

arrivals from Austria grew by 46%, international travel of inbound tourist grew by 47% 

(ibid.). Similarly, the number of Austrian outbound holiday trips grew by 30%. However, 

visitors tend to stay shorter and shorter. From 2000 to 2014 arrivals grew by 42%, while 

the length of stay dropped by nearly one day from 4.3 nights in 2000 to 3.5 (-19%) (ibid.). 
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This led to a growth of the effective tourist population (overnight stays) in 2014 by 16% 

(Figure 5; Statistik Austria 2019a). This also means that the effective tourist population 

grew only due to the rising population turnover and that the same effective population 

could also have been reached by prolonging the average length of stay to 5 days. While 

foreign tourist visiting Austria stayed 3.81 nights in 2014 (4.51 in 2000, -16%), resident 

visitors travelling within Austria stayed in average nearly 1 day shorter (2014: 2.91, 2000: 

3.71, -22%, (Statistik Austria 2019a) .  

According to reports “Reisegewohnheiten” by Statistik Austria (Statistik Austria 2019b), the 

number of Austrians taking a main holiday (net travel intensity of total population staying 

4+ nights) has increased from 56% (2000) to 59% (2014) or from 3.8 to 4.2 million visitors 

from. Additionally, Austrians tend to travel more frequently, more abroad, but for shorter 

periods. From 2003-2014 (no relevant data up to 2003) the Austrian travelling population 

(short-and long-term holiday and business trips) grew by 25% from 3.8 to 5.2 million visitors 

(at least staying one night), while the number of trips increased in total by 29% (domestic 

trips rose by 27%; international trips by 31%). This translates into a growth of trips per 

capita from 4 to 4.3 trips (in total by 8%, domestic trips rose by 6%; international trips by 

10%) (ibid.). From 2003-2014 the share of short trips (up to 3 overnight stay) on total 

number of trips also grew from 49% to 56% (own calculation; Statistik Austria 2019b).  

Expenditure per arrival of inbound tourists decreased by 7%, while spending per overnight 

stay grew by 10% from 103 EUR to 114 EUR (Statistik Austria 2019a, Table 19). Expenditure 

per Austrian visitor (arrival) is two times higher in 2014 compared to foreign visitors and 

grew from 826 EUR to 1025 EUR (24%). Spending of Austrian tourists per overnight stay 

increased from 2000–2014 even by 60% from 223 EUR to 352 EUR. In average Austrian 

visitors spend 1095 EUR per trip (incl. travel trips), which is 25% more compared to 2003 

(no data for 2000; ibid.). In the following chapters, we will see how the expenditure volume, 

the consumption pattern, its development and development of travelling population 

transmit into the volume of resource consumption, its composition and its change from 

2000 to 2014. 
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4.1. The material footprint of the tourism activities in Austria:  

Volume, structure, development and decoupling tendencies from 

2000 to 2014  

Volume and Structure  

Tourism demand on Austrian territory is currently (2014) responsible for 31Mt raw 

materials, which is 34% of the total consumption of the service sector and 14% of the total 

Austrian RMC (Figure 9). Non-metallic minerals account for the highest share (47%) of the 

materials associated with tourism services, whereas biomass and fossil-energy carriers 

share the same proportion with 21%.The material structure of tourism demand is similar 

to the material composition of Austrian household demand/ total Austrian demand, with a 

proportion of 10% metals/ 11% (11% tourism), 18% fossil energy carriers/ 17% (21% 

tourism), 27% biomass/ 20% (21% tourism) and 43% non-metallic minerals/ 52% (47% 

tourism). The relatively high share of minerals and fossil energy carriers is due to the 

dominant role of construction and transport infrastructure within the tourism sector in the 

form of accommodations services, land transportation and especially air transportation 

services. 

 

A: RMC Austrian Tourism 

 

B: RMC Structure of Austrian Tourism 

Figure 9: MF Volume (A) and MF Structure (B) of Austrian tourism activities 

Tourism as a part of the service sector is responsible for 29-37% of the consumption of non-

renewable materials within the service sector and 60% of the biomass (Figure 10). 

Comparing the material structure of tourism with the service sector (Figure 11), we can see 

that the biomass is 2 times higher compared to the whole service sector. Non-metallic 

minerals are 10% lower, whereas metals and energy carriers do not differ much. 
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Figure 10: RMC Share of 
Tourism on Service Sector 

 

Figure 11: RMC Structure of Tourism and Service Sector in 
Comparison 

12% of the consumed raw materials by Austrian tourism demand in 2014 are imports 

(Figure 12), led by non-metallic minerals with 37%, followed by energy carriers 31%, Metals 

17% and Biomass with 15% (Figure 13). Comparing imports of Austrian tourism to the 

service sector, where imports make up 3% of the total material requirements, Tourism 

seems to be an import intensive industry. The material composition of the imported 

materials by the tourism sector is similar to the service sector, except for biomass, and very 

similar to the whole Austrian economy (Table 2). 

 
Austria 

Service Sector (excl. 
Tourism) 

Tourism 

Biomass 14% 10% 14% 

Metals 20% 16% 17% 

Non-metallic minerals 37% 39% 37% 

Fossil energy carriers 28% 33% 31% 

Table 2: RIM Structure in Comparison (2014) 

  

 

Figure 12: Imports of consumed raw materials (2014) 

 
Figure 13: RIM composition of Austrian 
tourism (2014) 
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Development of the Material Footprint 

Comparing the volume and composition of material consumption from 2000 and 2014 is 

difficult, since there was an adjustment in accounting by Statistic Austria. We can see the 

different compositions in Figure 15 and the development in Figure 14. There are 3 stages 

of the curve shape in Figure 14 characterized by the periods 2000–2004, 2005–2007 and 

2008–2014. The major differences are found in non-renewable resources, especially in 

minerals and fossil energy carriers consumption. In the first two periods the total RMC is 

nearly stable, from ´08 to ´14 the MF grew by 12%. For 2013 more detailed tourism 

consumption data (TSA data) is available and has been applied in the calculation, which was 

not possible for the other years. Comparing the results for 2013 calculated with the less 

detailed with more detailed data sets, shows that the results from the less detailed are by 

14% higher. The graph shows this as a bend between 2012 and 2014. Calculating the 

material consumption for 2013 with less detailed expenditure data, the curve shows a 

steady increase from ´12 to ´14. This bend just shows how the results differ using more 

detailed data and will not be interpreted as real-life occurrence.  

 

Figure 14: RMC Development from 
2000–2014 in Mt 

 

Figure 15: Composition of the MF of tourism 
activities in 2000, 2007 and 2014 

Since 2000 the material footprint of the tourism sector has doubled from 15 Mt to 30 Mt 

(Figure 14). This is mainly due to the growth of energy consumption, which has grown by 

the factor 1.7 (share +4%) and the consumption of non-metallic minerals, which have 

intensified by 1.6 (share +12%). Biomass and metals have increased by 50% (share -4%) and 

30% (share -12%). From 2008–2014 total consumption increased by 12%, with a biomass 

decrease by 5%, metal increase by 11% and minerals and energy carriers growth by 18% 



 

66 
 

and 19%. The different growth rates from ´08-´14 led to a moderate difference in resource 

composition shares (biomass -1%, metals -1%, minerals +1% and energy +1%). The material 

shares of tourism on the service sector grew steadily from 21% in 2000 to 29% in 2008 and 

to 34% in 2014. 

 
Figure 16: RIM in proportion to RMC (RIM/RMC)  

During the period from 2000–2014 the share of imports on the material footprint remained 

nearly stable at 12%. The composition (Figure 16) also hardly changed with a minimal 

growth of minerals by 2% and slight decrease in energy imports by 2%. From 2008 to 2014 

imports of biomass remained stable, metals decrease by -3%, minerals by -1% and energy 

carriers by -2%.  The results show that the outsourcing of material requirements of Austrian 

tourism and associated environmental haven´t increased, however, import shares are 4 

times higher compared to the whole Austrian service sector. This is mainly due to the high 

interconnections of the tourism activities with land transport, accommodation services 

and, especially, air transport services, which have the highest material intensities in the 

service sector. We will look closer into these issues in the following chapter about tourism 

characteristic products and services. 

Decoupling tendencies of the tourism sector 
 
An important strategy to reduce resource consumption and associated environmental 

pressure is the decoupling of material input and economic growth. When resource 

consumption decreases in absolute terms, we have absolute decoupling, while relative 

decoupling describes a smaller increases of material input compared to economic growth 

or to any other driver. To evaluate the decoupling trends of the resource consumption in 

tourism, several elasticities have been calculated, which show how the different material 
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groups change in relation to the drivers TVA, expenditure, arrival numbers and overnight 

stay. The following Table 3 is based on Tapio (2005) and is modified to evaluate the 

sensitivity of resource use with different elasticity rates and to describe the decoupling 

trends. Rematerialization and relative decoupling occurs when material use increases, 

absolute decoupling occurs when resource consumption decreases. If the driver (tourism 

value added) and the pressure indicator (MF) develop into the same direction, both are 

growing or decreasing, the elasticities are positive and if the increase of one indicator is 

accompanied by decrease of the other, the elasticity rates are negative. Rates, e >1 or e <-

1, describe high degrees of sensitivity or above-average changes towards the changes of a 

driver. When elasticities are between zero and one or -1 < e < 0 material input responds 

less sensitive to the driving force. Relative decoupling occurs when both, the driver and the 

pressure indicator increase at an elasticity rate 0 ≤ e < 0.8. 

Decoupling Type 

Δ Driver: 
TVA, Expenditure, 

Population (arrivals, 
overnight stays) 

Δ Pressure: 
RMC, RIM 

Elasticity (e) 

Rematerialization 1. strong increase increase >1.2 

 2. expansive increase increase 0.8 ≤ e ≤ 1.2 

 3. Strong recessive decrease increase < −0.8 

 4. weak recessive decrease increase −0.8 ≤ e < 0 

Relative Decoupling 5. relative increase increase 0 ≤ e < 0.8 

Absolute Decoupling 6. absolute weak increase decrease −0.5 ≤ e < 0 

 7. absolute strong increase decrease < −0.5 

 8. absolute strong recessive decrease decrease >1.2 

 9. absolute expansive 

recessive 

decrease decrease 0.8 ≤ e ≤ 1.2 

 10. absolute weak recessive decrease decrease 0 ≤ e < 0.8 

Table 3: decoupling categories 
(own representation based on Tapio 2005) 

Taking 2008 as the base year (case 1) for the elasticity calculation and following the 

development from 2008, we can see in Figure 17 (A+B) and Table 24 (appendix) that, the 

elasticities of all drivers besides overnight stays (TVA, expenditure, tourist arrival) are 

showing a downward trend and are under 0.8 from 2011 onwards, which indicates a 

relative decoupling. After a decrease overnight stays are growing since 2011, but slower 
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compared to the material footprint, which indicates strong rematerialization in relation to 

population development (2014: e=4.61). However, the coupling rate between population 

and material use, would be probably lower or would also show a decoupling tendency, if it 

were possible to include the population of same day visitors. Differentiating by material 

groups (case 1: from 2008), we can see that fossil energy carriers (highest elasticities) show 

rising elasticities for all drivers, besides arrivals, driving the resource use or worsening the 

decoupling trends. Minerals showed a relative decoupling trend but switched to expansive 

rematerialization in 2013. Metals and especially biomass indicate across all drivers 

decreasing elasticities pushing the decoupling trend. Biomass is the only raw material 

showing absolute decoupling trends, meaning when expenditure or arrivals rise by 1% 

biomass consumption keeps falling by 0.5% or lower. From 2008–2014 the material 

intensity of biomass decreased by 20% from 0.27 kg/ EUR to 0.23 kg/ EUR (Figure 17: E). 

However, comparing 2014 to 2000 the intensity level hasn´t changed, while the volume 

grew by 50%. 

Comparing 2000 to 2014 the intensity of resource consumption grew from 0.84 to 1.09t/k€ 

(Table 4). Similarly, the intensity per arrival and overnight stay increased by 50% from 

552kg to 886kg and by 85% from 136kg to 249kg per overnight stay. The elasticities based 

on the year 2000 (case 2; Figure 17: C, D and appendix: Table 25) show for all drivers, 

besides arrival, absolute decoupling tendencies until 2004 and a strong rematerialization 

(e > 1.2) with decreasing tendencies from 2005 on. All drivers are growing, however, 

overnight stays and the expenditure per arrival (without same-day visitors’ population) 

increase much slower compared to expenditure/ value added and much slower compared 

to the overall material footprint. The material consumption per EUR spent is growing and 

even stronger increasing per capita (arrival). However, it should be kept in mind that the 

same-day population is not considered here and that it is assumed that the share of the 

same-day visitor population has grown, as its expenditure share keeps growing with a share 

of 30% in 2014 (Figure 27). Differentiating by material type (Appendix: Table 25), all drivers, 

especially tourist population, show very high elasticities with fossil energy carriers and non-

metallic minerals. All drivers have lower elasticities with biomass, but still above 0.8 and 

mostly above 1.2. Metals are relatively decoupling from all drivers, besides overnight stay. 
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A: change in % (i= 2008) 

 

B: elasticities on Material Footprint (i= 2008) 

 

C: change in % (i= 2000) 

 

D: elasticities on Material Footprint (i= 2000) 

 

E: t/k€ left and Mt right

 

 

Figure 17: annual decoupling states 
(TVA= tourism value added; el.= elasticity; own calculation based on Statistik Austria 2019a)
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RMC/ expenditure in 
t/k€ 

RMC/ TVA in t/k€ RMC in t/cap and 
arrival 

 

RMC in t/overnight 
stay 

 

2000                          0.651                         0.839  0.592 0.136 

2001                          0.616                         0.797  0.575 0.133 

2002                          0.618                         0.795  0.588 0.136 

2003                          0.558                         0.719  0.526 0.124 

2004                          0.572                         0.729  0.557 0.134 

2005                          0.760                         0.995  0.774 0.189 

2006                          0.753                         0.992  0.777 0.194 

2007                          0.696                         0.923  0.717 0.182 

2008                          0.877                         1.149  0.895 0.228 

2009                          0.866                         1.112  0.851 0.220 

2010                          0.878                         1.118  0.915 0.243 

2011                          0.866                         1.112  0.921 0.250 

2012                          0.822                         1.057  0.856 0.234 

2013                          0.851                         1.112  0.902 0.247 

2014                          0.844                         1.083  0.886 0.249 

Table 4: raw material consumption (RMC) in relation to expenditure, tourism value added (TVA), 
arrival and overnight stay 
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4.2. Composition of the MF and its development by tourism services 

Absolute volumes by activity and resource type  

Table 6 shows the total material footprint in t and in shares embodied in single tourism 

activities. In 2014, 33.8% of all raw materials are interrelated to accommodation services 

and food services. Passenger transport services are responsible for 34% of the total 

material consumption, however, most of the materials, 28%, are used to deliver air 

transport services. Cultural/ Recreational service and travel agency services are responsible 

for the least material throughput with 4% and 0.21%. Total tourism connected and non-

specific services, from which 90% are steaming from the first and second sector, are 

responsible for 30% of the tourism material footprint. Here, mining and quarrying, makes 

up 5.5% (Table 5) of the total tourism material footprint and is the third largest product 

group used to serve tourism needs. Including mining and quarry, six (white shaded cells) 

out of the top ten products used to deliver tourism services are from the second and first 

sector and per TSA definition not tourism characteristic products. The main hotspot 

products and services supporting tourism consumption in Austria are “accommodation and 

food” and “air transport services”, where altogether 2/3 of the total resource use takes 

place, 74% of biomass, 56% of metals, 57% of non-metallic minerals and 64% fossil energy 

carriers. Across all materials categories 90% of resource consumption can be traced back 

to 10 products and services. 

Total  Mt 88%  Biomass (Mt)  97%  Metals (Mt)  86%  Minerals (Mt)  91%   Fossil (Mt)  92%  

1 
 Acc. / 
food  

10.
6 

34 1 
 Acc. / 
food  

4.6 73  1  Air  1.1 32 1  Air  4.8 33 1  Air  2.7 42  

2  Air  
8.7
9 

28 2 Agric. 0.5 7.8  2 
 Acc. / 
food  

0.8 23 2  Acc. / food  3.7 25 2  Acc. / food  1.4 22  

3  Mining  
1.7
4 

5.5 3 
 Food 
prod 

0.4 5.7  3  Mining  0.2 6.2 3  Mining 1.2 7.8  3  Land 0.4 5.6 

4  Land 
1.2
9 

4.1 4  Forestry 0.3 4.1  4 
 Basic 
metals  

0.2 5.8 4  Electricity 0.8 5.2  4  Mining 0.4 5.6 

5  Electr. 
1.2
1 

3.8  5  Wood 0.2 2.6  5  Land 0.2 4.9 5  Land 0.7 4.9  5  Coke/ Petro. 0.3 4.5 

6 
 Coke/ 
Petro. 

0.9
9 

3.2  6  Air  0.1 1.4  6  Electricity 0.2 4.5 6  Constr. 0.7 4.6  6  Electricity 0.3 3.9 

7  Constr. 
0.8
5 

2.7  7  Paper 0.1 1.1  7 
 Coke/ 
Petro. 

0.1 3.6 7  Coke/ Petro. 0.6 3.8  7  Sporting 0.2 2.6 

8  Sport 
0.7
8 

2.5  8  Constr. 0.1 0.6  8  Sporting 0.1 2.7 8  Sporting 0.5 3.3  8  Basic metals  0.2 2.3 

9 
 Basic 
metals 

0.6
7 

2.2  9  Chem. 0.1 0.5  9  Entert. 0.1 1.7 9  Basic metals  0.3 2.1  9  Chemicals 0.1 2 

10  Agric. 0.5 1.8  10  Entert. 0.1 0.4  10  Chemic. 0.1 1.7 10  Entert. 0.3 2  10  Entert. 0.1 1.5 

Table 5: Product Hotspots of the Material Footprint of Austrian Tourism (2014) 
(Acc. / food= Accommodation/ food; Air= Air transport services; Agric.=  Products of agriculture, hunting and related services; Chem.= 
Chemicals and chemical products; Coke and Petro.= Coke and refined petroleum products; Constr.= Constructions and construction 
works; Entert.=  Creative, arts and entertainment services;  Land= land transport services) 
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Material Footprint of single tourism activities in Mt and in shares per year (2000–2014) 
 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Characteristic 
products 9.75 65% 9.76 65% 10.10 65% 9.29 65% 9.97 65% 14.56 66% 14.94 66% 14.15 66% 19.08 68% 17.13 65% 18.97 65% 20.34 67% 19.87 68% 22.10 76% 22.07 70.42% 

Accommodation 
services 3.27 22% 3.38 23% 3.76 24% 3.48 24% 3.69 24% 4.90 22% 4.80 21% 4.70 22% 5.58 20% 5.02 19% 5.03 17% 5.32 18% 5.21 18% 5.43 19% 5.33 17.02% 

Hotels and other 
lodging services 3.22 21% 3.33 22% 3.71 24% 3.44 24% 3.64 24% 4.84 22% 4.74 21% 4.65 22% 5.55 20% 4.99 19% 5.00 17% 5.29 17% 5.17 18% 5.40 19% 5.30 16.92% 

Second homes 
services on own 
account of for free 0.04 0% 0.05 0% 0.05 0% 0.04 0% 0.05 0% 0.06 0% 0.06 0% 0.06 0% 0.03 0% 0.03 0% 0.03 0% 0.03 0% 0.03 0% 0.02 0% 0.03 0.10% 

Food and beverage 
serving services 3.33 22% 3.33 22% 3.54 23% 3.17 22% 3.42 22% 4.63 21% 4.63 21% 4.63 22% 5.36 19% 5.00 19% 4.97 17% 5.36 18% 5.11 17% 5.34 18% 5.30 16.90% 

 Passenger transport 
services 2.57 17% 2.48 17% 2.22 14% 2.08 14% 2.24 15% 4.18 19% 4.63 21% 3.94 18% 6.87 25% 5.71 22% 7.50 26% 8.28 27% 8.17 28% 9.93 34% 10.12 32.28% 

Interurban railway 0.63 4% 0.51 3% 0.60 4% 0.61 4% 0.63 4% 0.61 3% 0.63 3% 0.58 3% 0.82 3% 0.83 3% 0.79 3% 0.90 3% 0.89 3% 0.91 3% 0.83 2.64% 

Road 0.24 2% 0.21 1% 0.25 2% 0.18 1% 0.21 1% 0.18 1% 0.23 1% 0.25 1% 0.45 2% 0.50 2% 0.50 2% 0.51 2% 0.47 2% 0.47 2% 0.46 1.47% 

Water 0.02 0% 0.02 0% 0.02 0% 0.02 0% 0.02 0% 0.01 0% 0.01 0% 0.01 0% 0.01 0% 0.01 0% 0.00 0% 0.00 0% 0.00 0% 0.01 0% 0.01 0.02% 

Air 1.58 10% 1.65 11% 1.26 8% 1.17 8% 1.30 8% 3.24 15% 3.59 16% 2.96 14% 5.56 20% 4.35 16% 6.18 21% 6.83 22% 6.78 23% 8.50 29% 8.79 28.03% 

Transport supporting/ 
Rental services 0.10 1% 0.09 1% 0.09 1% 0.09 1% 0.10 1% 0.15 1% 0.17 1% 0.14 1% 0.03 0% 0.03 0% 0.03 0% 0.04 0% 0.03 0% 0.04 0% 0.04 0.11% 

Travel agency, tour 
operator and tourist 
guide services 0.04 0% 0.04 0% 0.04 0% 0.04 0% 0.04 0% 0.06 0% 0.06 0% 0.05 0% 0.06 0% 0.06 0% 0.07 0% 0.06 0% 0.06 0% 0.07 0% 0.07 0.21% 

Cultural, recreation 
and miscellaneous 
tourism services 0.54 4% 0.53 4% 0.56 4% 0.53 4% 0.58 4% 0.78 4% 0.82 4% 0.82 4% 1.20 4% 1.34 5% 1.40 5% 1.31 4% 1.32 4% 1.33 5% 1.26 4.02% 

Culture 
    0.29 2% 0.28 2% 0.30 2% 0.41 2% 0.43 2% 0.43 2% 0.46 2% 0.54 2% 0.55 2% 0.53 2% 0.51 2% 0.53 2% 0.48 1.54% 

Sport, Recreation and 
other entertainment 
services     0.27 2% 0.25 2% 0.28 2% 0.37 2% 0.39 2% 0.39 2% 0.74 3% 0.81 3% 0.85 3% 0.78 3% 0.81 3% 0.81 3% 0.78 2.48% 

Total connected and 
non-specific products 
(all other non-tourism 
services e.g. 
hairdresser, shoes) 5.34 35% 5.19 35% 5.42 35% 5.05 35% 5.40 35% 7.40 34% 7.60 34% 7.33 34% 8.93 32% 9.30 35% 10.31 35% 10.04 33% 9.51 32% 6.88 24% 9.27 29.58% 
                               

Total 15 100% 14.9 
100

% 15.5 100% 14.3 100% 15.4 100% 21.9 100% 22.5 100% 21.5 100% 28 100% 26.4 100% 29.3 100% 30.4 100% 29.4 100% 29 100% 31.4 100.00% 

Table 6: Material Footprint of single tourism activities in Mt and in shares per year (2000–2014) 
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Development 

Resource consumption in tourism characteristic products and services has doubled since 

2000 and grew by 12% from 2008. Differentiating the development by single tourism 

characteristic services (Figure 18 and Figure 19), we can see that the growth is driven mainly 

by resource consumption associated with air transport services, which has grown 

dramatically after 2004, surpassing accommodation and food in 2008 and resulting in a six-

fold rise in 2014 compared to 2000 and a rise by 60% from 2008 to 2014. Land transport 

service grew by 1.5 (road 1.9 and interurban railway 1.31) and by 1% from 2008. Taken 

together accommodation and food the largest product category in RME have increased by 

factor 1.6 (2000–2014) and decreased by 4% since 2008. The growth factors of the other 

tourism characteristic and tourism connected services are ranging between 1.4-2.2, except 

waterway transport services, which grew by the factor 0.29 from 2000–2014 and decrease 

by 8% from 2008.  

 

Figure 18: development of tourism 
characteristic products and services from 
2000–2014 (i=2000) 

 

Figure 19: RMC develop. of selected tourism 
products and services from 2008–2014 
(i=2008) 

The different growth rates of the material footprint of single tourism activities led to a shift 

in the footprint proportions towards air transport services, which are responsible for 44% 

of the overall material growth in tourism since 2000. Its share increased by 18% from 10% 

in 2000 to 28% in 2014, while the shares of the other tourism activities decreased. The 

share of accommodation and food decreased by 10% accounting for 32% of the total MF, 
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being still the highest share of the total material consumption in 2014. 25% of the growth 

in tourism can be attributed to accommodation and food. Interurban railway and road 

transport use are only responsible for 1.22% and 1.33% of the material growth. In total 76% 

of the material footprint development have been driven by tourism characteristic products 

and services, and 24% by tourism connected/non-specific services, which share fell by 5% 

to 30% of the total material footprint.  

Resource pattern and imports of tourism activities 

The material pattern of single tourism activities hasn´t changed since 2008 or since 2000 

and is varying from year to year by 1-2%. Accommodation and food services have a 

significantly different material structure due to the high biomass share (46%) and the 

lowest shares in the non-renewable categories (Figure 20). Half of the spending, here, are 

attributed to restaurants with a high share on biomass. If it were possible to distinguish 

between food and accommodation, hotel and rooms would probably have a similar 

structure to dwellings. Imputed rent of dwellings and sporting service have the highest 

share in non-metallic minerals (64%/ 63%), airport transport services have the highest in 

fossil energy carriers (33%) and land transport and imputed rent of dwellings the highest 

share of metals (14%/ 18%).  

 

Figure 20: material structure of tourism 
characteristic products and services (2014) 

 

Figure 21: RIM of tourism services with the 
highest MF (2014) 
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Comparing imported raw materials of tourism products and services (Figure 21), mining 

and air transport have the highest volumes in all material categories, besides biomass. 

Nearly 1 Mt of the materials consumed in air transport services are coming from abroad, 

which is 24% of all imported materials (Table 7), 35% of all imported fossil energy carrier, 

26% of minerals and 18% of imported metals. 7 out of the top 10 of the products with the 

highest import volumes are not tourism characteristic products. In accommodation and 

food services only 5% of the consumed products and services are imported, but due to the 

high demand volume, its share on total tourism material imports is 12%. Air transport with 

11% of imported materials is under the 14% average share of imports of the complete 

tourism sector, however, also due the high demand, 24% of all resource imports are driven 

by air services. Among the single tourism characteristic services, water transport services 

have the highest imports shares in all material categories followed by land transport (road 

and rail) services. But, as the demand is low compared to the other tourism activities, the 

shares on total imports is low (0.1% and 4.4%). Mining and quarrying (non-characteristic), 

the third largest footprint product has the largest import shares among all material 

categories and among all tourism characteristic and tourism connected services. 

 
Land transport 

services 
Water 

transport 
Air transport services 

Accommodation and 
food services 

Mining and 
quarrying 

Biomass 19% 42% 13% 5% 60% 

Metals 17% 41% 12% 6% 84% 

Non-metallic 
Minerals 

11% 31% 8% 4% 47% 

Fossil energy carriers 20% 48% 16% 6% 92% 

total product 
footprint 

14% 38% 11% 5% 61% 

Share of total 
imports 

4.4% 0.1% 24% 12% 25% 

Table 7: import shares of total product MF and shares of total RIM in % 
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Direct and indirect material intensities 

Comparing the direct and indirect (total) material intensities within the whole service 

sector, tourism services occupy the first 5 places. Air transport services being by far the 

highest one with 2180 kg/ k€, is slightly under the average of the extracting and 

manufacturing sectors of 2486 kg/ k€ and far above the average of the service sectors with 

326 kg/ k€. Air transport is the only product category within tourism with a rising material 

intensity (by 34% since 2008; Figure 22) and the fastest rising category in the whole service 

sector. Mining and quarry the 3rd largest product category serving tourism need is the most 

resource intensive sector within the whole economy with 15371 kg/k€. Differentiating by 

material groups the intensity of biomass has decreased within all products and services. In 

accommodation and food, the material intensities for all material categories improved, 

whereas in land transportation services the total material input per Euro declined in all 

material categories except for fossil energy carriers. The material intensity in air transport 

services worsen in all material categories with the exception for biomass. 

 

Figure 22: Top 5 total material intensities in the service sector (in kg/k€) 
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Figure 23: relationship of direct, indirect intensities and the respective MF of single tourism 
activities in 2008 and 2014 

(Figure left 2008; figure right 2014; direct intensities and indirect intensities on x and y-axis in kg/k€; 
total material footprint in tonnes represented by bubble size) 

 

Air transport services have not only a high direct material intensity, but also due to its 

strong interlinkages with other sectors (sectoral multiplicator: 2.28) also a high indirect 

material input (Figure 23). So not only rising expenditure in air transport by 18% since 2008 

(2000: 34%), but also high and growing material input per Euro have contributed to a high 

footprint of air travel. Accommodation and food have relatively small direct and indirect 

intensities, which have slightly fallen since 2008. But due to high demand, which has also 

grown by 15% since 2008, the overall footprint is the highest among all tourism services. 

Land transport services have the second highest direct and indirect material intensities, 

which have also slightly decreased. However, as the expenditure grew by 32%, which is the 

highest expenditure growth within the tourism sector since 2008, the overall material input 

remained nearly the same. 
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Figure 24: relationship of intensity in t/k€, MF in 
Mt and respective expenditure in €1Mio of the 10 
MF hotspot activities (2013) 

 

Figure 25: intensities of top 10 MF activities in 
t/k€ (2013) 

The footprint can be either reduced by lowering the material intensity and/ or by reducing 

expenditure in single tourism services. In light of possible policy measures to do so, Figure 

24 shows the relationship between the material intensity (y-axis), expenditure in Mio. EUR 

(bubble size) and the material footprint by product (x-axis) of single top 10 MF (88% of MF) 

tourism services. The red bubbles characterize products and services, which have a low 

material footprint (>1Mt; blue line in figure) and a low demand (> 1 billion EUR), but a high 

material intensity above the average of the total economy (1232 t/ k€; blue line in figure). 

These are only products from the extraction and manufacturing sector. Mining and 

quarrying are determined by high MF volume, high intensity but very low demand (82Mio 

EUR). Air transport shows a very high material footprint, high intensity and high 

expenditure numbers. Also, accommodation/ food is characterized by very high 

expenditure and very high volumes, however, has a relatively low material intensity. Land 

transport has a low material input per EUR and a high footprint and high demand. Creative/ 

Entertainment and sporting services have low intensities, a footprint under the 1 Mt and a 

demand above 1 billion EUR. 
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Decoupling status of the consumption of single tourism products and services 

Table 8 (see also appendix: Table 28, Table 29 ) shows the decoupling status of the main 

tourism products and services from 2000–2014 (index 00). From 2001-2004 the material 

footprint of accommodation and food grew at a slower pace compared to tourism 

expenditure on the same services, resulting in relative decoupling. 2005 the 

rematerialization intensified and remained expansive-strong with declining rates. The 

decoupling index for accommodation and food based on 2008 (Table 9, Table 26, Table 27), 

shows after a strong growth in 2010, an absolute decoupling tendency, particularly in the 

case of biomass.  

Air transport services experienced dematerialization in 2004 and from 2002 to 2003, when 

tourism expenditure on flights decreased (Table 8). However, for 11 years, since 2000, the 

material footprint is growing faster than tourism expenditure (index 00). Also, calculating 

the decoupling index, based on 2008 (Table 9, Table 26, Table 27), air travel services is 

keeping the strong rematerialization rate, far above total tourism relative decoupling rate. 

The rematerialization is pushed by non-renewable materials, especially by metals and fossil 

energy carriers, whereas biomass consumption is absolutely decoupled from tourism 

expenditure.  

Interestingly, land transport services have been in an absolute decoupling phase until 2007, 

which is the longest absolute decoupling phase of all tourism services. Also, in the same 

period most tourism services experienced a rematerialization phase. However, the 

dematerialization changed in 2008 into a rematerialization phase until 2014 (i00: strong-

expansive and i08: relative decoupling). Also, here, biomass is decreasing absolutely, while 

the non-renewable materials are relatively decoupled with rising decoupling rates since 

2008. In summary, the results of the coupling trends for single tourism activities show that 

the decoupling is led by road, interurban railway and water transport of passengers and to 

a lesser extent by accommodation/ food. Whilst, the rematerialization is strongly pushed 

by air transport and to a lesser extent by culture/ entertainment, travel agencies and 

accommodation (accommodation calculated based on i00). 
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relative 
decoupling 
0 ≤ e < 0.8 

strong recessive 
e < -0.8 

weak recessive 
-0.8 ≤ e < 0 

Accommodation/ 
Food 

2005, 
2006, 

2008, 2009 

2007, 
2010-2014 

2001-2004   

Land 
transportation 

2008-2011 2012, 2013 2014   

Interurban railway 2008-2011 2012, 2013 2006, 2014   

Road 2008-2010 2011-2014 2002, 2007   

Water   2001, 2002   

Air 2005-2008, 
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2001  2009  
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2012, 2014 2004   
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 Increase Decrease 

absolute weak 
-0.5 ≤ e < 0 

absolute strong 
e < − 0.5 

absolute 
strong 

recessive 
e > 1.2 

absolute 
expansive 

0.8 ≤ e ≤ 1.2 

absolute 
weak 

0 ≤ e < 0.8 

Accommodation/ 
Food 

  2009   

Land 
transportation 

2002, 2006, 2007 2003-2005 2001   

Interurban railway 2003-2005, 2007 2002 2001   

Road 2006 2001 2003-2005   

Water      

Air  2004 2002, 2003   

Travel agency  2001-2003 2003   

Culture/ 
Recreation 

     

Total 2001, 2003     

Table 8: Decoupling status of main tourism products and services 

 

index 2008 2008 2009 2010 2011 2012 2013 2014  2008 2009 2010 2011 2012 2013 2014 

Accommodation/ Food air transport 

Biomass - 
1.57 34.48 -0.69 -1.28 -1.60 -0.46 

Biomass - 
0.77 -2.30 -0.01 -1.13 -0.49 -0.13 

Metals - 
2.85 -

11.17 
1.62 0.85 0.06 -0.08 

Metals - 
2.78 5.30 3.23 2.98 3.32 3.08 

Non-metallic 
minerals - 

0.51 23.66 -1.06 -0.60 -0.41 0.09 
Non-metallic minerals - 

1.53 1.32 1.55 1.30 2.75 3.60 

Fossil energy 
carriers - 

0.29 -
13.70 

1.18 1.24 -0.14 0.05 
Fossil energy carriers - 

1.73 4.56 2.00 2.68 2.41 2.94 

total - 
1.15 21.20 -0.40 -0.56 -0.89 -0.19 

total - 
1.74 2.83 1.89 1.93 2.66 3.25 

Land transport total tourism 

Biomass - 
-7.03 -3.90 -0.59 -1.40 -1.34 -1.13 

Biomass - 
1.96 -1.98 -0.02 -0.85 -0.50 -0.28 

Metals - 
-24.46 1.10 1.29 0.69 0.17 0.02 

Metals - 
4.48 3.99 2.43 1.51 1.39 0.70 

Non-metallic 
minerals - 

15.72 -0.34 0.28 0.01 -0.07 0.14 
Non-metallic minerals - 

0.25 0.55 0.49 0.15 1.04 1.09 

Fossil energy 
carriers - 

11.97 0.73 0.67 0.59 -0.17 -0.08 
Fossil energy carriers - 

0.86 4.07 1.87 1.88 1.39 1.16 

total - 8.73 0.11 0.52 0.25 -0.09 0.03 total - 1.26 1.03 0.87 0.41 0.78 0.73 

Table 9: Elasticities of the main tourism characteristic products and services 
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The length of stay elasticities indicate a negative correlation between LOS and passenger 

transport services. In particular, the raw material consumption in air transport services 

shows a strong negative sensitivity to LOS. The LOS elasticity results for the period from 

2000 to 2014 and for the duration of stay between 5- 3 days indicate that that an extension 

of the length of stay would substantially decrease the total resource consumption and the 

material footprint of material intensive tourism services like passenger transport and 

tourism-connected services in the first and second sector. 

 

Figure 26: length of stay elasticity of material consumption by tourism services (i=previous year)

Tourism length of stay elasticity of ressource use by product (index previous year)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Characteristic products 0.10-          14.94-        3.75          4.04-          37.45-        1.06-          3.23          84.57-        9.37          4.05-          2.84-          6.66          21.19-        0.04          

Accommodation services 4.80-          46.91-        3.42          3.30-          26.74-        0.83          1.19          45.34-        9.31          0.10-          2.28-          6.40          8.10-          0.70          

Hotels and other lodging services 4.84-          47.40-        3.40          3.29-          26.75-        0.82          1.18          47.21-        9.38          0.09-          2.30-          6.44          8.40-          0.75          

Second homes services on own account of for free 2.06-          10.86-        4.57          3.93-          26.42-        1.53          1.99          110.95      3.13-          1.15-          0.75          0.83          40.77        9.18-          

Food and beverage serving services 0.23-          25.54-        4.90          4.37-          28.99-        0.02          0.04-          38.17-        6.19          0.22          3.10-          13.57        8.28-          0.31          

Accommodation services and Food 2.49-          36.29-        4.13          3.81-          27.82-        0.43          0.59          41.78-        7.78          0.06          2.69-          10.00        8.19-          0.51          

 Passenger transport services 4.93          44.23        3.00          4.44-          70.34-        4.32-          9.02          180.07-      15.52        11.84-        4.07-          3.60          40.65-        0.77-          

Interurban railway 26.15        67.41-        0.75-          1.60-          2.53          1.68-          4.87          101.40-      0.95-          1.81          5.16-          0.65          3.69-          3.69          

Road 20.05        78.53-        12.10        6.39-          9.83          11.90-        3.73-          198.66-      9.82-          0.27          1.06-          26.13        3.65-          1.19          

Land transportation services 24.45        70.63-        3.03          2.71-          4.34          4.03-          2.54          130.60-      4.10-          1.23          3.58-          9.91          3.68-          2.84          

Water 19.90-        1.27-          9.65          0.74          50.96        3.58          3.05-          1.26          3.87-          15.24        7.39-          3.26-          91.18-        6.96          

Air 6.04-          98.88        3.16          5.83-          121.77-      4.36-          10.57        212.09-      20.02        15.92-        4.17-          2.30          48.22-        1.37-          

Transport supporting/ Rental services 12.93        23.64-        0.98-          2.57-          44.53-        5.38-          9.78          184.94      20.59        7.75-          4.20-          5.83          4.48-          0.57          

Travel agency, tour operator and tourist guide services 19.53        1.33-          3.01-          5.17-          32.72-        2.87-          12.91        32.51-        9.34-          2.58-          2.44          2.84          22.45-        1.95          

Cultural, recreation and miscellaneous tourism services 3.61          22.87-        2.19          5.24-          28.42-        1.74-          0.11          115.69-      10.45-        1.68-          2.43          1.08-          2.22-          2.28          

Culture no data no data 2.19          5.19-          28.53-        1.73-          0.07          21.27-        14.10-        1.00-          1.10          11.71        5.70-          3.56          

Sport, Recreation and other entertainment services no data no data 2.19          5.29-          28.30-        1.76-          0.15          219.51-      8.15-          2.13-          3.29          9.85-          0.01-          1.44          

Total connected and non-specific products (A.2+B) 4.08          18.54-        3.19          3.91-          29.99-        1.10-          2.17          53.21-        3.76-          4.08-          1.03          15.26        52.27        14.20-        

Total 1.38          16.19-        3.56          3.99-          34.83-        1.08-          2.87          73.87-        5.18          4.06-          1.48-          9.50          2.59          3.34-          
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4.3. Composition of the MF and its development by visitor groups 

 

Material footprint by visitor groups in total and by material categories  

In the following section, due to data constraints, the material footprint by visitor groups 

will be presented in detail only for 2013 and not for the rest of the years. Overnight tourism 

(inbound/ non-resident, resident) causes 72% of the total tourism footprint (Table 10), 

whilst non-resident tourists are responsible for the highest share with 41% (11.08 tonnes) 

or for 10% more compared to Austrian tourists (resident tourists: 13%, resident outbound: 

19%). Further, inbound tourists make up 49% of total biomass, which is 2.5 times more 

compared to Austrian overnight tourists (19% resident tourist, 1% outbound). 

 

Figure 27: material footprint by visitor group in Mt and % (2013) 

The consumption shares on non-renewable resources do not differ to much between 

inbound tourists (38-39%) and Austrian tourists (33-37%). However, only the consumption 

of non-metallic minerals of inbound tourist makes up 1/5 of total material consumption 

(ibid.). The second largest MF demand group, after non-resident tourists, are resident 

tourists travelling to other countries (outbound), which consume two times less or, in total, 

19% of the total volume (Figure 27). Resident-same day visitors, the third largest resource 

consumer group, is responsible for 17% and 4% more compared to resident tourist staying 

overnight (13%). Foreign same-day visitors have with 10% a much lower material footprint 

compared to foreign overnight tourist (41%) and compared to resident same-day visitors 

(17%). Resident same-day visitors travelling abroad have a small volume of 0.02 Mt (0.09%) 

compared to the other visitors. However, in relative terms, their consumption pattern 
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shows the second highest material intensity with 1.49t/ k€ (Figure 29). The reasons for the 

differences in material consumption between the single visitor groups are the material 

intensities of the consumed tourism activities and the volume of the corresponding 

demand. The following chapters are looking deeper into the driving sources behind the 

material consumption and answering the questions why non-resident tourist consume 

more materials compared to resident tourists or why same-day resident visitors consume 

more compared to resident overnight tourists. 
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2013 non-resident visitors resident visitors Austrian tourism 

 Same-day  
visitors 

Tourists 
 Total  

visitors 

travelling only within the country travelling outbound All resident visitors 

Other  
comp. 

Internal 
tourism 

consumpti
on 

Same-day 
visitors 

Tourists 
 Total  

visitors 

Same-
day 

visitors 
Tourists 

 Total  
visitors 

Same-day 
visitors 

Tourists 
 Total  

visitors 

material consumption by visitor categories in tonnes 

Biomass  590 589   2 621 844   3 212 433   1 017 549   1 009 981   2 027 529    1 298    68 522    69 820   1 018 847   1 078 650   2 097 496    48 093   5 345 896   

Metals  359 498   1 256 326   1 615 824    558 137    365 014    923 151    3 345    724 372    727 717    561 482   1 086 994   1 648 475    49 038   3 316 890   

Non-metallic minerals 1 309 262   4 870 927   6 180 188   2 072 975   1 441 355   3 514 330    12 293   2 726 051   2 738 343   2 085 268   4 155 513   6 240 781    183 771   12 617 115   

Fossil energy carriers  518 931   2 293 511   2 812 442    808 438    596 736   1 405 174    6 492   1 590 954   1 597 446    814 930   2 183 489   2 998 419    69 187   5 888 452   

Total 2.80 Mt 11.08 Mt 13.88 Mt 4.48 Mt 3.43 Mt 7.91 Mt 0.02 Mt 5.12 Mt 5.14 Mt 4.51 Mt 8.53 Mt 13.03 Mt 0.35 Mt 27.28 Mt 

share on total material consumption by material and visitor category 

Biomass 2% 10% 12% 4% 4% 7% 0% 0% 0% 4% 4% 8% 0% 20% 

Metals 1% 5% 6% 2% 1% 3% 0% 3% 3% 2% 4% 6% 0% 12% 

Non-metallic minerals 5% 18% 23% 8% 5% 13% 0% 10% 10% 8% 15% 23% 1% 46% 

Fossil energy carriers 2% 8% 10% 3% 2% 5% 0% 6% 6% 3% 8% 11% 0% 22% 

Total 10% 41% 51% 16% 13% 29% 0% 19% 19% 17% 31% 48% 1% 100% 

material composition/ structure of single visitor categories 

Biomass 21% 24% 23% 23% 29% 26% 6% 1% 1% 23% 13% 16% 14% 20% 

Metals 13% 11% 12% 12% 11% 12% 14% 14% 14% 12% 13% 13% 14% 12% 

Non-metallic minerals 47% 44% 45% 46% 42% 44% 52% 53% 53% 46% 49% 48% 52% 46% 

Fossil energy carriers 19% 21% 20% 18% 17% 18% 28% 31% 31% 18% 26% 23% 20% 22% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

share of single material consumption by visitor categories 

Biomass 11% 49% 60% 19% 19% 38% 0% 1% 1% 19% 20% 39% 1% 100% 

Metals 11% 38% 49% 17% 11% 28% 0% 22% 22% 17% 33% 50% 1% 100% 

Non-metallic minerals 10% 39% 49% 16% 11% 28% 0% 22% 22% 17% 33% 49% 1% 100% 

Fossil energy carriers 9% 39% 48% 14% 10% 24% 0% 27% 27% 14% 37% 51% 1% 100% 

Total 10% 41% 51% 16% 13% 29% 0% 19% 19% 17% 31% 48% 1% 100% 

Table 10: the material footprint of single visitor categories (2013)
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Material intensity by visitor type  

Figure 28 shows for each visitor group the relationship between the material intensity of 

the consumption pattern (average of all consumed services on y-axis), the absolute size of 

the material footprint (x-axis) associated with the consumption pattern and volume in bn 

EUR (bubble size). Resident same-day visitors travelling to other countries have the second 

highest material input per Euro (1.49 t/ k€), which is two times the level of the intensity of 

resident same-day visitors (762kg/ k€) and 60% more compared to the intensity of inbound 

same-day visitors (1t/ k€). Due to its low amount of expenditure of 15 million€, or a 0.05% 

share on total expenditure, the pattern doesn´t results in a high material footprint. Inbound 

same-day visitors have the third highest material consumption intensity, a 10% share on 

the MF and 10% on overall spending. Resident same-day visitors have an expenditure share 

of 18%, which, due to its subproportional intensity, results in an underproportional 

material footprint share of 17%. Resident overnight visitors going abroad, spend nearly the 

same amount as inbound same-day visitors (8% share), but have the second highest share 

on the MF (19%) due to the highest material intensive consumption pattern of 1769kg per 

thousand Euro. This is nearly three times more the consumption habits of resident tourist, 

who have the lowest material intensity (593kg per thousand Euro) and two times more 

compared to foreign inbound tourists with 785kg per 1000€. 

 

Figure 28: relationship of MF intensity in 
t/k€, total MF in Mt and expenditure in €1bn 
by single visitor groups in 2013 

 

Figure 29: total MF by visitor group and MF per 
1000€ by visitor group in 2013 
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Material consumption sources by visitor groups  

Decomposing the material footprint of single visitor groups by purchased products and 

services, we can identify for each visitor group the driving consumption source of the 

material intensity and footprint. Doing so, we can track the material footprints of individual 

tourists and coming closer to the moments, stages of travel and products, where tourist 

leave their prints. Table 11 shows for the top 10 MF sources, the relationship between the 

intensity of purchased products and services (y-axes), its total material footprint (x-axes) 

and the degree of activity of single visitors as material consumption shares (bubble size). 

Tourists staying overnight (Table 11: A, B, F) spend a higher share on tourism characteristic 

services (resident tourists: 91%, inbound tourists: 94%, outbound tourists: 98%) or within 

the service sector (95%-99%) compared to same-day visitors (Table 11: C, D, E), which 

consumption pattern is more diverse with higher shares  in the first and second sector (64% 

on tourism characteristic services and 73%-83% within the service sector). Hence, the 

material intensities of same-day visitors are higher compared to tourists, if air transport 

plays a less important role, like in the case of resident outbound tourist (19% of MF). This 

group spends 72% of their expenditure on air travel, a product, that has the 8th highest 

material input per euro within the whole economy and the highest within the service 

sector. Consequently, air travel makes up 86.6% of their total material consumption (Table 

11: F). Compared to inbound tourists, resident tourists travelling within Austria (B), which 

consume 12% of total MF, are significantly more active in the low input tourism 

characteristic sectors and similarly active in the high intensity sectors besides air travel. In 

the case of inbound tourist (A; 41% of total MF), air transport makes up 30% of the material 

consumption share. Resident same-day visitors (17% of total MF) have a high material 

footprint, but lower material intensities, compared to inbound same day visitors (C, D; 10% 

MF).  This is due to a higher consumption share on low input tourism characteristic goods, 

especially on entertainment, accommodation and food (probably restaurants, as they do 

not stay overnight), and nearly no air travel. Surprisingly, within same-day visitors land 

transport has a low share on total material consumption (inbound: 0.9% and resident: 2%).
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Table 11: top 10 material footprint consumption sources by product and visitor category in 2013 
(differentiated by respective relationships of MF intensity on y-axis in t/k€, total MF in Mt on x-axis and 
expenditure in % on single products by each visitor group represented by bubble size; On upper right corner 
the resulting MF pattern of total consumption differentiated by biomass in green, metals in grey, fossils in 
black and minerals in orange; own calculation based on Statistik Austria 2019c) 

A 
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The material composition of the consumption pattern of single visitor groups (Table 11) 

do not differ too much with regard to metal consumption (11-14%), however, it does differ 

strongly in biomass (1-30%), fossil energy carriers (17-31%) consumption and to some 

extent between non-metallic minerals (42%-54%). Resident tourists have the lowest share 

in the consumption of non-renewable resource and the highest share on biomass 

consumption, followed by inbound tourist. Outbound visitors have due to their high share 

on passenger transport, especially on air-travel, the highest shares on fossil energy carrier 

(28-31%) and on non-metallic minerals (52-54%). The volume and structure of outbound 

visitors and Austrians travelling abroad shows just the material footprint associated to their 

payments to Austrian companies. The material footprint would be much higher, and the 

pattern would be quite different if spending outside of Austria were included. The MF 

volume of outbound tourist would probably rise by 40-50% and the one of resident visitors 

travelling abroad by 100%, if it is assumed that Austrian and foreign visitors have similar 

expenditure patterns. 

Material consumption per arrival and overnight stays 

The higher material volume of non-resident overnight tourism compared to resident 

tourists is not surprising since inbound tourists spend in total more due to higher arrivals, 

longer length of stay (2013: 3.90 compared to 2.97) and, consequently, have higher 

overnight stays. Relating the material consumption to arrivals and overnight stays, the 

footprint of resident visitors is twofold respectively threefold the footprint of inbound 

tourists (Figure 30, Figure 31), which is due to the included high resource consumption 

volume of resident visitors travelling abroad.1 Assuming that resident tourist going abroad 

stay one night (assumption: “1n”) in Austria (average length of stay of all Austrian tourist is 

2.97 nights) and differentiate the total MF between resident tourists travelling within 

Austria (3.97 nights) and abroad (1 night in Austria), resident tourist have a nearly 30% 

higher footprint per arrival and per night compared to inbound tourist (Figure 32, Figure 

 
1 Due to missing public data on same- day tourist population, the respective material footprint can be only related directly 

to inbound and total resident overnight tourism demand. A differentiation of arrival and overnight numbers of resident 
tourist travelling within and outside of Austria can be estimated if the length of stay of resident outbound tourists is 
assumed e.g. 1 night. Arrival numbers of same day tourist can be estimated if it is assumed that they spend 121 EUR/ cap 
like the average Austrian travelling within Austria. 
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33). The resource consumption of resident outbound tourists per arrival and overnight stay 

is 3 and 11 times higher compared to resident tourist travelling in Austria. It is difficult to 

interpret the higher material consumption of resident outbound tourists as their spending 

on the trip paid to Austrian travel companies also include services that are delivered partly 

outside of Austria. In 2013, resident tourists consumed 708 kg (total resident)/ 428kg 

(resident travelling within Austria) raw materials per capita, while spending 721 EUR/ 724 

EUR during their average stay in Austria of nearly 3.97/ 2.97 nights. This is 243 EUR (total 

resident tourists)/ 182 EUR (resident within Austria) per night and about 235kg/ 108kg 

consumed materials per night and 3.3/ 1.5 times the volume of the resource consumption 

of an Austrian citizen of 71kg/cap/ day (Austrian federal ministry of Agriculture, forestry 

environment and water management 2015). While staying 3.91 nights in Austria in 2013, 

inbound tourists spend 424 EUR (109 EUR per night) and consumed 333kg of raw materials 

during their stay or 85kg per night. As seen above, broken down by expenditure inbound 

tourist have a higher MF per thousand EUR (785kg/ k€) compared to resident tourist 

(593kg/ k€) (Figure 29). If the intensity is additionally related to the length of stay the 

picture changes: a resident tourist has a nearly 30% higher footprint per arrival and per 

night compared to the consumption of an inbound tourist within Austrian borders. 

The difference in material consumption between resident and non-resident tourists (Figure 

30- Figure 33) is mainly determined by non-renewable resource, especially fossil energy 

carriers and metals. Resident tourists travelling within Austria have a higher share in 

biomass consumption and consume 40% more compared to inbound tourist. If one 

considers in the calculation of the resource consumption of the whole trip (associated with 

travel expenditure in the country of origin and the visited country) the footprints of 

inbound and resident outbound might converge. Whereas the presented material footprint 

of resident tourists covers the whole trip, the one of inbound and outbound visitors shows 

just the share of the whole trip (associated with consumption in Austria). A multiregional 

footprint considering the whole trip, would be much higher. If it is assumed that Austrians 

travelling abroad have an additional and similar footprint like Austrians travelling at home 

or like non-resident tourist in Austria, the footprint of the whole trip would be 

approximately 2.5 to 5 times higher compared to a domestic trip. 
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Figure 30: MF per tourist (arrival) in kg 

 

Figure 31: MF of tourists per overnight in kg 

 

Figure 32: MF per tourist in kg 

 

Figure 33: MF of tourist per overnight in kg 
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4.4. Drivers of the material footprint of the tourism activities 

In order to identify the drivers of the material footprint, i.e. the socioeconomic activities 

and processes curbing the increase of material use (measured as MF), I applied an index 

decomposition analysis (de Boer and Rodrigues 2020; see also chapter 3.8). In the analysis 

I used the following four driving factors: arrival, length of stay (LOS), expenditure per 

overnight stay (A) and MF per expenditure (T). 

The results of the decomposition analysis show (see Figure 34) that the decreasing average 

length of stay (LOS) is lowering the annual MF change, with an increasing tendency. Since 

2000 LOS is the only driver that has decreased the MF (by -30%; Table 12), while the other 

drivers, including the partially improving material intensity, are pushing the material 

consumption.  

 

Figure 34: effect of change in technology, affluence, length of stay and arrivals on the MF of 
tourism activities in Austria 
(A=affluence or expenditure per night, T=technology or material intensity, LOS=length of stay)  
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driver cumulative effect (2000–2014) cumulative effect (2008–2014) 

arrival              7.664.396 t 47%                                     3.639.157 t  110% 

LOS - 4.848.665 t -30% - 2.852.969 t -86% 

A              7.566.318 t 46%                                     3.668.794 t 111% 

T              5.895.279 t 36% - 1.138.901 t -34% 

total            16.277.329 t 100%                                     3.316.081 t 100% 

Table 12: cumulative effects of the driving forces 
(A=affluence or expenditure per night, T=technology or material intensity, LOS=length of stay) 

Since 2008 the lowering effect of LOS (-86%) and technology (-35%) have been offset by 

the rising visitor numbers (+110%) and their expenditure (+111%). The decreasing effect of 

LOS is deluding as the sinking LOS goes along with rising arrivals. When LOS decreases by 

1, arrivals increase disproportionately high in average by 3.47 and when arrivals increase 

by 1 the material footprint increases proportional, also by 1. The cumulative results (Table 

12) of the decomposition analysis from 2008 to 2014 also show that the technological 

improvements are not sufficient enough to lower the absolute material consumption 

induced by increasing arrivals and the volume of expenditure. 

The negative effect of all drivers from 2008–2009 is mainly due to the global economic and 

financial crisis. After a short economic recovery in 2010-2011, the overall economy 

weakened again in 2011/2012 due to the consequences of the crisis in 2008/2009 (Smeral 

2010, 2013). The consequences of the crisis had a stronger effect on expenditure, especially 

on spending on international travel, while the number of visitors kept increasing at a slower 

pace, also, after the crisis. The two outliners in technology in years 2004-2005 and 2007-

2008 reflect above mentioned data adjustments by Statistic Austria and are not 

interpreted.  
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5. Discussion 

The acceleration of tourist flows and the consequential increase of mobility consumption 

The material footprint of the tourism activities in Austria is determined by the number of 

visitors and their spending on tourism activities as defined by the Austrian Tourism Satellite 

Accounts. Tourist population (measured in overnight stays), respectfully arrivals by length 

of stay, is a highly critical factor, especially as it is directly connected to transport services 

which are more material intensive compared to other tourism activities. Tourist population 

is not simply determined by the absolute tourist population size, but also by the frequency 

or the speed of visitor population turnover, which is expressed by the ratio between 

overnights stays and arrival or the length of stays. A tourist population can grow by the 

duration of stay or more movement. A larger population that travels less frequently and 

has a stable or low tourist population turnover can have a similar tourist population 

compared to a smaller population that travels more frequently or has a higher rotation rate 

of arrivals and departures. However, the material consequences are different as more 

energy and materials are used to enable the flow of tourists. For example, when 10 visitors 

stay 4 days, this amounts to an effective tourist population of 40 or, in statistical terms, 10 

arrivals by 4 days of average length of stay would add up to 40 overnight stays. The same 

population of tourist can be achieved by 20 arrivals by 2 days. In the first case the tourist 

population was created by prolonging the stay and slowing down the population flow, 

whereas in the second case the 40 overnight stays are achieved by the acceleration of 

tourist flows. In Austria between 2000 and 2014, the length of stay decreased by 18%, while 

arrivals grew by 39%, leading to an effective tourist population growth by 13%. This means 

that the drop of stay from 4.31 days to 3.51 days has been compensated by additional 

arrivals or the acceleration of tourist flows. In 2014, 131 million overnight stays could have 

been reached by prolonging the stay of 28 million visitors in average by 0.69 days to 5 days, 

which is above the EU average of 4 days and similar to the three leading countries in the 

EU with the longest LOS (Netherlands, Luxemburg and Belgium). Instead, Austria had to 

attract 1.4 more visits to get the same tourist population of 131 million stays. This means 

Austria had to expand transport infrastructure to meet 1.4 more arrivals, which in turn had 

an even higher impact on resource use and its structure. While arrivals of tourists and 



 

94 
 

expenditure on transport grew by 39% and 41% since 2000, the material footprint of 

transportation services grew by 293%, led by air with an increase of 455%, followed by road 

89% and rail 31%. Although the extension of the average duration of stay increases the 

material consumption of accommodation and food, it is much lower due to its lower 

material intensities compared to passenger transport services. The LOS elasticity results for 

the period from 2000 to 2014 and for the duration of stay between 3-5 days indicate that 

an extension of the length of stay would substantially decrease the total resource 

consumption and the consumption of material intensive tourism services. When LOS 

decreases by 1, arrivals increase disproportionately high in average by 3.47 and when 

arrivals increase by 1 the material footprint increases proportional. It has not been 

explored why visitors in Austria are so mobile and why the length of stay in Austria is one 

day shorter compared to the EU average. Austria has the highest decrease (28%) in length 

of stay among mature tourism economies and the fourth highest considering also emerging 

tourism economies (Gössling, Scott, and Hall 2018). Globally, the average LOS is longer the 

more distant markets, but in Austria it is the opposite: the length of stay of non-resident 

visitors is longer the shorter the distance. There is little research about this issue and there 

seem to be many determinants (ibid.). For Austria, the main reasons could be its central 

location in Europe, the concentration of main attractions encouraging frequent change of 

place, its flexible and relative low-cost mobility, which, also makes it easy for visitors to 

change locations. Hence, a challenge to reduce the rising MF is a challenge to prolong the 

length of stay, to reduce the frequency of travel and to reduce material intensive mobility. 

From a material perspective shorter length of stays should not be compensated by more 

arrivals, as current transport modes and habits are material intensive. Instead the LOS 

could be just accepted, while maintaining the visitor numbers at a certain level and trying 

to influence the length of stay. For example, by focusing on visitors with longer stay habits, 

like EU visitors (especially the EU visitors staying longer) and by reducing marketing efforts 

towards non-EU visitors or multisite visitors, as they stay shorter, travel more km to and 

within Austria. This would not only reduce material consumption but also reduce CO2 

emissions, as a high percentage of the total emissions of a trip are emitted at the arrival 

(Austrian federal ministry of economy, family and youth 2013). The development of 

appropriate price and tax policies, which foster longer stays, should be supported, as well 
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as studies looking for measures in policy, in tourism business and marketing, which would 

prolong the length of stay. 

 

The increased mobility consumption is mainly an increase of air travel 

The shift of resource consumption from all the other tourism activities towards resource 

intensive mobility, due to the acceleration of visitors, is mainly a shift towards air. 44% of 

the overall material growth (since 2000) is due to the expansion of air travel. Its share 

increased by 18% from 10% in 2000 to 28% in 2014, while the shares of the other tourism 

activities decreased. However, only 7% of all visitors in Austria travel by plane (Austrian 

federal ministry of economy, family and youth 2013) causing 28% of the total MF. So, a 

small group of visitors consumes a relatively high share of the MF, which indicates an 

unequal distribution of environmental pressure caused by the different visitor groups. On 

the other hand, 76% of all guests in Austria arrive by car, 3% by caravan, 7% by rail and 7% 

by bus (Austrian federal ministry of economy, family and youth 2013). Taken together 93% 

of all visitors travelling by overland transportation consume only 4% of the MF. The travel 

radius of Austrians and foreign visitors is small to medium-sized, as 85% of the arrivals in 

Austria are from EU (Statistik Austria 2019b), 92.6% outbound trips are within the EU ( 

Afrika 1.3%, Amerika 3%, Asia 2.8%) and 56% to nearby markets (Italy 21.1%, Germany 

16.2%, Croatia 14.3%, Hungary 3.1%, Czech Republic 2.8%, Slovenia 2.7%). The travel radius 

of the visitors in Austria shows that there is a high potential to shift the demand from air 

to land transport. Additionally, EU residents stay longer during their vacation compared to 

non-resident visitors, especially, compared to travellers coming from 5000km+ (Gössling, 

Scott, and Hall 2018). Due to the longer LOS of EU residents and due to the high share of 

tourist from the EU, shifting demand from long-haul to medium and short-haul source 

markets (EU28) and reducing further internationalization, would probably implicate a low 

loss of tourist income. A decrease of final demand in air by 1 k€ translates into a material 

decrease by 2139 kg. A shift from air to land (805kg/k€) reduces the material consumption 

by 1341kg per thousand euro spent. To sum up, the consumption of air transport services 

is associated with higher volumes, stronger MF increase, higher material intensity, strong 
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rematerialization and high import shares (24% of all materials, 35% of all imported fossil 

energy carrier, 26% of minerals and 18% of imported metals). The sectoral multiplicator of 

air travel services is also high (2.28) compared to the other tourism services, which means 

that air transport services highly depend on other sectors and are highly interconnected 

with other sectors. An additional demand of one Euro in air transport services, leads to a 

change of total output by 2.28. Due to its high multiplicator effect, air transport services 

seem to be a hub for value added, which is also the goal of economic activity, but air 

transport is also a hub for strong material consumption growth. From the material point of 

few, tourism should be more seen in the light of mobility, as the consumption of transport 

services have the strongest growth rates and as transport services embody the highest 

footprint intensities and amounts. 

 

The material intensities of different travel habits 

The central variable next to the tourist population determining the material footprint is the 

expenditure of visitors. Depending on the services purchased and its direct and indirect 

connections to other services the same Euro spend can have significantly higher material 

impacts and environmental consequences. Analysing the consumption structures of single 

visitor groups and the material intensities of consumed tourism services helps to 

understand the material intensity of different travel habits and to identify for each visitor 

group the driving consumption source of the footprint. It also allows to determine the 

stages of the travel process, where tourist leave deep footprints. The results of the visitor’s 

expenditure and its material consequences can serve to look for tourism strategies and 

policies that would promote lighter travel experience, could shift demand to services that 

are less material intensive and could support visitors with lower material footprint profiles. 

The findings show that tourists staying overnight (Table 11: A, B, F) spend a higher share 

on tourism characteristic services (resident tourists: 91%, inbound tourists: 94%, outbound 

tourists: 98%) or within the service sector (95%-99%) compared to same-day visitors (Table 

11: C, D, E), which consumption pattern is more diverse with higher shares  in the first and 

second sector (64% on tourism characteristic services and 73%-83% within the service 
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sector). Hence, the material intensities of same-day visitors are higher compared to 

overnight tourists, if air transport plays a less important role, like in the case of resident 

outbound tourist. However, if the intensities are related to length of stay, resident same-

day visitors have the lowest material intensity (62kg/night) as they spend 23 days in 

Austria2 (Oberösterreich Tourismus n.d., n.d.) compared to inbound tourist (3.90 days) and 

resident overnight tourist travelling within Austria (2.9 days). This indicates that the shorter 

the length of stay per year the more material intensive the travel habits. The expenditure 

numbers and travel habits show, more frequent and shorter stays indicate a shift to 

material intensive products like mobility. However, this is probably not true for domestic 

day trips, even though they have the highest trip frequency and a higher share on material 

intensive services from the first and second sector. The reason is that the same-day visitors 

stay overnight at home, have a low share on transport services, no air travel and a high 

share on food and cultural services, which require a low material input. In comparison 

same-day visitors travelling abroad have a very low MF and very low expenditures within 

Austria, but a very high material intensity per spend Euro and LOS, which is due to the high 

consumption share of land transport service and especially air travel. Here, shifting demand 

from air to land would reduce the MF. Similarly, inbound same-day visitors have also low 

expenditures and MF volumes but high material intensities, which is more due to high share 

on consumption of services from the first and second sector and not on mobility.  

 

The material footprint of an outbound trip is at least twice as high as a domestic trip 

The international travel numbers show that tourism within Austrian borders needs to be 

regarded as a supraregional phenomenon. A significant proportion of the travelling 

population, expenditure and raw materials are coming from abroad. Rising cross-border 

interconnections and space-consuming mobility consumption require a differentiated view 

on sustainability in tourism and conflicts with nature-oriented tourism ideas. Even though 

the share of international travel on total tourism expenditure is stable (60%), arrival 

numbers and the number of outbound trips of Austrian tourists have grown by 47% and by 

 
2 It is assumed that the same-day trip intensity (70%) and that the number of one-day trips (23 days) within 
the Austrian population corresponds to the results of the population of Upper Austria 
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30% since 2000 indicating a shift to mobility. Inbound and outbound travel accounts for 

70% of the total material consumption, 70-75% of non-renewable raw material and for 61% 

of biomass consumption. Since 85% of the inbound arrivals are from the EU and as air 

transport services make up 30% the material footprint, there is high potential to reduce 

the material footprint by shifting the demand of inbound tourists from air to land transport 

services. Whereas the presented material footprint (DBA) of resident tourists covers the 

whole trip, the one of inbound and outbound visitors shows just the share of the whole trip 

associated with consumption in Austria. A multiregional footprint considering the whole 

trip, would be much higher. Assuming that Austrians travelling abroad have an additional 

and similar footprint like resident or non-resident tourist in Austria, the footprint of the 

whole trip would be 2.5-5 times higher compared to a domestic trip. For all visitor groups 

applies: prolonging the LOS and shifting demand from air to car and from car to train would 

significantly reduce the environmental pressure associated with consumption in tourism. 

 

The efficiency gains in technology are offset by rising expenditure and arrival numbers 

The decomposition analysis shows the impact of changes in arrivals, length of stay, 

expenditure per night and material intensity on the material footprint of tourism services. 

The results of the driving forces show that the technological improvements are not fast 

enough to lower the material consumption and that the efficiency gains have been offset 

by the rising expenditure in tourism and by increasing arrival numbers. Declining length of 

stay along with rising arrival numbers describe travel habits with rising travel frequencies 

which are connected to material intensive consumption patterns, especially to material 

intensive mobility, in particular to air travel. In tourism, targeting behavioural change, the 

consumption pattern and especially mobility is crucial. Due to the high differences in 

material intensity, lowering overall expenditure can easily result in rising material 

consumption if intensity and volume of certain services is not considered properly. This 

confirms the findings of Wenzlik, Eisenmenger, and Schaffartzik (2015), which have shown 

for Austria that material use reductions due to reduction of the final demand volume can 

be offset by the consumption pattern. In tourism, the change of the consumption pattern 
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in favour of mobility has considerably contributed to the increased material consumption.

  

 

A rematerialization of tourism activities is observed 

The decoupling results show no evidence for dematerialization of tourism services from 

2000 to 2014. For the most years the data shows a rematerialization trend with declining 

rates, closely to the border towards relative decoupling. Absolute decoupling occurs solely 

in and after the economic crisis’ years 2001, 2009 and 2011. Differentiating by material 

categories and single tourism products, the decoupling results show a mixed picture. The 

relative decoupling trends are pushed by biomass and to a lesser extent by metals, while 

the rematerialization trend is led by non-metallic minerals and especially fossil energy 

carriers. Not surprisingly air transport services with a high share on fossils is highly 

responsible for the rematerialization trend among tourism characteristic products, while 

the trend towards relative decoupling is pushed by accommodation and food service and 

land transport services. The decoupling results show that tourism has poorer decoupling 

trends compared to the global (Wiedmann et al. 2015) and Austrian development (Wenzlik, 

Eisenmenger, and Schaffartzik 2015a). However, the result for biomass consumption in 

tourism follows the decoupling tendency observed by other studies (Wenzlik, Eisenmenger, 

and Schaffartzik 2015b; Wiedmann et al. 2015). The results of the decoupling trends and 

the driver analysis reveal that material reduction measures should move beyond 

exclusively looking at technological efficiency as there are limits of technological 

improvement and, especially, as the gains are offset by rebound effects, changes in 

consumptions patterns and behaviour. 

 

Tourism is a material intensive service-based industry 

According to the result it is questionable whether tourism as a service-based industry has 

the potential to decouple economic growth from resource use. The transition from 

industrial society to service economy is tied up with the expectation that the rising share 

of the service sectors allows economic growth with less material use. With a share of 30% 
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on value added and a share of 34% on the total MF (29-37% non-renewable, 60% biomass), 

tourism is the leading material consumption industry in the service sector in Austria. 

Comparing the direct and indirect material intensities within the whole service sector, 

tourism services occupies the first 5 places. The average material intensity of tourism 

services is 844kg/ k€ (573kg/ k€ tourism characteristic products) and far above the average 

of the rest of the service sector with 326 kg/ k€. The material intensity of tourism services 

is lower compared to the average of the extracting and manufacturing sectors of 2486 kg/ 

k€ and, thus, has the potential to dematerialize the economy. However, due to the rising 

importance of tourism, the trend towards rising material consumption intensity since 2000 

and increasing absolute amount of the MF, the results raise doubts on the 

dematerialization potential of tourism and the service economy. Even if tourism helps to 

lower the average intensity of the economy, it still adds up to the absolute material 

consumption growth if the whole economy is growing. The trend towards mobility 

consumption, especially to air travel with very high intensities, shows that a transition from 

the manufacturing to the service sector could also mean a transition to more material 

intensive activities. The share of tourism or the service sector in Austria is already high and 

it is questionable how much its share will further rise and how much this probably little 

growth in shares will contribute to the strong dematerialization requirements (Bringezu 

2015) and efficiency goals (Austrian federal ministry of Agriculture, forestry environment 

and water management 2015). The pressure on the environment by tourism activities is 

high and further rising within the service sector, while the hope to contribute to the 

decoupling of the economy and to meet the set efficiency targets is low. Tourism as a part 

of the service sector with low material intensities compared to the extractive and 

manufacturing sectors can contribute to the dematerialization of the economy, however, 

the consumption pattern and the travel habits need to be different. 
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Destination-based accounting approach 

The developed material footprint of the tourism sector is an indicator which describes the 

material characteristics of the tourism phenomena within the Austrian country borders. 

The choice for the destination-based accounting approach is based on the idea to offer 

information about resource consumption on Austrian territory, which is mostly under 

control of Austrian policy power and to offer a simple model, which can be calculated on a 

regular basis using internationally harmonized and publicly available data. The PBA 

approach does not seem adequate to grasp the extent of the tourism material footprint, as 

it does not include raw material imports and requires, like the CBA approach, non-existing 

data of expenditure profiles on Austrian products bought by Austrians travelling abroad 

and Rest of the World tourists travelling outside of Austria. Assuming that the expenditure 

profiles could be modelled, the CBA could be used to study the environmental burden 

focusing on the visitor and the complete life cycle of a trip of a certain tourist group. In 

contrast, the DBA indicator can be used to deal with environmental pressures at the 

destination, where products are offered and consumed, where income to a large part is 

gained and spend, and where activities actually take place, irrespectively of the origin of 

the product or the origin of the tourist. DBA covers the largest part of the supply chain and 

probably the largest part of the consumption impacts, that can be influenced and 

controlled by national policy. Especially for countries with a positive tourism balance due 

to high inbound travel rates and high travel intensity rates within the resident population, 

like in case of Austria, the approach covers better the full magnitude of raw material 

consumption associated with international travel and all tourism activities. The chosen 

approach here is based on Tourism Satellite Accounts and highly profits from the detailed 

and harmonized data collection of Tourism Satellite Accounts on international, national and 

subnational level. This makes it is easier to identify the agents or regions profiting from 

tourism and being responsible for the associated environmental burden, which in turn 

could support justified compensatory claims. TSAs are already used as target and monitory 

bases in tourism and economic policy (Laimer and Smeral 2013; Smeral 2007; UNWTO 

2019), from which consumption-based environmental approaches could profit. Thus, 

environmental accounts based on TSA might be more legitimate compared to other 
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approaches and could offer an opportunity to introduce consumption-based perspective 

more easily into policy and to develop consumption-based mitigation targets and 

instruments. Also, environmentally extended TSA data can be directly linked to national 

economic data to study environmental and economic trade-offs or to monitor the 

efficiency of environmental policy within tourism. TSAs exist on subnational level (Laimer 

et al. 2016; Laimer and Smeral 2005), which could be also extended by environmental data, 

like in the DBA approach, to support regions, branches or regional businesses to monitor 

and to understand the environmental pressure associated with their activities and to 

evaluate risks connected with future raw material and emissions policies or constraints. 

Also, such detailed data helps to identify regionally specific socio-economic drivers of the 

environmental pressure and therefore, supports tailored and more effective policy 

interventions. In summary, in the case of Austria, the DBA approach shifts the 

environmental responsibility to agents that are in control of the most tourism processes 

and to the agents with the highest transformative power to develop environmental sound 

tourism activities. 

 

Quantification Insights 

In addition to the general quantification problems and assumption connected to EEIOT, 

which are the assumption of homogeneity of products and services, the assumption of 

price homogeneity, the material homogeneity assumption, the assumed proportionality of 

material intensities (Miller and Blair 2009b; Schaffartzik, Wiedenhofer, and Eisenmenger 

2015) and the imprecision of LCI coefficients of imports  (Lutter, Giljum, and Bruckner 

2016), there are also several coverage and bridging problems. As different datasets with 

different aggregations levels are compiled together to one data set, one is forced to 

calculate with average values. If environmental data were available at the same and more 

disaggregated level similar to TSAs, the calculations would be more accurate and would 

represent the material footprint better. For example, land transport services train and car 

transport are grouped together, or accommodation and food are grouped to one service. 

In such cases the service groups just represent an average input structure from different 
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services and one average material intensity, although the material intensities, the structure 

and the environmental impacts might differ heavily between the single services. Despite of 

possible quantification inaccuracies, it is believed that substantial results and 

interpretations would not change significantly, since the consumption growth is that 

strong.  

Public data on expenditure by country is not available, but data on overnight stays by 

country exists. One solution would be to weight the total expenditure by the factor, 

overnight stays of country by total overnight stays from inbound tourism, and to use it as 

a proxy to allocate the total expenditure on different visiting countries and eventually to 

allocate the total resource consumption on different visitors’ groups from abroad. 

Also, publicly available data used here doesn´t allow to decompose the material footprint 

by different visitor groups and by the consumed services for the years from 2000–2014. 

Time series can be only created either for consumed tourism services by all visitors or for 

expenditure of different visitor groups on all tourism services. Consequently, it is not 

possible to create a timeseries of material consumption profiles of different visitor groups, 

which could help to better identify the driving forces of the footprint development and to 

better relate the development to travel frequency, length of stay or to other travel habits 

of different visitor groups. The decomposition analysis is interpreted under the ceteris 

paribus assumption (one driving forces changes while all the others remain unchanged) and 

under the assumption that all factors are independent from each other. However, this is 

probably not the case between length of stay and expenditure per night. To understand 

the relationship between length of stay and raw material consumption some kind of 

multiple regression model or a set of equation which allow to study the isolated effect of 

length of stay and expenditure, would determine the effect of length of stay on the MF 

more accurate. 
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Social Metabolism and Tourism 

Social metabolism proves to be an enriching approach to study tourism activities. The 

different tourism services can be seen as one subsystem: a network of highly interrelated, 

highly dependent and, hence, structurally coupled nods that operate as one functional unit 

or network within a larger socioeconomic metabolism. As such, the activities share the 

common goal to meet travel demand, the different tourism activities complete each other 

and an irritation of processes in one activity has strong impacts on the other activities. 

Especially, tourism characteristic activities can reproduce themselves only as a whole 

subsystem. The single activities are constitutive for each other and would not exist without 

the other. Visitors cannot stay overnight if they are not able to use transport services and 

they will not arrive for a longer period if they cannot stay overnight. Short term city tourism 

or multi-destination travel would not exist without biophysical infrastructures enabling fast 

movement of large amounts of people. Certain occupancy rates of accommodations or 

certain numbers of hotel beds and the associated metabolic rates exists only due to the 

high energy consumption of the transport system and vice versa. Tourism activities and the 

associated single metabolism profiles become apparent and emerge out of the coupled 

relationships and its coevolution. Thus, it makes sense to observe tourism a socio-ecologic 

subsystem and as one functional network. 

The single nods or tourism activities create an interrelated network, which is embedded in 

a larger socio-ecological system, that enables, intensifies and limits certain arrangements 

and certain features in the subsystems. Tourism activities and its powerful agents can 

shape the characteristics of the higher-level system to some extent; however, the 

subsystem is still subjected by the basic conditions of the higher-level system. A higher-

level system is typically the overall national socioeconomic metabolism, which can be 

characterized as an agrarian regime or, in the case of Austria, as an industrial regime. As 

part of the industrial regime tourism activities consume large amounts of material and 

energy, require large specific biophysical stocks and generate due to the high inputs 

accordingly high wastes and emissions. Furthermore, as tourists are a part of the industrial 

regime and consumerism, they are enabled and legitimated by the society to potentially 

overuse the biophysical resources. Within the industrial regime nationally and globally, 
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tourism is in competition with the other subsystems of the society for scarce income, 

human labour, biophysical resources and ecosystem sinks. Tourism activities are mainly 

driven by cultural-private-business causations like competition, economic growth or 

short/medium profit maximisation, but are highly dependent on publicly financed and 

subsidised biophysical infrastructures, especially, mobility. 

The different activities form a subsystem and the single metabolic profiles are interrelated, 

but their single functional units (e.g. accommodation, restaurants and air travel) overlap 

qualitatively and quantitively differently in the hybrid sphere. The single activties have their 

own socio-ecological dynamics, own natural and cultural causations. Air transport services 

have significantly different material intensities and a different material structure with high 

shares on non-renewable resources compared to restaurants with a high biomass 

proportion. Also, biophysical structures and the biophysical sphere of single tourism 

activities are enlarging. However, they expand differently into the sphere of the other 

biophysical structures, forcing its cultural causation and its biophysical maintenance and its 

metabolism. Passenger transport services profit from rising arrivals and departures, 

fostering speed and rising tourist population turnover rates, reinforcing shorter stays and 

the adaption of the other biophysical compartments. It is not clear how the single stocks 

and the specific biophysical flows are linked to the flows of the other stocks. For example, 

how is mobility infrastructure and energy consumption linked to expansion of temporarily 

used stocks like accommodation. 

Tourists jump from one node, from one tourism activity, to another during the life cycle of 

a trip. With the change of the activity also the resource intensity changes and the metabolic 

profiles, or, exactly, with each change to another activity a differently structured metabolic 

profile is added. The time and the amount of money spend at a nodal point (characteristic 

tourism activity) has significantly different impacts on the overall metabolic rate. 

Depending on how limited time is spend and distributed across the tourism network the 

metabolic profiles differ. For example, longer stays shift the consumption from non-

renewable resources to biomass. 
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The potential stock of tourist population is determined by the absolute size of the 

population and also by age, by income, by free-time capacity and by the cultural willingness 

to satisfy needs over market and tourism activities. However, the size of the tourist 

population is not simply determined by the number of tourists. It is the product of the 

number of tourists by the time humans spend in the tourism system. Furthermore, the 

number of tourists, the length of stay and its relationship is highly linked to mobility 

infrastructure, technology and resource consumption. 

Overnight stays describe the number of humans in the tourism subsystem or exactly 

accommodation system at a certain time and can be considered as a stock representing the 

tourist population size. Arrivals and departures are inflows and outflows of humans to 

sustain the stock. Associated with the arrival and departure flows are material flows to 

enable human motion at certain time-space coordinates (a certain speed of movement or 

covered distances in km per year for example). The duration humans stay in the 

accommodation system - between entering and leaving the system- is presented by the 

average length of stay (LOS). Like arrivals, the stay in the system is associated with a specific 

metabolic profile. The size of the biophysical stock overnight stays is determined by two 

factors: by the number of flows of humans and by their length of stay in the system. 

Accordingly, the size of the biophysical stock can increase when flows increase and/ or the 

length of stay of flows in the system increase. Also, the more time flows spend in the 

system, the less flows are necessary to keep a certain size of the biophysical stock. 

Accordingly, the contribution of the two factors on the stock size change. The stock can 

grow by decreasing flow rates and by the extension of length of stay. In this case the stock 

grows by deceleration of flows. If the relative contribution changes in favour of length of 

stay in the course of time, the stock decouples from flows and couples with length of stay. 

When a biophysical stock increases through faster rising flow rates compared to the length 

of stay of the flows in the system, the stock grows by acceleration of flows. The stock 

recouples with flows and decouples from deceleration. 

Like the accommodation biophysical stock other systems have probably their own specific 

relationship between flow rates and the time flows stay in the system without to be 

renewed. The goal of the transport system might follow a relationship or reproduces itself 
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by high flow rates and the lowest possible length of stay rates. As the single activities of a 

subsystem are interrelated the change of the relationship of flows and length of stay in one 

activity can affect the relationship in the other activity. 

Thus, it is not the simply the size of the stock that matters but the amount of flows, the 

duration of the stay of the flows in the system and the renewal rate of the stock. In tourism, 

prolonging the length of stay of tourists in the system seems to be a more environmental 

sound strategy to keep certain overnight numbers compared to the strategy of acceleration 

of arrivals. Given scares biophysical resources and scarce sink sources, there is a risk in 

creating biophysical structures that can only sustain themselves keeping high flow rates. 

The dependence of new inflows carries much more risks for the society than conserving 

the already existing flows in the system as long as possible.  
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6. Conclusion 

The presented study quantifies the development of material footprint of tourism services 

in Austria from 2000–2014 and discusses the driving forces of the development. As tourism 

is one of the fastest growing industries in the world and of particular importance for the 

Austrian economy, it is crucial to understand its raw material requirements and the limits 

and possibilities of the current tourism footprint path. To date, there is no research at all 

on the resource consumption of tourism activities. This fist study shows for Austria, a 

mature tourism economy, that the material footprint has doubled since 2000 and grew by 

12% from 2008. Austrian tourism activities have been on a rematerialization path and only 

in years of economic crisis a decoupling can be observed. Next to rising expenditure, the 

main driving forces are changed travel habits defined by decreasing length of stay and a 

shift to mobility consumption. The current development of Austrian tourism is 

characterized by increasing consumption and the acceleration of tourist flows, leading to 

an even faster acceleration of material flows and rising material intensities, especially of 

energy and non-metallic minerals. 

The quantification of the Material Footprint is based on a hybrid LCA-IO model and follows 

the destination-based accounting (DBA) approach, which appoints the environmental 

pressure to the visitors´ travelling destination, irrespective of the visitors´ country of origin 

or the origin of production. The chosen DBA allocation approach relies on the experiences 

of carbon accounting studies about tourism activities at various destinations. However, the 

DBA approach has never been applied to Austrian datasets, to Austrian emissions and the 

approach has never been used to quantify resource consumption at all. With the DBA 

approach the environmental responsibility is assigned to agents at the destination, which 

possess the greatest power within the tourism supply chain and to the agents with the 

highest transformative power to dematerialize tourism activities. This allocation approach 

shows promising results due to the quality of the data it is based on. Also, the potential of 

the approach and the indicator to serve as a tool in environmental tourism policy is 

considered as highly relevant, transparent, easy to monitor and, since it is based on 

economic Tourism Satellite Accounts, as highly acceptable. Further refinement and 
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continuous updates of the initial data are desirable to make the indicator more robust, 

which, however, does not seem to be a high obstacle.  

Tourism is an important driver of economic growth and employment in Austria. 13% of the 

workforce in Austria is employed in the tourism industry. The share of tourism activities on 

national income is 9%, which places Austria among the top five EU member states. 

Additionally, its importance for the Austrian economy keeps growing. Tourism value added 

and tourism expenditure have been expanding by approx. 60% since 2000 and 17% since 

2008. After the recession in 2008/ 2009 its share on Austrian GDP grew by 4%. Its 

proportion on the service sector has also grown since 2008, being at 14% in 2014. Austrians 

and foreign visitors tend to travel more, more abroad, more frequently, tend to stay shorter 

and to undertake much more day trips. From 2000 to 2014, while arrivals rose by 39%, 

length of stay decrease by 18%, leading to an effective tourist population growth by 13%. 

This means that the drop of length of stay has been compensated by the acceleration of 

arrivals, which has only been possible by the expansion of mobility services. The growth of 

tourism expenditure, mainly due to the acceleration of visitors flows and consequently a 

shift to material intensive mobility, have led to even higher raw material consumption and 

material use shares. In 2014 the material footprint of all tourism activities amounted to 

31Mt, which is 34% of the total consumption of the service sector and 14% of the total 

Austrian RMC. The decoupling data from 2000 to 2014 shows for the most years a 

rematerialization trend with declining rates, closely to the border towards relative 

decoupling. Absolute decoupling occurred solely in and after years of economic crisis (2001, 

2009 and 2011). Differentiating by material categories and single tourism products relative 

decoupling is observed for biomass and to a lesser extent for metals, while the 

rematerialization trend is led by the consumption of non-metallic minerals and especially 

fossil energy carriers. Air transport services with a high share on fossils is responsible for 

the rematerialization trend among tourism characteristic products, while the trend 

towards relative decoupling is pushed by the consumption of accommodation and food 

service and by land transport services. The decomposition analysis shows the impact of 

changes in arrivals, length of stay, expenditure per overnight stay and the material intensity 

on the material footprint of tourism services. The driver analysis reveals that material 
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reduction measures should go beyond exclusively looking at technological efficiency as the 

gains are offset by rebound effects, changes in consumptions patterns and travel 

behaviour. However, the decomposition analysis must be interpreted with caution as the 

it is not clear how the chosen variables depend on each other. Further refinements of the 

decomposition method are necessary in order to make more robust conclusions on the 

causality. 

The findings show that tourist population or arrivals and length of stay, is a key factor, 

especially as it is directly connected to transport services which are more material intensive 

compared to the other tourism activities. Austria has the highest decrease in length of stay 

(18%) among mature tourism economies. Its drop of stay from 4.31 days to 3.51 days has 

been compensated by the acceleration of tourist flows. In the same period expenditure on 

transport grew by 41% since 2000, leading to a material footprint growth in transportation 

services by 293%, led by air with an increase of 455% and followed by road 89% and rail 

31%. It is not clear why the length of stay in Austria is one day shorter compared to the EU 

average. Unlike other tourism destinations the length of stay of non-resident visitors in 

Austria is also shorter the longer the travel distance. There is little research on the length 

of stay and especially on its environmental impacts and certainly no on the effect on raw 

material consumption. The decomposition analysis above shows as expected a decreasing 

effect of LOS on the material footprint, however, as sinking length of stay goes along with 

rising arrivals, the overall effect on the material footprint is positive and strong. The 

extension of the length of stay and the reduction of the frequency of travel helps to reduce 

the consumption of material intensive mobility and the overall material footprint. 

Passenger transport services are responsible for 34% of the total material consumption in 

2014 and its share doubled since 2000. However, most of the materials, namely 28%, are 

used to deliver air transport services. The shift to resource intensive mobility due to the 

acceleration of visitors is mainly a shift towards air. 44% of the overall material growth 

since 2000 is due to the expansion of air travel. Its share increased from 10% in 2000 to 

28% in 2014, while the shares of the other tourism activities decreased. However, only 7%- 

9% of all visitors in Austria travel by plane causing 28% of the total MF. Thus, it can be noted 

that the environmental pressure caused by the different visitor groups is unequal 
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distributed. The geographically short travel radius of the most visitors in Austria indicates 

that there is a high potential to shift the demand from air to land transport. A shift from air 

travel to land travel (805kg/k€) reduces the material consumption by 1341kg per thousand 

EUR spent. The consumption of air transport services is not only associated with higher MF 

volumes, but also with a stronger MF increase, a higher material intensity, strong 

rematerialization rates and higher import shares compared to the other tourism services. 

A significant proportion of the travelling population, expenditure and raw materials relates 

to international travel. Inbound and outbound travel accounts for 70% of the total material 

consumption, for 70-75% of non-renewable raw materials and for 61% of biomass 

consumption. If it is assumed that Austrians travelling abroad have a similar footprint like 

resident Austrian visitors or non-resident tourist in Austria, the footprint of the entire 

journey would be around 2.5-5 times higher compared to a domestic trip. The expenditure 

numbers and travel habits for single visitor groups show that more frequent and shorter 

stays indicate a shift to material intensive products like mobility. The only exception are 

domestic day trips of resident visitors, despite their high share on material intensive 

services from the first and second sector and despite the high trip frequency. But, as 

resident tourists stay overnight at home and as they have a low share on transport services, 

no air travel and a high share on food and cultural services, the material intensity by length 

of stay is the lowest compared to the other visitor groups. The discussed material 

consequences of the consumption of the different visitor groups can help to look for 

tourism policies that would promote lighter travel experience. The findings allow to 

compare the weight of different visitor types, to shift demand towards less material 

intensive services and to support visitors with lower material footprint profiles.  

The results challenge the potential of tourism as a service-based industry to dematerialize 

the economy. Tourism services have the highest material intensities within the whole 

service sector and the highest share, or 34%, on the total MF consumption within the 

service sector (29-37% non-renewable, 60% biomass). The average material intensity of 

tourism activities amounts to 844kg/ k€ (573kg/ k€ tourism characteristic products) and is 

far above the average of all the service activities with 326 kg/ k€. Even though the material 

intensity is 3 times lower compared to the average intensity of the extracting and 
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manufacturing sectors (2486 kg/ k€), the potential of current tourism to dematerialize the 

economy is slim. Because of the trends in tourism towards rising material consumption 

intensity since 2000, increasing absolute amount of the MF and the overall growing 

economy, tourism activities just increase the absolute material consumption growth. Also, 

as tourism has already a high share on the economy, it is doubted that further tertiarization 

by fostering tourism activities will dematerialize the economy to the necessary extent. To 

conclude, the dematerialization by tourism activities can only succeed if the consumption 

pattern and the travel habits change. 

It is questionable whether the current material footprint path of Austrian tourism 

characterized by the increasing acceleration rates of tourists flows and strong material 

consumption growth can be extended into the future. The presented analysis is a first step 

to set reduction goals or to develop future scenarios. The main priority areas to reduce the 

material throughput and to adjust tourism policy are tourism mobility and the length of 

stay. Future studies should investigate the reasons for the declining length of stay, the 

habits of frequent travellers and the underlying travel needs of different visitor groups. 

This would be also very important with regards to carbon emissions and carbon mitigation 

measures. The applied accounting approach could also be used to quantify the carbon 

emissions associated with Austrian tourism activities and to investigate how raw material 

consumption and carbon emissions are linked. A decomposition analysis of the 

consumption of single tourism products by single visitor categories, could reveal the effect 

of mobility on the overall material footprint development differentiated by visitor groups. 

Also, a closer look on tourism dwellings and on the development of different kind of tourist 

accommodations and its effect on the material consumption would be interesting, as it is 

the service with the highest material footprint. In tourism huge stocks are built just for 

temporal use. Interesting would be to investigate how accommodation infrastructure and 

the associated resources have developed in relation to overnight stay, per capita and arrival 

and length of stay. These results would help to compare the environmental pressure of 

different building sizes differentiated by purposes, type of use and service time.  
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In this study, just material consumption and its changes induced by changed or exogen 

given tourism demand have been calculated. It would be interesting to reverse the question 

und to ask about the impact on production and consumption if just certain volumes of 

material are accepted or if raw material boundaries are introduced or how consumption 

pattern would have to change in order to meet resource reduction goals. 

The allocation method used here could be also extended by human labour or working hours 

and combined with the findings of this study. A simultaneous account of work and material 

intensity could show how the two production factors are invested in different activities, 

how their relationship has developed and how human work is substituted by other 

biophysical infrastructures. Given the current unemployment rates in Europe, such a 

comparison could put new perspectives on the value of human work for the society. Also, 

the production factors capital and land could be integrated and the relationships of the 

used factors to generate wellbeing could be investigated.  

 

The analysis above expands the system knowledge about the resource consumption of 

Austrian tourism activities and its potential limits and possibilities for the future 

development. It is a starting point to reduce the socio-ecological vulnerability and to take 

pressure from the environment. Policy measures which do not consider behavioural 

changes, namely, the reduction of length of stay and rising mobility consumption, as 

decisive driving forces of the resource use, legitimate and strengthen the current 

unsustainable tourism footprint path. An insufficient inclusion of socio-ecological 

interrelations and an inadequate consideration of the biophysical foundations of tourism, 

puts the future of an important industry of Austrian economy at stake. Since there is no 

material detached magic and since there are no material uncoupled tourism services, the 

show to look for an environmental sound tourism must go on.  
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8.  Appendix 

Table 13: Tourism Expenditure according to TSA Tables 1, 2, 4 

 

in kind in cash and kind

Same-day

visitors
Tourists

 Total 

visitors

Same-day

visitors
Tourists

 Total 

visitors

Same-day

visitors
Tourists

 Total 

visitors
[1.1] [1.2] [1.3] = [1.1] + [1.2] [2.1] [2.2] [2.3] = [2.1] + [2.2] [2.4] [2.5] [2.6] = [2.4] + [2.5] [2.7] = [2.1] + [2.4] [2.8] = [2.2] + [2.5] [2.9] = [2.3] + [2.6] [4.4] [4.5] = [4.3] + [4.4]

A. Specific products
    A.1 Characteristic products 1.795                 13.272               15.068               3.744                 5.276                 9.020                 10                       2.830                 2.840                 3.754                 8.105                 11.860               106                     27.033               
       1 – Accommodation services X 6.878                    6.878                    X 2.702                    2.702                    X -                           -                           X 2.702                    2.702                    106                       9.686                    

            1.1 – Hotels and other lodging services 1) X 6.878                    6.878                    X 2.702                    2.702                    X -                           X 2.702                    2.702                    9.581                    

            1.2 – Second homes services on own account of for free X X X X X X X X X X X X 106                       106                       

       2 – Food and beverage serving services 1) 1.263                    3.577                    4.839                    2.633                    1.347                    3.980                    -                           2.633                    1.347                    3.980                    8.819                    

       3 – Passenger transport services 82                         1.823                    1.905                    172                       653                       825                       10                         2.821                    2.831                    182                       3.474                    3.656                    -                           5.561                    

             3.1 Interurban railway 1) 15                         249                       265                       92                         326                       418                       2                           330                       332                       94                         656                       750                       1.014                    

             3.2 Road 1) 14                         -                           14                         18                         81                         99                         2                           413                       415                       20                         494                       514                       528                       

             3.3 Water 1) 0                           7                           7                           0                           16                         16                         0                           9                           9                           0                           25                         25                         32                         

             3.4 Air 1) 53                         1.563                    1.616                    2                           12                         14                         6                           2.069                    2.075                    8                           2.081                    2.089                    3.705                    

             3.5 Supporting services 3                           3                           60                         218                       278                       -                           60                         218                       278                       281                       

             3.6 Transport equipment rental

             3.7 Maintenance and repair services 

       4 – Travel agency, tour operator and tourist guide services 0                           0                           0                           0                           9                           9                           9                           9                           9                           

             4.1 Travel agency 2)

             4.2 Tour operator 2)

             4.3 Tourist information and tourist guide

       5 – Cultural services 1) 450                       181                       1.445                    939                       106                       1.512                    939                       573                       1.512                    2.957                    

             5.1 Performing arts

             5.2 Museum and preservation services

       6 – Recreation and other entertainment services 1) 633                       363                       

             6.1 Sports and recreational sport services

             6.2 Other amusement and recreational services

       7 – Miscellaneous tourism services 181                       104                       

             7.1 Financial and insurance services

             7.2 Other good rental services

             7.3 Other tourism services

Total connected and non-specific products (A.2+B) 1.000                 843                     1.844                 2.141                 505                     2.645                 6                         70                       75                       2.146                 575                     2.721                 1.094                 5.659                 

       goods 3) 757                       638                       1.395                    1.002                    236                       1.239                    3                           33                         35                         1.005                    269                       1.274                    2.669                    

       services 243                       205                       449                       1.138                    268                       1.407                    3                           37                         40                         1.141                    306                       1.447                    1.094                    2.990                    

Value of domestically produced goods 

(net of distribution margin) 2.796            14.116          16.911          5.885            5.780            11.666          16                 2.899            2.915            5.901            8.680            14.581          1.200            32.692          

Distribution margins 72                       61                       133                     96                       23                       118                     0                         3                         3                         96                       26                       121                     254            

TOTAL 2.868         14.176       17.044       5.981         5.803         11.784       16              2.902         2.918         5.997         8.705         14.702       1.200         32.946       

TSA-TABLES 1, 2  AND 4: RESULTS FOR AUSTRIA
(in mn. EURO, net valuation; holiday and business trips)

Products

Table 2: DOMESTIC tourism consumption by products and by ad hoc sets of resident visitors

Visitor final consumption expenditure in cash

Resident visitors travelling only within the 

country of reference

Resident visitors travelling to a 

different country
All resident visitors

Same-day 

visitors
Tourists

 Total 

visitors

Table 1: INBOUND tourism

consumption by products and 

by non-resident visitors

Table 4: INTERNAL tourism 

consumption by products 

and by types of tourism

Other 

components 

of visitors 

comsumption

Internal 

tourism 

consumption

4)
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Table 14: From TSA expenditure to IOT expenditure 
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Table 15 Tourism Expenditure by product 

 

Einheit: Mio. €, laufende Preise

Same-day

visitors
Tourists

 Total 

visitors

Same-day

visitors
Tourists

 Total 

visitors

Same-day

visitors
Tourists

 Total 

visitors

CPA_A01 Products of agriculture, hunting and related services 18                  15                  33                                                24                           6                               29                     0,06                 0,77                    1                     24                     6                                  30                                    -                   63                                      
CPA_A02 Products of forestry, logging and related services 6                     5                     12                                                9                              2                               11                     0                       0                         0                     9                       2                                  11                                    -                   23                                      
CPA_A03 Fish and other fishing products; aquaculture products; support services to fishing0                     0                     1                                                  0                              0                               0                       0                       0                         0                     0                       0                                  0                                       -                   1                                        
CPA_B Mining and quarrying 23                  20                  43                                                31                           7                               38                     0                       1                         1                     31                     8                                  39                                    -                   82                                      
CPA_C10T12 Food products, beverages and tobacco products 56                  47                  104                                              74                           18                             92                     0                       2                         3                     75                     20                               95                                    -                   198                                   
CPA_C13T15 Textiles, wearing apparel and leather products 20                  17                  38                                                27                           6                               33                     0                       1                         1                     27                     7                                  34                                    -                   72                                      
CPA_C16 Wood and of products of wood and cork, except furniture; articles of straw and plaiting materials18                  15                  33                                                24                           6                               29                     0                       1                         1                     24                     6                                  30                                    -                   63                                      
CPA_C17 Paper and paper products 17                  14                  31                                                23                           5                               28                     0                       1                         1                     23                     6                                  29                                    -                   60                                      
CPA_C18 Printing and recording services 5                     4                     9                                                  6                              2                               8                       0                       0                         0                     6                       2                                  8                                       -                   17                                      
CPA_C19 Coke and refined petroleum products 22                  18                  40                                                29                           7                               36                     0                       1                         1                     29                     8                                  37                                    -                   77                                      
CPA_C20 Chemicals and chemical products 56                  47                  103                                              74                           17                             91                     0                       2                         3                     74                     20                               94                                    -                   197                                   
CPA_C21 Basic pharmaceutical products and pharmaceutical preparations 14                  12                  26                                                19                           4                               23                     0                       1                         1                     19                     5                                  24                                    -                   50                                      
CPA_C22 Rubber and plastics products 20                  17                  37                                                26                           6                               32                     0                       1                         1                     26                     7                                  33                                    -                   70                                      
CPA_C23 Other non-metallic mineral products 15                  13                  28                                                20                           5                               25                     0                       1                         1                     20                     5                                  25                                    -                   53                                      
CPA_C24 Basic metals 47                  40                  87                                                62                           15                             77                     0                       2                         2                     63                     17                               79                                    -                   166                                   
CPA_C25 Fabricated metal products, except machinery and equipment 36                  30                  66                                                48                           11                             59                     0                       2                         2                     48                     13                               61                                    -                   127                                   
CPA_C26 Computer, electronic and optical products 27                  23                  49                                                35                           8                               44                     0                       1                         1                     35                     10                               45                                    -                   94                                      
CPA_C27 Electrical equipment 29                  25                  54                                                39                           9                               48                     0                       1                         1                     39                     10                               50                                    -                   104                                   
CPA_C28 Machinery and equipment n.e.c. 64                  54                  118                                              85                           20                             105                  0                       3                         3                     85                     23                               108                                  -                   226                                   
CPA_C29 Motor vehicles, trailers and semi-trailers 50                  42                  92                                                66                           16                             82                     0                       2                         2                     66                     18                               84                                    -                   176                                   
CPA_C30 Other transport equipment 12                  10                  22                                                15                           4                               19                     0                       1                         1                     16                     4                                  20                                    -                   41                                      
CPA_C31_32 Furniture; other manufactured goods 22                  19                  41                                                29                           7                               36                     0                       1                         1                     29                     8                                  37                                    -                   78                                      
CPA_C33 Repair and installation services of machinery and equipment 18                  15                  34                                                24                           6                               30                     0                       1                         1                     24                     6                                  31                                    -                   64                                      
CPA_D35 Electricity, gas, steam and air-conditioning 45                  38                  83                                                60                           14                             74                     0                       2                         2                     60                     16                               76                                    -                   159                                   
CPA_E36 Natural water; water treatment and supply services 2                     2                     3                                                  2                              1                               3                       0                       0                         0                     2                       1                                  3                                       -                   7                                        
CPA_E37T39 Sewerage; waste collection, treatment and disposal activities; materials recovery; remediation activities and other waste management services 17                  14                  31                                                22                           5                               27                     0                       1                         1                     22                     6                                  28                                    -                   58                                      
CPA_F Constructions and construction works 97                  82                  179                                              129                         30                             159                  0                       4                         5                     129                  35                               164                                  -                   343                                   
CPA_G45 Wholesale and retail  trade and repair services of motor vehicles and motorcycles7                     6                     12                                                31                           7                               39                     0                       1                         1                     32                     8                                  40                                    30                     83                                      
CPA_G46 Wholesale trade services, except of motor vehicles and motorcycles 28                  24                  52                                                132                         31                             163                  0                       4                         5                     132                  35                               167                                  126                  345                                   
CPA_G47 Retail  trade services, except of motor vehicles and motorcycles 18                  15                  33                                                85                           20                             105                  0                       3                         3                     85                     23                               108                                  82                     223                                   

CPA_H49 Land transport services and transport services via pipelines 30                  249                279                                              110                         407                          517                  4                       743                     746                114                  1.150                          1.263                               -                   1.542                                

CPA_H50 Water transport services 0                     7                     7                                                  0                              16                             16                     0                       9                         9                     0                       25                               25                                    -                   32                                      

CPA_H51 Air transport services 53                  1.563             1.616                                          2                              12                             14                     6                       2.069                 2.075             8                       2.081                          2.089                               -                   3.705                                

CPA_H52 Warehousing and support services for transportation -                 2                     2                                                  30                           109                          139                  -                   -                      -                 30                     109                             139                                  -                   141                                   

CPA_H53 Postal and courier services 2                     2                     4                                                  11                           3                               14                     0                       0                         0                     11                     3                                  14                                    11                     29                                      

CPA_I Accommodation and food services 1.263             10.455          11.717                                        2.633                      4.050                       6.683               -                   -                      -                 2.633               4.050                          6.683                               106                  18.400                              

CPA_J58 Publishing services 4                     4                     8                                                  20                           5                               24                     0                       1                         1                     20                     5                                  25                                    19                     52                                      

CPA_J59_60 Motion picture, video and television programme production services, sound recording and music publishing; programming and broadcasting services3                     2                     5                                                  13                           3                               17                     0                       0                         0                     13                     4                                  17                                    13                     35                                      

CPA_J61 Telecommunications services 5                     5                     10                                                25                           6                               31                     0                       1                         1                     26                     7                                  32                                    24                     67                                      

CPA_J62_63 Computer programming, consultancy and related services; information services14                  12                  25                                                64                           15                             80                     0                       2                         2                     65                     17                               82                                    62                     169                                   

CPA_K64 Financial services, except insurance and pension funding 14                  11                  25                                                63                           15                             78                     0                       2                         2                     63                     17                               80                                    61                     166                                   

CPA_K65 Insurance, reinsurance and pension funding services, except compulsory social security6                     5                     11                                                29                           7                               36                     0                       1                         1                     29                     8                                  37                                    28                     76                                      

CPA_K66 Services auxiliary to financial services and insurance services 3                     2                     5                                                  13                           3                               16                     0                       0                         0                     13                     4                                  17                                    13                     34                                      

CPA_L68B Real estate services excluding imputed rents 21                  18                  39                                                100                         24                             124                  0                       3                         4                     100                  27                               127                                  96                     263                                   

CPA_L68A Imputed rents of owner-occupied dwellings -                 -                 -                                               -                          -                           -                   -                   -                      -                 -                   -                              -                                   106                  106                                   

CPA_M69_70 Legal and accounting services; services of head offices; management consulting services17                  14                  31                                                79                           19                             98                     0                       3                         3                     79                     21                               101                                  76                     208                                   

CPA_M71 Architectural and engineering services; technical testing and analysis services 8                     7                     15                                                39                           9                               48                     0                       1                         1                     39                     11                               50                                    38                     103                                   

CPA_M72 Scientific research and development services 9                     8                     17                                                44                           10                             54                     0                       1                         2                     44                     12                               56                                    42                     115                                   

CPA_M73 Advertising and market research services 6                     5                     11                                                29                           7                               36                     0                       1                         1                     29                     8                                  37                                    28                     76                                      

CPA_M74_75 Other professional, scientific and technical services; veterinary services 2                     2                     3                                                  9                              2                               11                     0                       0                         0                     9                       2                                  11                                    8                       23                                      

CPA_N77 Rental and leasing services -                 2                     2                                                  30                           109                          139                  -                   -                      -                 30                     109                             139                                  -                   141                                   

CPA_N78 Employment services 4                     4                     8                                                  20                           5                               25                     0                       1                         1                     20                     5                                  25                                    19                     53                                      

CPA_N79 Travel agency, tour operator and other reservation services and related services-                 -                 -                                               -                          -                           -                   -                   -                      -                 -                   -                              -                                   -                   117                                   

CPA_N80T82 Security and investigation services; services to buildings and landscape; office administrative, office support and other business support services7                     6                     12                                                31                           7                               39                     0                       1                         1                     31                     8                                  40                                    30                     82                                      

CPA_O84 Public administration and defence services; compulsory social security services18                  16                  34                                                86                           20                             106                  0                       3                         3                     86                     23                               109                                  83                     226                                   

CPA_P85 Education services 14                  12                  27                                                67                           16                             83                     0                       2                         2                     68                     18                               86                                    65                     177                                   

CPA_Q86 Human health services 18                  15                  34                                                86                           20                             106                  0                       3                         3                     86                     23                               109                                  82                     225                                   

CPA_Q87_88 Social work services 6                     5                     11                                                29                           7                               36                     0                       1                         1                     29                     8                                  37                                    28                     76                                      

CPA_R90T92 Creative, arts and entertainment services; l ibrary, archive, museum and other cultural services; gambling and betting services225                362                587                                              470                         210                          680                  -                   -                      -                 470                  286                             756                                  -                   1.343                                

CPA_R93 Sporting services and amusement and recreation services 225                633                858                                              470                         363                          832                  -                   -                      -                 470                  286                             756                                  -                   1.614                                

CPA_S94 Services furnished by membership organisations 3                     2                     5                                                  14                           3                               17                     0                       0                         0                     14                     4                                  18                                    13                     36                                      

CPA_S95 Repair services of computers and personal and household goods 1                     1                     2                                                  4                              1                               5                       0                       0                         0                     4                       1                                  6                                       4                       12                                      

CPA_S96 Other personal services 3                     2                     5                                                  13                           3                               16                     0                       0                         0                     13                     3                                  16                                    12                     34                                      

CPA_T Services of households as employers; undifferentiated goods and services produced by households for own use 0                     0                     0                                                  1                              0                               1                       0                       0                         0                     1                       0                                  1                                       1                       2                                        

summe 2.796             14.115          16.911                                        5.885                      5.780                       11.665             16                     2.891                 2.906             5.901               8.671                          14.572                            1.305               32.799                              

charact 1.795             13.272          15.067                                        3.744                      5.275                       9.020               10                     2.821                 2.831             3.754               8.096                          11.851                            211                  27.141                              

connected 1.000             843                1.844                                          2.141                      505                          2.645               6                       70                       75                   2.146               575                             2.721                               1.094               5.659                                

first and second sector 757               638               1.395                                         1.002                     236                          1.239              3                      33                      35                  1.005              269                            1.274                              -                  2.669                               

second sector

service sector 2.039            13.477         15.516                                       4.883                     5.544                      10.426            13                    2.858                2.871            4.896              8.402                         13.297                           1.305              30.131                             

[4.4]

Table 1: INBOUND tourism

consumption by products and 

by non-resident visitors

Table 2: DOMESTIC tourism consumption by products and by ad hoc sets of resident visitors

Table 4: INTERNAL tourism 

consumption by products 

and by types of tourism

Visitor final consumption expenditure in cash

Same-day 

visitors
Tourists

 Total 

visitors

Resident visitors travelling only within the country of 

reference

Resident visitors travelling to a 

different country
All resident visitors Other 

components 

of visitors 

comsumption

Internal tourism 

consumption

in kind
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expenditure pattern of each single demand category

Einheit: %

Same-day

visitors
Tourists

 Total 

visitors

Same-day

visitors
Tourists

 Total 

visitors

Same-day

visitors
Tourists

 Total 

visitors

CPA_A01 Products of agriculture, hunting and related services 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_A02 Products of forestry, logging and related services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_A03 Fish and other fishing products; aquaculture products; support services to fishing0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_B Mining and quarrying 1% 0% 0% 1% 0% 0% 1% 0% 0% 1% 0% 0% 0% 0%

CPA_C10T12 Food products, beverages and tobacco products 2% 0% 1% 1% 0% 1% 1% 0% 0% 1% 0% 1% 0% 1%

CPA_C13T15 Textiles, wearing apparel and leather products 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C16 Wood and of products of wood and cork, except furniture; articles of straw and plaiting materials1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C17 Paper and paper products 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C18 Printing and recording services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C19 Coke and refined petroleum products 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C20 Chemicals and chemical products 2% 0% 1% 1% 0% 1% 1% 0% 0% 1% 0% 1% 0% 1%

CPA_C21 Basic pharmaceutical products and pharmaceutical preparations 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C22 Rubber and plastics products 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C23 Other non-metallic mineral products 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C24 Basic metals 2% 0% 1% 1% 0% 1% 1% 0% 0% 1% 0% 1% 0% 1%

CPA_C25 Fabricated metal products, except machinery and equipment 1% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 0% 0% 0%

CPA_C26 Computer, electronic and optical products 1% 0% 0% 1% 0% 0% 1% 0% 0% 1% 0% 0% 0% 0%

CPA_C27 Electrical equipment 1% 0% 0% 1% 0% 0% 1% 0% 0% 1% 0% 0% 0% 0%

CPA_C28 Machinery and equipment n.e.c. 2% 0% 1% 1% 0% 1% 1% 0% 0% 1% 0% 1% 0% 1%

CPA_C29 Motor vehicles, trailers and semi-trailers 2% 0% 1% 1% 0% 1% 1% 0% 0% 1% 0% 1% 0% 1%

CPA_C30 Other transport equipment 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C31_32 Furniture; other manufactured goods 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_C33 Repair and installation services of machinery and equipment 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_D35 Electricity, gas, steam and air-conditioning 2% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 0% 0%

CPA_E36 Natural water; water treatment and supply services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_E37T39 Sewerage; waste collection, treatment and disposal activities; materials recovery; remediation activities and other waste management services 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_F Constructions and construction works 3% 1% 1% 2% 1% 1% 2% 0% 0% 2% 0% 1% 0% 1%

CPA_G45 Wholesale and retail  trade and repair services of motor vehicles and motorcycles0% 0% 0% 1% 0% 0% 1% 0% 0% 1% 0% 0% 2% 0%

CPA_G46 Wholesale trade services, except of motor vehicles and motorcycles 1% 0% 0% 2% 1% 1% 2% 0% 0% 2% 0% 1% 10% 1%

CPA_G47 Retail  trade services, except of motor vehicles and motorcycles 1% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 6% 1%

CPA_H49 Land transport services and transport services via pipelines 1% 2% 2% 2% 7% 4% 23% 26% 26% 2% 13% 9% 0% 5%

CPA_H50 Water transport services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_H51 Air transport services 2% 11% 10% 0% 0% 0% 41% 72% 71% 0% 24% 14% 0% 11%

CPA_H52 Warehousing and support services for transportation 0% 0% 0% 1% 2% 1% 0% 0% 0% 1% 1% 1% 0% 0%

CPA_H53 Postal and courier services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_I Accommodation and food services 45% 74% 69% 45% 70% 57% 0% 0% 0% 45% 47% 46% 8% 56%

CPA_J58 Publishing services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_J59_60 Motion picture, video and television programme production services, sound recording and music publishing; programming and broadcasting services0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_J61 Telecommunications services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0%

CPA_J62_63 Computer programming, consultancy and related services; information services 0% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 5% 1%

CPA_K64 Financial services, except insurance and pension funding 0% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 5% 1%

CPA_K65 Insurance, reinsurance and pension funding services, except compulsory social security0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0%

CPA_K66 Services auxiliary to financial services and insurance services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_L68B Real estate services excluding imputed rents 1% 0% 0% 2% 0% 1% 2% 0% 0% 2% 0% 1% 7% 1%

CPA_L68A Imputed rents of owner-occupied dwellings 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 8% 0%

CPA_M69_70 Legal and accounting services; services of head offices; management consulting services1% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 6% 1%

CPA_M71 Architectural and engineering services; technical testing and analysis services 0% 0% 0% 1% 0% 0% 1% 0% 0% 1% 0% 0% 3% 0%

CPA_M72 Scientific research and development services 0% 0% 0% 1% 0% 0% 1% 0% 0% 1% 0% 0% 3% 0%

CPA_M73 Advertising and market research services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0%

CPA_M74_75 Other professional, scientific and technical services; veterinary services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_N77 Rental and leasing services 0% 0% 0% 1% 2% 1% 0% 0% 0% 1% 1% 1% 0% 0%

CPA_N78 Employment services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_N79 Travel agency, tour operator and other reservation services and related services0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_N80T82 Security and investigation services; services to buildings and landscape; office administrative, office support and other business support services0% 0% 0% 1% 0% 0% 1% 0% 0% 1% 0% 0% 2% 0%

CPA_O84 Public administration and defence services; compulsory social security services1% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 6% 1%

CPA_P85 Education services 1% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 5% 1%

CPA_Q86 Human health services 1% 0% 0% 1% 0% 1% 1% 0% 0% 1% 0% 1% 6% 1%

CPA_Q87_88 Social work services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0%

CPA_R90T92 Creative, arts and entertainment services; l ibrary, archive, museum and other cultural services; gambling and betting services8% 3% 3% 8% 4% 6% 0% 0% 0% 8% 3% 5% 0% 4%

CPA_R93 Sporting services and amusement and recreation services 8% 4% 5% 8% 6% 7% 0% 0% 0% 8% 3% 5% 0% 5%

CPA_S94 Services furnished by membership organisations 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_S95 Repair services of computers and personal and household goods 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CPA_S96 Other personal services 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

CPA_T Services of households as employers; undifferentiated goods and services produced by households for own use 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

summe 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

tourism charact products 64% 94% 89% 64% 91% 77% 64% 98% 97% 64% 93% 81% 16% 83%

tourism connected and non- connected 36% 6% 11% 36% 9% 23% 36% 2% 3% 36% 7% 19% 84% 17%

first and second sector 27% 5% 8% 17% 4% 11% 17% 1% 1% 17% 3% 9% 0% 8%

second sector

service sector 73% 95% 92% 83% 96% 89% 83% 99% 99% 83% 97% 91% 100% 92%

All resident visitors Other 

components 

of visitors 

Internal tourism 

consumption

[4.4]

Same-day 

visitors
Tourists

 Total 

visitors

Resident visitors travelling only within the country of Resident visitors travelling to a 

Table 1: INBOUND tourism Table 2: DOMESTIC tourism consumption by products and by ad hoc sets of resident visitors Table 4: INTERNAL tourism 
Visitor final consumption expenditure in cash in kind
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Table 16: Ranking of intermediate feedback from the Leontief Inverse 

 

Elements on the main diagonal: 
Ranking of intermediate feedback: demand rise by 1, output rise by e.g. 0.22  

    

1 CPA_H51 Air transport services 1.22 

2 CPA_N77 Rental and leasing services 1.16 

3 CPA_H52 Warehousing and support services for transportation 1.14 

4 CPA_H49 Land transport services and transport services via pipelines 1.07 

5 CPA_R90T92 
Creative, arts and entertainment services; library, archive, museum and other 
cultural services; gambling and betting services 1.05 

6 CPA_I Accommodation and food services 1.01 

7 CPA_N79 
Travel agency, tour operator and other reservation services and related 
services 1.01 

8 CPA_R93 Sporting services and amusement and recreation services 1.01 

9 CPA_H50 Water transport services 1.00 

10 CPA_L68A Imputed rents of owner-occupied dwellings 1.00 

 

Table 17: Ranking of sectoral multiplicator from the Leontief Inverse 

 sectoral multiplicators: change of output if demand rises by 1  

    

1 CPA_N79 
Travel agency, tour operator and other reservation services and related 
services 2.35 

2 CPA_H51 Air transport services 2.28 

3 CPA_H52 Warehousing and support services for transportation 2.11 

4 CPA_R93 Sporting services and amusement and recreation services 1.67 
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5 CPA_I Accommodation and food services 1.64 

6 CPA_H49 Land transport services and transport services via pipelines 1.58 

7 CPA_R90T92 
Creative, arts and entertainment services; library, archive, museum and other 
cultural services; gambling and betting services 1.52 

8 CPA_N77 Rental and leasing services 1.46 

9 CPA_L68A Imputed rents of owner-occupied dwellings 1.44 

10 CPA_H50 Water transport services 1.10 

 

 

Table 18: Ranking of delivery coefficients from the Leontief Inverse 

 Necessary delivery to all other 64 sectors if demand rises in each sector by 1  

    

1 CPA_H52 Warehousing and support services for transportation 2.11 

2 CPA_N77 Rental and leasing services 1.99 

3 CPA_H49 Land transport services and transport services via pipelines 1.97 

4 CPA_I Accommodation and food services 1.78 

5 CPA_H51 Air transport services 1.58 

6 CPA_R90T92 
Creative, arts and entertainment services; library, archive, museum and other 
cultural services; gambling and betting services 1.15 

7 CPA_H50 Water transport services 1.09 

8 CPA_N79 
Travel agency, tour operator and other reservation services and related 
services 1.06 

9 CPA_R93 Sporting services and amusement and recreation services 1.01 

10 CPA_L68A Imputed rents of owner-occupied dwellings 1.00 
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Table 19: Tourism Expenditure from 2000–2014 

Tourism expenditure by resident and non-resident visitors in Austria 2000–2014 

in mio. € 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

                               

non-resident visitors 

total 12.201  12.788 13.187 13.519 13.889 14.690 15.130 15.462 16.467 15.328 15.673 16.142 16.568 17.053 17.544 

overnight tourists 10.773 11.243 11.473 11.789 12.134 12.817 13.139 13.293 13.812 12.792 13.344 13.549 13.951 14.329 14.743 

same-day visitors 1.428 1.545 1.714 1.730 1.755 1.873 1.991 2.169 2.655 2.536 2.329 2.593 2.617 2.724 2.801 

 

resident visitors 

total 11.493 11.998 12.510 12.747 13.610 14.076 14.698 15.280 15.810 15.705 18.220 19.473 19.723 19.737 20.171 

holiday travelers 9.486 9.812 10.295 10.459 11.339 11.738 12.127 12.451 12.772 13.156 15.734 16.692 16.886 16.874 17.180 

overnight tourists 5.890 6.184 6.554 6.710 7.268 7.415 7.760 8.055 8.161 8.343 9.912 10.414 10.419 10.449 10.718 

same-day visitors 3.596 3.627 3.741 3.748 4.071 4.323 4.367 4.396 4.611 4.813 5.823 6.277 6.467 6.426 6.462 

business travelers 2.007 2.186 2.215 2.288 2.271 2.337 2.571 2.828 3.038 2.549 2.486 2.781 2.838 2.863 2.992 

overnight tourists 1045 1.142 1.195 1.250 1.207 1.244 1.466 1.628 1.790 1.429 1.499 1.708 1.741 1.756 1.853 

same-day visitors 962 1.044 1.020 1.038 1.063 1.093 1.105 1.201 1.248 1.120 987 1.074 1.097 1.106 1.139 

expenditure second-home visitors 

total 89 95 95 98 102 105 106 107 109  115  128  129  130  131  133  
                               

total all visitors 23.783 24.880 25.793 26.363 27.600 28.871 29.934 30.849 32.386 31.148 34.022 35.745 36.422 36.921 37.848 

total same-day visitors 6.069 6.314 6.650 6.728 7.033 7.440 7.824 8.193 9.056 8.778 9.651 10.578 10.825 10.906 11.116 

total overnight tourists 17.708 18.569 19.222 19.749 20.609 21.476 22.365 22.976 23.763 22.564 24.755 25.671 26.111 26.534 27.314 

total resident overnight tourists 6.935 7.326 7.749 7.960 8.475 8.659 9.226 9.683 9.951 9.772 11.411 12.122 12.160 12.205 12.571 

total resident same-day visitors 4.558 4.671 4.761 4.786 5.134 5.416 5.472 5.597 5.859 5.933 6.810 7.351 7.564 7.532 7.601 

expenditure per average stay and capita in € 

non-resident overnight tourists 465 476 472 470 474 482 481 472 462 439 445 431 427 430 433 

resident overnight tourists 826 841 886 879 932 923 934 934 932 891 1.002 1.043 1.012 1.014 1.025 

all tourists 671 690 703 702 724 732 742 738 729 698 741 741 722 720 727 

expenditure per arrival and capita in € 

non-resident overnight tourists 103 105 104 105 108 111 113 112 110 105 110 110 109 110 114 

resident overnight tourists 223 233 250 252 271 275 287 293 294 284 326 343 338 341 352 

all tourists 156 161 165 167 176 180 187 189 188 182 198 204 199 200 207 

                

expenditure resident tourists per trip    879 1036 958 894 899 957 875 1116 1190 1109 1041 1095 

                

Shares on total expedniture of resident and non-resident visitors in Austria 2000–2014 

in % 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

                               

non-resident visitors 

total 51% 51% 51% 51% 50% 51% 51% 50% 51% 49% 46% 45% 45% 46% 46% 
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overnight tourists 45% 45% 44% 45% 44% 44% 44% 43% 43% 41% 39% 38% 38% 39% 39% 

same-day visitors 6% 6% 7% 7% 6% 6% 7% 7% 8% 8% 7% 7% 7% 7% 7% 

 

resident visitors  

total 48% 48% 49% 48% 49% 49% 49% 50% 49% 50% 54% 54% 54% 53% 53% 

holiday travelers 40% 39% 40% 40% 41% 41% 41% 40% 39% 42% 46% 47% 46% 46% 45% 

overnight tourists 25% 25% 25% 25% 26% 26% 26% 26% 25% 27% 29% 29% 29% 28% 28% 

same-day visitors 15% 15% 15% 14% 15% 15% 15% 14% 14% 15% 17% 18% 18% 17% 17% 

business travelers 8% 9% 9% 9% 8% 8% 9% 9% 9% 8% 7% 8% 8% 8% 8% 

overnight tourists 4% 5% 5% 5% 4% 4% 5% 5% 6% 5% 4% 5% 5% 5% 5% 

same-day visitors 4% 4% 4% 4% 4% 4% 4% 4% 4% 4% 3% 3% 3% 3% 3% 

expenditure second-home visitors 

total 0.37% 0.38% 0.37% 0.37% 0.37% 0.36% 0.35% 0.35% 0.34% 0.37% 0.38% 0.36% 0.36% 0.35% 0.35% 
                               

total all visitors 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

total same-day visitors 26% 25% 26% 26% 25% 26% 26% 27% 28% 28% 28% 30% 30% 30% 29.4% 

total overnight tourists 74% 75% 75% 75% 75% 74% 75% 74% 73% 72% 73% 72% 72% 72% 72.2% 

total resident overnight tourists 29% 29% 30% 30% 31% 30% 31% 31% 31% 31% 34% 34% 33% 33% 33% 

total resident same-day visitors 19% 19% 18% 18% 19% 19% 18% 18% 18% 19% 20% 21% 21% 20% 20% 

                

change compared to previous year- tourism expenditure by resident and non-resident visitors in Austria 2000–2014 

in % 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

non-resident visitors 

total   5% 3% 3% 3% 6% 3% 2% 6% -7% 2% 3% 3% 3% 3% 

overnight tourists   4% 2% 3% 3% 6% 3% 1% 4% -7% 4% 2% 3% 3% 3% 

same-day visitors   8% 11% 1% 1% 7% 6% 9% 22% -4% -8% 11% 1% 4% 3% 

 

Resident visitors 

total   4% 4% 2% 7% 3% 4% 4% 3% -1% 16% 7% 1% 0% 2% 

holiday travelers   3% 5% 2% 8% 4% 3% 3% 3% 3% 20% 6% 1% 0% 2% 

overnight tourists   5% 6% 2% 8% 2% 5% 4% 1% 2% 19% 5% 0% 0% 3% 

same-day visitors   1% 3% 0% 9% 6% 1% 1% 5% 4% 21% 8% 3% -1% 1% 

business travelers   9% 1% 3% -1% 3% 10% 10% 7% -16% -2% 12% 2% 1% 5% 

overnight tourists   9% 5% 5% -3% 3% 18% 11% 10% -20% 5% 14% 2% 1% 6% 

same-day visitors   9% -2% 2% 2% 3% 1% 9% 4% -10% -12% 9% 2% 1% 3% 

expenditure second-home visitors 

total   7% 0% 3% 4% 3% 1% 1% 2% 6% 11% 1% 1% 1% 2% 
                               

total all visitors   5% 4% 2% 5% 5% 4% 3% 5% -4% 9% 5% 2% 1% 3% 

total same-day visitors  4% 5% 1% 5% 6% 5% 5% 11% -3% 10% 10% 2% 1% 2% 

total overnight tourists  5% 4% 3% 4% 4% 4% 3% 3% -5% 10% 4% 2% 2% 3% 

total resident overnight tourists  6% 6% 3% 6% 2% 7% 5% 3% -2% 17% 6% 0% 0% 3% 

total resident same-day visitors  2% 2% 1% 7% 5% 1% 2% 5% 1% 15% 8% 3% 0% 1% 

source: STATISTIK AUSTRIA, Statistik „Tourismus-Satellitenkonto“, Statistik „Reisegewohnheiten“ und Statistik „Beherbergung“ and own calculation   
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Table 20: Tourism consumption by product in Austria 2000–2015 

Products and services 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

 in Mio. € 

Tourism characteristic products and services 19.131 20.081 20.966 21.484 22.315 23.276 24.157 24.963 26.316 24.845 26.883 28.446 29.294 29.718 30.557 31.216 

Accommodation services 6.161 6.687 7.328 7.713 7.939 8.223 8.456 8.656 9.308 8.468 9.145 9.641 10.147 10.264 10.556 10.829 

Hotels and other lodging services 6.077 6.597 7.237 7.620 7.842 8.123 8.355 8.554 9.203 8.358 9.023 9.518 10.023 10.140 10.429 10.701 

Second homes services on own account of for free 85 90 91 93 97 100 101 102 104 109 122 123 124 124 127 128 

Food and beverage serving services 6.279 6.603 6.903 7.017 7.354 7.775 8.161 8.526 8.887 8.383 8.976 9.648 9.906 10.015 10.413 10.667 

Accommodation + Food 12.441 13.290 14.231 14.730 15.293 15.998 16.617 17.182 18.195 16.850 18.121 19.289 20.053 20.279 20.969 21.496 

 Passenger transport services 4.320 4.473 4.402 4.385 4.514 4.685 4.907 4.972 5.061 4.647 5.323 5.740 5.780 5.975 6.092 6.186 

Interurban railway 783 751 830 870 818 916 918 935 863 839 898 1.019 1.106 1.129 1.132 1.182 

Road 303 306 346 264 269 274 341 401 475 505 564 582 576 588 629 657 

Land (Road + Rail) 1.086 1.056 1.176 1.135 1.088 1.189 1.259 1.336 1.337 1.344 1.462 1.601 1.682 1.717 1.760 1.839 

Water 37 44 43 39 37 40 39 39 39 35 39 39 39 41 41 41 

Air 3.015 3.171 2.974 3.007 3.190 3.237 3.366 3.333 3.419 2.992 3.555 3.835 3.809 3.970 4.032 4.047 

Transport supporting/ Rental services 183 201 209 204 199 219 243 264 265 276 267 265 250 248 259 259 

Travel agency, tour operator and tourist guide services 79 83 82 83 84 84 88 90 92 107 109 109 118 117 119 120 

Cultural, recreation and miscellaneous tourism services 2.291 2.236 2.253 2.287 2.424 2.509 2.545 2.719 2.968 3.241 3.330 3.308 3.344 3.347 3.377 3.415 

Culture . . 1.179 1.197 1.268 1.313 1.332 1.424 1.553 1.793 1.798 1.806 1.816 1.826 1.843 1.863 

Sport, Recreation and other entertainment services . . 1.073 1.090 1.156 1.195 1.213 1.295 1.415 1.449 1.532 1.503 1.528 1.522 1.534 1.551 

Total connected 4.155 4.285 4.297 4.337 4.694 4.989 5.170 5.264 5.433 5.643 6.346 6.501 6.340 6.401 6.474 6.813 

Non-specific products and services 255 259 261 268 294 301 299 303 311 317 412 401 393 404 409 425 

Total 23.541 24.625 25.525 26.090 27.303 28.567 29.627 30.530 32.059 30.805 33.641 35.348 36.027 36.522 37.440 38.454 

source: STATISTIK AUSTRIA, Tourismus-Satellitenkonto für Österreich, basierend auf "Recommended Methodological Framework (RMF) 2008"; WIFO. 
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Table 21: Tourism expenditure pattern (2000–2014) 

Products and services 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

                
Tourism characteristic products and 
services 

81% 82% 82% 82% 82% 81% 82% 82% 82% 81% 80% 80% 81% 81% 82% 

Accommodation 26% 27% 29% 30% 29% 29% 29% 28% 29% 27% 27% 27% 28% 28% 28% 

Hotels and other lodging services 26% 27% 28% 29% 29% 28% 28% 28% 29% 27% 27% 27% 28% 28% 28% 

Second homes services on own account 
of for free 

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Food 27% 27% 27% 27% 27% 27% 28% 28% 28% 27% 27% 27% 27% 27% 28% 

Accommodation + Food 53% 54% 56% 56% 56% 56% 56% 56% 57% 55% 54% 55% 56% 56% 56% 

 Passenger transport services 18% 18% 17% 17% 17% 16% 17% 16% 16% 15% 16% 16% 16% 16% 16% 

Interurban railway 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 

Road 1% 1% 1% 1% 1% 1% 1% 1% 1% 2% 2% 2% 2% 2% 2% 

Land (Road + Rail) 5% 4% 5% 4% 4% 4% 4% 4% 4% 4% 4% 5% 5% 5% 5% 

Water 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Air 13% 13% 12% 12% 12% 11% 11% 11% 11% 10% 11% 11% 11% 11% 11% 

Transport supporting/ Rental services 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 

Travel agency 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cultural/ recreation 10% 9% 9% 9% 9% 9% 9% 9% 9% 11% 10% 9% 9% 9% 9% 

Culture No data No data 5% 5% 5% 5% 4% 5% 5% 6% 5% 5% 5% 5% 5% 

Sport, Recreation and other 
entertainment services 

No data No data 4% 4% 4% 4% 4% 4% 4% 5% 5% 4% 4% 4% 4% 

Total connected 18% 17% 17% 17% 17% 17% 17% 17% 17% 18% 19% 18% 18% 18% 17% 

Non-specific products and services 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
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Table 22: Tourism consumption change in % by product in Austria 2000–2014 (i=2000) 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Characteristic products and services 0% 5% 10% 12% 17% 22% 26% 30% 38% 30% 41% 49% 53% 55% 60% 

Accommodation services 0% 9% 19% 25% 29% 33% 37% 40% 51% 37% 48% 56% 65% 67% 71% 

Hotels and other lodging services 0% 9% 19% 25% 29% 34% 37% 41% 51% 38% 48% 57% 65% 67% 72% 

Second homes services on own account of for free 0% 7% 8% 10% 15% 18% 20% 21% 23% 29% 44% 45% 46% 47% 50% 

Food and beverage serving services 0% 5% 10% 12% 17% 24% 30% 36% 42% 34% 43% 54% 58% 59% 66% 

Accommodation services and Food 0% 7% 14% 18% 23% 29% 34% 38% 46% 35% 46% 55% 61% 63% 69% 

 Passenger transport services 0% 4% 2% 2% 4% 8% 14% 15% 17% 8% 23% 33% 34% 38% 41% 

Interurban railway 0% -4% 6% 11% 5% 17% 17% 19% 10% 7% 15% 30% 41% 44% 45% 

Road 0% 1% 14% -13% -11% -10% 13% 32% 57% 67% 86% 92% 90% 94% 108% 

Land transportation services 0% -3% 8% 5% 0% 10% 16% 23% 23% 24% 35% 47% 55% 58% 62% 

Water 0% 20% 18% 6% 2% 10% 8% 8% 7% -5% 7% 7% 7% 11% 12% 

Air 0% 5% -1% 0% 6% 7% 12% 11% 13% -1% 18% 27% 26% 32% 34% 

Transport supporting/ Rental services 0% 10% 14% 12% 9% 20% 33% 44% 45% 51% 46% 45% 37% 35% 42% 

Travel agency, tour operator and tourist guide services 0% 4% 3% 5% 7% 6% 12% 14% 16% 35% 38% 38% 48% 48% 50% 

Cultural, recreation and miscellaneous tourism services 0% -2% -2% 0% 6% 10% 11% 19% 30% 41% 45% 44% 46% 46% 47% 

Culture - - - - - - - - - - - - - - - 

Sport, Recreation and other entertainment services - - - - - - - - - - - - - - - 

Total connected and non-specific products and services 0% 3% 3% 4% 13% 20% 24% 27% 31% 36% 53% 56% 53% 54% 56% 

                               

Total 0% 5% 8% 11% 16% 21% 26% 30% 36% 31% 43% 50% 53% 55% 59% 
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Table 23: Tourism consumption change in % by product in Austria 2000–2014 (i=2008) 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

                

Characteristic products and services -27% -24% -20% -18% -15% -12% -8% -5% 0% -6% 2% 8% 11% 13% 16% 

Accommodation -34% -28% -21% -17% -15% -12% -9% -7% 0% -9% -2% 4% 9% 10% 13% 

Hotels and other lodging services -34% -28% -21% -17% -15% -12% -9% -7% 0% -9% -2% 3% 9% 10% 13% 

Second homes services on own account of for free -19% -14% -13% -10% -7% -4% -3% -2% 0% 5% 17% 18% 19% 19% 21% 

Food -29% -26% -22% -21% -17% -13% -8% -4% 0% -6% 1% 9% 11% 13% 17% 

Accommodation services and Food -32% -27% -22% -19% -16% -12% -9% -6% 0% -7% 0% 6% 10% 11% 15% 

 Passenger transport services -15% -12% -13% -13% -11% -7% -3% -2% 0% -8% 5% 13% 14% 18% 20% 

Interurban railway -9% -13% -4% 1% -5% 6% 6% 8% 0% -3% 4% 18% 28% 31% 31% 

Road -36% -36% -27% -44% -43% -42% -28% -16% 0% 6% 19% 23% 21% 24% 32% 

Land transportation services -19% -21% -12% -15% -19% -11% -6% 0% 0% 1% 9% 20% 26% 28% 32% 

Water -6% 12% 11% 0% -4% 3% 1% 1% 0% -11% 0% 0% 0% 4% 5% 

Air -12% -7% -13% -12% -7% -5% -2% -3% 0% -12% 4% 12% 11% 16% 18% 

Transport supporting/ Rental services -31% -24% -21% -23% -25% -18% -8% 0% 0% 4% 1% 0% -6% -7% -2% 

Travel agency -14% -10% -11% -9% -8% -8% -4% -2% 0% 16% 19% 19% 28% 27% 29% 

Cultural/ Recreation -23% -25% -24% -23% -18% -15% -14% -8% 0% 9% 12% 11% 13% 13% 14% 

Culture - - -24% -23% -18% -15% -14% -8% 0% 15% 16% 16% 17% 18% 19% 

Sport, Recreation and other entertainment services - - -24% -23% -18% -15% -14% -8% 0% 2% 8% 6% 8% 8% 8% 

Total connected and non-specific products and 
services -24% -21% -21% -20% -14% -8% -5% -3% 0% 4% 17% 20% 17% 18% 19% 

                               

Total -27% -23% -20% -19% -15% -11% -8% -5% 0% -4% 5% 10% 12% 14% 17% 
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Table 24: different driver elasticities of resource use (i=2008) 

change (08) in % driver 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

TVA -0.26 -0.23 -0.20 -0.18 -0.14 -0.10 -0.07 -0.05  -0.02 0.07 0.12 0.14 0.16 0.19 

expenditure -0.28 -0.24 -0.21 -0.20 -0.16 -0.10 -0.06 -0.04  -0.04 0.04 0.10 0.12 0.15 0.16 

arrival -0.19 -0.17 -0.16 -0.13 -0.12 -0.10 -0.07 -0.04  -0.01 0.02 0.05 0.10 0.11 0.13 

overnight stay -0.09 -0.08 -0.07 -0.06 -0.07 -0.05 -0.05 -0.04  -0.02 -0.02 -0.01 0.02 0.03 0.03 

expend/ arrival in k€ -0.11 -0.09 -0.07 -0.08 -0.05 0.00 0.01 0.01  -0.04 0.02 0.04 0.02 0.04 0.03 

expend/ overnight stay in k€ -0.20 -0.17 -0.16 -0.15 -0.10 -0.05 -0.01 0.01  -0.03 0.06 0.11 0.09 0.12 0.13  
pressure 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

RMC Biomass -0.38 -0.37 -0.35 -0.41 -0.31 -0.10 -0.15 -0.15  -0.09 -0.09 0.00 -0.10 -0.08 -0.05 

Metals -0.13 -0.16 -0.21 -0.27 -0.25 -0.04 0.07 0.01  -0.20 0.17 0.23 0.18 0.21 0.11 

Non-metallic minerals -0.54 -0.56 -0.51 -0.57 -0.53 -0.47 -0.43 -0.44  -0.01 0.02 0.05 0.02 0.16 0.18 

Fossil energy carriers -0.56 -0.54 -0.56 -0.53 -0.56 0.11 0.12 -0.01  -0.04 0.18 0.18 0.22 0.21 0.19 

Total -0.46 -0.47 -0.45 -0.49 -0.45 -0.22 -0.20 -0.23  -0.06 0.04 0.08 0.05 0.12 0.12                 
RIM Biomass -0.44 -0.42 -0.43 -0.48 -0.16 0.11 0.05 0.02  -0.09 -0.02 0.01 -0.09 -0.06 -0.05 

Metals -0.23 -0.21 -0.27 -0.35 -0.19 0.01 0.11 0.08  -0.20 0.18 0.22 0.12 0.07 -0.03 

Non-metallic minerals -0.66 -0.67 -0.65 -0.70 -0.56 -0.50 -0.46 -0.47  -0.06 0.03 0.04 -0.01 0.08 0.08 

Fossil energy carriers -0.56 -0.52 -0.54 -0.55 -0.45 0.11 0.13 0.01  -0.07 0.18 0.16 0.16 0.12 0.09 

Total -0.51 -0.50 -0.51 -0.55 -0.40 -0.13 -0.10 -0.15  -0.09 0.10 0.11 0.06 0.07 0.04  
Elasticity %d (index 2008) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

RMC/ TVA  
  
  
  
  

Biomass 1.45 1.60 1.73 2.22 2.26 1.02 2.20 3.22  3.57 -1.17 -0.01 -0.72 -0.49 -0.24 

Metals 0.51 0.67 1.03 1.46 1.80 0.38 -0.95 -0.20  8.14 2.35 1.96 1.28 1.36 0.61 

Non-metallic minerals 2.07 2.43 2.55 3.12 3.89 4.90 6.15 9.38  0.45 0.32 0.40 0.13 1.01 0.95 

Fossil energy carriers 2.12 2.35 2.78 2.91 4.13 -1.18 -1.80 0.21  1.57 2.40 1.51 1.60 1.36 1.01 

Total 1.75 2.01 2.23 2.68 3.31 2.27 2.84 5.02  2.29 0.61 0.70 0.35 0.76 0.63 

RMC/ expenditure 

  
  
  
  

Biomass 1.38 1.53 1.61 2.05 1.92 1.01 2.37 4.21  1.96 -1.98 -0.02 -0.85 -0.50 -0.28 

Metals 0.49 0.64 0.97 1.35 1.53 0.38 -1.02 -0.26  4.48 3.99 2.43 1.51 1.39 0.70 

Non-metallic minerals 1.98 2.32 2.38 2.89 3.30 4.82 6.61 12.26  0.25 0.55 0.49 0.15 1.04 1.09 

Fossil energy carriers 2.03 2.25 2.59 2.69 3.50 -1.16 -1.93 0.27  0.86 4.07 1.87 1.88 1.39 1.16 

Total 1.68 1.93 2.08 2.48 2.81 2.23 3.05 6.56  1.26 1.03 0.87 0.41 0.78 0.73 

RMC/ arrival 

  
  
  
  

Biomass 2.36 2.46 2.75 3.68 1.31 -1.20 -0.63 -0.48  12.48 -1.09 0.11 -0.94 -0.53 -0.39 

Metals 1.21 1.25 1.68 2.65 1.58 -0.07 -1.47 -1.81  29.47 8.36 4.14 1.29 0.65 -0.20 

Non-metallic minerals 3.55 3.88 4.09 5.36 4.67 5.27 6.16 10.56  9.12 1.60 0.82 -0.10 0.69 0.65 

Fossil energy carriers 3.00 3.03 3.45 4.24 3.73 -1.12 -1.68 -0.24  9.46 8.28 3.02 1.72 1.10 0.68 

Total 2.76 2.91 3.23 4.25 3.27 1.34 1.32 3.27  13.46 4.46 2.00 0.58 0.62 0.34 

RMC/overnight stay 
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Biomass 4.06 4.44 4.89 6.63 4.54 1.86 2.77 3.71  4.91 5.31 0.15 -4.08 -2.25 -1.80 

Metals 1.43 1.86 2.93 4.37 3.62 0.70 -1.19 -0.23  11.20 -10.72 -19.98 7.26 6.28 4.44 

Non-metallic minerals 5.81 6.73 7.24 9.34 7.82 8.91 7.74 10.79  0.62 -1.46 -4.05 0.72 4.69 6.97 

Fossil energy carriers 5.97 6.51 7.87 8.71 8.29 -2.14 -2.26 0.24  2.16 -10.92 -15.41 9.03 6.27 7.37 

Total 4.93 5.58 6.32 8.00 6.65 4.12 3.57 5.78  3.16 -2.76 -7.11 1.96 3.52 4.65 

RMC/ (expend/ arrival in k€) 

  
  
  
  

Biomass 3.46 4.33 5.10 5.24 6.76 39.57 -14.05 -16.31  2.31 -4.04 -0.04 -4.86 -2.00 -1.60 

Metals 1.22 1.82 3.06 3.46 5.39 14.81 6.06 1.00  5.27 8.15 5.66 8.65 5.57 3.95 

Non-metallic minerals 4.95 6.57 7.54 7.38 11.64 189.47 -39.27 -47.45  0.29 1.11 1.15 0.86 4.16 6.20 

Fossil energy carriers 5.08 6.35 8.21 6.88 12.34 -45.56 11.47 -1.05  1.02 8.31 4.37 10.76 5.56 6.55 

Total 4.20 5.45 6.58 6.33 9.90 87.63 -18.13 -25.40  1.48 2.10 2.02 2.34 3.12 4.14 

RMC/ (expend/ overnight stay in k€) 

  
  
  
  

Biomass 1.90 2.14 2.23 2.79 3.10 2.08 15.32 -29.68  3.22 -1.42 -0.02 -1.10 -0.66 -0.34 

Metals 0.67 0.90 1.34 1.84 2.47 0.78 -6.60 1.82  7.33 2.86 2.14 1.96 1.84 0.85 

Non-metallic minerals 2.71 3.25 3.30 3.93 5.33 9.94 42.83 -86.39  0.40 0.39 0.43 0.19 1.37 1.33 

Fossil energy carriers 2.78 3.14 3.59 3.66 5.65 -2.39 -12.51 -1.91  1.41 2.92 1.65 2.43 1.84 1.41 

Total 2.30 2.70 2.88 3.37 4.53 4.60 19.78 -46.25  2.07 0.74 0.76 0.53 1.03 0.89 

 

Table 25: different driver elasticities of resource use (i=2000) 

change (08) in % driver 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

TVA  0.04 0.09 0.11 0.17 0.23 0.26 0.29 0.36 0.32 0.46 0.52 0.55 0.57 0.61 

expend  0.05 0.08 0.11 0.16 0.25 0.29 0.33 0.38 0.32 0.44 0.51 0.54 0.59 0.60 

arrival  0.02 0.04 0.07 0.08 0.11 0.14 0.17 0.23 0.22 0.26 0.29 0.35 0.37 0.39 

overnight stay  0.01 0.03 0.04 0.03 0.05 0.04 0.06 0.10 0.08 0.09 0.09 0.13 0.14 0.13 

expend/ arrival in k€  0.03 0.05 0.04 0.07 0.12 0.14 0.13 0.12 0.08 0.15 0.17 0.15 0.17 0.16 

expend/ overnight stay in k€  0.03 0.06 0.07 0.13 0.19 0.24 0.26 0.25 0.22 0.33 0.39 0.37 0.40 0.42 
 
pressure 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

RMC Biomass  0.02 0.06 -0.04 0.12 0.46 0.37 0.37 0.62 0.47 0.48 0.61 0.45 0.49 0.54 

Metals  -0.02 -0.08 -0.15 -0.13 0.11 0.23 0.17 0.16 -0.07 0.36 0.43 0.36 0.40 0.29 

Non-metallic minerals  -0.04 0.07 -0.06 0.03 0.16 0.26 0.24 1.20 1.17 1.25 1.30 1.24 1.55 1.59 

Fossil energy carriers  0.03 0.01 0.06 -0.01 1.53 1.55 1.25 1.27 1.18 1.67 1.68 1.77 1.75 1.69 

Total  -0.01 0.03 -0.05 0.02 0.45 0.49 0.42 0.86 0.76 0.94 1.01 0.95 1.08 1.08 

                
RIM Biomass  0.03 0.01 -0.07 0.50 0.99 0.87 0.82 0.78 0.63 0.74 0.80 0.63 0.68 0.70 

Metals  0.01 -0.05 -0.15 0.05 0.30 0.43 0.40 0.29 0.03 0.53 0.57 0.45 0.38 0.26 

Non-metallic minerals  -0.01 0.05 -0.11 0.29 0.47 0.60 0.56 1.95 1.77 2.06 2.08 1.92 2.18 2.20 

Fossil energy carriers  0.09 0.04 0.01 0.25 1.51 1.55 1.29 1.27 1.12 1.67 1.63 1.64 1.54 1.47 

Total 0.00 0.03 0.01 -0.08 0.24 0.79 0.86 0.76 1.06 0.87 1.26 1.28 1.17 1.20 1.15 
 
Elasticity %d (index 2008) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
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RMC/ TVA  
  
  
  
  

Biomass  0.36 0.66 -0.36 0.67 2.01 1.40 1.26 1.72 1.46 1.04 1.18 0.83 0.86 0.89 

Metals  -0.59 -0.98 -1.40 -0.75 0.50 0.88 0.56 0.43 -0.23 0.78 0.82 0.66 0.70 0.47 

Non-metallic minerals  -0.94 0.85 -0.52 0.16 0.72 1.00 0.80 3.35 3.61 2.73 2.50 2.26 2.71 2.60 

Fossil energy carriers  0.79 0.07 0.57 -0.06 6.71 5.88 4.24 3.55 3.64 3.65 3.23 3.24 3.07 2.77 

Total  -0.23 0.34 -0.45 0.10 2.00 1.87 1.44 2.40 2.33 2.06 1.95 1.74 1.89 1.77 

RMC/ expenditure 

  
  
  
  

Biomass  0.33 0.67 -0.36 0.73 1.86 1.27 1.12 1.62 1.48 1.08 1.19 0.83 0.83 0.90 

Metals  -0.54 -1.00 -1.42 -0.82 0.46 0.79 0.50 0.41 -0.23 0.81 0.83 0.66 0.68 0.47 

Non-metallic minerals  -0.87 0.86 -0.52 0.18 0.67 0.90 0.71 3.14 3.67 2.83 2.53 2.27 2.61 2.62 

Fossil energy carriers  0.73 0.07 0.58 -0.07 6.20 5.31 3.76 3.33 3.70 3.79 3.27 3.26 2.95 2.80 

Total  -0.21 0.34 -0.46 0.11 1.85 1.69 1.28 2.26 2.36 2.14 1.97 1.74 1.82 1.78 

RMC/ arrival 

  
  
  
  

Biomass  1.71 0.30 -1.01 6.26 8.84 6.31 4.73 3.43 2.86 2.91 2.71 1.81 1.86 1.79 

Metals  0.77 -1.45 -2.24 0.56 2.69 3.15 2.27 1.27 0.13 2.06 1.95 1.30 1.05 0.66 

Non-metallic minerals  -0.70 1.33 -1.60 3.57 4.21 4.37 3.24 8.53 8.01 8.04 7.08 5.56 5.95 5.67 

Fossil energy carriers  4.89 1.00 0.20 3.06 13.49 11.27 7.41 5.53 5.07 6.55 5.54 4.73 4.22 3.78 

Total  1.73 0.24 -1.17 3.04 7.11 6.22 4.35 4.62 3.93 4.92 4.34 3.38 3.28 2.96 

RMC/overnight stay 

  
  
  
  

Biomass  1.37 2.21 -1.09 4.09 10.10 8.63 6.34 5.95 5.66 5.57 6.77 3.47 3.48 4.12 

Metals  -2.25 -3.31 -4.25 -4.57 2.50 5.40 2.83 1.50 -0.88 4.15 4.72 2.77 2.85 2.17 

Non-metallic minerals  -3.61 2.86 -1.57 1.00 3.64 6.13 4.01 11.57 13.98 14.59 14.39 9.47 10.98 12.06 

Fossil energy carriers  3.03 0.23 1.73 -0.37 33.74 36.23 21.27 12.27 14.09 19.51 18.58 13.58 12.44 12.89 

Total  -0.89 1.13 -1.38 0.63 10.06 11.54 7.21 8.30 9.00 11.01 11.21 7.27 7.67 8.20 

RMC/ (expend/ arrival in k€) 

  
  
  
  

Biomass  0.56 1.19 -1.07 1.60 3.78 2.72 2.78 4.97 5.83 3.23 3.60 3.09 2.95 3.48 

Metals  -0.91 -1.78 -4.16 -1.79 0.93 1.70 1.24 1.26 -0.90 2.41 2.51 2.46 2.41 1.83 

Non-metallic minerals  -1.47 1.53 -1.53 0.39 1.36 1.93 1.75 9.68 14.42 8.47 7.65 8.42 9.28 10.18 

Fossil energy carriers  1.23 0.12 1.69 -0.15 12.62 11.42 9.31 10.27 14.53 11.32 9.87 12.08 10.52 10.88 

Total  -0.36 0.61 -1.35 0.25 3.76 3.64 3.16 6.95 9.28 6.38 5.96 6.46 6.49 6.93 

RMC/ (expend/ overnight stay in k€) 

  
  
  
  

Biomass  0.44 0.98 -0.57 0.92 2.38 1.55 1.44 2.45 2.18 1.46 1.58 1.24 1.24 1.29 

Metals  -0.72 -1.47 -2.20 -1.02 0.59 0.97 0.64 0.62 -0.34 1.09 1.10 0.99 1.01 0.68 

Non-metallic minerals  -1.16 1.27 -0.81 0.22 0.86 1.10 0.91 4.76 5.39 3.82 3.35 3.38 3.90 3.79 

Fossil energy carriers  0.97 0.10 0.89 -0.08 7.94 6.49 4.84 5.05 5.44 5.10 4.32 4.85 4.42 4.05 

Total  -0.28 0.50 -0.71 0.14 2.37 2.07 1.64 3.42 3.47 2.88 2.61 2.60 2.73 2.58 
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Table 26: Tourism expenditure elasticity of resource use by product (index 08) 

Tourism expenditure elasticity of resource use by product/decoupling of RME and expenditure (index 08)            

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Characteristic products and services 1.79 2.06 2.31 2.79 3.14 2.05 2.64 5.03 - 1.82 -0.25 0.82 0.37 1.22 0.97 

Accommodation services 1.23 1.40 1.54 2.20 2.31 1.05 1.54 2.25 - 1.12 5.66 -1.30 -0.75 -0.27 -0.33 

Hotels and other lodging services 1.24 1.41 1.55 2.21 2.33 1.09 1.59 2.31 - 1.11 5.10 -1.38 -0.77 -0.26 -0.34 

Second homes services on own account of for free -2.59 -3.75 -4.34 -3.78 -7.21 -25.64 -31.66 -44.50 - 0.73 0.39 0.26 0.23 -0.95 0.01 

Food and beverage serving services 1.29 1.47 1.52 1.95 2.10 1.09 1.67 3.34 - 1.19 -7.31 0.00 -0.41 -0.04 -0.07 

Accommodation + Food 1.26 1.44 1.53 2.06 2.20 1.07 1.60 2.64 - 1.15 21.09 -0.40 -0.56 -0.14 -0.19 

 Passenger transport services 4.27 5.49 5.20 5.22 6.23 5.27 10.70 24.24 - 2.06 1.77 1.52 1.33 2.46 2.32 

Interurban railway 2.52 2.88 7.19 -28.73 4.69 -4.29 -3.66 -3.52 - -0.37 -0.93 0.48 0.30 0.34 0.02 

Road 1.27 1.51 1.66 1.34 1.26 1.42 1.71 2.90 - 1.64 0.52 0.57 0.13 0.20 0.05 

Land (Road + Rail) 1.67 2.06 2.78 2.50 1.87 3.46 5.47 331.28 - 8.73 0.11 0.52 0.25 0.30 0.03 

Water -33.55 21.56 24.36 -548.06 -40.66 1.53 -6.70 0.47 - -0.37 11151.22 -2008.31 166.11 2.63 -1.80 

Air 6.04 9.69 5.93 6.53 11.42 7.82 22.77 18.36 - 1.74 2.83 1.89 1.93 3.30 3.25 

Transport supporting/ Rental services -5.75 -6.34 -7.92 -7.54 -7.40 -19.50 -47.34 -759.00 - -5.44 -7.90 45.80 -0.25 -0.58 -1.04 

Travel agency, tour operator and tourist guide services 1.89 3.63 3.23 3.36 3.16 -0.55 -3.15 6.56 - 0.63 0.93 0.55 0.33 0.81 0.56 

Cultural, recreation and miscellaneous tourism services 2.41 2.28 2.23 2.44 2.83 2.26 2.25 3.85 - 1.23 1.34 0.80 0.75 0.85 0.34 

Culture no data no data 1.55 1.76 1.88 0.76 0.56 0.97 - 1.00 1.17 0.93 0.62 0.79 0.21 

Sport, Recreation and other entertainment services no data no data 2.66 2.87 3.42 3.20 3.32 5.62 - 3.68 1.81 0.87 1.12 1.19 0.61 

Total connected and non-specific products (A.2+B) 1.71 1.98 1.88 2.16 2.91 2.11 3.09 5.81 - 1.06 0.91 0.63 0.39 -1.29 0.20 

          -       

Total 1.74 2.01 2.19 2.62 3.04 1.99 2.57 4.89 - 1.44 0.92 0.82 0.40 0.25 0.71 
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Table 27: Decoupling of RME and expenditure by product and year (index 08) 

Decoupling of RME and 
expenditure by product and 
year (index 08) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Characteristic products and 
services 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
strong 
recessive 

absolute 
weak expansive 

relative 
decoupling strong expansive 

Accommodation services 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
expansive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
expansive 

absolute 
strong 
recessive 

absolute 
strong 

absolute 
strong 

absolute 
weak 

absolute 
weak 

Hotels and other lodging services 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
expansive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
expansive 

absolute 
strong 
recessive 

absolute 
strong 

absolute 
strong 

absolute 
weak 

absolute 
weak 

Second homes services on own 
account of for free 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive #NV 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

absolute 
strong 

relative 
decoupling 

Food and beverage serving 
services 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
expansive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
expansive 

absolute 
strong 

relative 
decoupling 

absolute 
weak 

absolute 
weak 

absolute 
weak 

Accommodation + Food 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
expansive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
expansive 

absolute 
strong 
recessive 

absolute 
weak 

absolute 
strong 

absolute 
weak 

absolute 
weak 

 Passenger transport services 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
strong 
recessive strong strong strong strong strong 

Interurban railway 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 

absolute 
strong 
recessive 

absolute 
strong 

absolute 
strong 

absolute 
strong #NV 

weak 
recessive 

absolute 
strong 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

Road 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV strong 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

Land (Road + Rail) 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV strong 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

Water strong 
recessive strong strong 

strong 
recessive 

strong 
recessive strong 

absolute 
strong 

relative 
decoupling #NV 

weak 
recessive 

absolute 
strong 
recessive 

absolute 
strong 

absolute 
strong 
recessive strong 

absolute 
strong 

Air 
absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
strong 
recessive strong strong strong strong strong 

Transport supporting/ Rental 
services 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive 

strong 
recessive #NV 

absolute 
strong 

absolute 
strong strong 

weak 
recessive 

weak 
recessive 

strong 
recessive 

Travel agency, tour operator and 
tourist guide services 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

weak 
recessive 

strong 
recessive 

absolute 
strong 
recessive #NV 

relative 
decoupling expansive 

relative 
decoupling 

relative 
decoupling expansive 

relative 
decoupling 

Cultural, recreation and 
miscellaneous tourism services 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV strong strong 

relative 
decoupling 

relative 
decoupling expansive 

relative 
decoupling 
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Culture 
#WERT! #WERT! 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
weak 
recessive 

absolute 
weak 
recessive 

absolute 
expansive #NV expansive expansive expansive 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

Sport, Recreation and other 
entertainment services 

#WERT! #WERT! 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV strong strong expansive expansive expansive 

relative 
decoupling 

Total connected and non-
specific products and services 
(A.2+B) 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV expansive expansive 

relative 
decoupling 

relative 
decoupling 

absolute 
strong 

relative 
decoupling 

Total 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive #NV 

absolute 
strong 
recessive expansive expansive 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 
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Table 28: Tourism expenditure elasticity of resource use by product (index 00) 

Tourism expenditure elasticity of resource use by product/decoupling of RME and expenditure (index 00) 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

A.1 Characteristic products and services - 0.01 0.38 -0.38 0.13 2.28 2.03 1.48 2.55 2.54 2.33 2.23 1.95 2.29 2.12 

Accommodation services - 0.39 0.79 0.26 0.45 1.49 1.26 1.09 1.39 1.43 1.12 1.11 0.92 0.99 0.89 

Hotels and other lodging services - 0.40 0.79 0.27 0.45 1.49 1.26 1.09 1.41 1.46 1.14 1.13 0.93 1.01 0.90 

Second homes services on own account of for free - 0.22 0.53 -0.60 0.04 1.80 1.43 1.15 -1.41 -1.05 -0.65 -0.66 -0.65 -0.96 -0.66 

Food and beverage serving services - 0.03 0.63 -0.42 0.15 1.64 1.31 1.10 1.47 1.50 1.15 1.14 0.93 1.01 0.90 

Accommodation services and Food - 0.26 0.74 0.04 0.34 1.56 1.28 1.09 1.43 1.47 1.13 1.13 0.92 1.00 0.89 

 Passenger transport services - -0.98 -7.22 -12.82 -2.85 7.40 5.90 3.53 9.74 16.12 8.25 6.75 6.44 7.46 7.15 

Interurban railway - 4.48 -0.85 -0.32 -0.19 -0.23 0.00 -0.41 2.98 4.45 1.73 1.39 1.01 1.00 0.70 

Road - -15.14 0.15 1.92 1.42 2.66 -0.31 0.06 1.51 1.58 1.20 1.19 1.01 1.00 0.82 

Land transportation services - 6.37 -0.38 -2.08 -23.18 -1.05 -0.07 -0.22 1.98 2.20 1.37 1.28 1.01 1.00 0.76 

Water - 0.71 0.79 -1.45 -5.11 -6.42 -9.25 -8.48 -9.98 12.68 -11.74 -11.17 -11.43 -5.83 -6.04 

Air - 0.82 15.00 95.88 -3.11 14.19 10.88 8.28 18.70 -232.40 16.21 12.19 12.45 13.80 13.50 

Transport supporting/ Rental services - -0.91 -0.27 -0.16 0.31 3.01 2.45 1.15 -1.43 -1.42 -1.44 -1.39 -1.74 -1.77 -1.52 

Travel agency, tour operator and tourist guide services - -3.12 -4.44 -1.58 0.12 6.52 4.47 1.39 2.21 1.41 1.55 1.29 0.99 1.37 1.15 

Cultural, recreation and miscellaneous tourism services - 1.06 -1.68 11.45 1.25 4.70 4.61 2.71 4.15 3.56 3.50 3.22 3.13 3.18 2.80 

Culture - - - - - - - - - - - - - - - 

Sport, Recreation and other entertainment services - - - - - - - - - - - - - - - 

Total connected and non-specific products and services (A.2+B) - -0.92 0.43 -1.25 0.09 1.92 1.73 1.39 2.19 2.07 1.76 1.56 1.49 0.53 1.32 

  - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total - -0.21 0.34 -0.46 0.12 2.13 1.91 1.43 2.37 2.44 2.19 2.02 1.79 1.67 1.82 
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Table 29: Decoupling status of RME and expenditure by product and year (index 00) 

Decoupling of RME and expenditure by product and 
year (index 00) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Characteristic products and services #NV 
relative 
decoupling 

relative 
decoupling 

absolute 
weak 

relative 
decoupling strong strong strong strong strong strong strong strong strong strong 

Accommodation services 
#NV 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling strong strong expansive strong strong expansive expansive expansive expansive expansive 

Hotels and other lodging services 
#NV 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling strong strong expansive strong strong expansive expansive expansive expansive expansive 

Second homes services on own account of for free 
#NV 

relative 
decoupling 

relative 
decoupling 

absolute 
strong 

relative 
decoupling strong strong expansive 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

Food and beverage serving services 
#NV 

relative 
decoupling 

relative 
decoupling 

absolute 
weak 

relative 
decoupling strong strong expansive strong strong expansive expansive expansive expansive expansive 

Accommodation + Food 
#NV 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling 

relative 
decoupling strong strong expansive strong strong expansive expansive expansive expansive expansive 

 Passenger transport services 
#NV 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong strong strong strong strong strong strong strong strong strong strong 

Interurban railway 
#NV 

absolute 
strong 
recessive 

absolute 
strong 

absolute 
weak 

absolute 
weak 

absolute 
weak 

relative 
decoupling 

absolute 
weak strong strong strong strong expansive expansive 

relative 
decoupling 

Road 
#NV 

absolute 
strong 

relative 
decoupling 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
weak 

relative 
decoupling strong strong strong expansive expansive expansive expansive 

Land (Road + Rail) 
#NV 

absolute 
strong 
recessive 

absolute 
weak 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
weak 

absolute 
weak strong strong strong strong expansive expansive 

relative 
decoupling 

Water 
#NV 

relative 
decoupling 

relative 
decoupling 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 
recessive 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

Air 
#NV expansive 

absolute 
strong 
recessive 

absolute 
strong 
recessive 

absolute 
strong strong strong strong strong 

strong 
recessive strong strong strong strong strong 

Transport supporting/ Rental services 
#NV 

absolute 
strong 

absolute 
weak 

absolute 
weak 

relative 
decoupling strong strong expansive 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

absolute 
strong 

Travel agency, tour operator and tourist guide services 
#NV 

absolute 
strong 

absolute 
strong 

absolute 
strong 

relative 
decoupling strong strong strong strong strong strong strong expansive strong expansive 

Cultural, recreation and miscellaneous tourism 
services 

#NV 
absolute 
expansive 

strong 
recessive 

absolute 
strong 
recessive strong strong strong strong strong strong strong strong strong strong strong 

Culture #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! 

Sport, Recreation and other entertainment services #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! #WERT! 

Total connected and non-specific products and 
services (A.2+B) #NV 

absolute 
strong 

relative 
decoupling 

absolute 
strong 

relative 
decoupling strong strong strong strong strong strong strong strong 

relative 
decoupling strong 

Total #NV 
absolute 
weak 

relative 
decoupling 

absolute 
weak 

relative 
decoupling strong strong strong strong strong strong strong strong strong strong 

 


