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This report gives a comprehensive review on previous urban metabolism studies in order to 

identify and compare methodologies, and provide knowledge on which indicator sets and 

background data are suitable for linking tourism activities with waste and use of resources. In most 

of the reviewed literature on urban metabolism, waste is included as an indicator in various ways. 

However, it has proven complicated to estimate material flows from tourism separately. 

It is recommended, that a selection of complementary approaches is applied in order to meet the 

different objectives of the project. A combination of MFA and LCA can provide a descriptive ap-

proach to map the current state and also to enable scenario analysis for future planning and policy 

making and allows an environmental assessment of the current systems and future scenarios.  

The results of waste as a function of tourism shows, that a top-down approach in the data 

collection is proposed. This has influence on the development of a template for data collection in 

the eleven pilot cities. 

This document includes also starting points for WP3: especially the section on behavioural 

analysis and gender aspects. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ  

Tourism has a high impact related to different aspects, on the one hand it is a worldwide 
important economic sector, 10% of the world´s GDP is directly or indirectly generated by the 
tourism sector, one out of eleven jobs are related to tourism. Beside the economic implications, 
1.1 billion tourists every year have environmental impacts ς beside emissions from transport and 
the impacts of all necessary infrastructure (airports, hotels etc.) there is a high impact on natural 
resources (renewable and non-renewable), incl. water resources. It is therefore important that the 
tourism industry continues to improve and adapt its operation towards waste minimization; 
following that, waste should be collected, transported and disposed of in an environmentally 
sound and cost-effective manner. Improper management of waste can lead to substantial and 
irreversible environmental impacts, such as increases in greenhouse gas emission, land 
degradation, resource deprivation, surface and groundwater water pollution or loss of 
biodiversity.  

In comparison with other cities, tourist cities have to face additional challenges related to waste 
prevention and management due to their geographical and climatic conditions, the seasonality of 
tourism flow and the specificity of tourism industry and of tourists as waste producers. One major 
objective of the UrBAN-WASTE project is to support policy makers in answering these challenges 
and in developing strategies that aim at reducing the amount of municipal waste production and 
at further support the re-use, recycle, collection and disposal of waste in tourist cities. 

The concept of urban metabolism will be used to understand and analyze how cities that are 
influenced by tourism use their resources and how touristic activities are linked to waste 
management and resource conservation. Therefore UrBAN-WASTE will perform a metabolic 
analysis of the state of art of urban metabolism in 11 pilot cities.  

As first procedural step to meet the projects objectives the development of a proper methodology 
and the adjustment and definition of data requirements is envisaged. Metabolism indicator sets 
and a database for the selected pilot tourist cities shall be developed.The database focusses on 
the touristic processes and the link to resource use, waste generation, prevention, recycling, waste 
treatment and disposal activities. The database provides the information in order to analyse how 
tourism is responsible for positive and negative impacts considering the three pillars of 
sustainability (environment, society and economy). 

This deliverable is a report where methodologies, indicator sets and needed background data are 
reviewed related to urban metabolism studies and waste management linked to the tourism 
sector. An important part is related to obtaining information on what data / indicator sets are 
suitable, practicable and comparably easy to obtain. The review will provide knowledge on what 
data / indicator sets are most suitable for linking touristic activities with waste generation and 
resource use by a comprehensive review about previous urban metabolism studies and research 
dealing with tourism.  
  



 

7 

 

 

2 aŜǘƘƻŘǎ 

To compare and assess at the one hand different methodological approaches in order to find the 
best tools that will be used in the following steps of the project and at the other hand to find out 
what indicator sets are currently used and what data are needed for these indicator sets the 
literature review was split into three main parts also taking into account the practicability of data 
sets (including for different spatial scales and time periods). 

First of all literature was screened focussing on waste and tourism from the Urban Metabolsim 
perspective. In this section different approaches and methods used to conceptualise and 
operationalise urban metabolism and how these tackle issues of waste, more specific from 
touristic activities were reviewed. 

Secondly the key words waste behaviour and management were analysed to focus on main issues 
about waste behaviour and management. This was done by firstly looking for review papers and 
from this on looking at more recent papers. 

The last part focusses on studies dealing with waste generation as a function of tourism. The 
papers where analysed and classified in a MS Excel file according to certain categories, allowing a 
subsequent analysis and illustration based on different characteristics. 
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3 {ǘŀǘŜ ƻŦ wŜǎŜŀǊŎƘ  

3.1 Waste and tourism from an Urban Metabolism perspective 

The concept of urban metabolism (UM) was developed by Wolman (1965). Kennedy et al. (2007) 
define urban metabolism as άǘƘŜ ǎǳƳ ǘƻǘŀƭ ƻŦ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ŀƴŘ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ 
occur in cities, resulting in growth, production of energy, anŘ ŜƭƛƳƛƴŀǘƛƻƴ ƻŦ ǿŀǎǘŜέ. Waste, and 
therewith waste from tourists occurring in the urban sphere, are main components of urban 
metabolism. In this section we review different approaches and methods used to conceptualise 
and operationalise urban metabolism and how these tackle issues of waste, more specific from 
tourist activities. 
 

 

Figure 1: Multiple scales and disciplines of urban metabolism (Zhang et al. 2015) 

Depending on the approach chosen, the analysis of urban metabolism can be used for four 
purposes (Kennedy et al. 2011): 

1. provision of sustainability indicators 

2. provision of inputs to urban greenhouse gas (GHG) accounting 

3. provision of dynamic mathematical models for policy analysis 

4. development of design tools. 

 



 

9 

 

The focus of this study lies on point 1, to provide knowledge on sustainability indicators for further 
use in the Urban Waste project. However, the comprehensive and inclusive concept of urban 
metabolism has the potential to analyse waste and tourism in a systemic and impact oriented way, 
which can also be used for policy advice and which is why we chose to use an urban metabolism 
perspective (besides others) in workpackage 2 of the project. An important aspect is therefore the 
sustainability dimension within urban metabolism. How can cities reduce resource consumption 
and minimize waste and emissions while improving or maintaining the quality of life of their 
citizens (and visitors). A recurring idea is the move from a linear to circular urban metabolism and 
urban economy, as illustrated in Figure 2. 
 

 

Figure 2: Linear and circular urban metabolism (Girardet 2008; Leduc and Van Kann 2013) 

 

3.1.1 Methodological approaches 

In the following we will review different approaches to urban metabolism and how they have been 
applied. 
 

3.1.1.1 Material- and energy-flow-analysis (MFA / EFA) 

A recent review of urban metabolism methodologies (Zhang 2013; Zhang et al. 2015) distinguishes 
άǘǿƻ Ƴŀƛƴ ŀŎŎƻǳƴǘƛƴƎ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘ ƳŜǘƘƻŘǎ ŦƻǊ ǳǊōŀƴ ƳŜǘŀōƻƭƛǎƳ ώǘƘŀǘϐ ŀǊŜ ōŀǎŜŘ ƻƴ ŀƴ 
ŀƴŀƭȅǎƛǎ ƻŦ ƳŀǘŜǊƛŀƭ ŀƴŘ ŜƴŜǊƎȅ ƅƻǿǎέΥ άaŀǘŜǊƛŀƭ-flow-ŀƴŀƭȅǎƛǎέ όaC!ύ ƻǊ άƳŀǎǎ ōŀƭŀƴŎŜέ Ƙŀǎ ǘƘŜ 
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goal to provide a system level understanding of how a city, region or nation functions (Holmes and 
Pincetl 2012). MFA traces the input, storage, transformation, and output processes and it allows 
following the material flows throughout the life cycle within an urban system, based on the 
physical principle that matter can neither be created nor destroyed. MFA also allows for 
comparisons across cities and inputs (Pincetl 2012). A concept strongly related to MFA, but using a 
different methodology is substance-flow-ŀƴŀƭȅǎƛǎ ό{C!ύΦ {C! άƻōǎŜǊǾŜǎ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ 
ǎǳōǎǘŀƴŎŜ ƅƻǿǎ ŀƳƻƴƎ ŘƛŦŦŜǊŜƴǘ ƭƛŦŜ-ŎȅŎƭŜ ǎǘŀƎŜǎέΣ ǿƘŜǊŜŀǎ aC!Σ ƛƴ ŎƻƴǘǊŀǎǘΣ άƛƴǾŜǎǘƛƎŀǘŜǎ ǘƘŜ 
quantity and state of cross-sectional data at different life-ŎȅŎƭŜ ǎǘŀƎŜǎέ (Zhang et al. 2015) and is a 
such an external and static analysis. However, there is no standardized method for SFA (Barles 
2010). 

A second approach, which is a modification of the MFA framework, is άŜƴŜǊƎȅ-flow-ŀƴŀƭȅǎƛǎέ 
(EFA) ƻǊ άŜƴŜǊƎȅ ōŀƭŀƴŎŜέΦ Lǘ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ of urban 
metabolic processes (Zhang 2013). A further development of EFA is the concept of άŜƳŜǊƎȅέ and 
άŜȄŜǊƎȅέΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘ ŜƳōƻŘƛŜŘ ŜƴŜǊƎȅ ŀƴŘ άǘƘŜ ŀƳƻǳƴǘ ƻŦ ǳǎŜŦǳƭ ǿƻǊƪ ǘƘŀǘ Ŏŀƴ ōŜ 
ǇŜǊŦƻǊƳŜŘ ōȅ ǘƘŜ ŜƴŜǊƎȅ ƛƴ ŀ ǎȅǎǘŜƳέ (Zhang 2013; Zhang et al. 2015). This concept allows 
integrating material flows with different measurement units. Emergy provides a method for 
studying the energetic flows in a socio-economic system and can also provide a comparative tool 
ǘƻ ǳƴŘŜǊǎǘŀƴŘ άǘƘŜ ǊŜƭŀǘƛǾŜ ǿƻǊƪ ƻŦ ƻǘƘŜǊ ƳŀǘŜǊƛŀƭǎ ŦƭƻǿƛƴƎ ǘƘǊƻugh a socio-ŜŎƻƴƻƳƛŎ ǎȅǎǘŜƳέ 
(Holmes and Pincetl 2012). However, MFA has long been favoured over EFA which resulted in 
overlooking major environmental and social issues (Barles 2010; Holmes and Pincetl 2012). 

Within the framework of MFA and EFA different simulation models are used for the quantitative 
analysis of the metabolic flows of an urban system, such as the ecological network analysis (ENA) 
or input-output-analysis (Zhang 2013; Zhang et al. 2015). In a case study on Beijing, Zhang et al. 
(2013) conduct a MFA by applying network theory for the years 1998-2007. The authors divide 
.ŜƛƧƛƴƎΩǎ ǳǊōŀƴ ƳŜǘŀōƻƭƛŎ ǎȅǎǘŜƳ ƛƴǘƻ seven components (agriculture, materials and energy 
transformation, mining, recycling, domestic consumption, processing and manufacturing, 
construction) and describe the flows between these components by linking them in a network 
model. Additionally, they define six input and six output paths with the environment. They 
furthermore introduce four metabolic indicators όƳŜǘŀōƻƭƛŎ ǎŎŀƭŜΣ ƛƴǘŜƴǎƛǘȅΣ ŜŦŬŎƛŜƴŎȅ ŀƴŘ ƛƳǇŀŎǘύ 
to assess the structural characteristics of the metabolic system and each of its components. 

A case study on Paris (Barles 2010) uses Local Bulk Material Balance to conduct a MFA at three 
different scales (Paris, Paris and its inner suburbs (PPC) and Paris Greater Metropolitan Region (Île-
de-France)). Material Balance uses balancing inputs (BI) and balancing outputs (BO) to balance the 
MFA. The balancing inputs and outputs can be defined by different indicators, such as Total 
Material Requirement (TMR), Total Material Input (TMI), Direct Material Input (DMI), Net Addition 
to Stock (NAS), Direct Processed Output (DPO), Local and Exported Processed Output (LEPO), Total 
Domestic Output (TDO), Direct Material Output (DMO), Total Material Output (TMO). 

By means of a case study on Lisbon Metropolitan Area, Rosado et al. (2014) developed a new 
simulation model for MFA, the urban metabolism analyst (UMAn). The model provides values for 
materials accounting, throughput over time, distribution by economic activity, and spatial 
ŘƛǎǘǊƛōǳǘƛƻƴΦ ¦a!ƴ ǘƘŜǊŜōȅ άŀǎǎƻŎƛŀǘŜǎ ƳŀǘŜǊƛŀƭ ƅƻǿǎ ǿƛǘƘ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘƛŜs and their spatial 
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ƭƻŎŀǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ǳǊōŀƴ ŀǊŜŀέ (Rosado et al. 2014) and allows to bridge seven methodological 
gaps in previous urban metabolism studies: 

¶ lack of a unified methodology 

¶ lack of material flows data at the urban level 

¶ limited categorizations of material types 

¶ limited results about material flows as they are related to economic activities; limited 
understanding of the origin and destination of flows 

¶ lack of understanding about the dynamics of added stock 

¶ lack of knowledge about the magnitude of the flow of materials that are imported and then, to 

a great extent, exported 
(Rosado et al. 2014) 

In a further study on three metropolitan areas in Sweden (Rosado et al. 2016) ς using material-
flow-analysis and the urban metabolism analyst (UMAn) simulation model ς the authors adapt the 
Economy Wide MFA principles (European Commission, eurostat 2001) by excluding water from the 
accounting. The study considers the following indicators in the MFA: Direct Material Input (DMI), 
Imports (Imp), Exports (Exp), Domestic Extraction (DE), Domestic Material Consumption (DMC), 
Net Addition to Stock (NAS), Industrial Production (IP), Domestic Processed Output (DPO), and 
Recovery (Figure 3). The study further applies a framework of eight urban metabolism 
characteristics, which are described by the above named indicators, in order to deduce urban 
metabolism profiles and describe the resilience of urban areas. The UM characteristics are: 
Material needs, accumulation of materials, urban metabolism efficiency, diversity of processes, 
support provided by an urban area, dependency on other systems, self-sufficiency and pressure on 
the environment. 
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Figure 3: Material Flow Accounting (MFA) at the urban level (Rosado et al. 2016) 

One first approach to come up with a standardized and comprehensive urban metabolism 
framework was introduced by Kennedy and Hoornweg (2012), which also includes a list of 
abbreviated parameters. Their framework builds on the Eurostat material-flow-analysis system 
(European Commission, eurostat 2001) and combines it with methods of water-, energy- and 
substance-flow-analysis. The parameters refer to ƛƴƅƻǿǎ, production, stocks and ƻǳǘƅƻǿǎ of 
biomass, minerals, water and energy. For its application on megacities, Kennedy et al. (2014) 
adapted their framework in order to focus only on parameters which are major components of 
urban metabolism, such as energy, water, material and waste flows. Their adapted set of 
parameters is organized in four layers: (1) Definition of a megacity, (2) biophysical characteristics, 
(3) aggregate urban metabolism parameters and (4) role of utilities (Kennedy et al. 2014). The 
framework of Kennedy and Hoornweg (2012) and Kennedy et al. (2014) is applied in a case study 
of Curitiba (Brazil) by Conke and Ferreira (2015) and their study also includes a social dimension, 
an extension of the urban metabolism framework that is introduced by Newman (1999). 
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3.1.1.2 Ecological footprint (EF) and Life-cycle analyses (LCA) 

A main critique of MFA and similar approaches is, that they can hardly be used to evaluate the 
sustainability of an urban system as they are not (directly) relating to the impact of material (and 
non-material) flows (Zhang 2013; Zhang et al. 2015). A concept dealing with the impact of urban 
growth and consumption is the concept of the Ecological footprint (EF). It measures the land area 
ƴŜŎŜǎǎŀǊȅ ǘƻ ǎǳǎǘŀƛƴ ŎƛǘȅΩǎ όƻǊ ŀƭǎƻ ŀ ǇŜǊǎƻƴΩǎύ ǊŜǎƻǳǊŎŜ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ǿŀǎǘŜ ŘƛǎŎƘŀǊƎŜΦ Figure 4 
illustrates the main idea, which was broadly introduced by Wackernagel and Rees (1995). 
 

 

Figure 4: Ecological footprint of an average Canadian (Wackernagel and Rees 1995) 

 
The advantages of EF are that it combines socioeconomic development demands with ecological 
capacity and that, as mentioned above, can therewith reveal ecologically unsustainable situations. 
However, problems of the concept are that it neglects the ability of land to provide multiple 
functions, and that, because of incomplete descriptions of resource provision (and waste 
discharge) by the natural system, it underestimates human impact (Zhang 2013). Via an expert 
survey, Wiedmann and Barrett (2010) found that EF 

ά(a) is seen as a strong communication tool, 
(b) has a limited role within a policy context, 
(c) is limited in scope, 
(d) should be closer aligned to the UN System of Environmental and Economic Accounting and 
όŜύ ƛǎ Ƴƻǎǘ ǳǎŜŦǳƭ ŀǎ ǇŀǊǘ ƻŦ ŀ ōŀǎƪŜǘ ƻŦ ƛƴŘƛŎŀǘƻǊǎΦέ (Wiedmann and Barrett 2010) 
 
A different approach to analyse the impacts of material flows is life-cycle assessment (LCA). 
According to Pincetl (2012) mass balance analysis (MFA) άŎŀƴ ƛƴŎƻǊǇƻǊŀǘŜ ώ[/!ϐ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ 
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ƛƴŘƛǊŜŎǘ ŀƴŘ ǎǳǇǇƭȅ ŎƘŀƛƴ ƛƳǇŀŎǘǎ ƻŦ ŎƛǘƛŜǎ ōŜȅƻƴŘ ǘƘŜƛǊ ōƻǊŘŜǊǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎ ƅƻǿ ŀƴŀƭȅǎƛǎ όaC!ύέ. 
By these means MFA and LCA allow cradle-to-ƎǊŀǾŜ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ǘƘŜ Ŧƭƻǿǎ ƛƴ ŀ ŎƛǘȅΩǎ 
metabolism. 
 

 

Figure 5: Life-cycle chain: extraction ς production ς consumption ς waste (EEA 2010) 

 
Additional information on LCA is provided by different authors ((Barles 2010), (Holmes and Pincetl 
2012)). 
 

3.1.1.3 Drives-Pressures-State-Impact-Response (DPSIR) 

In the 1990s the European Environment Agency developed (based on the PSR model of the OECD) 
a causal-indicator framework to describe interactions between society and the environment 
(Figure 6). The DPSIR model (driving forces, pressures, states, impacts, responses) applies a 
systems-ǾƛŜǿΥ άǎƻŎƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘǎ ŜȄŜǊǘ ǇǊŜǎǎǳǊŜ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ǿƘƛŎƘ 
changes its state. This leads to impacts (human/ecosystem) which may result in responses by the 
society, which feeds back the other components (EEA 2007). 
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Figure 6: DPSIR Framework used by the European Environment Agency (EEA 2007) 

 
Using the model might be most helpful when focusing on the linkages between D-P-S-I-R. 
Indicators reflecting these are (EEA 2007): 

¶ ά9Ŏƻ-efficiency indicators (between D and P). Increasing eco-efficiency means that economic 
activities can expand without an equivalent increase in pressure on the environment. 

¶ Pathways and dispersion patterns link P and S. The combination of these indicators tells a story 

ƻŦ ǘƛƳŜ ŘŜƭŀȅ ƛƴ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǘƘŜ ΨǘƛƳŜ ōƻƳōǎΩ ŎǊŜŀǘŜŘ ƛƴ ǘƘŜ ŜƴǾironment. Knowledge 
of dispersion patterns can be useful to model current and future changes in the state of the 
environment and in impacts. 

¶ Dose/response relationships link S to I. Knowledge of dose/response relationships can be used 
to predict or quantify the health impacts of pollution, or help in choosing the most appropriate 

state indicator to act as an early warning. 

¶ Economic costs of the impact and other indicators that confirm societal perception of the 

seriousness of the impacts are key for triggering societal responses. These highlight the link 
between I and R.  

¶ Policy-effectiveness indicators generally summarise the relations between the response and 
targets for expected change in driving forces or pressures and sometimes in responses, state or 
evŜƴ ƛƳǇŀŎǘǎΦ έ (EEA 2007) 

 
However, the model was critized for not considering social and socio-economic aspects very well 
(Svarstad et al. 2008). Tscherning et al. (2012) reviewed the potential of DPSIR to support decision 
making, by applying two main criteria:  (1) the development of conceptual models integrating 
knowledge from different disciplines, specialists and policy makers, as well as those affected by 
their decisions; and (2) the potential to explain the results and analysis of research to different 
disciplines, specialists, stakeholders and the public and to demonstrate alternatives and provide 
decision options. They found that DPSIR can be useful by means of showing solid evidence with 
alternatives and decision options, rather than by presenting predetermined solutions.  
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Figure 7 illustrates another example of the DPSIR approach in an urban context (Ferrão and 
Fernández 2013). The authors underscore the importance of defining all elements and specifying 
the relationships between them. However, they also state that the task of defining those has been 
an ongoing challenge since DPSIR was developed, probably not least because in many occasions 
end users were not addressed during its development, as Tscherning et al. (2012) notice. 
 

 

Figure 7: A DPSIR-framework for urban metabolism (Ferrão and Fernández 2013) 

 

3.1.1.4 Global interrelations, value chains, telecoupling etc. 

An issue not always addressed by the previous mentioned approaches dealing with urban 
metabolism are interrelations going beyond the city context (Zhang et al. 2015). In LCA and 
footprint analysis it is though the ambition to include the impact of the whole product chain until 
its final consumption. However, some further approaches might be useful to mention in this 
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context as they particularly expand on indirect relations, spillover systems, hidden effects or 
anthropogenic / global metabolism. 
 
A widely used concept within the analysis of world trade and production are global value chains 
(GVC), or supply chain analysis. GVC typically identifies all activities that firms undertake to 
produce, transform and supply a product (OECD 2012). GVC are thereby especially useful to 
uncover the global relations and dependencies of specific economic sectors, and cause-effect 
relations on a global scale. 
 

 
Figure 8: Global value chain of Nutella (OECD 2012) 
 
! ŎƻƴŎŜǇǘ ƎƻƛƴƎ ŜǾŜƴ ŦǳǊǘƘŜǊ ƛǎ άǘŜƭŜŎƻǳǇƭƛƴƎέΣ ǿƘƛŎƘ ŀƛƳǎ ŀǎ ƛƴŎǊŜŀǎƛƴƎ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
άƘƻǿ ǘƘŜ ǿƻǊƭŘ ŦǳƴŎǘƛƻƴǎ ƻǾŜǊ ŘƛǎǘŀƴŎŜǎ ŀƴŘ ƛŘŜƴǘƛŦȅ ǎƻƭǳǘƛƻƴǎ ǘƻ achieve socioeconomic and 
environmental sustainability across local to global levels, because it is uniquely integrative in 
ǎŜǾŜǊŀƭ ǿŀȅǎέ (Liu et al. 2013). Telecoupling intergrates socioeconomic and environmental 
interactions over distances (Figure 9ύΦ !ƭǎƻΣ ƛǘ ƛƴŎƭǳŘŜǎ άǎǇƛƭƭƻǾŜǊ ǎȅǎǘŜƳǎέ ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀƴŘ 
ΨƘƛŘŘŜƴΩ ƻǊ ΨƛƴŘƛǊŜŎǘΩ ŜŦŦŜŎǘǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ƭƻŎŀǘƛƻƴǎ ǘƘŀƴ ǿƘŜǊŜ ǘƘŜ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ƻŦ ǎǇŜŎƛŦƛŎ 
services and products is taking place (Figure 10). 
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Figure 9: Definitions of teleconnections, globalisation and telecoupling (Liu et al. 2013) 

 

 
Figure 10: Relations between sending, receiving in spillover system (Liu et al. 2013) 

 

3.1.1.5 Sustainability and quality of life in Urban Metabolism 

As mentioned earlier, a major shortcoming of the established methodologies in the urban 
metabolism / MFA framework is that they are not suitable to assess the level of sustainability of a 
system. This deficit is addressed by several studies that aim for an extension of the framework of 
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urban metabolism / MFA in order to gain a more comprehensive picture, including components of 
sustainability and quality of life. 

A study addressing interdisciplinary boundaries of urban metabolism (Broto et al. 2012) highlights 
that politics influence socio-ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳŜǘŀōƻƭƛǎƳǎ ŀƴŘ ǘƘŀǘ άǘƘŜ ƳŜǘŀōƻƭƛǎƳ ƻŦ ǘƘŜ Ŏƛǘȅ ƛǎ 
ƴƻǘ ƻƴƭȅ ǎƘŀǇŜŘ ōȅ ǾƛǎƛōƭŜ ƅƻǿǎΣ ōǳǘ ŀƭǎƻ ōȅ ǘƘŜ ǿŀȅǎ ƛƴ ǿƘƛŎƘ ŘƛŦŦŜǊŜƴǘ ŦƻǊƳǎ ƻŦ ŎƛǊŎǳƭŀǘƛƻƴ ŀǊŜ 
imagined and repreǎŜƴǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Ŏƛǘȅέ (Broto et al. 2012). The study argues that looking 
ŎƭƻǎŜǊ ŀǘ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ǇŀǘǘŜǊƴǎ ƛƴǘƻ ƅƻǿǎ ς of materials, 
energy, people, meanings, and power ς is necessary for addressing the challenges of urban 
sustainability; however, the study does not suggest a respective indicator set. 

An important extension of the urban metabolism model was conducted by Newman (1999) by 
ŀŘŘƛƴƎ ŀ ŦǳǊǘƘŜǊ ŘƛƳŜƴǎƛƻƴǎ ƻŦ άǎƻŎƛŀƭ ƳŜǘŀōƻƭƛǎƳέ ǘƻ ǘƘŜ ŎƭŀǎǎƛŎ ƳƻŘŜƭ ŀǇǇƭȅƛƴƎ ŀ ǎƻŎƛƻ-economic 
perspective. Newman (1999) refers to a social dimension by including the dynamics of settlements 
and liveability in these settlements in the model. The extended metabolism model applies an 
indicator set that covers metabolic flows and liveability; the indicators are classified in five groups: 
(1) energy and air quality, (2) water, materials and waste, (3) land, green spaces and biodiversity, 
(4) transportation and (5) liveability, human amenity and health. In this extended version the 
urban metabolism model does not only assess liveability but also sustainability of cities. 

Also Kennedy et al. (2011) see a need for considering social, health and economic indicators in 
urban metabolism models, but in contrast to Newman (1999) they suggest the integration of those 
indicators instead of only adding them. 

Zhang et al. (2015) provide a concept (see Figure 1) for the multiple scales and disciplines that 
should be considered in urban metabolism in order to get a fuller understanding of it: Beyond the 
scale of urban metabolism they outline regional metabolism (RM) at the regional scale, social 
metabolism (SM) at the national scale and anthroposphere metabolism (AM) at the global scale. 
Minx et al. (2011) also go the other way, looking at sub-city and district scale. 

¢Ƙƛǎ ƛǎ ŀƭǎƻ ŀƴ ŀǘǘŜƳǇǘ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ŀ άŦǳƴŘŀƳŜƴǘŀƭ ōƭƛƴŘƴŜǎǎέ (Pincetl et al. 2012) of the 
established urban metabolism methodologies in the inability to attribute flows to places, people 
ƻǊ ǳǎŜǎΤ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƳ ƛǘ ǊŜǉǳƛǊŜǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻƴ άwho-is-using-what-ƅƻǿǎ-where-to-do-
whatέΣ ƛƴ ƻǘƘŜǊ ǿƻǊŘǎ ƛǘ ƭŀŎƪǎ ŀ ǎǇŜŎƛŦƛŎ spatial reference to energy or material flows. 

Pincetl et al. (2012) suggest an expanded urban metabolism framework (see Figure 11) that 
integrates the existing methodologies and theories, such as LCA, political ecology or ecosystem 
services, instead of limiting it ǘƻ ƻƴŜ ƻŦ ǘƘŜƳ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻǾƛŘŜ άŎƻƳǇǊŜƘŜƴǎƛōƭŜ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ 
ŜƴŜǊƎȅ ŀƴŘ ƳŀǘŜǊƛŀƭ ǳǎŜ ƛƴ ŎƛǘƛŜǎέ (Pincetl et al. 2012). 
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Figure 11: Additional elements of an expanded urban metabolism framework (Pincetl et al. 2012) 

Pincetl et al. (2012) emphasize the importance of recognizing scalar relationships (geographic 
specificities) of urban metabolism, as included in their expanded framework. 
A comprehensive extension of the urban metabolism concept (see Figure 12) is suggested by Minx 
et al. (2011) including aspects of environmental quality, urban drivers and urban patterns, and 
urban quality and co-benefits. 
 

 

Figure 12: Extended concept for urban metabolism (Minx et al. 2011) 
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In their study they present two approaches for an extended concept of urban metabolism. The 
first one ς ά! ǎƛƳǇƭŜ ƛƴŘƛŎŀǘƻǊ ǎȅǎǘŜƳ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ǳǊōŀƴ ƳŜǘŀōƻƭƛǎƳ ƛƴ 9ǳǊƻǇŜέ ς provides a 
comprehensive indicator set for each of the four proposed dimensions ς urban flows, urban 
quality, urban patterns and urban drivers ς, which are summarized in a headline indicator set (see 
Figure 13). 
 

 

Figure 13: Headline indicator set for the four proposed dimensions (urban flows, urban quality, 
urban patterns, urban drivers) 

With the second approach ς ά{Ƴŀƭƭ ŀǊŜŀ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘǎ ŀƴŘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴέ 
ς the study addresses two main restrictions of the first approach: those are data restrictions 
related to calculations of consumption-based indicators and the fact that the first approach is only 
applicable on the administrative city level. 
 
The second approach is tested and applied for the UK in the study. The authors use more 
comprehensive data, comprehensive consumption based estimates of CO2 emissions in the UK, 
which cover the whole country and allow a downscaling methodology towards smaller spatial 
scales. The calculation of carbon footprints at smaller spatial scales requires local consumer 
expenditure data. As this data is usually not available in sufficient sample sizes the authors suggest 
using geodemographic data, lifestyle classification by clustering, to downscale the data. The model 
includes scaling and updating procedures to secure consistency through the different scales. The 
study further includes a validation of the downscaling method by comparing the results when 
instead using detailed domestic electricity and gas consumption data; which shows reasonable 
evidence for following up on the downscaling method. Summarizing, the second approach extends 
the indicator set proposed in the first approach in the following three aspects (Minx et al. 2011): 


























































































































































































































