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Executive summary
Resource efficiency beyond GDP
The European Commission considers resource efficiency to “allow the economy to create
more with less, delivering greater value with less input (…)” (European Commission,
2011a), yet it does not provide a definition for ‘value’. In this report we consider the
notion of value to go beyond the monetary dimension, and explore what we refer to as
‘Beyond GDP resource efficiency’. This concept addresses the link between natural
resources use and well-being.
Resource productivity, measured as gross domestic product (GDP) divided by domestic
material consumption (DMC), is currently the lead indicator for resource efficiency. In a
previous report (Freyling et al., 2014), we assessed the suitability of GDP in this context
and argued that there is not enough causality between the use of natural capital and the
generation of value added, particularly in sectors that mainly rely on other types capital
(e.g. banking, insurance, etc.). Likewise, the use of GDP as proxy indicator for well-being
has largely been criticised in the Beyond GDP literature (Schepelmann et al., 2010). For
these reasons, we consider resource productivity not to reflect properly the extent to
which natural resources are used to increase people’s well-being.
In order to address this issue, we have developed a conceptual framework that depicts
the various mechanisms through which the different types of capital (natural, social,
human, financial, manufactured) contribute to people’s quality of life. The framework
integrates elements from Max-Neef’s work on human needs (Max-Neef et al., 1986,
1991; Max-Neef, 1992), Ekin’s (1992) four capitals model and Sen’s capability approach
(Sen, 1981, 1985, 1999). The part related to natural resources is formulated based on
the DPSIR framework of the EEA (1999) as shown in Figure 7. The following bullet points
summarise the most important features of the framework:
• Well-being (also referred to as quality of life in this report) is a broad concept that
represents the extent to which human needs are met, or individuals or groups
perceive satisfaction or dissatisfaction in various life domains. It depends on what
resources enable people to do and to be. Thus, well-being comprises both
normative objective elements and subjective perceptions.
• Well-being can be measured as functionings, which indicates the level of actual
achievements, or as capabilities, which refers to enabling conditions or factors.
• Human needs are finite, few, classifiable, and non-hierarchal. Max-Neef
identified nine of them: Subsistence, protection, affection, understanding,
participation, leisure, creation, identity and freedom.
• Satisfiers, on the other hand, are infinite and changeable. They represent the
forms of being, having, doing and interacting that people use in a specific time
and place to meet their needs. Satisfiers do not necessarily have a positive
contribution to human need satisfaction.
• Consumption of goods and services delivered by the economy, which requires
inputs of different types of capital, is only one of many mechanisms that
contribute to well-being.
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Building on this framework, the main objective of the report is to explore whether using
alternative reference indicators to measure resource efficiency (i.e. replacing GDP) better
reflects how the use of natural resources contributes to human need satisfaction. In
doing so, the focus has been set on how natural resources are transformed into market
goods and services that are ultimately consumed to satisfy human needs.

Towards the selection of alternative reference indicators
Establishing the link between consumption expenditure and human need satisfaction is
not straightforward.
In order to account for consumption activities (and their environmental implications) we
have used the EXIOBASE multi-regional input-output model, which provides a detailed
representation of the world economy and the pressures arising from production and
consumption processes. In linking consumption to human need satisfaction, one should
keep in mind the limitations of the approach. For instance, input-output models represent
monetary flows in a single year, while manufactured capital stocks (e.g. machinery and
infrastructure) and past investments are key determinants of key factors such as health
and other social benefits. On top of that, single products can fulfil several needs at the
same time, which in most of the cases makes it difficult to derive sector-specific novel
output and outcome indicators.
In order to overcome some of these issues, the consumption data from EXIOBASE can be
combined with detailed consumer expenditure survey data to allocate shares of products
to the human needs they intend to fulfil. Ideally, consumer expenditure surveys should
reflect the intention behind purchase to validate the allocation process. When choosing
alternative reference indicators, we should look for both functional output and
outcome-oriented indicators, where micro and meso-level information is available in
reference to the different basic needs, as well as subjective indicators, where
households are not only being assessed for subjective well-being in general, but also in
relation to their satisfaction in different needs specifically.
With such a dataset it would be possible to calculate the footprint of the households for
every need category according to their expenditure and also calculate the footprint of the
government in those same categories. In that sense we could assess (1) resource
efficiency in terms of objective novel output and outcome indicators and also (2)
resource efficiency in terms of subjective well-being.
Cross comparison of such indicators would reveal the (1) efficiency of different regions to
provide outcomes from resources, (2) the efficiency of different households to achieve
high levels of well-being through resource use, and (3) the different narratives that
emerge when comparing indicators based on outcome-oriented and subjective well-being
indicators.

Introduction to the case studies
The framework above has been operationalized by means of three case studies that differ
in their scope and detail level. In the first case study, we have tried to give an overview
of how environmentally intensive the nine needs described by Max-Neef are. To do so,
we have linked the products in EXIOBASE (satisfiers) to human needs. Given the
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synergetic nature of satisfiers, we have used two methods (one based on Monte Carlo
simulation and the other one based on empirical observations) to estimate the extent to
which a single satisfier can contribute to fulfil different needs at the same time. The first
case study has also served as a screening exercise to define the other two case studies.
The results suggest that the needs of subsistence and protection are among the most
environmentally relevant needs. For this reason, the remaining two case studies are
devoted to explore their most important satisfiers in more detail. In the case of
subsistence we have focused on food, while in the case of protection we have looked at
housing. Both consumption clusters are identified as key intervention areas in the
Roadmap for a Resource Efficient Europe (European Commission, 2011a).

Case study 1: Operationalization of human needs from an environmental
perspective
Background
According to the Easterlin Paradox, there is a threshold after which economic growth and
well-being are not correlated (Easterlin, 1974; Easterlin et al., 2010). This decoupling
pattern has not yet been found for GDP and many environmental pressure categories. In
this case study we explore the linkage between consumption of goods and services (and
the associated environmental burden) and the needs that these intend to satisfy.
Methodology
In this case study we have used EXIOBASE v2.2 to calculate the environmental footprints
of 200 products and services consumed by households in 43 countries and five ‘rest of
the world’ regions in the year 2007. To bridge the gap between market products and
services on the one hand, and human needs on the other, household expenditure has
been allocated to the needs each product intends to fulfil.
To do so, we have first generated a correspondence matrix in which we have connected
products to needs. We have tested two different methods to allocate the shares of each
product to the corresponding needs. The first method uses a Monte Carlo simulation to
randomly distribute the shares. Due to the time required to carry out the simulation, this
has only been done for carbon footprint. The second method uses US Consumer
Expenditure Survey data for different income groups to undertake the allocation. Thus,
we have assumed that the expenditure from the lowest income group in a certain product
category attempts to satisfy the most basic need in each case and that expenditure
above that threshold in other income groups is meant to satisfy other needs. Due to the
lack on the distribution of household expenditure for other countries, we have assumed
all the countries to have the same structure as the US in terms of expenditure quintiles.
Despite the assumptions, this method is considered more robust to approximate the role
of market satisfiers in satisfying human needs. Thus, the results arising from this method
have been used to measure the resource efficiency of human need satisfaction, while the
Monte Carlo simulation has been taken as reference to check the extent to which the
assumptions made affect the allocation process.
Regarding the novel indicators selected to measure resource efficiency, we have
implemented a multi-perspective framework based on objective functional indicators,
subjective perceptions and subjective expectations for each need. All indicators related to
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well-being have been normalized to fit a scale from 0 to 1 (when needed) in order to
have a comparable index across needs. The full list is given in Annex 1.
Results and discussion
The results obtained from the second allocation method show that subsistence accounts
for 30-40% of all footprints for the 43 largest economies. The rest of fundamental human
needs do not present such a uniform pattern amongst footprints. Identity takes large
part of the land and water footprint whilst subsistence, protection, creation and freedom
are the major drivers of the carbon footprint, followed by leisure and identity.
Understanding and participation are responsible for a marginal portion of the resource
use and emissions amongst nations. None of the market goods in our input-output table
seemed to be a satisfier for affection, thus the latter is not reflected in the analysis.
Figure – Global pressures of human needs satisfaction based on detailed consumer expenditure
survey data

Compared to the Monte Carlo simulation, we see relatively similar results when it comes
to hierarchy of the most environmental intensive human needs. The difference lays in
their relative importance.
The results from this exercise show that the different perspectives to assess the
satisfaction of subsistence and freedom tend to converge at increased resource use,
while those of leisure, understanding, creation and participation only do it moderately.
The saturation behaviour of subsistence and freedom is obviously dependent on the
indicators used in each case. Hence, future work should also test different satisfaction
metrics to check how sensitive our results are to the choice of indicator.
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Figure – Relation between resource use and need satisfaction at different perspectives

Note: Subjective importance of need (triangles); Subjective satisfaction of need (circles), functional
output or outcome indicator (square)

When comparing the resource efficiency values obtained with novel reference indicators
to those that use GDP, we see that understanding and participation improve considerably
at the expense of low greenhouse gas emissions. In contrast, subsistence and protection
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lead to much higher emissions without delivering significant gains in the satisfaction of
these needs. Nevertheless, GDP has the steepest curve of all indicators. Thus,
considering economic wealth as a proxy of prosperity seems to draw an overoptimistic
conclusion about the utility of exploiting natural resources when compared to the gains in
the satisfaction of other needs.
Figure – Unweighted average of indicators for need satisfaction (y-axis) in relation to GHG
emissions

While interpreting the results, one must keep in mind that the footprint calculation is
based on expenditure data, which is related to income and wealth. With this in mind, one
can expect that the improvement of need satisfaction in some cases might not be related
to environmental pressures, but rather to other socio economic characteristics that drive
this.

Case study 2: Human needs and food in a resource efficiency context
Background
Although food is also linked to other needs such as creation and leisure (e.g. cooking),
identity (e.g. food with religious symbolism, eating at expensive restaurants), etc., in this
case study it has only been considered in the context of subsistence.
In order to link food to the conceptual framework described above, we have reviewed the
literature on food and nutrition systems, as well as on food security. We have concluded
that the former is the most appropriate one to assess the resource efficiency of food as
satisfier of subsistence. The food and nutrition system comprises three subsystems:
• Producer subsystem: Covers the production, processing and distribution of
agricultural and food products. The main function of this subsystem is to supply
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enough food to feed a country’s population. Food waste in the production system
affects the resource efficiency of the subsystem.
Consumer subsystem: Households are the main agents. It covers the acquisition,
preparation and consumption of food products. The main objective of the
subsystem is that individuals consume adequate and varied amounts of food to
support health and well-being. Hence, factors such as food waste at consumer
level, under/overconsumption, dietary quality and diversity play an important role
in assessing whether natural resources are used efficiently.
Nutrition subsystem: Digestion of food, and transport and utilization of nutrients
occur within this subsystem. Insufficient nutritional achievements point out at
inefficient use of resources, yet nutritional health depends on many other factors
such as a healthy physical environment (including safe drinking water), nutritional
knowledge, sanitation and hygiene, decreased burden of infectious disease, etc.
Thus, the relation to resource use is not straightforward.

After carefully considering the existing metrics to characterize each of these subsystems
and issues such as data availability, we have selected the following indicators to measure
the resource efficiency of the food system.
Table – Selected reference indicators for each subsystem

Subsystem

Indicator

Unit

Type

Producer

Per capita food available for human consumption

kcal

Output

Per capita food intake

kcal

Intermediate output

Per capita net healthy food intake

kcal

Intermediate output

Quality corrected per capita net healthy food
1
intake

kcal

Output

Quality corrected per capita net healthy food intake

kcal

Proxy for outcome

Consumer

Nutrition

Methodology
The methodology consists of three steps: 1) calculating the material footprint of food
consumption, 2) gathering the necessary data and calculating the novel reference
indicators, and 3) comparing the resource efficiency of countries using both usual
monetary and novel indicators as reference.
The material footprint of countries’ food consumption has been estimated by slightly
modifying the standard formulation in environmentally extended input-output analysis. In
doing so, we have not only considered the final demand of food products, but also the
direct consumption of food products embodied in the final consumption of other products
and services (e.g. food consumed in hospitals, schools, universities, cinemas, prisons,
etc.).
As for the novel reference indicators, food available for human consumption has been
calculated after slightly modifying FAO’s Food Balance Sheets. For food intake, we have
retrieved food waste factors from different sources and estimated the amount of waste
that is generated from the moment food is made available for the overall population until
1
This indicator requires information on country-level dietary quality. Only one source has been
found that contained an exhaustive assessment of the quality of food consumption patterns for
European countries, yet it has not been possible to access this dataset, so no results are provided
for this indicator.
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it is actually ingested. In the case of net healthy food intake, we have compared per
capita food intake figures with average dietary energy requirement data provided by
FAO. A value above the latter indicates overconsumption, which is not considered to have
a positive contribution to nutritional well-being. Subtracting the calorific content of food
ingested in excess from the average dietary energy requirement yields the net healthy
food intake. Last, quality corrected net healthy food intake would be estimated by
considering quality aspects of the average diet, but it has not been possible to access the
necessary data. It should be noted that while the first two indicators can be produced
both for individual products and diets, the other two can only be calculated for diets as a
whole.
Once the alternative indicators have been calculated, we have compared the material
footprint of food consumption (as a whole) with the alternative indicators as well as with
expenditure in food. The comparison covers all EU28 Member States in the years 2000,
2005 and 2010. When appropriate, this comparison has also been done at product level.
Main results and discussion
A comparison of the resource efficiency of individual product groups in EXIOBASE shows
important differences depending on the reference indicator used. When using monetary
expenditure, cattle meat, grains products and rice are the most material intensive
product categories. In this case, the environmental intensity of some products is hidden
by their relative high prices. When considering their caloric content, the price differences
between product categories are eliminated thereby leading to more representative values
and more pronounced differences between product categories. Thus, using available food
or consumed food (represented in kcal), all meat products (including poultry meat and
non-specified meat products) arise as the most environmental intensive product groups,
while vegetable oils, grain products and rice seem to have a considerably higher material
productivity as shown below.
Figure – Rank-based colour scale of the resource productivity values of the most relevant food
products using different indicators as reference

Comparing countries’ performance at diet level, we have also found substantial
differences depending on the reference indicator used. As in the case of individual
product groups, the removal of the price differences between domestic product groups
provides a better measure of how food contributes to well-being, and by extension of its
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material intensity. Our results suggest that the food consumption patterns of several
Eastern countries are more resource efficient than some Western countries if we consider
alternative output indicators such as the energetic content of available and consumed
food. This is more accentuated when overconsumption is considered.
Figure – Rank-based colour scale of the resource productivity values of countries using different
indicators as reference

The selection of the most appropriate indicator is not an easy task, since there are tradeoffs in terms of RACER criteria (Relevance, Acceptability, Credibility, Easiness,
Robustness) between the different metrics. Nevertheless, it can be concluded that
monetary indicators do not appropriately reflect the contribution of food to nutritional
well-being.
The limitations have to be considered while interpreting the results. With regard to the
methodology, the use of per capita figures obscures different food consumption
distribution patterns among the population, which results in an overestimation of several
indicators at country level. In addition, consistency between the different data sources
(e.g. classifications used), and the robustness of waste factors, primary data sources and
the draft version of EXIOBASE used (v3.1) should also be highlighted.

Case study 3: Human needs and housing in a resource efficiency context
Background
Housing is one the most important satisfiers of the need of protection, yet there is no
consensus around how ‘adequate’ housing should be defined. In Europe, overcrowding is
the problem related to housing that affects more people. This is closely followed by
structural problems. Per country, important differences appear between Eastern and
some Southern countries, compared to the rest.
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From a human needs perspective, the use stage of housing is the most important phase,
for a dwelling does not act as a satisfier until it has been fully completed. Following a
literature review on the environmental pressures associated with the different life-cycle
stages of housing, the construction and maintenance phase has also been considered in
the case study due to its high material intensity.
Methodology
For the construction and maintenance phase we have related the associated material
footprint to classic monetary and alternative reference indicators. Footprint calculations
have been performed using EXIOBASE v3.1. This required certain assumptions to split
the activities undertaken within the construction sector between those related to
dwellings and those that are not. For the use phase we have related total energy use per
purpose – climate-corrected when appropriate – to classic and alternative reference
indicators. The necessary data has been obtained from the Odyssee-Mure project (2015)
database.
In selecting alternative reference indicators for the construction and use phases, two
types of metrics have been considered: Functional output indicators, and deprivation
indicators. The latter, which is largely based on data from EU SILC, represents the
amount of people who do not fail to satisfy certain ‘adequate housing’ criteria.
Table – Selected reference indicators for each life-cycle stage

Phase
Construction
and
maintenance

Use

Indicator

Unit

Type

Dwellings added to the housing stock

no

Functional output

Average dwelling floor space added to the housing
stock

m2

Functional output

People without overcrowding problems

no

Deprivation

People without structural problems

no

Deprivation

Dwelling

no

Functional output

2

Functional output

Dwelling floor space

m

People without problems to keep their homes warm

no

Deprivation

Results and discussion
The analysis of resource efficiency developments in the construction phase of dwellings
indicates a generally increasing material intensity of residential construction in Europe.
Material inputs to construction work show a clear upward trend in the 2000-2013 period,
whereas the actual functional output of dwelling construction declined relatively strong.
This implies that the ‘functional approach’ to measuring resource efficiency in housing
show a steadily increasing trend, both in tonnes of material required per dwelling added
to the housing stock and tonnes of material per m2 (in which the trend to larger homes is
incorporated).
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Figure – Comparison of Resource Efficiency outcome – ‘classic’ versus ‘functional’ for the
construction phase

An increasing trend of material intensity also appears from a ‘classic’ monetary approach
in which the material inputs to construction are put in relation to gross value added of
the construction work sector and to gross fixed capital formation in dwellings. Although
the pace at which the material intensity of dwelling construction is increasing differs
somewhat between the ‘functional’ and ‘classic’ approaches, we have no reason to
believe that they lead to different conclusions. We do think, however, that a functional
approach by relating material inputs to the number of dwellings or m2 dwelling floor
space actually added to the housing stock (or renovated/maintained), is more accurate in
some respect. A functional approach is better equipped to capture the trend of increasing
dwelling sizes in the EU.
For the use-phase of dwellings we could not identify a clear need for novel or alternative
reference indicators. Targeted monitoring of household’s resource use by end-use is
highly effective to assess developments in resource efficiency. Existing monitoring
instruments seem to be spot on.
As for the ‘housing deprivation approach’ to measuring resource efficiency, the main
conclusion is that the EU SILC indicators on housing deprivation are, on its own, effective
and easily interpretable indicators. A combination with environmental metrics in a ratio
appeared to be somewhat misleading, while decreasing its clarity.

Conclusions
Are alternative reference indicators needed in the context of resource
efficiency?
The results of two out of the three case studies indicate that classic monetary measures
can be misleading and should therefore be replaced by alternative reference indicators
when measuring resource efficiency. In the housing case study, on the other hand, the
trends described by monetary indicators and functional output indicators for the
construction and maintenance phase are, in general terms, similar. However, when
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comparing their characteristics in terms of RACER criteria, alternative indicators are
considered to be more relevant and acceptable, although they score lower in credibility
due to the assumptions needed in the calculation process. For the use phase of housing,
existing tools mechanism seem to be appropriate to monitor resource efficiency.
Can the alternative indicators proposed in this report be coupled to EXIOBASE?
None of the three case studies has managed to completely couple all the proposed
alternative reference indicators to the EXIOBASE classification. In specific cases in the
food and housing case studies, a one-to-one correspondence between EXIOBASE product
groups and the indicators was possible. Nonetheless, besides these exceptions, the
indicators proposed should be seen as a separate set of metrics that can only be softlinked to the input-output model.
Are the alternative indicators proposed in this report ready for policy uptake?
Due to the exploratory nature of this exercise we have chosen to oversimplify the scope
of human needs in the case study that addresses all needs at the same time, while in the
remaining two case studies we have selected indicators that allow us to establish strong
links between consumption activities and human needs at the expense (sometimes) of
data quality and having to make important assumptions. For this reason, this exercise
should rather be seen as a first step to expand the research on the environmental
implications of human need satisfaction instead of a definitive answer to the Beyond GDP
debate in the context of resource efficiency.
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1 Introduction
Resource efficiency is a broad concept for development within the boundaries of the
planet. It is closely related to perspectives of economic and human advancement, but
puts this in relation to the consumption of natural resources. The concept requires a set
of indicators, thresholds and targets that could provide a better orientation and
guidelines towards concrete actions in obtaining policy goals, in other words: an
understanding where we stand and where we are heading to. Following this idea, the
DESIRE WP8 focuses on an analytical Driver-Pressure-State-Impact-Response (DPSIR)
framework described in the previous report D4.2 for resource efficiency indicators.
Specifically, it explores alternatives to present novel reference indicators for resource
efficiency beyond GDP and value added with a focus on the European Union and its
Member States.
The DESIRE project partners believe that for measuring resource efficiency a systematic
approach must be taken. Currently the headline indicator for resource efficiency adopted
by the Commission in the Roadmap to a Resource Efficient Europe (European
Commission, 2011a) is equivalent to ‘resource productivity’, which is measured as the
relation of Gross Domestic Product (GDP) to Domestic Material Consumption (DMC). This
WP aims at testing the option of replacing GDP and value added with alternative output
or outcome-oriented indicators that better reflect human needs on macro- and mesolevels or resource use. Further, this WP takes a step forward in linking the perspectives
of efficiency and sufficiency of resource use. In this context, the key question would be
‘how many resources are required to meet (basic) human needs?’ instead of ‘how many
resources are required to achieve a certain level of economic welfare?'. By looking at the
indicators that would represent satisfaction of human needs we refer back to the original
sustainability discourse of the Brundtland Commission, which defines sustainable
development as a "development which meets the needs of current generations without
compromising the ability of future generations to meet their own needs" (World
Commission on Environment and Development, 1987).
The design of WP8 pursues five primary objectives:
1. to perform a review of existing frameworks and data availability for outcome
indicators.
2. to develop a framework for outcome-oriented indicators at sector level.
3. to present a review of data availability for outcome-oriented indicators and
calculations based on available data.
4. to perform a comparison of results using GDP and novel reference indicators.
5. to report on options to improve resource efficiency measurements.
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2 Resource efficiency beyond GDP
The use of natural resources and resource efficiency are at the core of the European
political agenda, both at EU and Member State levels. Besides environmental concerns
over the pressures exerted by the extraction and use of natural resources, economic and
social aspects are gaining wider recognition in relation to the opportunities that resource
efficiency offers (or threats addressed), e.g. generation of green jobs, reducing the
foreign dependency of raw materials, reducing costs of material expenditure in
businesses, etc.
The Roadmap for a resource efficient Europe (European Commission, 2011a) is the key
policy document that provides the overall guidelines for policy interventions related to
resource efficiency, as well as the framework for measuring progress.
Resource productivity, measured as gross domestic product (GDP) divided by domestic
material consumption (DMC), was chosen as the provisional lead indicator for resource
efficiency. Last year, the European Resource Efficiency Platform (2014) urged “Member
States and the Commission to start regular calculation of RMC for all Member States by
the end of 2014 on the basis of agreed principles”. In contrast, very limited attention has
been paid to the possibility of correcting, replacing or complementing GDP in this arena.
In D8.1, Freyling and colleagues (2014) showed the inconsistencies of the current
resource productivity indicators in terms of treatment of imports and exports by each of
its constituting elements and more importantly, due to the insufficient causality between
the use of natural resources and the generation of value added in a country, specially in
service-oriented economies. For example, countries with large banking systems tend to
appear more resource productive than less service-oriented countries. The established
indicator will show positive results even if manufacturing industries operate inefficiently.
This does not mean that GDP is a bad indicator, but as an output it is not always
sufficiently connected to the input of natural resources in an economy.
As an alternative, Freyling et al. (2014) presented a preliminary framework in which
human needs and quality of life are at the core (this conceptual framework is further
elaborated in the next section). In the framework different types of capital contribute
directly or indirectly (e.g. through their transformation in the economic system) to the
satisfaction of human needs and overall well-being. Thus, when trying to capture all
factors contributing to human needs and well-being, the productivity indicator to be used
should not only put natural resources against well-being, but all forms of capital. Besides
the daunting challenge of producing an ideal capital productivity indicator, this would not
tell enough about how efficiently natural resources are used, which is the main focus of
resource efficiency policies.
In the case of natural capital, natural resources (as one of its constituting elements)
provide an input to the production system that transforms them into goods and services
that ultimately are consumed by final consumption units. Additionally, natural capital also
contributes to well-being via ecosystem services such as regulating and supportive
functions. This report focuses on the specific role played by natural resources in
satisfying human needs. A distinction between material resources (as measured by
material flow indicators) and the amenities and additional services they provide should
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be made. Thus, a key task is to build a bridge between the use of natural resources and
the satisfaction of human needs.
This is done by determining how the output of economic activities that use natural
resources satisfy human needs. This would ultimately lead to meso-level indicators that
measure how efficiently natural resources are used to improve quality of life, rather than
to generate economic value added. To do so, we follow the logic behind the System of
National Accounts (SNA) and the System of Environmental-Economic Accounting (SEEA),
the two worldwide-recognised standards for economic and environmental accounting.

2.1 A conceptual framework for Beyond GDP resource efficiency
Resource efficiency is currently measured as the relation between an input in form of
natural resources and an output expressed as a monetary production volume. As
explained in D8.1 (Freyling et al., 2014), there is a need to move away from GDP when
measuring resource efficiency, not only because GDP is not a good indicator for societal
progress, but also because, intuitively, the higher the share of the tertiary sector in an
economy is, the lesser the correlation of GDP to the use of natural resources (with the
exception of construction and transport services, which are quite resource-intensive). As
a result, the current headline indicator for resource efficiency could be misleading for is
not delivering the information it intends to.
Tenths of alternatives to GDP have arisen in the last decades attempting to fill the void
for appropriate measures (and measurement frameworks) for societal progress
(Schepelmann et al., 2010). The majority of them try to operationalize a broader concept
than economic activity, be it economic welfare, social welfare, human needs, well-being
or sustainable development.
As a result of these efforts, several theoretical frameworks exist that depict the
interrelationship between human needs, quality of life and the economic system. The
detail with which each of these dimensions is described in each framework varies
considerably depending on their relevance in the research questions formulated. So far,
this exercise has not been carried out in the context of resource efficiency. This requires
a conceptual framework of the relationships between each of these areas, since, when
brought together, the resource efficiency and beyond GDP debates address directly or
indirectly all these elements at the same time.
In a previous deliverable of the DESIRE project, Eisenmenger and colleagues (2014)
formulated a framework that attempts to represent the interaction between the
environment and the economy in a more detailed way, while paying less attention to the
process of satisfaction of human needs and improvement of well-being. In principle, both
frameworks are considered to be compatible. The framework presented in this section is
the result of bridging some of elements of existing theoretical frameworks. In order to
link the use of natural resources to well-being, the framework integrates elements from
the four capital model developed by Paul Ekins (1992), the human needs framework
developed by Manfred Max Neef (Max-Neef et al., 1986, 1991; Max-Neef, 1992) and the
capability approach developed by Nobel-prize winner Amartya Sen (Sen, 1981, 1985,
1999). The part related to natural resources is formulated based on the DPSIR
framework of the EEA (1999).
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2.1.1 Pillars of the conceptual model for Beyond GDP resource
efficiency
The four-capital model of wealth creation
In the early 1990s, Paul Ekins (1992) formulated a model of wealth creation for industrial
service economies as a response to the limitations of classic wealth generation models.
According to his postulates, four types of capital (environmental, human, social and
manufactured) are either directly consumed or transformed into goods and services in
the economy with the ultimate goal of contributing to the production of a generic concept
of utility or welfare (see Figure 1). This process generates environmental pressures and
has multiple feedback effects that affect different parts of the system.
In comparison with previous models, Ekins also extended the concept of land to
environmental capital, which besides land input, covers natural resources as well as the
amenities and ecosystem services provided by the natural environment. Likewise, he
broadened the limited scope of the other two types of inputs, namely labour and
physically produced capital, which resulted in a more comprehensive coverage of the
inputs required for the economic activity. Additionally, Ekins also acknowledged that
welfare is not only generated through consumption, but also by other modes of
interaction with our social and natural environment, all of which are depicted below.
Figure 1: The four-capital model of wealth creation

Source: (Ekins, 1992)

Human scale development and human needs
Manfred Max-Neef formulated the human scale theory in the late 1980s. His first and
most important postulate states that development concerns people and not objects. He
adds that the best development process will be the one that allows raising the quality of
life of the population, which will depend on the possibilities they have for satisfying their
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basic human needs (Max-Neef et al., 1986).
It is not unusual to equal needs and wants in classic economic theory. For this reason,
the perception of needs as being infinite exists among some economist, which reinforces
the pursuit of endless growth as a requirement to satisfy these needs. Nonetheless, MaxNeef considers that needs are finite, few, classifiable, and non-hierarchal (Max-Neef,
1992). Thus, needs are not dependent on time or cultural factors, they remain invariable.
Despite the lack of a hierarchy, there is a threshold below which the urgency for
achieving a minimum level of satisfaction prevails among all the things. The most
obvious case would refer to subsistence (Boltvinik, 2005).
Max-Neef grouped human needs in two categories: existential (fulfilling a variety of
inherent states of activities) and axiological (value-based), which intercept and form the
matrix shown in Table 1. While the existential category refers to activities such as being,
having, doing and interacting, the axiological category covers needs such as subsistence,
protection, affection, understanding, participation, idleness, creation, identity and
freedom 2.

2

A more detailed explanation on human needs and their characteristics is given in the original
source.
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Table 1: Fundamental Human Needs

Need

Being (qualities)

Having (things)

Doing
(actions)

Interacting
(settings)

Subsistence

physical and
mental health

food, shelter, work

feed, clothe,
rest, work

living environment,
social setting

Protection

care, adaptability,
autonomy

social security,
health systems,
work

co-operate,
plan, take care
of, help

social environment,
dwelling

Affection

respect, sense of
humour,
generosity,
sensuality

friendships, family,
relationships with
nature

share, take care
of, make love,
express
emotions

privacy, intimate
spaces of
togetherness

Understanding

critical capacity,
curiosity, intuition

literature, teachers,
policies,
educational

analyse, study,
meditate,
investigate,

schools, families,
universities,
communities,

Participation

receptiveness,
dedication, sense
of humour

responsibilities,
duties, work, rights

cooperate,
dissent, express
opinions

associations,
parties, churches,
neighbourhoods

Leisure

imagination,
tranquillity,
spontaneity

games, parties,
peace of mind

day-dream,
remember,
relax, have fun

landscapes,
intimate spaces,
places to be alone

Creation

imagination,
boldness,
inventiveness,
curiosity

abilities, skills,
work, techniques

invent, build,
design, work,
compose,
interpret

spaces for
expression,
workshops,
audiences

Identity

sense of
belonging, selfesteem,
consistency

language, religions,
work, customs,
values, norms

get to know
oneself, grow,
commit oneself

places one belongs
to, everyday
settings

equal rights,

Freedom

autonomy,
passion, selfesteem, openmindedness

dissent, choose,
run develop
awareness

anywhere

means of
communication

Source: (Max-Neef et al., 1991)

In contrast to needs, their satisfiers are infinite and changeable. These can be seen as
the forms of being, having, doing and interacting that represent everything that helps us
in a specific time and place to meet our needs and determine the “prevailing mode hat a
culture or society ascribes to needs” (Max-Neef et al., 1991, p. 24). Thus, needs remain
always constant and inalterable, while the ways individuals choose to satisfy them varies
across cultures and time.
Satisfiers go beyond the goods and services provided by the economy. They can take
many forms, including that of economic goods, which are commonly related to the
category having described in the table above. Likewise, satisfiers can also represent
political structures, social practices, subjective conditions, values and norms, types of
behaviour and attitudes, etc. (Max-Neef, 1992).
Although intuitively the term satisfier has a positive connotation, it should be understood
in a broader context in which it can have positive, negative or both effects on the
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actualisation of human needs 3. According to their nature, Max Neef grouped them in the
following categories: destroyers, pseudo-satisfiers, inhibiting satisfiers, singular satisfiers
and synergetic satisfiers (Table 2).
Table 2: Satisfiers and their characteristics

Satisfier

Description

Examples

Violators or
destructors

Usually applied to satisfy protection, not
only annihilate they work against, but
they also contribute negatively to the
fulfilment of other needs.

Arms race (protection), exile
(protection), authoritarism (protection)

Pseudo
satisfiers

They create a false sense of satisfying a
need. In the mid-term they might also
contribute to impeding the fulfilment of
the need they were meant to satisfy.

Stereotypes (understanding), fashion
(identity), prostitution (affection),
charity (subsistence)

Inhibiting
satisfiers

They contribute to the (over)satisfaction
of a need, while hindering the
satisfaction of others.

Singular
satisfiers

They contribute to the satisfaction of a
given need without having an impact on
others.

Programmes to provide food or dwelling
(subsistence), insurance systems
(protection), nationality (identity)

They contribute to the satisfaction of
several needs at the same time.

Breast feeding (subsistence, protection,
affection, identity), popular education
(understanding, protection,
participation, creation, identity,
freedom), cultural television (leisure,
understanding)

Synergetic
satisfiers

Over protective family (+ protection, affection, understanding, participation,
freedom, identity, etc.)
Commercial televisions (+ leisure, understanding, creation, identity)

Source: Based on (Max-Neef, 1992)

The concept of pseudosatisfiers provides a good basis for differentiating between needs
and wants (or preferences). While needs have been claimed to be finite and satiable,
wants can be infinite (Jackson et al., 2004; O’Neill, 2011). Leaving aside the satisfiers
that are imposed on the overall population and on which individual choices have a
marginal impact, the existence of satisfiers that work against the fulfilment of needs does
not support the idea of an homo economicus that always increases its well-being with
consumption, for wants and needs do not always go hand in hand (Figure 2).

3

For analytical purposes, Max-Neef et al. (1991) grouped them according to their main
characteristics: destroyers, pseudo-satisfiers, inhibiting satisfiers, singular satisfiers and synergic
satisfiers.
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Figure 2: General relations between needs and wants

Source: (Boulanger, 2007)

The overlap shown in Figure 2 should be regarded as the result of a complex dynamic
interaction between wants and needs within a society. This interaction is driven by two
opposite transformation processes: one that converts wants into needs (i.e. unneeded
wants into wanted needs) and a parallel one that transforms wanted needs into unneeded wants or even in un-wanted needs (Boulanger, 2007). The magnitude of each of
these opposite trends will determine the size of each circles and the area in which they
overlap.
Quality of life
In this report, we use the definition of quality of life given by Costanza et al. (2007) as
we consider it broad enough to integrate consistently elements of the various schools of
thought we deem important in the context of the project. They refer to quality of life (or
well-being) as a concept that represents “either how well human needs are met or the
extent to which individuals or groups perceive satisfaction or dissatisfaction in various life
domains”. Hence, it could be said that well-being “depends on what resources enable
people to do and to be” (Stiglitz et al., 2009, p. 143). Nonetheless, it should be noted
that the ability to transform these resources into well-being varies across people.
There is an overall agreement that quality of life represents a vector that covers different
spheres of life (Gasper, 2004). This vector comprises two different and multidimensional,
yet complementary, components: one that is centred on normative objective elements,
and one that is linked to each individual’s subjective perceptions. Different approaches
exist to measure the objective and subjective elements of quality of life based on
economic theory, moral philosophy and psychology (Stiglitz et al., 2009).
The objective side of quality of life 4, or welfare (both economic and social) as we refer to
it in the present report, has traditionally been measured under the principles of classic
welfare economics. From this point of view, individuals are considered to behave as the
homo economicus whose well-being is a reflection of his consumption capacity (Jackson
4

Scanlon (1993) refers to conceptions of substantive goods rather than to objective criteria, since
the selection of these criteria entails judging which aspects of life are considered to be relevant for
well-being and which not. For simplicity and alignment with the general quality of life discourse, we
will use the term ‘objective’, despite it should be interpreted along these lines.
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and Marks, 1999; Jackson et al., 2004) in the following way:
Figure 3: Traditional view on the satisfaction of wants

Source: Based on (Gasper, 2004)

Hence, classical welfare economics take a very utilitarian perspective in which consumers
are thought to have access to complete information that results in market choices that
maximise their utility. Due to the difficulty of measuring utility, consumer’s revealed
preferences in form of market choices or willingness to pay are used as proxy concepts to
operationalize the well-being of individuals and society (Daly and Farley, 2004). This view
restricts well-being to a measure of ‘having’.
Although there is empirical evidence of the correlation between some economic measures
and certain social and environmental aspects, e.g. education or health (Diener and Suh,
1997; Deaton, 2008), energy consumption (Narayan and Smyth, 2008) or even some
overall quality of life and life satisfaction (Deaton, 2008), this utilitarian approach is
considered insufficient to shed light on the well-being of individuals that have diverging
preferences and potentials to transform consumption into well-being (Stiglitz et al.,
2009). As a result, classic welfare measurements can be used as a proxy in certain areas
such as material well-being, but require a wider scope when trying to capture other
relevant aspects of life. Since the concept of classical economic welfare has been
criticised for being too narrow, new approaches such as fair allocations have been
developed to extend its scope by covering certain aspects of social welfare.
As an alternative to classical welfare economics, Amartya Sen developed the so-called
capabilities approach in the early 1980s. His framework is built around two key concepts:
functionings and capabilities. The former represents “an achievement of a person: what
she or he manages to do or be. It reflects, as it were, a part of the ‘state’ of that person”
(Sen, 1985, p. 10). Capabilities, on the other hand, refer to the genuine set of real
options available for individuals to function in the different dimensions of social life.
These opportunities are ultimately dependent on the available capital and on how this
can be transformed into functionings (Costanza et al., 2007) (Figure 4). Nonetheless, the
relationship between capabilities is a bit more complex due to the endogeneity of the
concepts (Binder and Coad, 2011; Anand et al., 2005). Hence, depending on the context
some capabilities can be functionings and vice versa. For example, while achievement a
healthy status is a functioning itself when looked at from a survival perspective, it can
also be a precondition – or capability – for the functioning of being happy if these is
linked to hiking or activities or any other activity that requires an individual to be
healthy.
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Figure 4: Representation of a person’s capability set and his/her social and personal context

Source: (Robeyns, 2005)

The potential of each individual to transform capital or goods and services is expressed
as conversion factors. The combination of these inputs and the conversion potential
results in a set of capabilities that can be transformed into functionings. Based on their
characteristics, Robeyns (2005) classifies the conversion factors into three groups:
personal (e.g. metabolism, physical condition, sex, reading skills, intelligence), social
(e.g. public policies, social norms, discriminating practises, gender roles, societal
hierarchies, power relations) and environmental (e.g. climate, geographical location).
Each of them influences in its own way a person’s capacity to transform an input into
well-being. An example of each of these types of factors is given in the following table.
Each of the rows shows a limiting factor and two types of individuals that will not be able
to obtain the same satisfaction out of a given activity, in this case cycling.
Table 3: Personal, social and environmental conversion factors

Type

Activity

Personal
Social
Environmental

Cycling

Limiting factor

Individual 1

Individual 2

Physical disability

Fit person

Handicapped person

Gender discrimination
policy

Man

Woman

Lack of paved roads

Person in city with
paved roads

Person in city without
paved roads

Source: Based on Robeyns (2005)

According to this framework, an individual’s life could be seen as the combination of
several functionings or realised capabilities. Since each individual has different
preferences and ability to transform capabilities into functionings, Sen proposes to assess
well-being in terms of the opportunities available to each person and the freedom to
choose among them (Stiglitz et al., 2009; Costanza et al., 2007). Hence, the
transformation of capabilities into functionings depends on the choices of individuals.
But which specific capabilities shape well-being? Sen is reluctant to provide a set of
common capabilities arguing that these should be defined in a bottom-up process
involving the affected groups. According to Reader (2006), a reason for refusing to do so
is the normative nature of the selection process beyond the domains that can be
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considered imperative such as vital needs. This view is not shared by the whole research
community, which has led several philosophers and social scientists to devote
considerable efforts to try to answer this question, being Marta Nussbaum (2000) the
one who has received most attention. 5
Although capabilities can be measured both objectively and subjectively, the approach as
such is mainly objective (Robeyns and van der Veen, 2007). After all, governments
should set the right conditions to ensure that citizens have the possibility to enjoy a high
quality of life, rather than make people happy. In other words, it should act as an
enabling actor. Hence, for the purposes of this report we delimit the definition of
capabilities to the objective component of well-being. As a result, we consider capabilities
to determine “the objective conditions and the freedom to choose which needs should be
fulfilled and how” (Rauschmayer et al., 2008). It should be pointed out though that it is
functionings what ultimately shapes well-being, which calls for the combination of
elements from different frameworks when trying to measure quality of life as a whole
(Sponsorship Group on Measuring Progress, Well-being and Sustainable Development,
2011).
While objective measures of economic and social welfare cover a share of quality of life,
they fail to address another relevant aspect: people’s own perception of their lives. These
are subject to subjective interpretations. According to Michaelson et al (2009) the
changes in subjective well-being are weakly related to material and environmental
circumstances. Instead, factors such as personality, genes and the childhood
environment as well day to day choices play a much more important role.
The literature identifies three main approaches to measure subjective well-being, namely
evaluative accounts, hedonic accounts and eudaimonic accounts (Dolan et al., 2006;
OECD, 2011a; Abdallah and Mahony, 2012). Evaluative accounts address how we assess
our lives or parts of it. Conversely, hedonic accounts try to capture the existence of
positive or absence of negative feelings. Last, eudaimonic accounts focus on the
realization of an individual’s potential. A simplified scheme is shown in Figure 5 as an
example of the different aspects that could be included under each of these three
approaches for subjective well-being.

5

Nussbaum defined ten capabilities related to life; bodily health; bodily integrity; senses,
imagination and thought; emotions; practical reason; affiliation; other species; play and control
over one’s environment.
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Figure 5: A simplified model of subjective well-being

Source: (OECD, 2011a)

These three approaches are brought together by Abdallah and Mahoney (2012) in a
dynamic framework of well-being (Figure 6).
Figure 6: Adapted dynamic model of well-being

Source: (Abdallah and Mahony, 2012)

The objective and subjective aspects described in the previous paragraphs shape
people’s quality of life. The overall concept of well-being cannot be understood without
both dimensions and the underlying contributing factors. It should be noted that, to
some extent, drawing a clear line between which aspects of well-being can be considered
completely objective and which ones subjective could be challenging for the concept itself
its normative. After all, the objective indicators selected to measure social welfare are
subject to different cultural judgements (Costanza et al., 2007). Likewise, objective and
subjective criteria related to quality of life can be addressed via objective and subjective
indicators. This problem is illustrated in Table 4.
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Table 4: Refined terms for subjective/objective

Type of measure

Self-report

Non self-report

Measures of subjective
well-being

Completely subjective (e.g. ‘I am
very satisfied with how far I can
walk’)

Objective measurement of feeling
(E.g. monitoring of types of brain
function and physiological
indicators that express subjective
well-being)

Measures of objective
well-being

Self-report objective (e.g. ‘I can
walk 100 metres’)

Completely objective (observing
how far people can walk)

Source: Based on (Gasper, 2004, 2007)

DPSIR
The Driving forces - Pressure - State - Impact - Response was introduced by the
European Environmental Agency in the late 1990s (Smeets and Weterings, 1999;
Gabrielsen and Bosch, 2003). This indicator framework has been used and described in
previous reports by Giljum and colleagues (2013) and Eisenmenger and colleagues
(2014) and is therefore not further elaborated here.

2.1.2 An inclusive framework for measuring Beyond GDP resource
efficiency
The aim of the conceptual framework we present in Figure 7 is to consistently link the
environmental dimension to the concepts of quality of life and human needs, which
allows addressing resource efficiency from a different perspective. In doing so, we set the
ground to explore how the use of natural resources contributes to overall well-being and
human needs.
Broadly speaking, increasing well being is the main goal of society. Here we work under
the assumption that well-being is determined by the extent to which we can fulfil our
needs and we feel satisfied with our life and achievements. As Jackson and Marks (1999)
point out, this assumption could even be considered tautological, since human well-being
will increase when human needs are satisfied and decrease when they are unsatisfied.
This view is also shared by the OECD, who states that quality of life “requires meeting
various human needs, some of which are essential (e.g. being in good health), as well as
the ability to pursue one’s goals, to thrive and feel satisfied with their life” (OECD,
2011b, p. 18). These views acknowledge that there is more to quality of life than human
needs, mainly in the area of subjective well-being. Nonetheless, there is an overlapping
section between both concepts, for the fulfilment of human needs could be considered as
a prerequisite for a decent quality of life.
In this context, the mechanisms put in place to fulfil our needs rely directly or indirectly
on the flows and stocks of different forms of capital, namely natural, social, human,
manufactured and financial 6.
These capital flows provide the inputs that fuel our economies, which transforms them
into intermediate means – or satisfiers – that mainly take the form of market goods and
6

In addition to the four types of capital described by Ekins in the previous section, we have added
financial capital. Although it lacks real value, it allows in many cases ownership and trade of the
other four types of capital.
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services. Market goods are either consumed by final consumers or added to the overall
pool of manufactured capital. The economy, in close interaction with the sociocultural
environment, also produces non-monetary capital by further processing less developed
forms of capital. These newly generated capital forms are added to the overall capital
stock so that they can be used in the future for different purposes. Examples of the latter
case include knowledge and skill transfer through different channels (e.g. the educational
system, cultural institutions, etc.) and the services provided by health services aimed at
generating productive members of society. Likewise, elements from the economy such as
cooperatives can also influence the generation of social capital, although it is
acknowledged the institutions and relationships between individuals play a more
prominent role in this respect.
Understanding that economic goods and services only cover one part of the satisfiers
used to meet our needs is critical for the framework. For this reason, economic activity
cannot be valued for its own sake and should be understood as one of many means to
increase quality of life.
Utility can be provided by other sources that are not linked to the overall understanding
of consumption in classical economics. As argued by Max-Neef, the concept of satisfiers
goes beyond market goods and services. They can take different forms such as political
structures, social practices, subjective conditions, values and norms, types of behaviour
and attitudes, etc. All in all, they represent the means available to the population to
actualise their human needs and by extensions, to improve their quality of life. They can
be seen as the forms of being, having, doing and interacting that ultimately determine
whether one or various human needs are fulfilled. The non-market satisfiers are mainly
associated with the non-economic use of social, human and natural capital.
In satisfying human needs and increasing quality of life, the conceptual framework also
distinguishes between the achievement itself – functioning – and the enabling conditions
required to materialize it – capabilities. This is the main difference between the human
needs theory and the capability approach, which they differ in the point of the well-being
generation process on which they set the main emphasis. Thus, Max-Neef measures wellbeing in form of achievements without providing a detailed framework to assess the
reasons why some people cannot meet their needs. In contrast, Sen pays special
attention to the freedom of achievement, rather to the achievement itself, for once the
possibility exists, the satisfaction of the needs depends on individual choices. In a way,
Sen intends to measure the potential access to satisfiers (Daly and Farley, 2004). Hence,
the consequences of the choices made are to some extent overlooked in favour of
ensuring that the set of capabilities is expanded in a context in which the individual has
freedom to choose what they have reason to value.
The representation of both capabilities and functionings in the conceptual framework,
implicitly acknowledges that the capability approach and needs theory look at different
stages of the same process (Reader 2006) 7. In this context, while Max-Neef defined
clearly the dimensions of life that are relevant in the context of human needs, Sen
declined to make judgements in that respect. We consider the dimensions highlighted in
the Human Scale Development theory to be valid to group the capabilities.
7

It should be acknowledged that there are still differences between both approaches, yet
enumerating them is out of the scope of the report.
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A further point that needs to be considered is the issue of integrated and future-oriented
approaches, which is explicitly considered in Smits’ and Hoekstra’s (2011) scheme. As
they explain, the relevance given to the concepts of ‘here and now’, ‘elsewhere’ and
‘later’ are the main determinants for selecting one or the other. Thus, while the
integrated view covers the three dimensions (‘here and now’, ‘elsewhere’ and ‘later’), the
future-oriented view only addresses the ‘later’ thereby putting emphasis on
intergenerational issues. This approach is usually operationalized by measuring capital
stocks (Smits and Hoekstra, 2011).
Our conceptual framework follows the integrated approach. Nonetheless it deserves a
few remarks in the context of resource efficiency. When measuring quality of life or
fulfilment of human needs on a yearly basis, a national perspective is taken. This reflects
the ‘here and now’. The ‘elsewhere’ (global) perspective is taken into account by
considering the environmental pressures exerted directly or indirectly all over world to
fuel the national economies that contribute to the satisfaction of human needs. On the
other hand, the existence of the ‘later’ dimension is acknowledged in the framework,
although it is not deemed as important as the other two for determining how efficiently
natural resources are transformed into well-being in a given year. Nonetheless, we
consider it should certainly be included in any framework trying to operationalize
sustainable development in order to properly capture intergenerational aspects of
resource use.
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Figure 7: Conceptual framework for Beyond GDP resource efficiency
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3 Towards alternative meso-level indicators
The framework described in the previous chapter provides the theoretical basis to
develop alternative indicators at the meso level that can be used to define novel metrics
of resource efficiency. Although the framework depicts how different types of capital
contribute to well-being, we need to narrow the focus so that the link between the use of
natural resources (represented as the provisioning and sink functions of natural capital)
and well-being (in this case represented as human needs) is properly captured in the
proposed indicators.
Natural resources are extracted and transformed by the economic system in order to
deliver goods and services. As a result, pressures are exerted on the environment. Some
goods and services are used as an input in the production process of industries, while
others are used by individual households or the community to satisfy their individual or
collective needs or wants. The latter fall within the category of satisfiers – though the
term satisfier is broader than market goods and services –, yet the extent to which they
actually contribute to the satisfaction of human needs is case specific. As noted by MaxNeef, satisfiers can be grouped into destroyers, pseudo-satisfiers, inhibiting satisfiers,
singular satisfiers and synergetic satisfiers depending on how the influence the
actualisation of needs (c.f. section 2.1.1).
The previous paragraph describes a simplified linear process that starts with the use of
natural resources to produce goods and services that are ultimately consumed by final
consumption units to satisfy individual or collective needs or wants. Following this
reasoning, we intend to build the link between pressures and well-being through market
goods and services.
In order to do so, we build on the EXIOBASE multi regional input-output (MRIO) model,
which provides a detailed representation of the world economy and the pressures arising
from production and consumption processes. Nevertheless, establishing the link between
consumption and well-being is not straightforward. The next sections elaborate on the
challenges related to the selection of meso-level indicators and the existing options to
move forward.

3.1 Sector-specific alternative indicators: challenges and
options
Managing and measuring outcome-oriented results presents many challenges for public
managers and researchers across countries and communities. While data might
accurately measure how many university graduates where produced in a year or how
many older adults have received health care, it is far more difficult to measure the
outcomes, the satisfaction or societal effects of public education, public health programs
or changes in consumption behavior.
In addition, the way in which many public sector services are delivered today, in what
many refer to as a complex web of outsourced and networked service delivery, further
complicates the performance measurement challenge. Governing through contracts and
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networks has blurred the lines between public, private and non-profit sectors and this
blurring of lines has literally changed the face of public sector service delivery. In many
instances public services designed to provide affordable housing, stimulate economic
growth, and promote sustainable development are delivered as a result of collaborations
between public, private and non-profit organizations. While public sector services are
often delivered through collaborative arrangements, the performance measurement
systems designed to measure the outcomes and results of these programs, typically
remain the responsibility of the governmental partner (Callahan and Kathryn, 2009).
Furthermore, the role of capital formation is not appropriate as reflected in a MRIO model
since input-output (IO) tables are normally valid for one specific year and the role of
capital formation is largely determinant of outcome indicators of health and other social
benefits that depend on infrastructure.
In this task, where the initial intention was to depict sector-specific outcome oriented
indicators, it was soon clear that there is not a straightforward relationship between the
expenditure from different economic agents and the ultimate outcome at societal level.
Using functional output indicators as proxy for outcomes provides, in principle, an
improvement over the use of classic monetary indicators, although this also presents
some challenges.
For example, let’s take education on nutrition as an example.
Figure 8: Example of relations between a societal output and the pathway towards outcome
oriented effects

Naturally, the outcome indicator of declining rates of Body Mass Index (BMI) or nutrition
related issues might be influenced by many other factors affecting like economic crisis,
cultural factors, taxes on meat and junk food or better sport policies. Thus, an attempt to
connect economic products from an MRIO to outcome (or even to functional output)
indicators could be deceiving, since the data is in monetary units and it embeds
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differences in prices, subsidies, imports/exports and the acquisitive power in that specific
region.
There are large numbers of different strictly outcome oriented indicators by different
sectors such as the ones presented by the Social Progress Index (Porter et al., 2013). In
this compilation of indicators, the focus is on the country performance on the actual
category measured on outcome, not on the expenditure on healthcare or the efforts on
education.
Figure 9: Categories or sectors for which indicators are presented 8

Shelter and inputs for shelter are more easily measurable in terms of functional
output or outcome indicators. For instance, waster use or electricity and household
fuels for cooking and heating could be assessed in the context of housing. In the
case of nutrition, an option would be to focus on quality and healthy food intake or
the nutritional outcomes associated therewith.
Apart from food and housing, which are the subject of two separate case studies
(section 5 and 6 respectively), the remaining sectors reflected in EXIOBASE are hard
to relate to societal outcomes at a macro level for the reasons discussed below:

8

•

Mobility: Expenditure in mobility and fuels is hardly proportional to any
outcome indicator since the real time and material resources spent in
commuting and the quality of cities depend on things such as population,
urban planning, public infrastructure and the energy mix of the transport
system.

•

Sanitation and waste treatment services such water treatment, incineration,
recycling, landfill etc. Are often not clearly distinguished in the expenditure of
none of the economic agents. Health related indicators are better outcome
indicators of the indirect benefits of sanitation as a proxy for prevention of
local pollution.

•

Tools for learning (paper, computers, education). Depends heavily on the
political ideology of the country and subsidy on the education sector.

•

Construction materials: Are hardly related to the actual shelter
infrastructure because only few households build their own house or do
adaptations on their own.

The full inventory of societal outcome indicators of the “2015 Social Progress Data” dataset
can be consulted in www.socialprogressimperative.org/data/spi
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•

Insurances are mostly protection and health services that are highly
dependent on the political history of the country.

•

Manufactured products: outcomes from this sector cannot be generalized
with a one year expenditure such as the IO table and their outcome
implications are mostly for time use in households, for which comprehensive
data is not available.

Thus, from the expenditure data presented in EXIOBASE it is difficult to derive
sector-specific novel output and outcome indicators, other sources of information
related to investments and detailed government expenditure in social welfare and
infrastructure are needed in longer time frames to be able to say something
reasonable about sectorial functional outputs and outcomes derived from economic
activities.

3.2 Ideal indicators
The ideal data set would combine sector specific indicators in both monetary terms and
outcome proxies. For example, for education, we would have the total investment in
education in a time line, the proportion of higher education graduates that can work in
their profession and the societal outcomes e.g. extent of the economy that is knowledge
based instead of manufacturing and natural resources based. The importance for people
to have formal education and the subjective satisfaction with public formal education as
well as the assessment of students from such systems in a global assessment test for
quality of education.
One of the original goals of the present study was to measure work-life balance and
subjective well-being in their link with national accounts. Hence it would be ideal that
Consumer Expenditure Surveys also register the explicit reason behind consumption of all
the market goods. That would provide with more insights into what is locking people in
into habits of work, consumption and neglecting of other fundamental human needs. The
extent to which a system allows for alternative lifestyles and for citizens to autonomously
design their work-life balance is also an interesting question for further research. For
example, what is the match between workers demanding high skilled half-time jobs and
the organizations that would accept such a contract in the long term?
In the ideal case to validate our method empirically, we would have panel data for
consumer expenditure where the intention behind purchase is explicitly assessed. i.e.
people will have to answer which needs are they are intending to fulfill through this
purchase. This would firstly validate the allocation between market goods and satisfiers
for different needs.
Furthermore, this same sample would have a section to evaluate the need satisfaction in
two levels:
•

Functional output and outcome-oriented indicators: Where micro and
meso-level information is available in reference to the different basic needs,
for example:
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Health (e.g. body mass index, healthy caloric intake)



Adequacy of their housing (e.g. material deprivation, overcrowding, % of rent
allocated to housing), leisure (time spent on leisure activities)



Education (degrees)



Social security

Subjective Well Being indicators: Where households are being assessed
for subjective well-being in general, but also to their satisfaction in different
needs specifically.

With such a data set it would be possible to calculate the footprint of the households for
every need category according to their expenditure and also calculate the footprint of the
government in those same categories. In that sense we could assess the (1) resource
efficiency in terms of objective novel output and outcome indicators and also (2) the
resource efficiency in terms of subjective well-being.
Cross comparison of such indicators would reveal the (1) efficiency of different regions to
provide outcomes from resources, (2) the efficiency of different households to achieve
high levels of well begin through resource usage, and (3) the different narratives that
emerge when comparing indicators based on outcome oriented and subjective wellbeing
indicators.
This sort of data for a very large amount of countries would enable such an exercise to
be more robust and confirm its validity to assess the specific pressures associated with
the different human needs. A larger sample of countries could also help detect the
Goldemberg’s corner (Goldemberg et al., 1985; Lamb et al., 2014), which are the
countries that attain high levels of well-being at low environmental pressures and thus a
good example for other countries.

3.3 Introduction to the case studies
We have tried to operationalize the framework above by means of three case studies.
The scope and detail with which this is done differs from one to another due to the
exploratory nature of this WP and the data available.
In the first case study (section 4), we have tried to give an overview of how
environmentally intensive the nine needs described by Max-Neef are. To do so, we have
linked the products in EXIOBASE (satisfiers) to human needs following Table 1 and
expert judgment. Given the synergetic nature of satisfiers, we have used two methods
(one based on Monte Carlo simulation and the other one based on empirical
observations) to estimate the extent to which a single satisfier can contribute to fulfil
different needs at the same time. Given that this exercise took place before the latest
version of EXIOBASE was made available, it uses v2.2 thereby covering only the year
2007.
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The first case study has also served as a screening exercise to define the other two case
studies. As expected, the needs of subsistence and protection are among the most
environmentally intensive needs. For this reason, the remaining two case studies are
devoted to explore their most important satisfiers in more detail. In the case of
subsistence we have focused on food (section 5), while in the case of protection we have
looked at housing (section 6). Both consumption clusters are identified as key
intervention areas in the Roadmap for a Resource Efficient Europe (European
Commission, 2011a) and therefore deserve more attention. In this case, we have used
the latest available version of EXIOBASE (v3.1) for the analysis, which, in contrast to the
previous one (v2.2), provides time series.
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4 Operationalization of human needs from
an environmental perspective
4.1 Background
The Easterlin Paradox describes the phenomenon that, after a certain threshold,
increasing economic growth does not correlate with increasing well-being (Easterlin,
1974; Easterlin et al., 2010). However, material consumption has proven to be ever
increasing with increasing income (Campbell and Mankiw, 1991; Jappelli and Pistaferri,
2010). Thus, income consistently shows up as the main determinant for environmental
pressure (Davis and Caldeira, 2010; Hertwich and Peters, 2009; Steen-Olsen et al.,
2012; Wiedmann et al., 2006).
The Intergovernmental Panel on Climate Change (IPCC) presents an aggregated sectoral
analysis of the drivers for climate change (Blanco et al., 2014). Therefore, the primary
sources of anthropogenic carbon emissions are well known. More in detail, the consumer
products that drive those emissions worldwide have also been identified previously
(Ivanova et al., in press; Hertwich and Peters, 2009). Nevertheless, the linkage between
the environmental burden of those consumer products and the needs that they satisfy
has not been analysed on the global level. In the last decade, various MRIO models have
been published, which are crucial for that kind of analysis (Tukker and Dietzenbacher,
2013).
Well-being and happiness are both measures of human accomplishment and they both
have proven be no longer benefited by consumption after a certain threshold (Lamb et
al., 2014; Steinberger et al., 2012; Steinberger and Roberts, 2010). Nevertheless, they
are both broad concepts that depend on various factors. What are the human needs that
are driving consumption after saturation thresholds? More importantly, what is their
environmental impact? Does the satisfaction of needs require the same kind and amount
of natural and economic capital?
To shed light on these questions, this study depicts an allocation of environmental
emissions and resources to different human needs. Using a global MRIO model based on
the EXIOBASE v2.2 database for the reference year of 2007 (Wood et al., 2014) with the
benefit of greater product disaggregation (200 product sectors) in an integrated
framework within the System of Environmental-Economic Accounting (SEEA) guidelines.
The advantage of the present approach is that it uses an integrated methodological
framework across the set of footprint indicators to evaluate environmental pressures
(Tukker et al., 2014) based on a database with a higher level of environmental detail and
industrial sector detail. This integrative approach allows us a better assessment and
comparison of environmental pressures associated with human needs across regions and
consumption categories with lower uncertainty. It can further be used to identify
environmental burden shifting or where mitigation of certain pressures (e.g. emissions)
would lead to trade-offs between other environmental categories (e.g. water, land and
material consumption) (Tukker et al., 2013).
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The present analysis presents four different footprints: carbon, water, land and material
(Tukker et al., 2014). Our calculations reflect life cycle emissions of goods from cradle to
gate i.e. from the primary extractions to the moment of purchase. Additionally, we
account for the emissions associated with the direct combustion of fuels (i.e. driving,
cooking and heating), as well as direct water use that takes place in the households. We
address final demand by aggregating expenditure from households, governments and
non-profit organizations serving households (NPSH).
Finally, a cross-country comparison is done to compare the eco-efficiency of need
satisfaction across nations using a combination of data sources to capture indicators that
represent all of the human needs included in the human scale development framework
(Max-Neef et al., 1991).
The drawback of our approach is that the allocation of market goods to needs is based on
normative assumptions. These are the results of discarding the needs that are most
certainly not related to a certain market good. For example, someone might buy a car for
identity, freedom or livelihood. Here a number of possible relations between market
goods and needs may be assumed. However, it is difficult to make general assumption of
people’s needs, feelings and emotions (e.g. related to a car), which are also subject to
change. Assessing the intrinsic motivation of need satisfaction through consumption are
necessary to fine-tune studies such as the present.
Conventional analysis of well-being and values across nations do not include the
environmental component implicated in subjective satisfaction (Inglehart and Welzel,
2007; Tay and Diener, 2011). Previous environmental pressure assessments based on a
consumption-based accounting scheme have linked environmental burdens to material
basic needs (Lamb et al., 2014; Rao and Baer, 2012; Steinberger et al., 2012).
The contribution of this study is to fill in the missing gap that links environmental
pressure to human psychology.
The present study offers a novel overview on the role of the economy and natural
resources in the satisfaction of different fundamental human needs. This is to our
knowledge the first attempt to calculate global environmental footprints of fundamental
human needs.

4.2 Methodology
The present results are based in the version 2.2 of EXIOBASE, which offers a higher level
of detail on environmentally relevant sectors (e.g. agriculture, energy, manufacturing)
and environmental stressors (e.g. emissions, resource use and pollutants, etc.) in
comparison to other MRIO databases (Wood et al., 2014).
EXIOBASE v2.2 is a MRIO database with environmental extensions. It contains individual
information from the 43 largest economies, which encompass about 91% of global GDP
and 65% of the world population (Tukker et al., 2014; Wood et al., 2014). The rest of
the countries are aggregated into 5 ‘Rest of the World’ regions. For the environmental
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pressure assessment at country level we take into account the 43 countries for which
individual information is available.
EXIOBASE v2.2 database has a resolution of 200 product categories and 163 industrial
sectors for the base year 2007. Detailed satellite accounts are available for emissions to
air, land use and over 50 resources by industry (Tukker et al., 2014). We used standard
EE MRIO calculations to estimate consumption-based accounts (Miller and Blair, 2009;
Peters and Solli, 2010; Solli, 2010):
𝑚𝑚 = 𝐵𝐵 (𝐼𝐼 − 𝐴𝐴)−1 𝑦𝑦

where m denotes the environmental footprint, B the direct environmental pressure
intensity, (I-A)-1 represents the Leontief inverse and y the final demand.
The ‘footprint family’ displayed in Table 5 is the core of the environmental assessment of
this paper (Tukker et al., 2014).
The carbon footprint (Table 5) is defined as the total life cycle emissions of greenhouse
gases (CO2, CH4, N2O, SF6, HFC and PFC) of final consumption goods expressed in
equivalent amounts of CO2. It is calculated using the Global Warming Potential-100
(GWP100), which is a metric to weight radiative properties of greenhouse gases for a
time horizon of 100 years. Land use reflects use of cropland, pasture land and forestry,
while the material use reflects that of primary crops, crop residues, fodder crops,
grazing, wood, aquatic animals, metal ores, non-metallic minerals and fossil fuels.
Finally, the water footprint indicator includes water use for agriculture and livestock,
manufactured products, electricity and the direct use of water.
Our MRIO model accounts as ‘indirect pressures’ all the pressures related to the
production of a consumer good in the upstream supply chain and as ‘direct pressures’ to
the things that are bought and consumed in the household, e.g. vehicle fuel and direct
fuel for cooking and heating. We are basing the calculations on the expenditure per
capita that occurs in households, governments and non-profit organisations serving
households.
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Figure 10 Example of an EE MRIO table

Source: (Tukker et al., 2014)
Table 5: The ‘footprint family’

Source: Adapted from (Ivanova et al., in press).

4.2.1 Transforming market goods into satisfiers for human needs
General logic for allocation of products as satisfiers
To support the decision of which market goods correspond to which needs, one must
refer to the full version of the matrixes provided by Max-Neef (1992) and the subsequent
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examples that he provided to operationalize the needs (Max-Neef et al., 1991). The
scope of each need might not always be straightforward and sometimes even
counterintuitive. For example, the need for ‘creation’ is not only related to creativity, but
also to being autonomous to choose which job to have in order to create a livelihood by
doing work that involves the use of skills while interacting in an environment of positive
settings. As we see, the needs extend to many dimensions of existence: to be, to have,
to do and to interact. Thus, in order to allocate market goods to needs, we limit to the
dimensions of ‘having’ and ‘interacting’, since interaction occurs through certain
infrastructures and having includes, but is not limited to, material satisfiers. We further
support our assumptions with the vast documentation of examples provided by MaxNeef.
A big portion of the products in the market actually refers to pseudo satisfiers, violators
or inhibitors. They function as mediocre satisfiers today, but possibly not in the future
(e.g. fossil fuels, plastics and other hazardous chemicals that perhaps are a lock in
society but that could be substituted). However, these feedback effects are not
accounted for in our calculation. We assume that the market goods are indeed satisfiers.
Some of them satisfy one single need but most of them are synergistic and satisfy
multiple needs.
Following, general notes on the reasoning behind our allocations:
Electricity is a synergistic satisfier. It provides basic shelter and protection in the sense
it provides heat, sanitation and illumination. It enables the need of creation for all
household activities: washing, working, cooking and also freedom (time saving, temporal
plasticity) to stay awake and choose what to do with electricity: Leisure (TV) or learning
(understanding).
Household fuels: They are part of subsistence as they provide shelter in the broad
sense. They are also part of protection since they provide a decent living (heat and
sanitation) and they facilitate cooking and household works (creation).
Mobility:
• Non-air mobility related items: They fulfil subsistence (enabling to collect food,
work, etc.), leisure (travel for entertainment, sports, etc.), creation (enable for
networking, workshops, co-creation) and freedom (save time and provide spatiotemporal plasticity)
•

Air mobility: They do not fulfil subsistence (enabling to collect food, work, etc.).
But they do fulfil leisure (travel for entertainment, sports, etc.), creation (enable
for networking, workshops, co-creation) and freedom (save time and provide
spatio-temporal plasticity)

•

We make a distinction between transport capital (vehicles) and the fuel. The fuel
choices normally do not reflect identity, but the purchase of vehicles can reflect
identity.

Food: basic subsistence for survival and identity because you can choose what to eat
according to your lifestyle and its also partly determined by cultural context i.e. social
identity (habits, social norms, customs, values, history, status).
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Sanitation and waste treatment services such water treatment, incineration, recycling,
landfill etc. General services that enable subsistence by not polluting the environment
and provides protection (sanitation).
Tools for learning (paper, computers, education) are a special case related to
understanding but also to many other satisfiers: Participation, creation, leisure, identity
and freedom.
Water use expenditure exhibits much difference in expenditure across income groups. It
fulfils subsistence, protection but also creation (gardening, cooking, etc.) and leisure
(pools, jacuzzis, etc.).
Construction materials provide basic shelter, health and safety (protection) but here
household expenditure is reflected, so we assume that people also build or landscape
with them (creation).
Insurances are mostly protection and health services are partly subsistence and partly
protection.
Manufactured products:
• Basic materials to be used for household work is in part basic shelter
(subsistence), creation (household productive activities) and identity to the extent
that household roles are related to cultural values (i.e. social identity) and how
one performs task reflects also self-identity of Do It Yourself culture, for example.
e.g. textiles, household chemicals.
•

Non-basic manufactured products for the households (non-shelter): Manufactured
products that are not essential are assumed to fulfil creation (enable household
production) and freedom (freedom to choose among alternative and time saving
goods). E.g. machinery, plastic bags, etc.

Annex 1 contains a full table with the allocation from market goods to human needs.

Sources of bias and proposed solutions
One single satisfier can fulfil different needs in a synergic manner. We take this into
consideration by allocating one single product/service as a simultaneous satisfier for
different needs, when that might be the case (e.g. Internet satisfies several needs at the
same time: Understanding, participation, creation, identity and leisure). However, the
exact proportion in which market goods satisfy different needs is unknown and a
normative judgment to fix this split-up would be unacceptable. Therefore we tackle this
problematic with 2 different approaches:
(1) Simulating all potential splits for each market good amongst the human needs
through a Monte Carlo simulation.
(2) Deducting these recipes from empirical observations (Consumer Expenditure Survey)
in which the expenditure of the poorest class of a wealthy country (USA) is regarded as
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the need for subsistence and the residual expenditure of superior classes is split equally
among the additional relevant needs.
Approach 1: Monte Carlo simulation for allocation synergistic satisfiers
The current analysis is based on the assumption that consumers buy certain market
goods in order to satisfy a certain perceived need. In order to operationalize this
assumption we established a correspondence matrix of consumer goods as potential
satisfiers for every human need category proposed in the Human Scale Development
theory by Max-Neef (following the reasoning given above – see Annex 1 for a full
description). In the next step, we use a Monte Carlo simulation to distribute the actual
proportion of each consumer good for the satisfaction of a certain good.
Detailed description
Let N be a binary correspondence matrix of consumer goods (all products p in the MRIO
system) to human needs (h) than the randomised proportion matrix R is given by:
𝑟𝑟𝑖𝑖,𝑗𝑗 =

𝑥𝑥 ∗ 𝑛𝑛𝑖𝑖,𝑗𝑗
∑𝑖𝑖(𝑥𝑥 ∗ 𝑛𝑛𝑖𝑖,𝑗𝑗 )

𝑖𝑖 = {1, … , 𝑝𝑝}
𝑗𝑗 = {1, … , ℎ}
𝑥𝑥 ∈ 𝑋𝑋 ~ unif([0,1])

We assume, that consumers attempt to satisfy the same human need irrespective of if
the bought product is produced domestically or imported. Therefore, the randomized
proportion matrix gets spanned over the full final demand vector for a specific country c
out of the full set of countries d (𝑐𝑐 ∈ 𝑑𝑑). This is than multiplied with the consumption final
demand vector f of country c (household final demand, non-profit organizations serving
household and expenditures by government). This than gives the final demand y per
human need satisfaction category j for each country c:
𝐲𝐲𝑗𝑗𝑐𝑐 = �𝟏𝟏 ⊗ 𝐫𝐫𝑗𝑗𝑐𝑐 � ⋅ 𝐟𝐟 𝐜𝐜

𝑗𝑗 = {1, … , ℎ}
𝑐𝑐 = {1, … , 𝑑𝑑}

Where ⊗ denotes the Kronecker product, ⋅ element wise multiplication (Hadamard
Product) and 1 specifies a column vector of 1’s of size d.
The final footprint calculations for each consumption vector per country and human need
satisfaction category followed the standard consumption based accounting framework
(Miller and Blair, 2009; Peters and Solli, 2010; Solli, 2010). The randomisation and
footprint calculation was repeated for each of the 10,000 Monte Carlo runs.
Practical example
Assume that the consumer product Motor vehicles could potentially serve as satisfier for
subsistence, participation leisure, creation, identity and freedom. The specific row in the
correspondence matrix would be:

Protection

Affection

Understanding

Participation

Leisure

Creation

Identity

Freedom

Motor Vehicles
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Subsistence

Consumer
good
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1

0

0

0

1

1

1

1

1

Protection

Affection

Understanding

Participation

Leisure

Creation

Identity

Freedom

Run
Run
Run
….
Run

Subsistence

Monte Carlo
run for Motor
Vehicles

In each Monte Carlo run, a random number was assigned to each human need
satisfaction category representing to which degree Motor Vehicles are bought in an
attempt to satisfy the specific human need. The random numbers were scaled to add up
to one to ensure that total final demand add up to the given final demand in one country.
Some potential randomised values are given below:

1
2
3

0.5
0
0.3

0
0
0

0
0
0

0
0
0

0.1
0
0.2

0.1
0
0.5

0.1
0
0

0.1
1
0

0.1
0
0

10 000

0.1

0

0

0

0.1

0.2

0.2

0.1

0.3

Based on these values total final demand was scaled and footprints were calculated for
each human needs satisfaction category. Due to the long calculation times we restricted
the analysis of the Monte-Carlo approach to the Carbon Footprint.
Approach 2: Consumer Expenditure Survey based allocation of synergistic
satisfiers
Insights for the numerical allocation were gained by examining the consumer expenditure
survey for the USA 2011 (Bureau and Statistics, 2013), sub-grouping the sample into 5
income quintiles and comparing the average annual expenditures of each group across
different market goods. Thus, we assume that the expenditure from the lowest income
group in a certain product category attempts to satisfy the most basic need for
subsistence and that expenditure above that threshold is meant to satisfy other needs.
Let us take apparel for illustration on how synergic satisfiers were allocated into multiple
needs. The lowest income group in the USA expenditure survey spends 23% in relation
to the total expenditure of the highest income percentile. Therefore, we assume that
23% of the total expenditure in apparel was actually meant to satisfy subsistence and
the remaining 77% exerted by the highest income groups is rather a satisfier of the need
for identity.
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The same logic was taken to propose ratios in which market goods satisfy different
human needs. These ratios on expenditure between the rich and poor, based on the
reported expenditure from the USA consumer expenditure survey (Bureau and Statistics,
2013), have been applied as a ratio for the rest of the countries. Naturally, through this
method there is a subjective choice of which needs are the products satisfying. But, in
the words of Max-Neef: “To include satisfiers within the framework of economic analysis
involves vindicating the world of the subjective over and above mere preferences for
objects and artefacts” (Max-Neef et al., 1991). Therefore, we cannot expect to have
progress in understanding one of the most intimate and esoteric aspects of human life,
such as our own human needs, without involving a subjective judgment in trying to
problematize and quantify them in order to get a feeling for the magnitude and
dimensions of such needs. Furthermore, it is clear that studies involving Quality of Life
will probably never be absent of a ‘subjective’ judgment. However, it is not impossible to
advance our understanding of the ‘subjective.’
Figure 11 displays the results from the allocation of economic goods and services as
satisfiers for human needs listed by Max-Neef. It is noticeable that subsistence receives
the greater proportion of satisfiers, however most of the expenditure worldwide is done
in satisfiers for protection and freedom. Creation is a need met by many satisfiers but at
a relative low cost. Understanding is mostly related to education or knowledge
empowerment. The low level of expenditure might be explained by the prevalence of
public education.
It is noteworthy that none of the consumer goods functions as a satisfier for affection.
Although there are some economies that register satisfiers (or pseudo satisfiers) for
affection such as prostitution, but is not the general case in Supply and Use tables.
Accordingly, across cultures, manifested through songs, popular sayings and proverbs,
there is a clear universal consensus that the need of affection and love can never be
fulfilled through monetary means. Therefore, it is not surprising than in this exploratory
exercise, we also could not relate any expenditure decision as a satisfier for affection.
Figure 11: 200 products and services from EXIOBASE v2.2 allocated as satisfiers human needs.

Note: The expenditure in y-axis is the expenditure of the household sector in 43 of the world’s
largest economies. The x-axis represents the percentage of the economics goods in the database
that are satisfiers for each need.
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4.2.2 Assessment of need satisfaction across nations
We use diverse indicators from different open databases to assess the level of
satisfaction of different fundamental human needs. When possible, a multi-perspective
framework is implemented to assess different lectures of satisfaction of the same need.
•

Objective measure: Hard statistics at the macro level from official institutions that
can be related to the satisfaction of certain need.

•

Subjective Satisfaction of need (Subjective Well Being): This is micro level data
from a representative sample of each nation. The level of need satiation reflects
the individual’s perception of the satisfaction of certain needs.

•

Importance of the need (typically under the Schwartz Scale): This question
reflects the importance of a certain need for the inhabitants of each nation.

The main sources for indicators are
•
•
•

The World Value Survey (WVS, 2005)
The European Social Survey (ESS, 2008)
Human Development Report (UNDP, 2014)

A full inventory of the indicators, their sources and their reference year is included in
Annex 1. All indicators related to well-being were normalized to fit a scale from 0 to 1
(when needed) in order to have a comparable index of need satisfaction. Negative
measures of lagging in a component of well-being were transformed into positive
measures of achievement e.g. the percentage of inequality is transformed to percentage
of equality.
This multi-perspective framework enables to elucidate differences between the ‘official &
objective’ indicators in contrast with subjective perception of individuals and their values,
all in relationship to the resource use implied in such needs.
Unfortunately, only for the needs of creation, freedom, leisure, and participation there is
adequate data to directly implement the proposed multi-perspective framework. For the
rest of the needs we decided to include other relevant indicators to substitute for those
not fulfilling the need satisfaction framework.

4.2.3 Methodological and Data limitations
There are three main limitations to the present methodology:
(1) MRIO databases rely on Supply and Use tables, which in turn rely on national
economy statistics. However, there are many aspects of life in society that are not
registered in economic transactions and therefore are not captured in statistics or
indicators. Many of these activities ‘at the margin’ of market transaction can certainly be
satisfiers for human needs. Unpaid work, household production, informal economy,
services of nature, social gathering and zero impact leisure activities (e.g. meditating or
running). Therefore, in this paper we limit ourselves to assume that everything we do is
in the search to satisfy our human needs, including expenditure decisions. Here, we are
limited to look at market-based satisfiers than can be obtained in exchange for money.
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(2) We do not take into account effects of the sub classification of satisfiers (violators,
inhibitors and pseudo satisfiers). This is an important assumption since it can be argued
that many of the market products have such effects. For example: we buy a car and fuel
it to be free to go anywhere, but then we are ‘trapped’ in traffic thus inhibition our
freedom. Even further, in this example, the level of pollution caused by choosing this
satisfier for freedom can jeopardize the sole ability to breath clean air and subsist. The
next step to shed light on this assumption would be to evaluate the satiation of each
need across countries and see whether satiation of needs actually correlate with the
expenditure/footprint of the satisfiers. Such analysis is not covered in this case study.
(3) Our calculations are based on household expenditure. This portrays decisions made
by individuals in the search for satiation of needs. In this case study, government
expenditure is not considered.

4.3 Results
The present section displays the results with most of the figures featuring the carbon
footprint as a proxy for general environmental pressures for the sake simplicity. First, the
main results from the first two approaches described in the methodology are presented:
simulation vs. empirical-based allocation of goods to needs. The third section presents
the assessment of eco-efficiency for need satisfaction across nations. Finally, the last two
sections compare the outcomes of assessing progress from human-centred perspective
to a monetary perspective.

4.3.1 Approach 1: Accounting for all possible synergies between
market goods and human needs.
Using the Monte Carlo approach we identify protection and subsistence as the human
needs categories for which the satisfaction through market goods causes most of the
greenhouse gas emissions. Creation, freedom, identity and leisure cause somewhat lower
emissions with some overlap between the results given by the different runs (Figure 12).
The lowest greenhouse gas emissions are connected to the satisfaction of participation
and understanding.
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Figure 12: Global pressures of human needs satisfaction based on a Monte Carlo simulation

We find huge variation looking at the actual greenhouse gas emissions per human need
satisfaction per country (Figure 13 to Figure 20).
Figure 13: Per capita carbon footprint of satisfaction of the human need of creation
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Figure 14 Per capita carbon footprint of satisfaction of the human need of identity

Figure 15: Per capita carbon footprint of satisfaction of the human need of leisure

Figure 16: Per capita carbon footprint of satisfaction of the human need of participation
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Figure 17: Per capita carbon footprint of satisfaction of the human need of protection

Figure 18: Per capita carbon footprint of satisfaction of the human need of subsistence

Figure 19: Per capita carbon footprint of satisfaction of the human need of understanding
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Figure 20: Per capita carbon footprint of satisfaction of the human need of freedom

In general, higher affluence level leads to higher greenhouse gas emissions connected to
the satisfaction of human needs (Figure 21 to Figure 28).
Figure 21: Carbon footprint of satisfaction of the human need of creation vs. GDP PPP
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Figure 22: Carbon footprint of satisfaction of the human need of freedom vs. GDP PPP

Figure 23: Carbon footprint of satisfaction of the human need of identity vs. GDP PPP

Page 57 of 186

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 58 of 186

Figure 24: Carbon footprint of satisfaction of the human need of leisure vs. GDP PPP

Figure 25: Carbon footprint of satisfaction of the human need of participation vs. GDP PPP
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Figure 26: Carbon footprint of satisfaction of the human need of protection vs. GDP PPP

Figure 27: Carbon footprint of satisfaction of the human need of subsistence vs. GDP PPP
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Figure 28: Carbon footprint of satisfaction of the human need of understanding vs. GDP PPP

In contrast to the total greenhouse gas emissions, the total intensities (defined as the
footprint of a certain satisfaction category divided by the expenditure for this satisfaction
category) of human needs satisfaction through market goods reduces exponentially
(Figure 29 to Figure 36).
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Figure 29: Carbon footprint of satisfaction of the human need of creation vs. GDP PPP

Figure 30: Carbon footprint of satisfaction of the human need of freedom vs. GDP PPP
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Figure 31: Carbon footprint of satisfaction of the human need of identity vs. GDP PPP

Figure 32: Carbon footprint of satisfaction of the human need of leisure vs. GDP PPP
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Figure 33: Carbon footprint of satisfaction of the human need of participation vs. GDP PPP

Figure 34: Carbon footprint of satisfaction of the human need of protection vs. GDP PPP
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Figure 35: Carbon footprint of satisfaction of the human need of subsistence vs. GDP PPP

Figure 36: Carbon footprint of satisfaction of the human need of understanding vs. GDP PPP

In the last years, it became increasingly clear that increased affluence and consumption
does not necessarily lead to an increase life satisfaction or well-being (Easterlin, 1995;
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Easterlin et al., 2010). In this context it is interesting to look at how consumption split
into human need satisfaction categories correlates to well-being. Here we have chosen
Happy Life Years (HLY, also known as Happy Life-expectancy) as our reference indicator,
since it encompass subjective well-being (based on survey studies) and an objective
measure (life-expectancy). It reflects the goal of life a long and happy life (Veenhoven,
1996). Mathematically, HLY is defined by the expected life expectancy at birth (in years)
times the subjective life satisfaction (on a scale from 0 to 1). We used the HLY as given
in the Happy Planet Index 2009 (Abdallah et al., 2009).
For all human needs categories we find an exponential increase of greenhouse gas
emissions with increasing HLY (Figure 37 to Figure 44). Interestingly, needs which can be
regarded as more basic like subsistence (Figure 43) or protection (Figure 42), the
increase with HLY is not as steep as for more advanced Needs like freedom (Figure 38) or
understanding (Figure 44).
Figure 37: Carbon footprint of satisfaction of the human need of creation vs. HLY
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Figure 38: Carbon footprint of satisfaction of the human need of freedom vs. HLY

Figure 39: Carbon footprint of satisfaction of the human need of identity vs. HLY
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Figure 40: Carbon footprint of satisfaction of the human need of leisure vs. HLY

Figure 41: Carbon footprint of satisfaction of the human need of participation vs HLY.
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Figure 42: Carbon footprint of satisfaction of the human need of protection vs. HLY

Figure 43: Carbon footprint of satisfaction of the human need of subsistence vs. HLY

Page 68 of 186

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 69 of 186

Figure 44: Carbon footprint of satisfaction of the human need of understanding vs. HLY

4.3.2 Approach 2: Empirical split between subsistence-related
consumption and non-subsistence needs
Expenditure decisions in terms of human needs
The first question to clarify is: what are we actually spending our money on? Which of
our human needs are more costly and which industrial sectors are taking the largest
share of the market by providing satisfiers for those needs? The answer is suggested by
the Sankey Diagram in Figure 45, which depicts monetary flows from industrial sectors to
human needs. The service sector takes a larger portion of our expenditure and in return
delivers satisfiers, typically synergic satisfiers. The broad offer of satisfiers provided by
the service sector is so vast that it is difficult to grasp, even harder to quantify with a
level of detail (from a haircut or the collection of garbage, to the financial services that
we use to pay for our entertainment such as cinema). With the versatility of services in
mind, we must keep in mind that the service sector provides insurances, pensions,
sanitation and defence to fulfil protection. Travel agencies, social and sport clubs,
communication, education and computer related services fulfil multiple needs such as
leisure, freedom and understanding. Health related services are basic for our
subsistence, just to comment on few examples that explain the results (Figure 45).
Furthermore, Max-Neef presents human needs as non-hierarchical (except for the
obvious precondition of survival). However, the needs satisfied by different market goods
force the individual to choose how to use his income to satisfy needs. This requires a
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prioritisation decision on the consumer side. Thus, one question remains still to answer:
The satisfaction of which needs will individuals prioritise as they become richer? Or vice
versa, which needs will be satisfied during scarcity or crisis? Understanding and
assumptions on such patterns have large implications for policy design, especially in
booming economies.
The expenditures elasticities presented in Table 6 can shed some light on the latter. It
seems that satisfiers for identity, subsistence and understanding will be procured without
being drastically affected by changes in income. Identity, which relates to the cultural
habits, social status and social norms, seems to be rather inflexible. The power of
identity or cultural elements such as religion or social recognition can be even stronger
than the need for subsistence (e.g. refuse to use prophylactic measures due to
religious/cultural reasons even with risk of human immunodeficiency virus (HIV) (Becker
and Geissler, 2009), the influence of public shame in suicide (Lester, 1997), religious
persons refusing blood transfusion even at the risk of their own life (Singelenberg, 1990).
On the other hand, it makes sense that as soon as wealth or expenditure increases,
people will tend to increase their expenditure on the protection of that prosperity, thus
the paradox: “The poor lose sleep searching for that which the rich lie awake to protect”
(Alika and Nueva Alianza, 2008). Other studies have made a distinction between the
needs that are strongly influenced by the societal structure (such as safety and
education) and those who depend more on the individual (such as sense of freedom and
affection) (Tay and Diener, 2011). On our results, the elasticities of identity (social norms
and habits) and subsistence are consistent with such results as well as the need for
understanding where the access to education is largely embedded in the societal
structure (i.e. provided by the state). It also seems reasonable that as people get
wealthier, the allocation of the marginal income will tend to be invested in leisure,
creation and freedom, which satisfaction (or over-satisfaction) through economic means
is most likely to occur in affluent countries.
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Figure 45: Sankey Diagram relating the expenditure made in consumption categories (left y-axis) in
order to satisfy human needs (right y-axis)

Note: This diagram is representative of the expenditure made by households at a global level as
captured in EXIOBASE v2.2. Total global household expenditure is estimated in 22,214,197 M EUR
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Figure 46: Sankey Diagram of different footprints showing the nature of the capital (left bar), its flows into consumption category (middle bar) and the
connection to human needs (right bar)

Note: The figure represents the global economy as captured in EXIOBASE v2.2
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Table 6: Household expenditure elasticity by human need

Note: Affection is included since it is not related to any market good. The expenditure elasticities
are a measure of the effect of changes on the expenditure on human needs in response to changes
in the general expenditure per capita. The mark of *** indicates alfa levels < 0.01.

Carbon, land, material and water footprints of different human needs
Subsistence makes about 30-40% of all footprints for the 43 largest economies (Figure
47). The rest of basic human needs do not result in such a uniform footprint pattern.
Identity takes large part of the land and water footprint whilst subsistence, protection,
creation and freedom are the major drivers of the carbon footprint, followed by leisure
and identity. Understanding and participation are responsible for a marginal portion of
the resource use and emissions amongst nations. None of the market goods in our inputoutput table seemed to be a satisfier for affection, thus the latter is not reflected in the
analysis.
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Figure 47 Average percentage contribution of the footprint of each need

The footprints of subsistence are more constant across nations as a consequence of a
common basket of goods that are consumed similarly across nations. This result suggests
that between 30-35% of the resource usage is an actual material requirement for
survival in the modern world. Hence, one could conclude that roughly 70% of the global
resource depletion and emissions is driven by the satisfaction of desires and aspirations
of modern lifestyles that in essence could be fulfilled through non-material satisfiers. In
line with the latter, the relative contribution of non-subsistence needs manifests greater
dispersion across nations since procuring material satisfiers for non-subsistence needs is
only enabled at increased levels of wealth.
For example, identity varies significantly in its relative importance across nations. The
land use footprint in developing nations is mostly to satisfy subsistence and identity. The
great use of land for identity is explained by the assumption that diets are habits that
are, to a certain extent, coupled with cultural identity and socio-demographic
development. In contrast, in richer nations land use becomes also relevant for leisure
and freedom, which are more resource intensive in terms of monetary inputs per
resource outputs.
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Figure 48: Footprints for all needs for all nations
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Assessments of eco-efficiency of need satisfaction
Figure 49 displays the relation between the carbon footprint of different nations in
specific needs (x axis) and the percentage of need satisfaction in the y axis. Diverse
indicators related to well-being were normalized to fit a scale from 0 to 1 when needed.
The later in order to have a comparable index of need satisfaction. Negative measures of
lagging in a component of well-being were transformed into positive measures of
achievement e.g. the percentage of inequality is transformed to percentage of equality.
The importance of needs proves to be consensual and constant across nations; this
seems to be an empirical validation of Max Neef’s framework and its underlying
hypothesis that fundamental needs are inherent to humans, regardless of cultural and
social differences (Ekins and Max-Neef, 1992).
The subjective importance to fulfil the needs (triangles) tends to be superior to the
subjective satisfaction of needs (circles) and the functional output and outcome
indicators (square), thereby suggesting a prevailing need satisfaction deficit across
nations and needs. The dissonance between different indicators for the same need is
exacerbated at lower carbon emissions.
Interestingly, the different perspectives to assess need satisfaction tend to converge at
increased resource use in some cases. Indicators for freedom and subsistence are highly
convergent at increasing emissions. Leisure, understanding, creation and participation
converge marginally while identity and protection do not seem to converge.
These results suggest that higher resource usage can enable capabilities to align life
values, need satisfaction and national outcome goals of only few of the whole lot of
human needs and only to a certain point, since both subsistence and freedom exhibit
saturation behaviour.
The subjective satisfaction of freedom, understanding, protection and subsistence
(standard of living) presents a moderate to strong, highly significant and positive relation
with respect to resource use. Participation holds a weak and significant relationship with
resource engagement. From these needs, all of them show saturation behaviour around
75% of need satisfaction reached at approximately half of the emissions of the highest
per capita emitters for each need (Figure 49.b,d,e,g,h).
The satisfaction of needs such as leisure, identity and creation is not significantly related
to resource usage, suggesting that material satisfiers to fulfil these needs are a futile
investment of capital in every case.
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Figure 49 Relation between resource use and need satisfaction at different perspectives

Note: Subjective Satisfaction, Human Values and Macro level indicators. Self-Expression values for
identity go over 1 because they obey the Ingelhart scale of values (Inglehart and Welzel, 2007).
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Eco-efficiency of need satisfaction vs. eco-efficiency of wealth
Figure 50 shows the linear trends between footprints of different needs and need
satisfaction. Understanding and participation improve dramatically at minimal increase in
emissions. Subsistence and protection engage much more resources without delivering
significant gains in the satisfaction of these needs. Freedom has a steep curve of
satisfaction meaning that resource usage mediates steeps gains in freedom which can be
also explained by the proxy that emissions can be of functional social systems thus the
trends on these lines are also greatly driven by the context of each country. Wealth has
the steepest curve of al indicators. Thus looking at economic wealth as proxy of
prosperity draws an overoptimistic conclusion about the utility of exploiting natural
resources when compared to the gains in the satisfaction of other needs.
Figure 50: Unweighted average of indicators for need satisfaction (y-axis) in relation to resource
engagement

Figure 51 compares the linear trends of need satisfaction against the Happy Planet Index
(Abdallah et al., 2009). The trend of economic wealth has a very gradual decrease at
increased happy planet index rates, meaning that wealth is not necessarily in conflict
with increasing happy planet rates.
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Figure 51: Average values for need satisfaction in relation to scores in Happy Planet Index

4.4 Discussion
This case study builds upon a series of efforts to investigate the material requirements of
a good life (Costanza et al., 2007; Lamb and Rao, 2015; Rao et al., 2014; Rao and Baer,
2012; Steinberger et al., 2012; Steinberger and Roberts, 2010). Such studies use the
economic or material definition of basic human needs and consequently assess need
satisfaction through objective macro indicators as a proxy for a decent life. The broad
consensus in literature is that there is a limit to life quality that can be provided through
exploitation of natural resources as well as that wealthy nations are greatly overshooting
this limit and perhaps hindering other nations that could obtain larger gains in social
benefits through the use of natural resources.
Our case study complements and improves the resolution on this topic by adopting a
framework of human needs that allows for the deconstruction of well-being into its
components. Therefore, we are able to calculate the magnitude of the environmental
burden of different human needs. More importantly, our study allows distinguishing
between the satisfaction of different needs and resource use. From our results it is clear
that the satisfaction of some needs (e.g. understanding and participation) are lowhanging fruits from an environmental point of view. These benefit greatly from a
marginal increment in resource use. Other needs seem to be futile investments of natural
capital such as protection and subsistence, returning very little improvement at the costs
of great natural capital. Similar patterns have been observed in previous work that
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concludes that education and life expectancy require minimum emissions to be greatly
increased (Dietz et al., 2007).
Previous studies on eco-efficiency of well-being have used subjective measures of well–
being (Dietz et al., 2012, 2009; Knight and Rosa, 2011) by using aggregated measures
of life satisfaction as a proxy for well-being and intricate indicators of environmental
damage such as the ecological footprint (Giampietro and Saltelli, 2014a, 2014b;
Goldfinger et al., 2014). In the present study, we deconstruct well-being into its essential
components pointing out distinctions between different needs. Additionally, we calculate
a family of footprints (Tukker et al., 2014) associated with needs and from a life cycle
consumption based perspective.
Our framework for assessing need satisfaction offers a new perspective in which
objective indicators, subjective perceptions and human values are contrasted
simultaneously. The match of the individual values (expectations) with both subjective
and objective versions of reality has been deemed as a key aspect for life satisfaction
(Diener et al., 2003). In our study we have found that such convergence occurs in
relation to resource usage only in certain needs such as subsistence and freedom.
Remarkably, this convergence starts to take place at half of the maximum emissions in
such needs; at 1.7 tonnes CO2 eq./cap for freedom and 3000 tonnes CO2 eq./cap for
subsistence. The different indicators for leisure, understanding, creation and participation
only converge moderately, while identity and protection do not seem to converge.
While interpreting our results, one must keep in mind that the footprint calculation is
based on expenditure data, which is itself related to income and wealth. With this in
mind, one can expect that the improvement of need satisfaction in some cases might not
be related to resource engagement but rather to other socio economic characteristics of
wealthy nations where resource exploitation is a consequence of wealth. This is probably
the case in the positive correlation between resource use and democracy index, for
instance. A regression analysis isolating the explanatory power of variables such as
resource use compared to wealth and social structure for achieving well-being is an
interesting opportunity for future research.

4.4.1 Comparison of approaches
Both methods to link market goods to needs (Monte Carlo simulation in page 48 and
consumer survey informed attribution in page 49) show comparable results when it
comes to identifying the most environmental intensive human needs. Difference lays in
the relative importance of the needs. The Monte Carlo approach shows 23% of the
carbon footprint driven by subsistence while 19% to protection. The Consumer Survey
approach, on the other hand, shows 30% attributable to subsistence while 17% to
protection. Since subsistence and protection are both related to the most material
definition of ‘basic needs’ and thus related to similar goods in many cases (e.g. shelterrelated), simulating the allocation gives a more homogenous distribution of carbon
impact than fixed coefficients based on expenditure. Both needs are looked at in more
detail in sections 5 and 6.
Another difference is that in the empirical method (consumer survey informed) leisure is
marginally less carbon intensive than identity whereas in the Monte-Carlo, leisure comes
up with 1 x 109 tonnes of CO2 eq. more than identity. Identity and leisure have some
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overlap when it comes to satisfiers and the line between these two needs is hard to draw
in many cases. For example, a car can satisfy leisure but also identity. To which extent?
Is the poor citizen fulfilling more his identity whereas the high class gets more leisure out
of their cars or is it the other way around? There is no general answer to these questions
since they vary from culture and individuals. However, combining our two methods at
least provides a robust idea of the order of magnitude of all needs, regardless of the
method of allocation.
The empirical method is superior when it comes to approximating the different roles of
needs versus wants (Jackson, 2005) and might be more useful framework for the
continuation of this type of work given that there is appropriate data available (see
section 3.2). However, a Monte-Carlo simulation is ideal to assess the possible spread of
an assumption or consumption scenario.

4.4.2 Relevance
We used a novel approach to link environmental pressures to the satisfaction of human
needs. Although we use different approaches (Monte Carlo simulation vs. consumer
survey informed attribution) we find consistent results: The satisfaction of human needs
of subsistence, protection, creation and freedom are connected to the highest
environmental costs (in terms of greenhouse gas emissions), whereas understanding and
participation causes only minimal environmental burden. The total environmental cost of
human need satisfaction increases with affluence for all human need categories.
Analysing the intensity of human needs satisfaction we find that these decrease sharply
with higher affluence level. Assuming that low-income countries will increase their
GDP/capita in the near future, we could expect some improvement for these countries.
However, our data also shows that high-income countries did not find a way to reduce
their intensities beyond a certain threshold. Especially for identity (Figure 23) and leisure
(Figure 24) that means that higher income countries spend more money for trying to
satisfy these needs without any efficiency improvements.
In the last decade it become increasingly clear that GDP is not a good indicator for
progress and development. Therefore, we also compare our results with a clear outcomeoriented indicator: Happy Life Years (HLY). Increasing HLY levels lead to an exponential
increase in environmental pressures associated with the satisfaction of every human
need category. This points to the circumstance that with higher HLY, it becomes
increasingly difficult to achieve an even higher HLY. There are several thinkable ways of
solving that problem. One solution would be to advocate needs satisfaction through
means not causing environmental burden. In fact, most of human needs can also be
satisfied through non-market goods such as public spaces and self-organised
communitarian events such as concerts, festivals, workshops, lectures, parties,
tournaments, etc. Strong community/family bonds and nature-related leisure forms are
other examples. In fact, a great amount of market goods are actually pseudo satisfiers or
inhibitors that hinder true need satisfaction and well-being (Jackson, 2005; Max-Neef et
al., 1991). Workaholism might be attempted to satisfy career- or salary-oriented goals
(identity, creation) while actually compromising leisure, freedom and affection.
Compulsive shopping as a means to satisfy status (identity) might be an impediment to
truly know and express one self.
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A robust example of a non-material social shift that could be a strong synergistic satisfier
for many needs is to incentivise economic democracy. Adopting a system where the
employees hold ownership over their firms and have a voice through participatory
management (Wilkinson and Pickett, 2010) holds the potential to increase different
aspects of well-being such as creation, identity, freedom, participation or protection.
Another way to increase life satisfaction is to stress the importance of needs categories
with lower environmental pressures. Especially understanding and participation have low
environmental costs associated with them. Highlighting education and advocating local
communities instead of defining ourselves through the consumption of goods for identity
or perceived freedom would not only improve our social periphery, but also help the
environment.
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5 Human needs and food in a resource
efficiency context
5.1 Background
Sufficient, safe and nutrient-rich food is an essential element to sustain our biological
processes. For this reason, (having) food is one of the main satisfiers of the human need
of subsistence and is considered a basic human right. As stated in the Declaration of
Human Rights (UN, 1948), “Everyone has the right to a standard of living adequate for
the health and well-being of himself and of his family, including food, clothing, housing
and medical care”.
There is an overall agreement on the need to ensure a minimum nutritional achievement
level to all the population. This view was reflected in the ‘Millennium declaration’ (UN,
2000), which called for halving the proportion of people who suffer from hunger by 2015.
Despite progress, the problem is far from being solved (UN, 2014a). For these reason,
the latest proposal for the sustainable development goals calls for ending hunger,
achieving food security and improving nutrition by 2030 (UN, 2014b).

5.1.1 Food in the context of the human needs framework
How and to which extent food contributes to human need satisfaction varies widely
across cultures. As argued by Tansley and Worsley (1995), the social, economic and
cultural aspects of food, as well as its nutritional content determine whether it fulfils our
needs. Some authors have attempted to identify these factors in the context of food wellbeing (Block et al., 2011; Bublitz et al., 2012). For example, Rozin (2005, p. 107)
concluded that “French traditions of moderation (versus American abundance), focus on
quality (versus quantity), and emphasis on the joys of the moment (rather than making
life comfortable and easy) support a healthier lifestyle”. While this example illustrates the
difference between the eating habits in two developed countries, the case study requires
a theoretical framework that can be applied to any human being, independent from
where it lives or its income. It is obvious that a person living below the poverty line and
without regular access to food seeks a different function from food compared with an
affluent person eating in a three-Michelin-star restaurant. Yet both cases have the need
of subsistence in common.
In order to better understand how food contributes to the need of subsistence, a
distinction should be made between different foodstuffs, for they differ in their nutritional
value and by extension, in their effectiveness. As pointed out by Jackson and Marks
(1999), specific foodstuffs could also act as inhibiting satisfiers and pseudosatisfiers if
they lead to health problems (e.g. refined sugars or saturated fats). They continue by
arguing that even foodstuffs that are in principle healthy, can also lead to backfire due to
overconsumption, which ultimately could again cause serious health problems that might
impair the ability to satisfy subsistence and other human needs. From this
argumentation, the non-linearity between the satisfaction of the need and the amount of
food ingested can be established.
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It should also be noted that acquiring the required energy for the satisfaction of
subsistence is not only related to having access to food. The simple act of eating
activates additional activities such as cooking or food preparation (doing) and requires a
whole infrastructure around it such as an agricultural system and institutions for
distribution, management and food safety (Jackson et al., 2004).
Nevertheless, in modern societies food is more than fodder. Block and colleagues (2011,
p. 6) defined the concept of ‘food well-being’ as “a positive psychological, physical,
emotional, and social relationship with food at both the individual and societal levels”.
Hence, food can have synergetic effect in other human needs such as identity, leisure,
creation or participation. For instance, the identity of vegans and vegetarian is partially
based on a different attitude towards animals and animal products in comparison with an
average western consumer. Food also features a very important position in different
religions by either promoting or restricting the consumption of specific products.
Likewise, individuals sometimes use food to define their social class (e.g. eating at
expensive restaurants or purchasing products that most of the population cannot afford).
In this line, eating out at a restaurant or party can also be a satisfier of the need of
leisure or participation. This also applies to cooking, which besides leisure, can also
contribute to meet the need of creation through aesthetic expression. An example of the
satisfiers associated with food is given in Table 7. This list should not be considered
exhaustive, for it is only given for illustrative purposes.
Although we acknowledge the multidimensionality of food as satisfier of human needs,
the case study only addresses the role of food in relation to subsistence, since this is the
main motivation behind its consumption. It establishes a direct causal link between
material input and human needs satisfaction.
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Table 7: Food in Max-Neef’s human needs matrix

Need

Being
(qualities)

Having (things)

Doing (actions)

Interacting
(settings)

Subsistence

Healthy, satiated
(full)

Enough food,
(nutrition)

Growing,
distributing,
buying, storing,
cooking, feeding

Places to grow,
store, cook and
distribute food

Protection

Confident that
there is enough
food today and
tomorrow

Secured supply of
food (nutrition)

Ensuring physical
supply of food

Places to grow,
store and
consume food

Satisfied with
amount and taste

Taste,
characteristic of
food to provide
distinguished and
enjoyable
flavours

Enjoying the
taste and
satiation

Places to enjoy
growing, storing,
cooking, food

Aware how food
is grown, where,
how it is
processed, what
it contains

Recipes, common
knowledge in
preparing,
cooing,
distributing foods
in form of
literature,
customs.

Experimenting
with food,
studying flavours,
trying new
ingredients

Family, cooking
schools and
courses, food
production
facilities, food
laboratories

Participation

Involved in foodpreparing
processes

Obligations to
take care of
foods and
nutritional wellbeing, right to
have enough
food

Cooperation and
communication
over food, food
blogging and
instagramming,

Restaurants,
home kitchens

Leisure

Happy about
amount of food
and taste

Food contests,
food art, party
‘food wars’

Creative cooking,
cooking therapy,
playing with food,
cake-smashing,
food decorating

Restaurants,
home parties

Creation

Fascinated,
impressed and
curious about
food

Having
techniques and
skills to grow,
distribute, store,
prepare food

Designing new
food and recipes,
writing cooking
books, using it as
source for
inspiration

Food workshops,
audiences,
anywhere

Identity

Part of the
[cooking]
community,
worker in food
industry

Food customs
(fasting, religious
feasts),

Working
professionally
with food, getting
to know different
foreign food

Home kitchen,
restaurants,
community food
sharing places

Freedom

Free to choose
food

Choice what to
eat

Selecting
ingredients, place
to eat, decoration
and utensils

Anywhere

Affection

Understanding

Source: Own elaboration
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5.1.2 The food and nutrition systems: concepts and interlinkages
Basic concepts
The food supply chain, the food system and the nutrition system
As explained by Sobal et al. (1998), most of the food models are usually limited to the
food supply chain. This describes how materials are transformed in sequential steps until
the raw or processed food products reach the final consumer. Producers are at the core
of this type of models.
Against this background, these authors describe a wider system in which different types
of inputs are ultimately transformed into health outcomes. Such a system has also been
used by Burchi and colleagues (2011) to address hidden hunger. Thus, Sobal and
colleagues (1998, p. 853) define the food and nutrition system as “the set of operations
and processes involved in transforming raw materials into foods and transforming
nutrients into health outcomes, all of which functions as a system within biophysical and
sociocultural contexts”. Such an approach acknowledges that many different actors
influence each other, within a certain political, technological, environmental, cultural and
institutional context. In contrast, the food chain approach perceives these actors in a
more neutral way (Westhoek et al., 2014).
This paper by Sobal and colleagues proposes an integrated model of the relationship
between agriculture, food, eating and health thereby consistently covering the inputs,
outputs and outcomes of the whole system. For the purposes of the case study, we
represent the food and nutrition systems separately as shown in Figure 52.
Figure 52: Representation of the food supply chain, food system and nutrition system

Source: Adapted from (Sobal et al., 1998)

The whole system comprises three subsystems: producer, consumer and nutrition. As
shown in the figure, we conceive the food supply chain, the food system and the nutrition
system as nested systems. Hence, the producer subsystem represents the food supply
chain. When we add the consumer subsystem, the resulting system would refer to the
food system, while the sum of the three subsystems represents the nutritional system.
Each of the subsystems contains three stages that describe inputs, their transformation
and the outputs.
The producer subsystem comprises production, processing and distribution of agricultural
and food products. The production stage covers the activities of the agricultural sector. It
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uses natural inputs and other types of capital to produce raw goods in activities such as
crop growing, farming of animals or fishing. These goods are then processed by the food
manufacturing industry. This stage also includes packaging activities. In order to reach
the final consumer, the outputs of the agricultural sector and food processing industry
are distributed through different channels to wholesale traders, retailers, restaurants,
etc.
The main agents of the consumer subsystem are households. These will acquire raw,
processed or prepared food either by purchasing it in (super)markets, stores,
restaurants, fast food outlets, or other similar facilities. In situations where the
household does not have the necessary economic income to purchase food items, it
might get them from alternative sources such as food banks or soup kitchens. The
preparation stage refers to cooking, which transforms raw food into the product that will
ultimately be consumed. The consumption stage focuses on eating and involves
selection, serving and ingesting food items. Given the high amounts of household waste
produced at this stage, the differences between food purchased and food consumed can
be notable, particularly in wealthy countries.
The last subsystem refers to nutrition. Digestion of food, and transport and utilization of
nutrients occur within this subsystem. These activities contribute positively or negatively
to our health depending on the amount of macro- and micronutrients ingested, as well as
on the capacity of our body to transform them into nutritional achievements.
As the authors point out, the food and nutrition system operates within a wider context
that includes the natural and sociocultural environments at every stage. The natural
environment can refer not only to natural resources, but also to media such as air, water
and land, or environmental functions provided by ecosystems. The sociocultural
environment can refer to institutions, policies, knowledge, preferences, etc. The
individual conversion factors (personal, social and environmental) provide an example of
how the wider natural and sociocultural environments can affect the food and nutrition
systems. These conversion factors will influence the process of transforming goods and
services into capabilities. Likewise, the social environment plays an important role in
preference formation, which will affect the choices we make and by extension, the
functionings we achieve.
Likewise, Sobal et al. (1998) also stress the interactions of this system with other
systems such as the health care system, economic system, transportation system, etc.
The effects of these interactions do not only affect the producer, consumer and nutrition
subsystems, but can also be contributing factors to the overall health outcomes. For
example, lack of access to clean water or health systems could be more relevant than
food intake in terms of the health status of individuals.
It should also be noted that although the figure above shows a linear system, in practice
there are non-sequential interactions and feedback effects between each of the
subsystems and the wider natural and sociocultural environments.
Food security
Food security has been on the policy agenda for a long time. The concept as such is
considered to be elusive due to its multidimensional nature (Jones et al., 2013;
Santeramo, 2015) and the use of proxy measures to operationalize it (Barrett, 2010).
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Thus, its definition has evolved over time in order to better capture all its different
domains. 9
Before the 1980s food security focused on the amount of food physically available in a
population in a given period of time. The concept only covered macro-level availability
until Amartya Sen’s thesis on food entitlements showed that availability does not
necessarily ensure access. As he argued (Sen, 1981, p. 1), “Starvation is the
characteristic of some people not having enough food to eat. It is not the characteristic of
there being not enough food to eat. While the latter can be cause of the former, it is but
one of many possible causes”. After all, what people can eat depends on what food they
can acquire. Sen’s entitlement approach stressed the importance of socioeconomic
conditions in determining food security of households. As explained by Barrett (2010, p.
825), access “reflects the demand side of food security, as manifest in uneven inter- and
intra-household food distribution and in the sociocultural limits on what foods are
consistent with prevailing tastes and values within a community”. Yet these two
dimensions do not reflect population’s ability to obtain sufficient nutritional intake and
nutrition absorption during a given period (Pangaribowo et al., 2013). For this reason,
concerns about diet quality and intra-household distribution led to the inclusion of a third
pillar, utilization. FAO (2008, p. 1) considers utilization to be the main determinant of the
nutritional status of individuals and defines it as “the way the body makes the most of
in th e fo o d .
various nutrients
result of good care and feeding practices, food preparation, quality of the diet and intrahousehold distribution of food”. Ultimately, utilization of food is shaped by a wide range
of non-food factors such as health and sanitary conditions, education, care practices,
food storage and processing facilities, individual conversion factors, intra-household
distribution etc. (Aurino, 2013).
Many different definitions of food security have been used over time (Maxwell, 1996).
The most widely used definition nowadays consistently combines the three pillars
outlined above. Formulated at the 1996 World Food Summit, the definition states that
“Food security, at the individual, household, national, regional and global levels [is
achieved] when all people, at all times, have physical and economic access to sufficient,
safe and nutritious food to meet their dietary needs and food preferences for an active
and healthy life” (FAO, 1996, p. 4). From this definition, FAO (2008) and Pangaribowo
(2013) add stability as a fourth dimension to food security. As she points out this
dimension addresses the importance of having mechanisms in place to assure the
availability, access, and utilization in the event of factors leading to instability.
Availability, accessibility and utilization have a hierarchical nature as shown in Figure 53
i.e. availability is needed, but is not enough to ensure access. At the same time,
availability and access are required for an effective utilization, yet they are not enough
on their own (Barrett, 2010). In contrast, stability applies to each of them equally across
time. In terms of the scale addressed by each of these dimension, availability refers to
the macro level, while access mainly covers households. Utilization is concerned with
individuals (Aurino, 2013, 2014).

9
It should be stressed that the terms “hunger”, “food insecurity”, “undernourishment”,
“malnutrition”, “food deprivation”, “food crisis” have commonly been used interchangeably, yet
they are not.
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Figure 53: Relation between the different dimensions of food security

Source: (Jones et al., 2013)

Linking the food and nutrition systems, food security and the general
framework
Several elements of the general framework in Figure 7 and of the food and nutrition
systems depicted in Figure 52 partially overlap as shown in Figure 54. This suggests that,
in principle, the system developed by Sobal and colleagues – and described in the
previous section – provides a good basis to assess how resource efficient food is a
satisfier of the need of subsistence. In their model, the process of transforming raw
materials into food and ultimately into nutritional achievements is represented. However,
the figure should be interpreted carefully, for the overlaps depicted are subject to certain
considerations. These are explained in more detail in the following paragraphs.
In general terms, the producer subsystem could be interpreted as the food production
system of the economy, which requires natural inputs (in form of natural resources) as
well as other inputs (in form of financial, manufactured, social and human capital) to
function. When looking in more detail, one should note that the economy measures the
flows of foodstuffs that have a monetary value. In contrast, the producer subsystem
covers those products with market value, as well as those from non-commercial
production and production in kitchen gardens. In both cases, the whole production
process of food and agriculture products is arranged as a supply chain that maps the
different stages foodstuffs undergo before they reach the consumer.
The consumer subsystem and the final consumption box in the general framework also
require a few remarks in relation to the agents (consumers) taken as a reference and the
extent to which their activities are covered. In the economy, intermediate consumption
“consists of goods and services used up in the course of production“, while final
consumption “consists of goods and services used by individual households or the
community to satisfy their individual or collective needs or wants” (European Commission
et al., 2009, p. 8). In the case of food, the economy records as final consumption the
purchases of foodstuffs in (super)markets, stores, restaurants, fast food outlets, or other
similar facilities by households, governments and non-profit organizations serving
households (e.g. charities). 10 While food acquired by these means covers an important
share of food intake, they leave out other activities that are considered to be part of
intermediate consumption, although they are also associated with food intake. The
catering services in hospitals or the food consumed in canteens are a few examples of
such activities. The consumer subsystem does not distinguish whether food intake is the
10

Additionally, final consumption in economics also covers the food additions to stocks, although
this are not considered relevant in this context, for they are not associated with food intake in the
year they are recorded.
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result of intermediate or final consumption. Thus, it takes a more pragmatic approach to
account for the foodstuffs consumed by the population. Further, it should also be noted
that the economy only records monetary transactions, so final consumption of food only
can be related to the first of the three stages of the consumer subsystem (acquisition,
preparation and utilization). This is particularly relevant when trying to distinguish
between food purchased and real food intake, since the former needs to be corrected to
take into account the fraction of edible food that is not ultimately consumed.
The nutrition subsystem is represented between the economic system and the human
needs box as an intermediate step linking consumption and nutritional health
achievements. The nutrition subsystem reflects how the human body transforms the
macro- and micronutrients contained in the food consumed into health outcomes. Thus,
its success in delivering outcomes depends on personal, social and environmental
conversion factors (see section 2.1.1).
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Figure 54: Relation between the food and nutrition systems and the general framework
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While the paragraphs above show how the food and nutrition systems fit into the general
framework, placing of ‘food security’ in this scheme is more complicated. Rutten and
colleagues (2011) represent food security as a continuum that runs in parallel to the food
and nutrition subsystems and processes. Thus, they consider that the main different
elements of food security (availability, access and utilization) are equivalents to the
subsystems of the food and nutrition systems (producer, consumer and nutrition).
Concretely, they argue that food “availability refers to the supply of food to a given
community or geographic region and hinges on the success of the producer subsystem.
Food access points to the consumer subsystem and describes the ability of individuals or
households to acquire or produce food. Utilization refers to the physiological process of
converting food to nutrients and is captured [...] in the nutrition subsystem” (Rutten et
al., 2011, p. 243). Nevertheless, the set of indicators used to measure food security
suggests that it is a much broader concept than the food and nutrition systems described
by Sobal et al. (1998). For instance, FAO uses indicators on road and rail line density in
the access dimension, and indicators on the access to improved water sources and
sanitation facilities in the utilization dimension (FAO et al., 2014). This view is also
shared by Ericksen (2008, p. 234) who argues that a “comprehensive and holistic
analysis of how the current organization of food production, processing, distribution and
consumption contributes to food security requires broadening the concept of a ‘food
system’ beyond only those activities”. Ericksen’s integrates the activities of the food
system (production and consumption) in a wider system that depicts how these are
related to the outcomes contributing to food security (availability, access and utilization).
In this case, the food system is embedded in a wider system, where other drivers
determine these outcomes as well (Figure 55).
Figure 55: Relation between food systems and food security

Source: (Ericksen, 2008)

Thus, although we acknowledge that the food and nutrition systems contribute to
improving food security, we consider the latter to be a broader system, so the usefulness
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of both concepts to measure resource efficiency is analysed separately in the next
section.

5.1.3 Resource efficiency in the context of food and nutrition
systems and food security
Efficiency measures link inputs and output to try to measure progress towards doing
more (or better) with less. In the case of resource efficiency, less means reducing the
input of natural resources. This is emphasized in the annex to the Roadmap for a
Resource Efficient Europe, which states that “The value brought by food and drink can be
realised with lower resource inputs and resource depletion if steps are taken along the
value chain on: food waste, food choices, production techniques and phosphorous
management” (European Commission, 2011b, p. 47). But what should be increased or
improved in the context of food and nutrition is subject to different interpretations and
perspectives.
As explained in section 2.1, the overall satisfaction of human needs is an aggregated
expression of the functionings derived from different material and immaterial goods and
services. In the case of food – as satisfier –, the fulfilment level of the human need
subsistence could, for example, be expressed as overall food intake in form of kcal,
macro- or micronutrients against a reference value that indicates the nutritional status
needed to carry out a healthy life that takes into account the needs of the different
groups. Nevertheless, some authors do not put so much emphasis on the actual level of
achievement, but on the enabling circumstances needed to give individuals freedom to
choose the best way to fulfil their needs. These prerequisites are commonly referred to
as capabilities following Amartya Sen’s postulates (Sen, 1981, 1985, 1999; Dreze and
Sen, 1989). As Binder and Coad (2011), and Anand and colleagues (2005) point out,
there is a circularity problem between capabilities and functionings, since some
functionings might be considered capabilities for other functionings, some capabilities
might be actually considered functionings and so on.
The measurement of progress in the context of human needs has historically addressed
developing countries by focusing on basic capabilities (Burchi and De Muro, 2015). The
expansion of the approach to high-income countries requires going beyond basic
capabilities, since these are covered for the vast majority of the population (Anand and
Sen, 1993).
In the following section we explore the expected outputs and outcomes from the three
systems depicted in Figure 52, which refer to the food supply chain, food system and
nutrition system. 11 The operationalization of resource efficiency in the food security
system is described as well.

11

The following subsections use several elements of the three perspectives outlined by Garnett
(2013, 2014): Efficiency, demand restraint and food system transformation. Nonetheless, as
formulated these are not consistent with the system boundaries of the food and nutrition systems
described above. Thus, these elements are adapted to the system delineation used in this case
study.
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Resource efficiency in the food and nutrition systems
Resource efficiency of the food supply chain
Historically, resource efficiency in the food and nutrition system has centred on the
producer subsystem by applying a ‘farm to home’ perspective. Such a perspective covers
the stages of food until households purchase it.
The focus on food supply is rooted in challenges to feed the ever growing and urbanizing
human population. While the proportion of people directly engaged in farming is falling,
the majority of population is becoming net consumers. To feed urban consumers, more
food must therefore be manufactured on existing agricultural land without excessive
environmental damage. Improvements in technological innovations and organisational
changes are seen as key to improve the performance of technical processes or to
decrease the amount of food losses in the chain, which reduces use of natural resources
required in the different stages of food production per unit of output.
From this point of view – also referred as 'productivity narrative' as described by
Freibauer et al. (2011) –, the primary function of the food system is to provide an
efficient supply of the products and services to meet a growing demand (Garnett, 2013).
Although other aspects such as food quality, access conditions and distribution or
stability are acknowledged to be relevant, in practice this is still a market-oriented
perspective where food is first viewed as an economic commodity, rather than as a basic
satisfier to meet human needs in rich countries (Sodano, 2012). In the EU alone, the
food supply chain creates value added of €715 billion per year (6% of the EU GDP) and
employs over 48 million citizens, which makes it crucial in the current economic and
political agenda (European Commission, 2012).
Thus, productivity increase (physical and monetary) per area, per man-hour or per
quantity of resource (energy, water, etc.) input has traditionally been associated with
progress in the different segments of the food chain – especially in agriculture (Rabbinge
and Linnemann, 2009). Following this approach, resource efficiency is determined by the
use of natural resources in each of these stages in relation to their output volumes (BIO
Intelligence Service, 2012). Recently, food losses in food production and distribution
have gained wider attention following the publication of several studies highlighting the
hotspots in which major losses occur (Monier et al., 2010; Gustavsson et al., 2011). In
summary, this approach tries to answer the following question: How resource efficient is
a country in supplying food for its citizens?
From a global perspective, the considerable efficiency gains in the food sector have not
resulted in an absolute decrease of environmental pressure (absolute decoupling). As
Krausmann and colleagues (2009) showed, the use of biomass has increased by a factor
of 3.6 since 1900 due to increasing population and affluence, and continues to rise.
Resource efficiency of the food system
The food system represents the sum of the producer and consumer subsystems. In
contrast to the food supply perspective, this approach puts emphasis on the demand
side, for the main objective of the food system of a country goes beyond supplying food.
Instead, an effective food system will be one where the citizens have access to (and
consume) healthy amounts of high quality food. In the food system the inefficiencies of
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the food supply chain are duly acknowledged and expanded to cover the additional
dimensions that affect final consumers.
One of these additional dimensions relates to food waste 12 occurring mainly at household
level. The reasons for this inefficiency differ significantly from those related to food losses
in pre-consumer stages. While factors such as portion size, labelling, packaging, storage,
awareness, planning and socioeconomic class act as drivers of food waste, food losses
are mainly related to logistical and technical factors (Monier et al., 2010). All in all,
Gustavsson et al. (2011) estimated that roughly one-third of food produced in the global
food cycle is lost or wasted, which makes altogether about 1.3 billion tons of wasted food
per year that never reach the human stomach. Unsurprisingly, in developed countries
food wastage is more significant at the household stage. In the EU consumers produce
the largest proportion (42%) of losses and waste, while other estimates suggest that
over 60% of it is avoidable (BIO Intelligence Service, 2012). Conversely, in developing
countries food wastage is more common along the food supply chain than in final
consumption phases (Gustavsson et al., 2011).
The second dimension refers to the quantity, quality and diversity of actual food
consumption, which is directly linked to health outcomes. In a system in which the
overall aim is that individuals consume adequate and varied amounts of food to support
health and wellbeing, over- and underconsumption in relation to dietary guidelines
influences the system’s resource efficiency. In other words, food systems characterized
by overconsumption of resource-intensive foods are less efficient than those providing
the same or better nutritional and food-related wellbeing outcomes using more resource
efficient foods (BIO Intelligence Service, 2012). Conversely, imbalances and inequities
are the main characteristics of inefficiency of a food system in which a relevant share of
the population if undernourished.
Overconsumption occurs when individuals’ energy intake exceeds their actual nutritional
requirements. This concept is closely linked to the sufficiency narrative (Freibauer et al.,
2011). From a nutritional point of view, every calorie consumed in excess is a sign of
inefficiency for it will not contribute to the individuals’ nutritional wellbeing (Blair and
Sobal, 2006; Cafiero, 2014). Instead, food overconsumption is associated with obesity
and other non-communicable diseases (Everitt et al., 2010). While other factors such as
physical activity are also among the main drivers of obesity, the findings of Swinburn and
colleagues (2009) suggest that increased energy intake appears to be more than
sufficient to explain weight gain (4,0 kg in children and 8,6 kg in adults) in the US
population between 1970s and the 2000s. Beyond mere calorie intake, the quality of the
diet is also an important determinant of health outcomes. In this vein, low levels of per
capita income are usually associated with cereal-rich diets, while at higher income levels
consumers are more likely to consume more sugar- and fat-rich products (Figure 56).
From a resource efficiency perspective, the consumption of protein in excess of needs
and particularly the high reliance on animal sources is a consumption-based structural
weakness in the food cycle (BIO Intelligence Service, 2012).

12

Following the definitions given by Parfitt and et al. (2010) we consider ‘food losses’ to comprise
food wasted in pre-consumer stages, while ‘food waste’ covers food wasted by end consumers due
to behavior reasons.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 96 of 186

Figure 56: Share of different foodstuffs in the average diet of high-income and low-income countries

Source: (FAO, 2014)

In contrast, while a relevant share of the world population overconsume and wastes large
proportions of edible food, 805 million people’s food intake is insufficient to meet dietary
energy requirements for an active and healthy life (FAO, 2014). This represents 11% of
the world population; in Africa one out of five people is undernourished. Further, in 2004
3.5 million deaths of children under five were attributable to nutritional risks (Black et al.
2008) derived from, among others, insufficient energy intake and dietary diversity. Given
that enough food is produced to feed the current world population, underconsumption is
a symptom of inefficiency caused by imbalances and inequities arising from poor
governance practices rather than by the economic laws of supply and demand (Garnett,
2013).
Resource efficiency of the nutrition system
As explained before, the nutrition system comprises the producer, consumer and
nutrition subsystems. Its ultimate objective is to ensure the nutritional health of the
population. According to WHO (2003), the link between dietary and lifestyle patterns,
and several non-communicable diseases such as obesity, diabetes, cardiovascular
diseases, hypertension and stroke, and some types of cancer is well established.
Previously denominated ‘diseases of affluence’, they now affect an important share of the
population in rich and poor countries.
For instance, overconsumption is one of the factors leading to increase of the number of
overweight and obese people. The former refers to a body-mass index (BMI) ranging
between 25 and 30 kg per m2, while obesity is equivalent to a BMI higher than 30.
Worldwide age-standardized prevalence of obesity was 9,8% in men and 13,8% in
women in 2008, which was nearly twice as much as in 1980. In the adult population
(older than 20 years) this represented 205 million men and 297 million women (Finucane
et al., 2011). Half of this rise occurred between 1980 and 2000, while the other half took
place between 2000 and 2008. Likewise, the amount of billion adult men and women that
were overweight rose from 572 million to 1,46 billion between 1980 and 2008 (Stevens
et al., 2012).
From a resource efficiency perspective, insufficient nutritional achievements point out at
inefficient use of resources, among other causes. Nevertheless, the relation between
health outcomes and natural resource use is not as straightforward as in the previous
two cases, for the transformation of food consumption into nutritional health also
depends on many other factors such as a healthy physical environment (including safe
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drinking water), nutritional knowledge, sanitation and hygiene, decreased burden of
infectious disease, etc. (Burchi et al., 2011).
Overview of potential output/outcome indicators
The food and nutrition systems are represented as a process in which raw materials are
transformed into food products that are then consumed by individuals and converted into
nutritional achievements. That process comprises different subsystems that are
embedded in the wider nutrition system as shown in Figure 52.
The producer subsystem (or food supply chain) uses natural resources (and other inputs)
to produce, process and distribute food. From an economic perspective, the output
against which natural resource use is measured is the value added – or monetary output
– generated by the relevant industries or the final consumption expenditure on food.
Value added and monetary output measure the economic activity of individual industries,
while the final consumption expenditure relates to the whole supply chain of food
products. The use of monetary metrics as reference has been a common practice of
input-output practitioners (EEA, 2013a, 2014; Arto et al., 2012; BIO Intelligence Service,
2013) and allows the resource productivity measures to be comparable both between
countries and product groups or industries. Nevertheless, this type of monetary
indicators fails to capture the well-being dimension of food production.
In the producer subsystem a better metric would be the physical supply of foodstuffs
measured in physical units. Physical supply of food represents a capability in relation to
the need of subsistence, but does not indicate the extent to which the need is satisfied.
Such a metric should only made reference to the food that is made available to the
consumer, therefore omitting any pre-consumer food loss. Given that the energy density
of food products differs from one another, measuring food supply in kcal per capita per
day eases the interpretation of the indicator. Nonetheless, this is still a macro-level
measure where distribution among the population is not relevant.
There are two main sources of food supply data: Food Balance Sheets (FBS) and national
household surveys (NHS) such as household income and expenditure surveys, household
expenditure survey and household budget surveys (Moltedo et al., 2014). FBS comprise
several elements, one of which indicates the amount of food available for human
consumption at the macro level (FAO, 2001), while NHS commonly reflect food acquired
by households at the micro-level. Both approaches have shortcomings and consequently
render different values (Grünberger, 2014; Vandevijvere et al., 2013). For instance,
domestic food supply in FBS is calculated as a residual of the elements that together with
domestic food supply represent domestic utilization (feed, seed, post-harvest losses and
industrial uses) (Jacobs and Summer, 2002). Given that these elements are often quite
uncertain, it affects the robustness of domestic food supply measures. Likewise, there is
some evidence that food losses during distribution at the retail level are unevenly
considered in different FBS (Grünberger, 2014). On the other hand, household surveys
fail to capture properly the purchases of food away from home, while other limitations
arise as a result of the respondent not having the complete information about other
members of the household. Regarding the quantitative differences yielded by these
methods, FBS generally exceed significantly the values obtained through NHS (Rodrigues
et al., 2007; Serra-Majem et al., 2003). The real number is likely to be somewhere in
between. In this context, it should be stressed that none of these sources account for
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food waste occurring at household level, so food supply in FBS and NHs does not
represent real food intake.
The output of the consumer subsystem measures the extent to which food is consumed
in healthy amounts, as well as dietary quality. Such a metric represents a functioning in
the overall framework, for it depicts realised capabilities in relation to the need of
subsistence. There are three elements in the first sentence that are considered important
in defining indicators for the consumer subsystem: consumed, healthy amounts and
dietary quality. The first one makes reference to actual consumption, which rather than
food purchased, indicates food intake. Food intake is commonly estimated by means of
nutritional dietary intake surveys (Moltedo et al., 2014). Nevertheless, these are costly
and difficult to implement, which calls for a more straightforward method to estimate real
food intake in the case study. At the macro-level, this method could be similar to the one
used Buzby and colleagues (2014) to estimate ‘Loss-Adjusted Food Availability’, which
intends to more closely approximate actual per capita intake by correcting food supply
values with factors that help account for losses and waste occurring at the retail and
consumer levels.
With regard to healthy quantities, we have already argued that insufficient as well as
excessive food does not contribute to the satisfaction of the human need of subsistence.
Thus, food intake should be compared to a reference dietary energy intake that reflects
the amount of energy required by an individual to maintain body functions, health and
normal activity. In this context, an individual would be adequately nourished when its
energy intake matches the normatively specified reference value. Naiken (2014) provides
an in-depth discussion on how to estimate the ‘Dietary Energy Requirements’ (DER) of an
individual. Likewise, he also describes in detail the difficulties of estimating the depth of
under- and overnourishment of the population, which is of particular importance for this
case study.
As for dietary quality, a wide range of indicators has been developed. Table 8 shows a
sample of dietary quality indicators. This type of indicators is established according to
current nutritional knowledge (as an example see Table 9) or in a few cases, based on a
diet that is considered healthy (e.g. Mediterranean diet) (Waijers and Feskens, 2005).
Additionally, the table also includes a few examples of dietary diversity indicators, for
which a strong association with nutrient adequacy has been established (Ruel, 2003).
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Table 8: Dietary quality and diversity indicators

Type

Based on

Indicator
Diet Quality Index and adaptations

Dietary guidelines

Quality

Healthy Eating Index (HEI) and adaptations
Healthy Diet Indicator (HDI)
Dietary Guidelines Index

Mediterranean diet
Food-based
Nutrient-based

Mediterranean Diet Score (MDS) and adaptations
Food-based quality index
Healthy Food Index (HFI)
Nutrient Adequacy Ratio (NAR/MAR)
Dietary Variety Score (DVS)
Dietary Variety Score for Recommended Foods (DVSR) or
Recommended Food Score (RFS)

Diversity

-

Dietary Diversity Score (DDS)
Food Variety Score (FVS)
Food Frequency Score (FFS)
Food Consumption Score (FCS)

Source: Based on (Waijers and Feskens, 2005; Headey and Ecker, 2013)
Table 9: Ranges of population nutrient intake goals

Dietary factor

Goal (% of total energy, unless otherwise
stated)

Total fat

15-30%

Saturated fatty acids

<10%

Polyunsaturated fatty acids (PUFAs)

6-10%

n-6 Polyunsaturated fatty acids (PUFAs)

5-8%

n-3 Polyunsaturated fatty acids (PUFAs)

1-2%

Trans fatty acids

<1%

Monounsaturated fatty acids (MUFAs)

By difference

Total carbohydrate

55-75%

Free sugars

<10%

Protein

10-15%

Cholesterol

<300 mg per day

Sodium chloride (sodium)

<5 g per day (<2 g per day)

Fruits and vegetables

≥400 g per day

Total dietary fibre

>25 g per day obtained from recommended
intake of fruits and vegetables and wholegrain
foods

Non-starch polysaccharides (NSP)

>20 g per day obtained from recommended
intake of fruits and vegetables and wholegrain
foods

Source: (WHO, 2003)
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Last, the nutrition subsystem is related to nutritional achievements or health outcomes.
These are commonly measured by anthropometric indicators that relate the age, sex,
length and weight of individuals (Cogill, 2003). This type of indicators is used to identify
conditions of under- or overweight, stunting or wasting. More recently, DisabilityAdjusted Life Years (DALY) has been used to quantify the negative health outcomes
associated with undernutrition (Stein, 2014) or obesity (Ng et al., 2014). As in the
previous case, nutritional status indicators are considered functioning in the context of
the general framework.

Resource efficiency in the food security system
Ericksen (2008) argues that the food security status of individuals or groups is the
principal outcome of food systems, if these are defined broadly and generically.
Nevertheless, the food system is one of several drivers that influence food security. The
system boundaries of such food systems are much broader than the ones described in
previous sections, since food security is a complex multidimensional concept. For this
reason, the link between natural resources used in food production and a single food
security indicator is less straightforward compared to the case of the system described by
Sobal and colleagues.
Likewise, food security has commonly been approached from the perspective of
developing countries, which casts some doubts on its appropriateness to measure
resource efficiency in developed rich countries where the vast majority of the population
has access to food via the usual means or food banks and the like.
Overview of indicators for food security
The operationalization of food security has so far proven to be a very difficult task.
Aurino (2013) highlights five reasons:
• elusiveness of the concept
• lack of a widely accepted operational definition
• absence of a ‘gold standard’ or baseline measure
• poor data availability across country and over time; and finally
• discontent / disagreement regarding the quality of available indicators.
In spite of these reasons, there have been many attempts to measure food security. 15
years ago, Hoddinott (1999) identified 450 indicators, which are likely to be many more
today. Yet as Heady and Ecker point out (2013), there is an overall dissatisfaction with
the existing indicators, since the high proliferation of metrics also indicates a lack of
consensus about the operationalization of the concept.
No single metric can comprehensively represent all dimensions of the concept (Carletto
et al., 2013). Nevertheless, composite indicators have proven valuable in providing an
overall picture of complex and elusive phenomenon – at the expense of oversimplification
– (Hoffman et al., 2005). Table 10 enumerates selected macro-level single food security
metrics that are compiled for low-, mid- and high-income countries. This list should not
be considered exhaustive, for it is only given for informative purposes.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 101 of 186

Table 10: Macro-level food security indicators and the dimensions they address 13

Indicators

Description

Dimensions

Reference

Prevalence
of
Undernouris
hment

This indicator represents the probability that a
randomly selected individual from the reference
population is found to consume less than his/her
calorie requirement for an active and healthy life.

Availability
and access

(Carletto et
al., 2013)

To reflect the multidimensional nature of hunger, the
GHI combines three equally weighted indicators in
one index number:

Global
Hunger
Index

Undernourishment: the proportion of
undernourished as a percentage of the population
(reflecting the share of the population with
insufficient calorie intake);
Child underweight: the proportion of children
younger than the age of five who are underweight
(low weight for age reflecting wasting, stunted
growth, or both), which is one indicator of child
undernutrition; and

Availability
and access
Nutritional
status

(Hoffman
et al.,
2005)

Child mortality: the mortality rate of children
younger than the age of five (partially reflecting the
fatal synergy of inadequate dietary intake and
unhealthy environments).
Global Food
Security
Index

The index considers three core pillars of food
security: Affordability, Availability, and Quality &
Safety. It provides a standardized metric based on
28 quantitative and qualitative indicators.

Availability,
access, and
utilization

(EIU, 2014)

Anthropome
tric
indicators

Examples include body mass index, height,
recumbent length, weight, and skinfold
measurements (combined with age and sex data to
create anthropometric indices)

Nutritional
status

(Cogill,
2003)

Currently, it is a more accepted practice to use sets of indicators for each of the relevant
domains of food security (CFS, 2011). As an example, Annex 2 shows the indicators used
by FAO (2014) and the EIU (2014).
One of the main weaknesses of both composite and set of food security indicators is that
they tend not to differentiate between the means and ends in the food security process
(Aurino, 2013). For instance, Table 11 shows the indicators used by FAO to monitor the
utilization pillar of food security and groups them into capabilities and functionings
according to our understanding.

13
The table does not include dietary diversity indicators, since these are mainly given at household
or individual levels. Likewise, indicators used for entire populations (e.g. Share of dietary energy
supply derived from cereals, roots and tubers) are not commonly used on their own, but in
combination with other indicators. In any case, these are taken into account at later stages.
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Table 11: Capability and functioning indicators in the utilization dimension of FAO’s food security
indicators

Indicator - Utilization

Type

Access to improved water sources

Capability

Access to improved sanitation facilities

Capability

Percentage of children under 5 years of age affected by wasting

Functioning

Percentage of children under 5 years of age who are stunted

Functioning

Percentage of children under 5 years of age who are underweight

Functioning

Percentage of adults who are underweight

Functioning

Prevalence of anaemia among pregnant women

Functioning

Prevalence of anaemia among children under 5 years of age

Functioning

Prevalence of vitamin A deficiency in the population

Functioning

Prevalence of iodine deficiency

Functioning

Against this background, some researchers have approached food security from a
capabilities perspective. The capability approach applied to nutrition aims at exploring the
root causes of food (in)security. In exploring the role of public action, Drèze and Sen
(1989) called for promoting nutritional capabilities that would allow people avoid
undernourishment thereby broadening the focus from command over food to non-food
factors that have a substantial impact on nutrition and health. Thus, Burchi and De Muro
(2012) identify two main nutritional capabilities: the capability of having enough food for
survival, which is linked to the concept of undernutrition, and the capability to be food
secure. The latter is the result of the interaction between several basic capabilities, one
of which is the capability of being free from hunger. Each of these is related to a different
set of dimensions of food security as shown in Table 12.
Table 12: Nutritional capabilities and dimensions of food security

Capability

Dimensions of food security

Informational basis

Capability of being free from
hunger

Availability, access, some
items of utilization and stability

Besides food entitlements, it
also depends on personal,
institutional and environmental
conversion factors.

Availability, access, utilization
and stability

It is given by the interaction
between the capability ‘being
free from hunger’ with the
capabilities ‘being in a good
health’ and ‘being educated’.
In addition, it depends on food
utilization and cultural/social
acceptability.

Capability to be food secure

Source: adapted from (Burchi and De Muro, 2012)

The capabilities above are a good example of the circularity issue raised previously (c.f.
section 2.1). For instance, achieving a good nutritional status can be considered an end
in itself for reasons of survival, while at the same time it represents a mean or an
enabling factor towards achieving other ends that require a certain level of physical
activity. When considering the time dimension, being healthy might also be a capability
in continuing to be healthy at a given point in time, since the individual conversion
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factors that allow transforming dietary intake into nutritional outcomes depend on the
non-existence of diseases that might hinder that process.
In this context, food security could be understood as a concept that covers the necessary
conditions to partially satisfy the need of subsistence. Nevertheless, when looking at the
existing metrics, this might not necessarily be the case due to the duality of utilization as
an element of food security, and as an outcome much more closely linked to nutritional
status (Coates, 2013). Hence, the utilization dimension usually results in a mixed set of
capability and functioning indicators as shown in previous paragraphs.
Alternatively, Burchi and de Muro (2015) have also made reference to output and
outcomes indicators from a food security perspective. Output indicators represent what
the system yields. From a food-first point of view, they can be connected to the input
side in order to derive an efficiency ratio. On the other hand, outcome indicators show
how outputs are transformed into well-being. These can be represented by means of
anthropometric or nutritional status metrics. However, although food is one of the most
important determinants of physical health, the relationship between food intake and
nutritional achievements is far from perfect (Burchi and De Muro, 2012) due to many
other factors that have to be considered in the equation, e.g. access to health systems,
lifestyles, etc. Thus, it would be unwise to assume a straightforward relationship between
the means and the ends, or in other words, the relationship between materials inputs
and health outcomes should be interpreted carefully. An example of potential indicators
is provided in Table 13 for illustrative purposes.
Table 13: Examples of functioning indicators for nutritional capabilities

Capability

Functioning

Output indicator

Outcome indicator

Being adequately
nourished

Nutritional
status

Percentage of the population
with access to the minimum
amount of calories required

(1) Malnutrition rate
(2) Obesity rate
(3) Average body mass index

Source: Slightly adapted from (Burchi and De Muro, 2015)

Indicator selection
The previous sections have described the rationale for using the food and nutrition
system on the one hand, and food security on the other, as the basis to calculate novel
reference indicators for assessing resource efficiency.
From a human needs perspective, the food and nutrition system provides a good basis to
measure resource efficiency. Such systems have a nested structure that comprises the
producer, consumer and nutrition subsystems. This allows measuring resource efficiency
in a flexible manner depending on the research question to be answered. The output
indicators of the producer and consumer subsystems have a clear relation to the use of
natural resources. This link is slightly weaker in the nutrition subsystem, due to the
relevance of other factors in determining health outcomes.
In each of the subsystems the indicators for measuring capabilities and functionings are
clearly separated: The output of the producer subsystem represents capabilities, while
the outputs of the consumer and nutrition subsystems represent functionings. Measuring
resource efficiency in each subsystem requires the selection of a single output or
outcome indicator as nominator of the resource efficiency equation. From the narrative
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above, this is relatively straightforward for the producer and nutrition subsystems. Thus,
the output of the producer system represents the physical supply of food, while the
output of the nutrition subsystems, is operationalized by means of nutritional health
outcome indicators. The case of the consumer subsystem is more challenging, for the
ideal output indicator should cover both the energy intake measured against a reference
value, as well as the dietary quality. No such indicator has been found in the literature,
which calls for the combination of the two indicators in a single metric to accurately
depict the output of the consumer subsystem. Nevertheless, doing so would be subject to
additional assumptions, thereby affecting the acceptance of the indicator. As for the
nutrition subsystem, we have concluded that its outcome is influenced by additional
factors beyond the yearly nutrition, which reduces the usefulness of relating the use of
natural resources to nutritional health indicators. Instead, it seems that an indicator that
reflects dietary adequacy in terms of quantities and quality (such as the one proposed for
the consumer subsystem) already captures the most relevant component of nutritional
outcomes relying on the use of natural resources.
In Table 14 we present the indicators chosen as alternative output for each of the
subsystems comprising the food and nutrition system. How each of them is calculated is
further elaborated in the next section.
Table 14: Selected reference indicators for each subsystem 14

Subsyste
m

Indicator

Unit

Type

Producer

Per capita food available for human consumption

kcal

Output

Per capita food intake

kcal

Intermediate output

Per capita net healthy food intake

kcal

Intermediate output

kcal

Output

kcal

Proxy for outcome

Consumer

Quality corrected per capita net healthy food intake
Nutrition

Quality corrected per capita net healthy food intake

15

As for food security, this is considered to be a multidimensional concept going beyond
the food and nutrition systems. The wide range of indicators or aggregated indexes used
to operationalize the concept reflects this multidimensionality. From a resource efficiency
perspective, using those indexes is problematic for three reasons: First, the use of
metrics that aggregate information from so many different indicators leads to reducing or
blurring the causal link to the use of natural resources. In a way, GDP suffers from the
same problem when used as reference to measure resource efficiency at the macro level,
since the GDP covers the value added of both industries that heavily rely on the use of
natural capital and those that are based on other forms of capital. For this reason, using
a food security indicator as reference could contribute to the communication of an idea,
yet it lacks conceptual robustness. Second, aggregated food security indexes tend not to
distinguish capabilities and functionings, which adds another conceptual limitation to
their use in this context. Third, food security has been conceived as a problem affecting
mainly developing countries. As a result, the metrics for food security mainly reflect their
14

Due to lack of data on how food consumption is distributed among the overall population, we
work with average values. The limitations of this approach are discussed in section 5.3.4.
15
This indicator requires information on country-level dietary quality. Only one source has been
found that contained an exhaustive assessment of the quality of food consumption patterns for
European countries (Imamura et al., 2015). Unfortunately, it has not been possible to access this
dataset, so no results are provided for this indicator.
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concerns. This limits the usefulness of food security indicators in the socio-economic
context of industrialised countries. From a nutritional perspective industrialised countries
suffer rather from other problems such as overconsumption of food and particularly of
fat- and sugar-rich products, and obesity and other nutrition-related diseases.
Interestingly, some researchers have adopted an alternative approach to operationalize
food security in the form of nutritional capabilities. The functioning indicators used are
very similar to those proposed for the nutrition system, which measure nutritional health
outcomes.
In conclusion, from a human needs perspective the proposed concept of food and
nutrition systems offers a better basis to quantify resource efficiency of food than a
monetary value added perspective or food security. Nonetheless, it should be noted that
the food and nutrition systems share some elements with the concept of food security.

5.2 Methodology
The aim of this case study is to determine whether calculating resource efficiency using
monetary indicators or novel output/outcome as reference leads to similar results or
whether the latter are more suited to be used as reference when measuring resource
efficiency. Before carrying out this comparison, we follow a two-step process in which we
first calculate the material footprint of food consumption, and then we gather the
necessary data and carry out the necessary calculations to provide estimates for the
novel reference indicators.

5.2.1 Material footprint of food consumption
The formula to calculate the environmental footprint of final consumption is well
established. This is commonly represented as follows:
𝑚𝑚 = 𝐵𝐵 (𝐼𝐼 − 𝐴𝐴)−1 𝑦𝑦

where m denotes the environmental footprint, B the direct environmental pressure
intensity, (I-A)-1 represents the Leontief inverse and y the final demand.
Although commonly referred to as final consumption, strictly speaking final demand does
not necessarily represent consumption (or intake), but purchase. This is particularly
relevant in the case of food, for final demand of foodstuffs and consumption of food
products cannot be considered equal for three reasons:
•

IO tables only provide information on monetary transactions, which excludes food
production for own consumption.

•

When looking at final consumption of foodstuffs, the IO tables show the value of
the purchase. As highlighted in several studies (Bräutigam et al., 2014;
Gustavsson et al., 2011; Monier et al., 2010; WRAP, 2013a, 2009), households
tend to waste an important share of the edible food they acquire.
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Food consumption is not only covered in the final demand of food products. The
intermediate and final demand of other activities is also linked to food
consumption, e.g. canteens in health services, prisons, or schools. Further, food
service industries such as restaurants are also an important source of food for
both households and their own employees, particularly in industrialised countries.

For EU28 countries, we considered production for own consumption to be negligible
compared to the most common ways of acquiring food. Nevertheless, the second and
third bullet points require reformulating the way of estimating the material footprint of
food so that all the relevant elements can be taken into account. In this case, we
consider two elements. The first one refers to the domestic final demand of food
products, which includes all the food directly purchased by households and is represented
as yFOOD below. The second element covers the direct food input in the domestic
intermediate and final demand of selected services where we consider food to be
16
𝑆𝑆𝑆𝑆
. This element aims at
ingested in important quantities and is represented as 𝑧𝑧𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
representing food purchased in schools, universities, hospitals, prisons, stadiums,
cinemas, restaurants, hotels, etc. It should be noted that in the standard formulation of
environmentally extended IO analysis, the second element is embodied in the final
consumption of non-food products, which in this case it is set to 0, for only the foodrelated content is relevant in this context.

𝑆𝑆𝑆𝑆
)
𝑚𝑚 = 𝐵𝐵 (𝐼𝐼 − 𝐴𝐴)−1 (𝑦𝑦𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 + 𝑧𝑧𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

This exercise uses EXIOBASE v3.1 and covers the EU28 countries in the years 2000,
2005 and 2010.

5.2.2 Calculating the reference indicators for the food and nutrition
system
As shown in Table 14, the output of the producer subsystem refers to physical quantities
of food made available to consumers by means of retailers, wholesalers, food banks,
restaurants, fast food establishments, canteens, etc. The necessary data has been
retrieved from the FBS for around 100 products. The items ‘food’ (given in kg) and ‘per
capita food supply’ (given in kcal) cover all food items available for human consumption
(FAO, 2001). Thus, these items do not include edible products used for other purposes
such as feed or food manufacturing (e.g. grapes used for wine production). It is
important to note that the ‘food’ element of the FBS is given into its primary equivalent
for standardisation purposes. For example, pasta and bread are expressed in wheat
equivalents, meat in carcass weight, etc. In this context, we have used the conversion
factors applied in Vanham et al. (2015) – described in more detail in a previous paper
(Vanham et al., 2013) – to covert the original values of the FBS into the actual volumes
of food available for human consumption. This is not necessary for ‘per capita food
supply’, since the conversion factors used in this case take into account the composition
of the final product and not its primary equivalent.

16

In order to avoid double accounting, we have calculated the output required to satisfy the final
𝑆𝑆𝑆𝑆
demand yFOOD and subtracted it from the original MRIO table before calculating the item 𝑧𝑧𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
. This
is done not to account twice for the direct input of food in a service that was already embodied in
the original final demand of food products.
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As argued previously, the output of the consumer subsystem is not determined by the
amount of food made available to the consumer, but by the quantity of food that
contributes to the nutritional health of the individual. In Table 14 we have defined two
intermediate output and an output indicator for the consumer subsystem. When
considering food intake as the first intermediate output indicator of this subsystem, it is
important to highlight that the amount of food available for human consumption can
significantly different from the one that is actually ingested, since the former includes
food waste at retail and consumer levels. Thus, in order to estimate actual food intake
quantities, we need to quantify the amount of food wasted from the moment food is
made available to the consumer until it is actually consumed.
First, we have estimated the amount of food wasted at retail level both in kcal and kg 17.
This includes food waste occurring in wet markets, retailers, wholesale markets and
supermarkets. To do so, we have used the product-specific waste shares provided by
Buzby and colleagues (2014) for the US. In order to use this data, we have generated a
correspondence table to link the products in the US data and those given in the FBS. In
this case, we have used the same shares for all the countries and years covered in our
sample. When subtracting the quantities of food waste at retail level from those given in
the FBS, we obtain the amount of food purchased by consumers. The rest would refer to
food lost at retail level, e.g. food that was made available to consumers, but remained
unsold.
The second step addresses food waste at consumer level. Here we distinguish between
bulk consumers and households and calculate the total amount of food waste by
estimating caps for each of the elements. These caps are expressed in kg, since all the
waste data is given in that unit. Before calculating the amount of waste attributable to
each of them, we have split the amount of food purchased by bulk consumers and
𝑆𝑆𝑆𝑆
and
households. This is done using the product-specific distribution shares given by 𝑧𝑧𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
yFOOD respectively. A bridge table between the FBS and EXIOBASE classification allows us
to do so. Once we have the amount of food acquired by each type of consumer, we
calculate the total quantity of food waste generated by country and year. In the case of
bulk consumers, we have used the waste shares obtained from a WRAP (2013b) study
covering the UK hospitality and food service sector. Although the data refers to 2012, we
have taken 2011 as reference year. Based on the amount of (a) unavoidable and (b)
possibly avoidable and avoidable food waste in the UK in 2011, we have calculated the
caps of other countries and years as follows:
𝑊𝑊𝑊𝑊𝑊𝑊𝑖𝑖,𝑡𝑡 = 𝑊𝑊𝑊𝑊𝑊𝑊𝐺𝐺𝐺𝐺,2011

𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖,𝑡𝑡
𝑀𝑀𝑀𝑀𝑀𝑀𝐺𝐺𝐺𝐺,2011

where Wssi,t represents the amount of food waste from bulk consumers in country i and
year t, WssGB,2011 is the amount of food waste in the UK in 2011 and MSW represents the
amount of municipal solid waste.
For household food waste we have followed a similar approach as the one applied by
Monier and colleagues (2010), who used a mixture of waste data obtained from national
surveys, Eurostat and own estimations to quantify the amount of food waste in EU27
17

The definition of the items ‘Food’ and ‘Waste’ in FBS do not provide clear guidance regarding
which item includes unsold food. Following an e-mail exchange with FAOSTAT, we have included it
in the ‘Food’ item and therefore has to be subtracted from it to estimate real food intake.
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Member States in 2006. The total waste figures they provide cover the unavoidable,
possibly avoidable and avoidable fractions of food waste. In their study, data from
national studies are considered more accurate than existing Eurostat data 18. When none
of these two sources provided a value higher than the minimum scenario they developed,
the minimum scenario was taken as reference value. We have adopted the same
approach although we have considered additional country studies for UK (WRAP, 2009,
2013a), Germany (Hafner et al., 2012), Spain (HISPACOOP, 2012), Finland (Silvennoinen
et al., 2014), and Turkey (Tatlıdil et al., 2013) 19. In doing so, we have taken into
consideration whether each of these new country studies provided data on unavoidable,
possibly avoidable or avoidable food waste. When these three types of waste were not
covered in the studies, we have used the relative proportions from WRAP (2009) to fill
the gaps, thereby obtaining the total amount of waste generated by those countries in
the reference year. For the countries for which data from country studies was taken as
reference, the cap for the remaining years has been estimated as follows:
𝑊𝑊ℎℎ𝑖𝑖,𝑡𝑡 = 𝑊𝑊ℎℎ𝑖𝑖,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖,𝑡𝑡
𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

where Whhi,t represents the amount of household food waste in country i and year t, and
tref is the reference year of the study.
When the household waste data from Eurostat was taken as reference, the gap filling has
been carried out as in the formula above. Last, the minimum scenario has been
calculated as in Monier et al. (2010). Given that the split between food purchased by bulk
consumers and households is not considered very reliable for all the countries, the waste
cap has been adopted as a total for both types of consumers rather than individually.
This is further explained in the following paragraphs.
In order to split to total food waste generated by product type, we have grouped the
countries in five groups according to their geographical distribution. Table 15 shows the
source of the food waste composition data used for each country group. In each case, a
bridge table between the country studies and the FBS products has been used.

18

There is a lot of room for improving current practices and guidelines in reporting food waste
statistics. In a recent review of the Eurostat reporting methods and statistics, Hanssen and
colleagues (2013) enumerated the main limitations. First, there is a lack of a common methodology
to compile waste data. The manual on waste statistics (Eurostat, 2011) describes three methods to
gather the data (surveys, administrative data or other sources, and statistical estimation
procedures – or the combination of these three methods). Nevertheless, Member States have
complete freedom to choose among them, which limits the comparability of the final figures
between countries. Second, the classification of waste statistics is not specific enough to clearly
isolate food waste in certain aggregated categories. Likewise, food waste is also reported under
household waste as a fraction of mixed waste, which also hinders its differentiation from related
waste streams (Eurostat, 2012). The partners of the FUSIONS project (www.eu-fusions.org) are
working together with Eurostat and Member States to address these problems.
19
The study for Turkey has not used to establish a country cap, but to obtain a proxy for the
composition of the food waste in Eastern European countries.
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Table 15: Data sources to allocate the total food waste caps to individual product groups

Region

Reference country

Source

Northern Europe

United Kingdom

(WRAP, 2009, 2013a)

Scandinavian countries

Finland

(Silvennoinen et al., 2014)

Western Europe

Germany

(Hafner et al., 2012)

Southern Europe

Spain

(HISPACOOP, 2012)

Eastern Europe

Turkey

(Tatlıdil et al., 2013)

As it can be expected, applying the waste fraction of a reference country to another (or
even to the same one but in different years) leads to total waste values that are different
from the constraints we have calculated in previous steps. Thus, we have used the caps
to constraints the draft waste values we obtain for each country and year in order to
ensure consistency. As a result, we obtain waste fractions for unavoidable, possibly
avoidable and avoidable food waste per kg of product. When trying to apply these
fractions to the energetic content of food, we only use those of possibly avoidable and
avoidable food, since the unavoidable fraction (e.g. meat bones, egg shells, pineapple
skin, tea bags, etc.) is not considered when converting food products from weight units
to energy units. After this step, we obtain the first intermediate indicator proposed for
the consumer subsystem, namely food intake (fi).
In order to estimate the net healthy food intake, we have to compare food intake to a
reference value that indicates whether over/underconsumption exists. To do so, we have
used the average dietary energy requirements (ADER) values provided by the FAO, which
indicates the amount of dietary energy that would be needed to ensure that, if properly
distributed, hunger would be eliminated (Cafiero, 2012). It can also be considered the
“dietary energy intake that could be safely recommended for a population group” (FAO et
al., 2001, p. 6). Thus, the food consumed below (or same) the level of ADER is
considered to have a positive contribution to nutritional health. In absolute terms, when
someone’s food intake is not enough to meet the energy needs to engage in a reference
level of physical activity, the gap between intake and ADER values leads to negative
health consequences. Nevertheless, from a resource efficiency perspective, the food that
has been consumed has a positive contribution. For this reason, the resource efficiency
indicators should be interpreted as a ratio that does not provide information on absolute
level of well-being. Similarly, food consumed above the ADER level will have a negative
impact on health. For simplicity reasons, we assume that excess kcal intake has a similar
negative health impact as insufficient kcal intake. Consequently, net healthy food intake
(nhfi) would be represented as follows:
𝑛𝑛ℎ𝑓𝑓𝑓𝑓

𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓 ≤ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓 > 𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷

𝑛𝑛ℎ𝑓𝑓𝑓𝑓 = 𝑓𝑓𝑓𝑓
𝑛𝑛ℎ𝑓𝑓𝑓𝑓 = 2𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝑓𝑓𝑓𝑓

The next step would require applying a correction factor to net healthy food intake in
order to include information on dietary quality, which is not properly considered in that
indicator. The so-called quality corrected net healthy food intake would better depict how
food contributes to well-being. Nevertheless, only one data source has been found that
considers a wide range of healthy and non-healthy products, and covers all the countries
in a consistent manner. Nonetheless, it has not been possible to access the necessary
data.
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5.2.3 Comparing resource efficiency using monetary and novel
reference indicators
Once the alternative indicators have been calculated, we have compared the material
footprint of food consumption (as a whole) with the alternative indicators as well as with
the intermediate and final expenditure of food. The comparison covers all EU28 Member
States in the years 2000, 2005 and 2010. When appropriate, this comparison has also
been done at product level.

5.3

Results

5.3.1 Material footprint of food and destination of food available
for human consumption
Figure 57 shows the material footprint of food in EU28 in the years 2000, 2005 and
2010. Since 2000, the material use associated with food made available to the European
population has increased 6% (from 5,151 to 5,636 kg per capita). In total, 2.8 Gt
materials were used to produce all the food purchased in EU28, from which around 70%
was biomass.
Per country, the values ranged from 2,083 kg per capita in Malta to 21,681 in
Luxemburg. Such high differences do not seem to be justified by the total food available
(895 kg and 1,106 kg per capita respectively) or dietary differences. Most of the
countries were in the band of 3000-9000 kg per capita. The robustness of the results is
further discussed in section 5.3.4.
Figure 57: Material footprint of food production for EU28 in years 2000, 2005 and 2010

As for the destination of the food made available to Europeans, Figure 58 depicts how
much was wasted by retailers and consumers (both bulk consumers and households) and
how much was ingested in 2010. According to FAO’s FBS, 887 kg per capita of food were
made available for each European (957 kg per capita of primary food equivalents). Food
waste at retailer and consumer level accounted for 8% (73 kg per capita) and 10% (85
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kg per capita) respectively. Milk (36%), fruits and vegetables (32%) and wheat products
(14%) are the most relevant products in the composition of retail-level food waste. The
reference values for retail-level food waste provided by Monier and colleagues (2010) (9
kg per capita) are considerably lower than those presented here. According to Buzby and
colleagues (2014), 12% of milk and grain products such as bread are wasted. That alone
would account for 27 kg per capita of milk and 13 of wheat products lost at retail level,
which is already 4.5 times higher than the reference value given by Monier and
colleagues. In their study, Buzby et al. estimate that 10% of food supply is wasted at
retail level.
According to our estimations, the remaining 729 kg per capita were consumed by either
households or bulk consumers.
Figure 58: Sankey diagram of the path followed by the food made available for human consumption
in EU28 in 2010

Note: HH – households, SS – food-related services

Figure 59 shows the composition of food available (in kcal) according to the FBS
classification and the destination of food.
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Figure 59: Sankey diagram of the path followed by different food products made available for
human consumption in EU28 in 2010

5.3.2 Resource efficiency of individual product categories
Figure 60, Figure 61 and Figure 62 show the resource productivity of EU28 per product
group measured using the indicators from Table 14 as reference. Only the most relevant
product categories in the average European diet are shown in the figures. These are
ranked from left to right according to the share they represent in the diet. In this case,
only the indicators that apply to individual product groups are considered.
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Figure 60: Resource productivity per food product in EU28 in 2010 using available food (€) as
reference indicator

Note: The line indicates the maximum and minimum country values in 2010

According to the results obtained using EXIOBASE v3.1, the resource productivity of most
products ranged between 250-500 €/t with important variations between countries 20. The
results suggest that cattle meat, grains products and rice are the most material intensive
product categories when using expenditure as reference indicator.

20

It remains to be seen if similar values are obtained with the final version of EXIOBASE, which is
expected to be more accurate than the one used in this exercise.
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Figure 61: Resource productivity per food product in EU28 in 2010 using available food (kcal) as
reference indicator

Note: The line indicates the maximum and minimum country values in 2010. The maximum
productivity of the product ‘Products of vegetable oils and fats’ is close to 34,000 kcal/t. The scale
has been adapted due to visibility issues.
Figure 62: Resource productivity per food product in EU28 in 2010 using consumed food (kcal) as
reference indicator

Note: The line indicates the maximum and minimum country values in 2010. The maximum
productivity of the product ‘Products of vegetable oils and fats’ is close to around 31,000 kcal/t. The
scale has been adapted due to visibility issues.
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Comparing the resource efficiency values obtained using monetary or alternative physical
output indicators leads to different conclusions as shown in Table 16. Doing so,
eliminates the price differences between product categories thereby leading to more
representative values and more pronounced differences between product categories.
When using available food or consumed food (represented in energetic content), all meat
products (including poultry meat and non-specified meat products) arise as the most
environmental intensive product groups, while vegetable oils, grain products and rice
seem to have a considerably higher material productivity.
Using available kcal and consumed kcal as reference indicators, provides a roughly
similar picture when looking at the resource efficiency values of European countries. This
is to be expected in general terms, since the amount of food wasted between retail and
intake is the same order of magnitude. The most relevant changes occur for wheat
(covered in non-specified food products) and other grain products, vegetable oils, dairy
products and fruits and vegetables.
Table 16: Rank-based colour scale of the resource productivity values of the most relevant food
products using different indicators as reference

5.3.3 Resource efficiency of food consumption patterns
Figure 63 shows each country’s resource efficiency using different metrics as reference
indicators. Rather than assessing each country’s individual performance, we aim to shed
some light on whether different indicators lead to different messages. A more in depth
assessment would require looking at individual dietary profiles, which is beyond the
scope of this report.
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Figure 63: Resource productivity per country in 2010 using different reference indicators

Note: Food available (€) / Material footprint (t) uses the vertical scale on the left, while the rest of
indicators use the scale on the right.

As argued previously, the differences in resource efficiency values calculated using food
available (kcal) and food consumed (kcal) are due to the amount of waste lost at retail
and consumer levels. For some countries the scores using net healthy food consumed
(kcal) as reference are the same as long as the energy intake is equal or lower than
ADER. Conversely, the countries where the average energy intake is beyond what is
considered necessary, the value of resource efficiency decreases according to the extent
to which overconsumption exists. In this case, it should be noted that a country where
the per capita consumption profile is of an undernourished person could still have a high
resource efficiency value, for the indicator used is a ratio that does not give information
on the absolute values of the metrics used in it.
The relative performance of several countries changes considerably depending on the
indicator used. This is best shown in Table 17. There are substantial differences between
resource efficiency values obtained with monetary indicators and alternative output
indicators. As in the case of individual product groups, the removal of the price
differences between domestic product groups provides a better measure of how food
contributes to well-being, and by extension of its material intensity. Our results suggest
that the food consumption patterns of several Eastern countries are more resource
efficient than some Western countries if we consider alternative output indicators such as
the energetic content of available and consumed food. This is more accentuated when
overconsumption is considered.
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Table 17: Rank-based colour scale of the resource productivity values of countries using different
indicators as reference

Nevertheless, as mentioned in Table 14 it has not been possible to access the necessary
data to produce the indicator ‘quality corrected net healthy consumption’. From the work
of Imamura and colleagues (2015), who evaluated global consumption of key dietary
items, it seems that countries such as Belgium, the Czech Republic and Hungary follow
less healthy diets than countries such as Greece and Bulgaria. At the same time,
Mediterranean countries seem to have a better diet compared to that of central European
countries, which suggests that considering dietary quality would lead to changes in the
relative performance of countries.

5.3.4 Limitations
Here we distinguish between two limitations: those associated with the methodology and
those related to the quality of the different data sources used.
Regarding the former, working with per capita values obscures different food
consumption distribution patterns among the population. For this reason, the net healthy
food intake values are overestimated at country level.
Further, the resolution at which FBS, EXIOBASE and the data from national studies are
given hinders an accurate combination of these sources. For instance, sugars and
sweeteners, vegetable oils and wheat products are a very relevant source of energy in
the average European diet. While these are represented in individual groups in FBS, this
is not the case for studies addressing post-retailer food waste. In the latter case, an
important share of sugars and sweeteners is embodied in confectionary, juices and
refreshments, bakery products, dairy products, etc. Likewise, part of vegetable oils
remains in fried food products. As for wheat products; bread, pastries, pasta or wheat-
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based cereals are included in the same aggregated category in FBS, which makes difficult
to assign waste factors to each of these items.
As for the data source used, we use data from EXIOBASE v3.1, which does not use
country-specific input coefficients to build the IO tables. These are likely to be used in
EXIOBASE v3.2, which will results in a more accurate depiction of the food consumption
patterns of European countries. In addition, we expect EXIOBASE v3.2 and FBS not to be
fully consistent. FBS are also an important source of uncertainty, since the amount of
food available for human consumption is commonly calculated as a residual of the other
components of the ‘domestic supply’ are estimated. Although the effects at the macro
level do not seem to be very relevant, important yearly changes are sometimes visible at
product level. In this context, it should be highlighted the disagreement between FBS
and other data sources on food consumption. This issue has been documented by several
authors (Rodrigues et al., 2007; Vandevijvere et al., 2013). Additionally, the
homogeneous price assumption that is inherent to monetary MRIO models can lead to
misallocation of environmental pressures between the final consumption of countries with
different prices for the same food commodities.
Last, the data basis for the quantification of food waste still requires considerable
improvements (Hanssen et al., 2013; Bräutigam et al., 2014). In this study, we have
made several assumptions on waste factors to compensate for the lack of reliable data in
some countries. For this reason, the results should be interpreted carefully.

5.4

Discussion

The aim of this case study was to explore whether, in the context of resource efficiency,
monetary indicators are a good proxy in terms of how food contributes to well-being.
This has been done by comparing the performance of individual product groups, as well
as of EU28 Member States using different reference indicators in the resource efficiency
formula. In order to do so, we have carried out a literature review focusing on food
systems and food security, which has been followed by a selection of related alternative
output and outcome indicators. These indicators try to summarise the role played by
each subsystem that forms the overall food and nutrition system in improving quality of
life. From a theoretical perspective we consider these indicators to do better so than
common monetary metrics. As potential alternatives to expenditure in food products, we
have chosen available food (kcal), food intake (kcal), net healthy food intake (kcal) and
quality corrected net healthy food intake (kcal) to replace expenditure in the resource
efficiency formula. Their relation to the food and nutrition system is shown in Table 14.
Quality corrected net healthy food intake could not been tested due to lack of data.
The use of alternative output indicators to measure resource efficiency yields different
results, which suggests that monetary indicators can be misleading. Per product group,
the use of monetary values obscures the material intensity of some meat-based products
due to their high prices. Conversely, these products are worse off when using alternative
metrics. As for country comparisons, while Western countries perform better when using
expenditure as reference indicator, several Eastern countries appear to be more resource
efficient when resource efficiency is estimated with alternative metrics.
As for the specific indicators used, we have tested metrics with diverging levels of
complexity. In concluding whether alternative indicators are preferable to monetary
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metrics, we should not only pay attention to the results obtained with each of them, but
also to whether they meet the RACER criteria (Relevance, Acceptability, Credibility,
Easiness, and Robustness).
Hence, available food and food intake (both expressed in kcal) provide similar results in
terms of countries’ relative performance. Intuitively, the latter is conceptually closer to
nutritional well-being, for it does not include the amount of food wasted at retail and
consumer levels. This increases the relevance and probably the acceptability of the
indicator. On the negative side, the existing data sources of food waste are limited and
not always very reliable, which adds uncertainty in the calculation and, by extension,
affects its robustness. Net healthy food intake incorporates an additional dimension
(overconsumption) that changes the performance of countries in which food intake is
higher than the average dietary energy requirements. Finally, the indicator quality
corrected net healthy food intake would also contain information on dietary quality,
although we could not access the necessary data to construct such indicator. In this
context, it is important to bear in mind that the more complex an indicator is, the more
uncertainty is introduced in the calculation process, which again, has an influence on
robustness. Further, the fact that we have worked with per capita figures adds an
important limitation to the results, since this does not allow to address distribution issues
within a country. As a results, the credibility of the indicators with regard to their
methodology decreases.
In interpreting these messages, one should keep in mind the limitations highlighted in
the previous section.
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6 Human needs and housing in a resource
efficiency context
In their 2009 report Stiglitz et al. indicated that more emphasis should be placed on the
measurement of people’s well-being rather than economic production. In addition,
Stiglitz et al. (2009) underscore that for the material well-being or living standards of
people, in real terms, only the quality of goods and services provided to households or
people matter. This notion is endorsed by the UNECE (2014), the result of their Task
Force on Sustainable Development in cooperation with Eurostat and the OECD. In followup of Stiglitz et al.’s recommendations, these international bodies have proposed a
framework in which human well-being, both now and in the future, is placed as ultimate
‘end’ of the socio-economic production system.
In the framework of UNECE (2014), human well-being is a broader concept of welfare
than ‘utility’ obtained from consumption of goods and services. In addition to
consumption, human well-being is influenced by things as freedom and real opportunities
people have to satisfy their needs and pursue their goals in life, based on Sen’s (Sen,
1985) functionings and capabilities approach. Some other elements that contribute to
human well-being are: individual (psychological) characteristics, health and human
capital (i.e. people’s skills and competences).
Stiglitz et al. (2009) stress that housing is an important determinant of quality of life, a
concept with much similarities to human well-being. Stiglitz et al. (2009) underscore the
importance to identify indicators describing housing quantity as well as housing quality in
order to monitor (sustainable) development from a human well-being perspective.
Building on these insights, DESIRE’s WP8 broadens the analysis by linking resource use
to the perspective of satisfying (basic) human needs (Max-Neef et al., 1991).
Central in the human needs approach is the notion that needs are not met by goods and
services but by means of satisfiers. Satisfiers are infinite and changeable and represent
everything that helps in a specific time and place to meet human needs. Regardless of
the type of society or culture, human needs stay constant, whereas people’s choices on
the quantity and quality of satisfiers change over time and places. Societies adopt
different approaches to meet the same fundamental needs. Elements that influence
individual choices on the quantity and quality of satisfiers are for example: political and
economic developments, short-term events (e.g. fashion), and social strata within
cultures.

6.1 Background
6.1.1 Housing as satisfier of basic human needs
Housing relates to the (perhaps) most fundamental human need: subsistence, including
shelter and protection. It is for this reason that housing rights exist. The United Nations
universal human rights declaration (UN, 1948) includes an article in which it is stated
that “everyone has the right to a standard of living adequate for the health and well-
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being of himself and of his family”. This includes housing. The revised European Social
Charter and the International Covenant on Economic, Social and Cultural Rights are
therefore clear on the point that States must guarantee the right to adequate housing
to humans living within their national boundaries (Council of Europe, 2010). Despite the
existence of housing rights, housing is often merely viewed as a market commodity
(Council of Europe, 2010, p. 197). This however contradicts with the fact that significant
number of people cannot access housing in the market, either rent or buy (Council of
Europe, 2008). On another level the Council of Europe acknowledges that housing has
become a marketable and valuable asset, as well as a home at the same time.
The scope of housing rights is therefore much wider than treating housing just as a
market commodity. The Council of Europe (2010) acknowledges that access to
‘adequate housing’ is not only a concern for certain vulnerable groups (e.g. homeless,
refugees and asylum seekers) or minorities (e.g. Roma). Insecurity on the housing
market can have profound consequences for the whole population. Moreover, housing
also often affect access to other basic services or needs such as psychical health or
employment; in addition poor housing conditions can feed into social and spatial
segregation patterns which might lead to long-term inequalities. Access to decent
housing thus is a precondition for the exercise of other fundamental rights and for full
participation in society (Council of Europe, 2008, p. 6).
The OECD amplifies in its Better Life Initiative 21 that housing is not just a matter of four
walls and a roof. In addition to such basic quality aspects of the dwelling, housing should
offer a place to sleep and rest, offer people a feeling of safety, and offer people privacy
and personal space. It is the latter aspects that help make a house a home. Now,
thinking again on Max Neef’s basic human needs, it becomes clear that the direct
‘enjoyment of residence’, i.e. the use phase of the dwelling through the consumption
activity ‘living in a dwelling’, satisfies the need for subsistence and protection (through
shelter). In addition, and perhaps more indirect, housing satisfies other basic needs such
as sleeping, eating, relaxing and interacting with family and friends in their houses (or
homes). Again, housing as satisfier of these needs relates to the use-phase of dwellings.
We acknowledge, however, that there are important preconditioning factors such as the
availability of public utilities (water, gas, electricity, sewerage), infrastructure and
economic services to construct the dwellings themselves, before ‘adequate housing’ can
function as satisfier of basic human needs.
In Table 18 we have described the ways in which the use-phase of housing can be
understood as a satisfier of Max Neef’s axiological categories of basic human needs.
Especially the needs subsistence and protection have a material and hence resource use
connotation. In this context we consider the COICOP consumption category 04 –
Housing, water, electricity, gas and other fuels; a central part of housing as satisfier of
basic human needs. Sub elements of this household consumption category contribute to
elementary housing needs by providing the conditions to cook, bath and heat the
dwelling for example.
The latter in fact also implies that some household appliances and furnishings, i.e. parts
of COICOP consumption category 05 – Furnishings, household equipment and routine
maintenance; should be considered part of satisfiers of basic housing needs. A study of
21

http://www.oecdbetterlifeindex.org/topics/housing/
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the EEA (2013b) proves that both mentioned COICOP consumption categories have
relatively high direct material inputs per euro of expenditure. An assessment of how
(parts of) these ‘housing’ consumption categories relate to satisfaction of basic human
needs therefore seems relevant to focus on in this case study on novel reference
indicators to measuring resource efficiency in housing, that is in addition to technicalities
that determine the ‘adequacy’ of the dwelling itself.
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Table 18: Operationalization of housing as satisfier of human needs

Need

Being (qualities)

Subsistence

Protection

Having (things)

Doing (actions)

Physically and
mentally healthy
(as a result of
having shelter)

Shelter

Feed and rest
(activities that
take place within
a dwelling)

Autonomous

A ‘decent’ dwelling
to live in.

Take care of,
cure, help

A Home enables to
have:

A Home enables
to:

Friendships,
Partnerships

Make love,
Express

Affection

Interacting
(settings)

The dwelling as
living space and
social
environment
A Home enables
to: interact with
loved ones in
privacy and with
intimacy.

A home facilitates
to:
Investigate,
study,
experiment,
analyse, meditate

Understanding

Participation

A dwelling/home
enables to have
peace of mind

Leisure

Creation

A dwelling/ home
as space for
expression
enhances:

Interacting in the
community /
neighbourhood
enables to
express opinions.

The location
enables to
participate /
interact in
communities

A dwelling/home
enables to relax
and have fun

A dwelling/home
provides a place
to be alone
(privacy,
intimacy)

A dwelling/home
provides a space
for expression

Autonomy,
imagination

Identity

A dwelling/ home
contributes to a
person’s sense of
belonging
(depending on
local norms and
values), selfesteem, autonomy

Norms and values
determine the
‘social status’
related to housing

Freedom

A dwelling/ home
contributes to a
person’s sense of
belonging
(depending on
local norms and
values), selfesteem, autonomy

Freedom in the
context of housing
relates to:
‘Residential
mobility’, including
the availability of
housing and
affordability of
housing.

Source: own compilation based on (Max-Neef et al., 1991)
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6.1.2 How can ‘adequate housing’ be defined?
It should be acknowledged that minimum required housing standards may vary from
person to person or family to family. For example, a multi-person family has a basic need
for more space than a single-person household; similarly for a disabled person the basic
requirements for accessibility of houses are different than those of persons without
disabilities. This all makes clear that it is difficult to generically define what ‘adequate
housing’ is.
Moreover, minimum housing standards may vary in different social and cultural contexts,
climates and regions. Stiglitz et al. (2009) already explained that given cultural and
spatial differentiation in choices on the quantity and quality of satisfiers, it becomes clear
that quality of housing, and especially the operationalization of a concept of ‘adequate
housing’ (as opposed to ‘poor housing’), can best be assessed against the background
of a country’s culture and general stage of development. In relation to this, the Council of
Europe (Council of Europe, 2008, p. 3) recognises a challenge to make housing rights,
which often originate in international law, meaningful and useful to those in housing need
at local level. For this reason the Council of Europe (2010) underscores that national
government’s housing policies should include a clear definition of minimum standards for
adequate housing (as well as emergency shelter).
The UN Committee on Economic, Social and Cultural Rights and the European Committee
on Social Rights (CSR) have clarified the contents, standards and obligations within
housing rights. UN General Comment No. 4 on the Right to Adequate Housing sets out
the minimum core guarantees. These are: legal security of tenure; availability of
services, materials and infrastructure; affordable housing; habitable housing; accessible
housing in a suitable location; housing constructed and sited in a way as culturally
adequate (Council of Europe, 2008, p. 7). Based on these minimum criteria the CSR has
operationalized a more concrete definition of ‘adequate housing’: “a dwelling which is
safe from a sanitary and health point of view, that possesses all basic amenities, such as
water, heating, waste disposal, sanitation facilities and electricity; is structurally secure;
not overcrowded; and with secure tenure supported by law” (Council of Europe, 2008, p.
14).
In addition, “Housing costs, including management and utility costs, must not reduce the
resources available for the enjoyment of a minimum standard of living defined by the
society in which the household is located, or prevent the enjoyment of other rights and
full participation in society” (Council of Europe, 2008, p. 15).
Stiglitz et al. (2009) point in the same direction by summing-up the following elements
that contribute to ‘adequate housing’: overcrowding; availability of safe drinking water;
waste collection; and sewage disposal facilities. Moreover, Stiglitz et al. indicate that
some suitable additions for developed countries are indicators on: lacking complete
plumbing, waiting time for subsidized housing, and exposure to noise and pollution.
The UNECE (2014) underscores that housing conditions are multifaceted and therefore
difficult to measure with a single figure. Certain relevant aspects of the housing quality
are living space (m2 per person) and the number of dwellings without deficiencies
(leaking roofs etc.). Given that housing is an important determinant of well-being,
primarily at the micro-level of households, the UNECE (2014) states that it is important
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to measure how housing is distributed in society (e.g. according to socio-economic
groups).
Eurostat (Eurostat, 2014, p. 25) describes that “Europe’s sustainable and socially
inclusive economic growth, [hence the EU-2020 ‘sustainable and inclusive growth
strategy’] cannot be monitored through macro-economic measures only. […] Accessibility
to decent material living conditions, although often interdependent with income,
have to be taken into account.”
The European Statistics on Income and Living Conditions (EU-SILC) offer a good starting
point for such a ‘Beyond GDP approach’ to decent or adequate housing. EU-SILC
indicators annually measure both monetary and non-monetary aspects related to
housing. Surveys with a reference population of all private households in EU Member
States collect data on, among other aspects, material deprivation, housing conditions and
housing quality. In the context of material living standards and well-being, housing is a
fundamental aspect: “people’s ability to afford adequate housing of decent quality in a
safe environment is a matter of importance for meeting basic needs and a key
determinant of well-being” (Eurostat, 2014, p. 49).
Material deprivation refers to a state of economic strain and durables, in the context of
housing defined as: the enforced inability (rather than the choice not to do so) to afford
the adequate heating of a dwelling. Keeping a dwelling adequately warm is considered a
necessity to lead an adequate life (Eurostat, 2014, p. 26). This is underscored by
Eurofound (2013) in their report on ‘Quality of life in Europe’ it is even stated that not
being able to keep the home adequately warm is a ‘high level of deprivation’. Keeping a
house adequately warm can thus safely be considered a basic human need in the context
of Max Neef, and part of ‘adequate housing’.
Another standard material deprivation item associated with housing is the ability of
households to pay their rent, mortgage or utility bills. This makes clear that there is an
income component to material deprivation. Housing costs often represent the largest
share of household’s expenditures, potentially hindering them to fulfil other basics needs
in case of low income. When households have to allocate more than 40% of their
disposable income on housing, households are considered being financially overburdened
according to EU-SILC standards.
Housing quality aspects not only relate to the dwelling itself, but also to the broader
residential area where people live in. Key EU-SILC elements for assessing housing quality
are:
• Structural problems of the dwelling: damp or leaks in walls or roof, rot in
windows, etc.;
• Dwelling size, overcrowding and space shortage;
• Housing deficiencies and lack of basic amenities: lack of indoor flushing toilet, lack
of bath or shower, lack of place to sit outside, inability to afford an adequately
warm home;
• Dwelling environment: living in a noisy area, being exposed to pollution and
grime, feeling unsafe in the residential area where the home is situated.
The latter point of housing location, relates to yet another element that is important for
the ‘adequacy’ of housing: residential mobility. Residential mobility is an indication for
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the extent households are able to adjust their housing ‘consumption’, for example to
accommodate changes in household composition, or as a result of employment in a
different region (van der Vlist et al., 2002). Housing availability and affordability, i.e. a
well-functioning housing market to accommodate changing housing needs at low
transaction costs, is a relevant matter in the context of adequate housing (Caldera
Sánchez and Andrews, 2011). For this reason, the latter authors have used residential
mobility as indication for the functioning of housing markets. Too high transaction costs
of moving make households tent to stick where they are. Transaction costs show to be
strongly related to financial contracts, taxes and fees to be paid for moving from one
house to another; the costs being higher for the share of owner-occupant housing stock,
than rental housing (Caldera Sánchez and Andrews, 2011).
The same authors underscore that labour mobility enhances the efficient allocation of
resources across the economy. From this perspective a high residential mobility rate
seems attempting. There is a tipping point, however, as a too high mobility, especially of
higher income groups, endangers the social stability of the neighbourhood, with a risk of
depreciation of local capital and social segregation. The latter effect is for example
explained in Glaeser and Gyourko (2005).

6.1.3 Assessment of housing quality in Europe
The EU SILC indicators provide a longer time series by type of housing deprivation (see
Figure 64). Shortage of space in the dwelling is a long-standing problem in most
European countries (Eurostat, 2014). Overall, over 17% of the EU population lived in an
overcrowded house in 2013. The overcrowding rate is based on the number of rooms
available to a household, determining a minimum required number of rooms, taking into
account the household’s size, its members’ age and family situation. Around 16% of the
EU-population had structural problems with their dwelling in 2013 such as leaking roofs;
damp walls, floors or foundation; or rot in windows. Relatively many people in the EU are
unable to afford to keep their house adequately warm. In contrast to the former types of
housing deprivation, the share has increased after 2009 – the year when Europe was hit
hardest by the economic crisis. People in Europe have least problems with lacking basic
amenities as a toilet or bath/shower for the sole use of the household. Moreover, there is
a clear downward trend visible between 2005 and 2013. Most of the houses in Europe
therefore seem to meet basic human sanitation needs.
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Figure 64: Percentage EU27 population not fulfilling basic housing needs, by type of housing
deprivation, 2005-2013

Source: Eurostat (SILC)

The level of (material) housing deprivation differs sharply per country, however. From
the overcrowding rate an evident pattern emerges that Eastern Europe and parts of
Southern Europe are having much higher overcrowding problems than Western and
Northern Europe (see Figure 65). Moreover, people living in densely-populated areas
were more likely to live in overcrowded houses than households living in thinly populated
areas in 2012 (Eurostat, 2014, p. 52). A closer look at the average number of material
housing deprivation items per EU Member State underscores that there are large
differences per country (see Figure 66). The material housing deprivation indicators only
look at:
1.) structural problems (leaking roofs, etc.);
2.) lack of a bath or shower in the dwelling;
3.) lack of an indoor flushing toilet for the sole use of the household; and
4.) problems with sunlight entering the dwelling (too dark, not enough light).
In correspondence with the highest overcrowding rate, Romanians are having most
material problems with their houses. The most reported item, also in Western and
Northern European Countries, relates to overcrowding.
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Figure 65: Overcrowding rate by country and by degree of urbanisation, 2012

Source: (Eurostat, 2014)
Figure 66: Percentage of population with material housing deprivation, by country and number of
deprived items, 2012

Source: Eurostat (SILC)

In addition to the objective indicators, Eurofound (2013) present in their report ‘Quality
of Life in Europe: Trends 2003-2012’, European’s subjective satisfaction with their
accommodation and with their housing security and affordability. Housing security refers
to the perceived risk of a forced removal due to affordability problems of the current
home, whereas the subjective indicator on housing affordability assesses for example the
proportion of Europeans that are unable to make a scheduled rent or mortgage payment
or to pay utility bills. In general, the subjective satisfaction with housing depends on
people’s historical and geographical reference points as well as on their personal
preferences (Eurofound, 2013, p. 56). From an assessment of housing satisfaction per
country cluster it can be concluded that there are differences related to the general
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welfare state (income per capita). There is a clear upward trend in the Central and
Eastern European countries cluster, however.
Figure 67: Changes in satisfaction with accommodation, by country cluster (welfare state)

Source: (Eurofound, 2013)

Based on the European Quality of Life Survey, Eurofound (2013) could confirm the
hypothesis that between 2007 and 2011 a larger proportion of mortgage holders had
difficulties in making ends meet, due to the economic crisis. As a result it is expected
that difficulties in sustaining good living conditions would increase, which for instance
might be reflected in maintenance of the home. In this way difficulties with household
income have a relation with resource use as maintenance of houses is one of the
activities related to housing that requires building materials as resource inputs.
The existence of a causal relation between household income and satisfaction of
households with their accommodation is underscored by Eurofound’s (2013) findings that
long-term unemployed people, hence lower income households, were least satisfied with
their accommodation between 2003-2011. Moreover, no significant changes in
satisfaction with their housing can be seen among people in the lowest income quartiles.
This gives rise to a hypothesis that lower income households live in houses of lower
quality.
This finding of Eurofound is in fact supported by the Council of Europe (Council of Europe,
2008, p. 5), where it is stated that there is a continuing problem of homelessness,
especially hidden homelessness, in Europe such as people living in overcrowdedness or
substandard and insecure housing. The Council of Europe explains that the trigger for
people living under such circumstances is usually housing affordability, leading to a spiral
of exclusion, affecting health, employment options, and education of children. The simple
conclusion of the Council of Europe is that there is no housing available for the limited
financial resources that poor and vulnerable people have.
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This brings us back to the topic of residential mobility. A relevant indicator to consider in
this context is the percentage of households that changes residence within a specific time
period, as a low mobility rate might point-out to disrupted housing markets where
households are limited in their freedom to move. This can be due to high housing price
volatility, which can influence affordability of the current or new house or might relate to
mismatches between demanded quality/types of housing and the available housing stock.
The latter mismatches can result in unsold or not rented housing stock fractions.
Oversupply of certain housing types point out to inefficiencies on the housing market,
yet, from a resource efficiency point of view, it can also be considered an inefficiency.
An OECD study on residential mobility shows that the majority of moves are driven by
housing-related (37% on average) or family-related reasons (32% on average). This
means that quality aspects of housing, including quality of the neighbourhood and wider
living environment, as well as changes in household size are important reasons to move.
Figure 68 shows that lower residential mobility rates are apparent in Eastern European
countries, i.e. Slovenia, Slovak Republic, Poland and the Czech Republic. This might
indicate that the higher number of reported problems with overcrowding and other
material deprivation items in these countries have a relation with Eurofound’s findings on
affordability of housing, and hence opportunities that households have to move to a
better quality home.
Figure 68: Residential mobility in OECD countries1 - Percentage of households that changed
residence within the last 2 years

Source: (Caldera Sánchez and Andrews, 2011)

6.1.4 Some considerations on ‘novel reference indicators’ based on
the exploration of linkages between human needs and
housing
•

‘Adequate housing’ is to a great extent dependent on social and cultural contexts,
climates and the general level of development of a country. Novel reference
indicators for resource efficiency measurement in/of housing should therefore be
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defined in such a way to reflect individual country’s specificities. A generic housing
reference indicator that captures all country’s specificities does not seem feasible.
However, accounting for some specificities, e.g. related to space heating, can be
overcome by making use of climate zones.
There anyway is an income component to material deprivation of households and
whether or not households are living in ‘adequate housing’.
The possibility to invest in maintenance and repair of dwellings differs per tenure
status. An owner-occupant can invest in housing improvements and maintenance
himself while households who rent their homes are dependent on decisions of the
property owners, which can be both private or public/institutional bodies. Normally
investment in housing, gross fixed capital formation (in dwellings), correlates rather
strongly with GDP.
An important driver for investment in new buildings is demographic development;
especially developments of the number of households. The general trend in Europe
with an ageing population and declining household size, hence increasing number of
households, is of particular importance in relation with future housing needs.
Moreover, this trend to more one-person households would imply a higher need for
energy and appliances (McKinnon et al., 2013).
The most apparent problems of Europeans with material housing deprivation are
overcrowding and structural problems with the dwelling (such as leaking roofs etc.).
These findings might plea for a stronger emphasis on m2 of dwelling floor space
per capita as reference indicator for resource inputs associated with investments in
new dwellings and/or maintenance of existing dwellings. This finding is supported in
the literature, for example by Van der Voet and Eisenmenger (2014) and Rao and
Baer (2012). The latter state that related to residential buildings investment, the
household projections can be an estimate for the required square meters of dwellings
to be constructed to decently house currently ‘deprived households’ as well as future
households, including maintenance/refurbishment.
On the other hand the ETC/SCP points out that there is a trade-off between
increasing energy efficiency of dwellings and a European trend of increasing average
amount of floor space per capita (McKinnon et al., 2013). An additional consideration
given by the ETC/SCP in the context of construction of new dwellings is to keep track
of land use for residential buildings (McKinnon et al., 2013). This relates to
preservation of natural capital stocks. As households tend to aspire larger homes, at
the same time with an increasing number of households, this would in principle imply
that more land is required for residential buildings. One could think of a ‘spatial
efficiency’ indicator in this context where the m2 of dwelling floor space per capita
is assessed against hectares of land used for residential buildings.

6.2 Methodology
To complement the more general narrative on the relation between housing and human
needs we will expound in this section how resource use associated with housing can be
related to human needs. We start from the notion that the European residential building
stock primarily comprises existing dwellings. Newly built dwellings, i.e. additions to the
housing stock, only make up a small share of the total housing stock (PE International,
2013). This implies that resource use associated with housing, both as direct satisfier of
basic human needs (shelter and protection) as well as prerequisite to satisfy other
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human needs (i.e. affection, participation, leisure, creation, identity and freedom), first
and foremost refer to the use phase of dwellings.
A house can only satisfy the basic need for shelter after it’s full completion, thus from the
moment it can be counted as addition to the existing housing stock. For this reason the
flow of ‘housing services’ delivered from (or by) the existing housing stock, i.e. ‘the
housing stock in use’, is most relevant for our case study purposes.
From the moment that households move into a dwelling it is especially the functionality
of the dwelling that works as a satisfier of the need for shelter and protection. Strictly
speaking from this perspective of functionality, the actual materials used to construct the
dwelling are of less importance – provided that the relevant ‘adequate housing’ standards
are met. In fact, environmental and resource efficiency aspects associated with
manufacturing of construction materials and construction activities themselves enter the
sphere of human well-being or human needs through other channels, such as ‘the need
to preserve natural capital stocks’. We fully acknowledge, however, that the impacts of
(manufacturing of) construction materials and construction activities are important to
take into account while assessing resource efficiency matters in the context of housing.
In our assessment of linkages between resource- and material inputs to housing and the
satisfaction of human needs we will therefore set-up a line of reasoning along the three
life-cycle phases of housing: 1.) construction of dwellings, 2.) the use phase of dwellings,
i.e. the (consumption) activity ‘living in a dwelling’, and 3.) end of life (demolition)
phase. To filter out the relevant areas where novel reference indicators might lead to
other or complementing conclusions on progress towards resource efficiency, we start
the analysis with a literature review on specific resource use in the three life-cycle phases
of housing, focussing on the European Union (EU28 where possible).
The construction period required to finalise a house is much shorter than the average
(technical) lifetime or utility value period of residential buildings. Where the construction
time of a single house might be in the order of one to three years, the lifetime of the
dwelling, hence the period that ‘housing services’ are being delivered to households, is
more to be expected in the order of multiple decades, in case of monumental/historical
icons this can even be (much) more than 100 years. Demolition and recycling activities
on the other hand, which take place at the end-of-life phase of residential buildings,
normally have an even shorter lead time than construction. We estimate the duration of
demolition activities in the order of a few Months.
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Figure 69: Environmental impacts of the housing value chain

Source: (EEA, 2012), edited TNO

6.2.1 Resource use in construction/renovation of dwellings
The built environment is a significant user of materials, notably aggregates, cement,
refined bitumen, limestone, wood, clay, glass, polymers (PVC, PS, PU, Resins), metals
(steel, aluminium, Copper), and natural fibres (Tukker et al., 2006). The study of Tukker
et al. (2006) indicate further that significant environmental impacts relate to new-build
construction and renovation/repair projects of (residential) buildings. A ‘hotspot analysis’
of PE International (2013) shows in addition that about a quarter of total construction
aggregates use can be allocated to residential buildings (see Figure 70).
Figure 70: Share of construction aggregates by end use

Source: (PE International, 2013)

The building/construction phase of dwellings primarily consists of economic production
activities, varying from materials and minerals extraction, manufacturing of construction
materials, and finally, construction sector companies that assemble the ‘adequate
houses’. These economic activities are all flows that take place within a certain period of
time, which can in principle be followed together with associated resource and material
inputs through an EEIO model. To assess the resource productivity or resource efficiency
of these flows of manufacturing or construction-related economic activities, resource
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inputs are commonly placed in perspective of sectoral value added. In principle this
resource productivity assessment works well for these particular flows of economic
activity. One could argue, however, that it is better to relate the material inputs to a
functional unit of m2 of dwellings actually completed or refurbished/maintained.
A recent example of an EEIO study on residential buildings is carried out by De Koning et
al. (2013). These authors show once more that construction of residential buildings is a
resource intensive activity. In particular bulk construction materials are to a large extent
used to construct residential buildings. De Koning et al. (2013) have found that on
average 40-50% of extracted non-metallic minerals and about 15% of extracted metals
and wood are used to construct residential buildings in the EU.
In addition De Koning et al. (2013) have estimated that the use of materials is more or
less equal during the first two life cycle phases of dwellings: ‘construction phase’ and ‘use
(living) phase’ of dwellings (see Figure 71). Material use during the use phase of
dwellings relates to maintenance and renovation works. Wood has a different use
distribution over the two life-cycle phases. Next to use as construction material wood is
also used as fuel during the use phase of dwellings. Related to energy use De Koning et
al. (2013) found that energy requirements during the construction of dwellings is of
minor importance when compared to energy use during the use phase of residential
buildings, i.e. the energy consumption of households while living in the dwelling. This
implies that most emissions related to residential buildings also originate from the use
phase of dwellings.
Figure 71: Contribution of residential buildings to the specific resource use in the European Union

Source: (de Koning et al., 2013)
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6.2.2 Assessment of resource use in residential buildings
Figure 69 shows that the use phase of residential buildings can actually be split-up in two
parts: the first comprises ‘living in a house’, where energy consumption for space
heating, cooking, etc. and water consumption for drinking/washing takes place; the
second part involves maintenance of the dwelling with associated consumption of
construction services (i.e. hiring construction workers to execute the maintenance)
and/or household consumption of construction materials for do it yourself construction
purposes. In fact, the maintenance and repair activities of dwellings, to the extent carried
out by construction companies, can be traced in the same flows of economic transactions
as new dwelling construction in an EEIO-framework. Both parts of the use phase of
dwellings have much relation with two particular COICOP consumption activities by
purpose:
• 04 – Housing (including maintenance and repair of the dwelling), water,
electricity, gas and other fuels
• 05 - Furnishings, household equipment and routine household maintenance
A study of the EEA (2013b) shows that these two housing-related household
consumption categories have higher than average material intensities (see Figure 72).
Moreover, analyses of the EEA show that the consumption expenditures on housing have
grown along with household income. As a percentage of total household consumption
expenditures, however, the expenditures on ’Housing and Furnishings’ have remained
relatively stable at 22% and 6% respectively between 1995 and 2010 (EEA, 2013b).
Figure 72: Direct material inputs induced per euro of expenditure in 12 household consumption
categories, EU-27, 2000-2007

Source: (EEA, 2013b)

During the multiple-decade use phase of residential buildings there are especially
technical quality aspects of dwellings, such as the construction period, housing type and
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age and type of (heating) installations that have an influence on resource requirements.
In general, older dwellings will need more maintenance or renovation whereas recently
build houses (have to) comply with the latest energy- and resource efficiency directives,
and hence are likely to have a higher comfort level and better energy performance than
older dwellings. Similar to new dwelling construction, maintenance and repair of
residential buildings primarily requires inputs of construction materials. For other types
resource use during the use phase of dwellings, i.e. energy and water use, we focus on
specific household activities that predominantly take place within dwellings.
PE International (2013) describes that a key hotspot related to final energy consumption
in buildings relates to residential buildings. From the Odyssee-Mure project (2015) it
becomes clear that the highest shares of residential energy consumption relate to space
heating and water heating (see Figure 73). Between 2000 and 2010 energy consumption
of households has gone done for most purposes; on average only energy consumption
for electrical appliances and cooling has increased in the EU. Energy use for space
heating, water heating and lighting are to a large extent associated with the building
itself (i.e. it’s technical quality), whereas energy use for domestic appliances is
associated more with the behaviour of the households living in the dwellings (PE
International, 2013).
Figure 73: Household energy consumption in the EU (2000 and 2012)

Source: (Odyssee-Mure, 2015)

In addition, the study of De Koning et al. (2013) shows that between 2000 and 2010 the
largest share of the total energy volume consumed by households in the EU is gas-based.
Consumption of electrical energy has increased most between 2000 and 2010 though
(see Figure 74). In most EU Member States the electricity use of households primarily
relates to electronic household appliances, hot water and cooking. There are some
exceptions, for example in Estonia, Czech Republic, Finland, Portugal and Sweden
electricity is to a large extent also used for space heating (Odyssee-Mure, 2015; De
Koning et al., 2013). The studies of Odysse-Mure (2015), PE International (2013) as well
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as De Koning et al. (2013) anyway indicate that energy use of households strongly
relates to activities that we can consider to be part of basic housing needs. A further look
at the distribution of residential energy consumption by end-use per country (see Figure
75) makes clear that there are country differences in energy requirements to satisfy
these basic needs.
Figure 74: Total energy consumption per energy source by households in the EU, 2000-2010 (index
2000=100)

Source: (de Koning et al., 2013)
Figure 75: Household energy consumption by end-use (2012)

Source: (Odyssee-Mure, 2015)
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6.2.3 On the use of dwellings and the relation with human needs
In general, household consumption is a driving force (a Driver in the DSPIR-framework)
for resource use. However, thinking again on human needs, we cannot consider all
housing related consumption expenditures a part of satisfiers for basic housing needs.
The activity ‘living in a house’ comes closest to the fulfilment of the basic need for shelter
and protection. As we explained earlier, decent living conditions or ‘adequate housing’
relies on the possibility to keep the dwelling within acceptable comfort levels (warm in
winter, cool in summer); to have sufficient light; to have the availability of sanitary and
sewerage facilities, provision of safe drinking water, as well as the availability of facilities
to cook and preserve food. When such facilities are lacking, we speak of forms of
‘housing deprivation’.
This implies that the use of water (both for drinking and washing purposes) as well as
direct energy use of households for space heating and cooling, cooking, water heating,
and electricity for lighting and the use of household appliances fall within the scope of
satisfiers for basic housing needs. Following the reasoning of Rao and Baer (2012), this
in turn entails that people have access to ‘adequate’ public utilities (i.e. energy
generation and distribution, water purification and distribution, sewerage and waste
disposal), as well some specific household appliances that provide the relevant services
within the walls of the dwelling.
Although to a certain extent furniture (e.g. a bed) and appliances as refrigerators or
stoves/furnaces are required to make a ‘minimally decent living’ possible, we cannot
consider all household consumption expenditures on furnishings and appliances a part of
basic housing needs fulfilment. In their approach to asses energy needs for a ‘decent
living of households’ Rao and Baer (2012) for example only consider electricity services
related to lighting, fans or air conditioners for space cooling (where necessary due to
climate), refrigeration, television and mobile phones as part of ‘basic needs’ (see Figure
76).
Figure 76: Decent living activities – criteria and indicators

Source: (Rao and Baer, 2012)
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In the end it depends on value judgement what exactly to consider basic needs to make
a ‘minimally decent living’ in a country-specific context, and where ‘over satisfaction’
begins. Rao and Baer (2012) do acknowledge that universal standards for decent living
translate to country-specific energy entitlements. This is driven by empirical conditions
related to structural, cultural and other country-specific determinants of both living
standards and energy intensity.
Various studies of the EEA (e.g. (EEA, 2012, 2013b)) and housing assessments of the
European Topic Centre on Sustainable Consumption and Production (e.g. (McKinnon et
al., 2013)) have analysed the relation between resource use of households and
associated well-being aspects. These studies show that societal aspirations of people are
strongly shaped by social norms and values, which in turn play an important role in the
quantity and quality of housing-related material consumption, in addition to a generally
increasing wealth or disposable household income. Trends in societal aspirations and
consumption habits of households do not per se indicate developments towards higher
sustainability from an environmental or resource perspective. A conclusion of the EEA
(2012) is that there is little evidence on the extent to which people consider the
environmental impacts of their choice of house during the selection process, particularly
in relation to its geographical location. The latter has much relation with the role of
housing in defining social status within a group where households obtain their identity
and with whom they emulate. The size, quality as well as the location of the dwelling
contribute to these ‘human well-being’ factors of housing. In this context there might
even be a trade-off between the size of the dwelling and location, e.g. living in a smaller
dwelling in a more desirable geographical location.
In terms of quantity aspects of housing, people tend to aspire more floor space per
capita (both internally (m2 of dwelling floor space per capita) as well as externally (m2
garden)). These aspirations arise at the same time where the average size of households
is declining, and population projections indicate that the number of one-person
households will increase even more in the future. The implication of larger homes will in
principle be higher energy demands for space heating (to keep a larger home at the
same comfort level, i.e. indoor temperature); more one-person households will imply
‘efficiency losses’ in energy and material consumption since goods and services will not
be shared with any household members – which in principle will also increase household
waste production. Both trends in fact offset the general energy-efficiency improvements
that have been realised in the existing building stock over the last decade.
Another effect, strengthened by a general increase in household wealth, and by the trend
towards more one-person households, is that ownership of (electrical) household
appliances in the EU has increased over the last decade (EEA, 2012). Despite their
general improvement in terms of energy performance, the increased consumption of
(electrical) household appliances made that overall energy consumption per dwelling for
lighting and appliances has gone up. The increase in material well-being of households in
the EU thus clearly has implications for total resource use requirements. In discussions
on possible measures to make housing more resource efficient we should acknowledge
that there might be conflicts or trade-offs, depending on the way from which we look at
human well-being.
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In this case study we do not intent to define a boundary between satisfaction of basic
needs and ‘over satisfaction’. We rather want to explore possibilities to assess whether or
not basic housing needs are met, and how resources are related to this. This should
enable us to make comparisons across countries, especially if we cluster countries based
on overlapping cultural backgrounds, climate zone, etc.
Following a similar line of reasoning as with household consumption, we have to
acknowledge that public utility companies serve many more actors than households
‘living in their dwellings’ alone. The activities of utility companies, including energy
generation, and all associated footprints can therefore not fully be attributed to housing
needs alone. Notwithstanding sustainable energy generation (e.g. from renewable
sources) is an important contributor to human well-being from the perspective of
preserving capital stocks for future generations or from a direct health perspective.
Moreover, households can directly contribute to more resource efficient energy
generation, for example by installing solar panels on their rooftops. There are thus clear
overlaps between more generic, country wide domains where resource efficient measures
can be taken, and which somehow can be seen through the lens of human needs or
human well-being. Not all of them purely relate to ‘housing’, however.
On the other hand, the ETC/SCP (McKinnon et al., 2013) describes that much of the
future material flows to housing will be shaped by structural features in the way that
power is generated rather than individual household consumption decisions. This, in the
end, makes it highly relevant to include footprints of energy generation in analyses to
assess the use of materials and natural capital as physical inputs to production of goods
and services that contribute to the fulfilment of human [housing] needs. In fact the way
energy is generated in each country is an important contextual country characteristic.
Accordingly, for more in-depth resource efficiency assessments in the context of
satisfaction of basic housing needs while living in a dwelling (the ‘use phase’ of houses),
we will concentrate again on the level of quality or ‘adequacy’ of services delivered to
households. From this perspective, the use of resources from the point where energy and
water enter the dwelling is most relevant.

6.2.4 End-of-life phase of dwellings
The end of life phase comprises demolition of dwellings, hence a flow of regular economic
transactions where specialised companies will execute demolition activities. Besides the
required energy and other resource inputs to operate heavy-duty equipment etc.,
probably the most relevant resource efficiency aspects relate here to recycling of
construction and demolition waste and other forms of sustainable waste disposal. A high
recycling and re-use rate of construction- and demolition waste will obviously contribute
to human well-being. Targeted monitoring seems most relevant here, which can be done
with rather straightforward indicators for which, at first glance, no novel reference
indicators seem to be required to effectively monitor progress. On the other hand, the
long use-phase period of the existing housing stock will make that the required amount
of new dwellings to accommodate projected household growth cannot be realised from
recycled and re-used materials only.
A potential area for further exploration is the extent to which the technical lifetime of
dwellings can be enhanced. A longer lasting housing stock would reduce the production
of construction and demolition waste in the first place. This interacts with (probably
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higher) maintenance and repair needs over the life-time of (and associated resource
inputs) on the one hand, and (potentially other types of) material inputs for new
construction projects on the other hand.
Such an exploration goes beyond the scope of DESIRE’s WP8. We will therefore not
emphasise the end of life phase of dwellings in our current quest for meaningful ‘novel
reference indicators’ of resource efficiency in a housing and human needs context.

6.2.5 Towards alternative reference indicators in the case of
housing
From the narrative so far it can be concluded that the relation between human housing
needs (for ‘adequate’ housing) and resource efficiency is multi-facetted and asks for a
targeted and often country- and context-specific approach. This makes it difficult to come
up with a single alternative reference indicator for resource efficiency measurements in
the context of housing. For areas of housing with high resource impacts, i.e. dwelling
construction, maintenance/repair and energy use of households, there are overlaps with
existing resource efficiency policies and measuring instruments. Footprint calculations,
for example related to energy generation or manufacturing of construction material, are
highly relevant for resource efficiency assessments of countries in general but do not
relate to housing alone.
In many areas there might in fact exist trade-offs between consumption of goods and
services that have a positive contribution to (material) human well-being and at the
same time resource- or material use requirements that negatively affect other domains
(or capitals) that contribute to overall human well-being. For example, there might be
trade-offs between increasing energy efficiency of (residential) buildings through energy
performance regulations, and the material intensity of construction sector activities to
build those energy efficient houses.
Sometimes actual change in household behaviour would be needed to realise
improvements in terms of resource efficiency. It therefore seems relevant to assess how
various measures that intend to improve resource efficiency in housing, enter the sphere
of human well-being/human needs, and to show how and where trade-offs arise.
A human needs perspective can give rise to discussions on pathways to a more
sustainable future, however would enter areas of individual preferences, norms and
values. There is no straightforward way in making such decisions or to setting boundaries
between ‘satisfaction of basic needs’ and ‘over satisfaction’. A complicating matter in this
context is that whether or not a need or level of ‘adequacy’ is met might be perceived
differently from individual to individual. The challenge is thus to develop novel reference
indicators, free of value judgements, that enables us to compare material intensities,
preferable across countries, of meeting human [housing] needs. In the remaining
sections of the case study we will explore and describe the potential for relevant and
meaningful alternative reference indicators, again along the lines of the life-cycle phases
of housing, and will accordingly assess whether or not the use of such a novel reference
indicator approach will lead to other conclusions.
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Construction/building phase, as well as maintenance and repair of
dwellings
The clearest potential for novel reference indicators associated with housing lies in the
construction phase of dwellings (including maintenance and repair activities). Following
Stiglitz et al.’s (2009) recommendations, it is highly relevant to connect the material and
resource inputs to a functional unit of output. As best candidate in this context we
consider: Material use per m2 of dwelling added to the housing stock and/or per
m2 of dwelling repaired.
Another possibility for a ‘novel’ reference indicator, more directly related to housing
deprivation, would be to link the material use in residential construction to the
percentage of people with structural problems with the dwelling (leaking roof,
damp, rot in windows etc.) and/or the number of people with overcrowding
problems.
Lastly, related to the use of land, we underscore the suggestion of (McKinnon et al.,
2013) that it is relevant to monitor ‘net land take’ by relating the trend towards
increasing m2 of dwelling floor space per capita against the area of land used for
residential buildings.
However, we found that data availability is currently (too) limited to meaningfully assess
developments in this ‘no net land take’ Resource Efficiency context over a longer time
period. For this purpose it would be relevant if in the future Eurostat publishes more data
on the use of artificial land by type, specifying built-up land for residential purposes.
Currently only a few data points are available through Eurostat’s website. In our results
section we will therefore focus on the first two of the abovementioned potential novel
reference indicators.

Use phase of dwellings
During the use phase, i.e. ‘living in a dwelling’, targeted monitoring of household energy
(electricity and gas) and water consumption by end-use, as well as material use for
repair and maintenance of dwellings is highly relevant to follow resource efficiency
developments over time.
Relevant (theoretical) areas, with functional units and a relation between resource use
and human needs are:
• Energy use for space heating: Energy use/m2 floor space (per capita)
• Energy use for water heating: Energy use/dwelling
• Energy use for cooking: Energy use/dwelling
• Electricity use for lighting and household appliances: Energy use/household
• Water use for drinking/washing: Water consumption per household
• PM: Material use for renovation, maintenance and refurbishing of dwellings (see
construction phase; especially applicable to activities carried out by commercial
construction contractors –to a lesser extent to do-it-yourself work).
We could not identify a clear need for novel reference indicators here, especially given
that targeted monitoring instruments with a functional approach already exist (e.g.
Odyssee database), and will come more generally available in the near future under
Commission Regulation 431/2014. Under this regulation (which is effective since the end
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of May 2014) Eurostat, in cooperation with the Member States, are required to collect
data and generate detailed statistics on final energy consumption in households,
including energy consumption for:
• Space heating
• Space cooling
• Water heating
• Cooking
• Lighting and electrical appliances (electricity use only)
• Other end-uses (e.g. lawn mowers, swimming pool heating, outdoor heaters,
sauna’s etc.)
Given that the inability to keep a dwelling sufficiently warm is considered a serious form
of housing deprivation, a relevant indicator from this perspective would be to relate the
energy use for space heating to the percentage of people that are unable to
keep their home adequately warm.
For the interpretation of this indicator it is important to keep in mind that the ability of
people to keep warm does not only depend on the technical quality of the dwelling but
also (strongly) relates to household income. Yet another relevant aspect in this context is
climate zoning. The average amount of ‘heating days’ per year will differ per region,
where households in Nordic countries for example have higher heating needs than
households in Mediterranean countries.
To conclude our exploration of resource use during the use-phase of housing we
acknowledge that household waste is a relevant metabolic output. However, we do not
see a clear potential for novel reference indicators in this particular area of the use-phase
of housing. Household’s waste production, together with recycling and other sustainable
waste disposal facilities are obviously important elements to take into account in any
integral resource efficiency assessment.
Assessments of developments towards higher resource efficiency and sustainability would
primarily require targeted monitoring, e.g. with existing indicators such as the amount of
residential waste production per person.
In our case-study analysis we will therefore concentrate our efforts on assessing the
efficiency of resource inputs that are needed to satisfy housing needs during the usephase of dwellings as well as the material inputs during the construction and
maintenance/repair of dwellings.

6.3 Results
6.3.1 Construction (including repair/maintenance) of dwellings
For pragmatic reasons we only focus on the material footprint of (residential)
construction work here. This approach to focus on material inputs to construction is
supported by the earlier findings of de Koning et al. (2013) that energy requirements
during the construction of dwellings is of minor importance when compared to energy use
of households living in dwellings, i.e. the use phase. Material inputs to construction and
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repair/maintenance of dwellings are a significant driver for resource impacts of housing
during the first life-cycle phase, though.
To assess the material inputs to the construction process in Europe we have taken
EXIOBASE’s v3.1 total material footprint 22 for the years 1999-2012 from the calculated
impacts folder in the datadump of 28 April 2015. In accordance we have put these total
material footprints of construction work in relation to various explanatory demographic
and economic variables such as population size, number of households and (chain-linked
volumes of) GDP and Gross Fixed Capital Formation in dwellings. The latter includes both
investments in new dwellings as well as in maintenance and repair of existing dwellings.
The indexed trends for the EU28 are, for the maximum EU28 time series possible, plotted
in Figure 77 23.
Figure 77: Main demographic- and economic drivers behind dwelling construction together with the
Total Material Footprint of Construction Work, EU28 totals, 2000-2013 (index 2000=100)

Source: Eurostat, EXIOBASE v3.1 (calculations NTNU), Entranze project, (European Mortgage
Federation, 2014); edited TNO

Data limitations make that we could not analyse all relations for the EU28 on the full time
series 2000-2013. Especially the ‘classic’ reference indicator, Gross Value Added of the
Construction work sector, was not available in constant prices for the EU as a whole. In
addition, the functional output variable, number of dwellings added to the housing stock,
could only be obtained up till 2009 for the EU28 as a whole.
We were able to compile a dataset covering the 2000-2013 period with chain-linked
volumes of the economic variables as well as number of dwellings added to the housing
stock, including their average size in terms of square meter of floor space, for 16 EU
Member States. We used this set to analyse the main trends in driving forces behind
dwelling construction, functional output of residential construction and associated
material inputs. The 16 countries included in this ‘optimal dataset’ are: Bulgaria, Czech
Republic, Denmark, Estonia, Finland, Germany, Hungary, Latvia, Lithuania, The
22
23

‘Domestic Extraction’ as reported in the sector Construction Work in the ‘Impacts’ file: D_fp.txt.
This is basically an adjustment of the figure as described by De Koning et al. (2013).
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Netherlands, Poland, Portugal, Romania, Slovenia, Spain and Sweden. The indexed
trends are plotted in Figure 78.
A comparison between Figure 77 and Figure 78 suggests that the trends in the 16country subset follow same pattern as in the years for which we have EU28 data;
generally speaking the material footprint of construction work has an upward trend while
the Gross Fixed Capital Formation in dwellings and the actual number of dwellings (as
well as GVA of the construction sector) all have a downward trend – which seems to be
strengthened by the economic and financial crisis from 2008 onward. At the same time
population growth gradually continued, with the number of households on average
growing somewhat faster than total population; indicating a continuing trend towards
smaller (e.g. one-person) households in Europe.
Figure 78: Main demographic- and economic drivers behind dwelling construction together with the
Total Material Footprint of Construction Work, 16-country average, 2000-2013 (index 2000=100)

Source: Eurostat, EXIOBASE v3.1 (calculations NTNU), Entranze project, (European Mortgage
Federation, 2014); edited TNO

Yet, there are a few other data limitations to take into account while interpreting the
trends in driving forces of Figure 78. In EXIOBASE (both material footprint and economic
output) as well as Eurostat or NSIs National Accounts statistics on gross value added of
the construction sector, it is not possible to separate out construction of residential
buildings (i.e. dwellings) from other construction works (e.g. transport infrastructure and
civil engineering constructs). Similarly, we have no insight in the part of gross value
added that relates to new dwelling construction and which parts is generated with repair
and maintenance activities [of dwellings].
For this reason we had to work with an ad hoc assumption to allocate a proportion of the
total material footprint of construction work to dwelling construction. We have used the
finding of PE International (2013) that 25% of total construction aggregates is used in
residential construction, and assumed this share to be constant over the whole 20002013 period.
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We did not have a similar index number available to split-up the gross value added of
construction work into a ‘residential’ and ‘non-residential’ part. Here we had to rely on
the trends in driving forces as shown by Figure 78 and the respective correlation
coefficients (see Table 19). There seems to be a rather strong correlation between the
GVA of Construction work and both GFCF in dwellings and the number (as well as
average size) of new dwellings added to the housing stock. This correlation is stronger
than with GDP, which even appears to be a negative relation. This all suggests that
residential construction activities might have been dominant in the 2000-2013 total gross
value added generated by the construction sector.
This is confirmed by a higher correlation between the material inputs to construction in
general and GFCF in dwellings. The fact that correlation with the number of dwellings
added to the housing stock is actually lower seems to be a direct result of the economic
and financial crisis. A plausible explanation for the clearly visible downward trend in new
dwelling construction is that new construction projects were delayed or cancelled,
resulting in a stronger emphasis of overall construction activities on repair and
maintenance work on the existing building stock.

Population size

# Households*

Material Footprint
Construction work

0.967

0.912

0.803

GVA Construction

-0.685

GFCF Dwellings

-0.280

0.741

# Dwellings

-0.744

0.847

0.821

Average # m2 dwelling floor space added -0.743

0.831

0.815

0.741

# Dwellings added

-0.685 -0.280 -0.744 -0.743

GFCF Dwellings

Average # m2 floor
space added

GDP

GVA Construction

GDP

Table 19: Correlation matrix

0.847

0.831 -0.398 -0.225 -0.271

0.821

0.815 -0.398 -0.290

0.314

0.999 -0.810 -0.491 -0.218
0.999

-0.813 -0.504 -0.219

Population size

0.967 -0.743 -0.398 -0.810 -0.813

# Households*

0.912 -0.225 -0.290 -0.491 -0.504

0.692

MFP Construction work

0.803 -0.271

0.697

0.314 -0.218 -0.219

0.692

0.697
0.241

0.241

Source: TNO calculations based on Eurostat, EXIOBASE v3.1, Entranze project and (European
Mortgage Federation, 2014)

At the same time, population size, and more importantly, the average number of
households, was still increasing. Although this explains the relatively strong, yet negative
correlation between dwelling construction and demographic development, it is
remarkable. In the long term, total dwelling stock needs to keep up with the
developments in the number of households in order to avoid problems with overcrowding
or worse. Normally there is a strong positive correlation between (investments in) the
dwelling stock and demographic development. The economic and financial crisis seems to
have caused a short-term deviation from this normal pattern.
Perhaps even more remarkable is that the total material footprint of construction work,
despite the strong dip from 2007 to 2010, has an upward trend over the whole 20002013 period, and a much stronger correlation with GDP than with GVA of construction
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work. In relative terms we know from various economic assessments and outlooks of EU
Member States that the construction sector in Europe was hit harder by the economic
and financial crisis than the economy as a whole. A lower volume of construction projects
with stronger competition between construction firms has probably put pressure on profit
margins that finally resulted in lower gross value added of the construction sector. In
GDP terms, hence the average development of all economic sectors, the magnitude of
the recession was less than in construction. This explains the stronger correlation with
the upward trend of material inputs to construction work between 2000 and 2013. The
latter does at first sight suggest an increasing material intensity of construction work in
general, however.
A further plausibility check for our assumptions regarding the split in residential
construction activities and other types of construction is that we anyway get the ‘right’
resource efficiency ratio when we calculate the ‘classic’ relation between total material
inputs to construction work and total GVA generated by the (total) construction sector.
We can compare this particular outcome with our calculated resource efficiency ratio in
dwelling construction, for which we allocated 25% of total material inputs to dwelling
construction and put in relation to the GFCF in dwellings. Both the ‘functional’ and
‘classic’ resource efficiency ratios that we could obtain from our 16-country subset are
plotted in Figure 79.
Figure 79: Comparison of Resource Efficiency outcome – ‘classic’ versus ‘functional’

Source: EXIOBASE v3.1 (calculations NTNU), Odyssee (2015), Eurostat; edited TNO

It can be concluded that, no matter what reference indicator we put in relation to total
material inputs to construction activities, the material intensity is increasing, meaning a
worse situation in resource efficiency terms. Up to the year 2007, the pre-crisis period,
there appeared not to be much difference in resource efficiency outcomes between a
‘functional’ output reference (i.e. the number of dwellings added to the stock, or the
average size of dwelling floor space added) and a ‘classical’ monetary reference indicator
– whether it be gross fixed capital formation in dwellings or gross value added of (total)
construction. After 2007, the relatively strong dip in investment of new dwelling
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construction projects, and a resulting decrease in the number of dwellings actually
added, alters the outcome.
From that moment on, the increasing material intensity of (residential) construction,
including repair and maintenance work, is more apparent in the ‘functional’ approach.
Overall, however, a ‘functional’ approach does not seem to lead to other conclusions than
a ‘classic’ monetary approach. The difference in pace of material intensity increase
between the two approaches might have to do more with other socio-economic effects of
the economic and financial crisis, i.e. effects that are less visible in Figure 79 (e.g. people
renovating their current homes instead of moving to new houses, in combination with
cancelled new construction projects of any kind – not only dwellings, lower profit margins
of construction companies etc.). At the same time we have to be aware of the level of
uncertainty in the amount of materials that we kept on allocating to dwelling construction
and maintenance after the year 2007. By keeping the percentage constant at 25%, even
with the strong decline in the number of dwellings added to the housing stock, we might
overestimate the material intensity of new dwelling construction and repair activities on
the existing stock.

Developments in resource efficiency from a material deprivation
perspective
When we look from another angle to developments in resource efficiency of residential
construction, more from the perspective of housing deprivation, we come to a different
conclusion. When we plot the material use in residential construction in relation to the
number of people without 24 structural problems with the dwelling (leaking roof, damp,
rot in windows etc.) and/or the number of people with overcrowding problems, we
actually see a predominantly downward trend; indicating improvements in terms of
resource productivity measured by the amount of materials needed per person to avoid
structural problems with the dwelling or overcrowding problems.

24

To give this indicator more meaning we have actually mirrored the number of people with
structural problems or overcrowding problems to people without problems. By executing renovation
and repair work less people will have problems, i.e. causality runs from the use of materials to an
increasing number of people without problems.
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Figure 80: Resource Efficiency of material inputs to Construction Work using a ‘Housing deprivation
approach’

Source: Eurostat (SILC), EXIOBASE v3.1 (calculations NTNU); edited TNO

6.3.2 Use phase of dwellings
For detailed monitoring of resource efficiency during the use-phase of dwellings we rely
on data from the Odyssee-Mure project 25, focussing on energy- and electricity
consumption by end-use. The Odyssee data on energy- and electricity consumption by
end-use comes together with information on unit consumption (per dwelling and/or per
square meter dwelling floor space), whereas Eurostat only publishes total residential use.
We could not obtain time series of household’s water consumption in a sufficiently large
time series; Eurostat currently only has a short time series available with limited country
coverage. The focus of this section therefore is on energy and electricity use of
households, where possible further differentiated by end-use.
Figure 81 shows once more that final energy consumption of European households is
predominantly associated with space heating, however this fraction is decreasing partly
due to an increasing share of electricity consumption for appliances and lighting. The
indexed trends of residential energy- and electricity consumptions show this pattern
more clearly (see Figure 82). In the period 2000-2012 the general trend of total energy
consumption of European households is downward. More resource efficient space heating
of dwellings clearly contributes to this downward trend. On the other hand increasing
electricity use is offsetting this trend. Up till 2007 the electricity consumption of
households was rising fast. During the financial and economic crisis period of 2008-2011
the increase stabilized but seems to move further up now that economic recovery seems
to persist. This suggests a relatively high correlation between household income and the
aspiration for (more) electronic household equipment.

25

http://www.odyssee-mure.eu

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 150 of 186

Figure 81: Volume of residential energy consumption in the European Union (Climate corrected),
2000-2013 (Million tonnes of oil equivalents)

Source: (Odyssee-Mure project, 2015)
Figure 82: Residential energy consumption in the European Union (Climate corrected), 2000-2013
(index 2000=100)

Source: (Odyssee-Mure project, 2015)

Various studies (e.g. (Lapillonne et al., 2015; EEA, 2012)) show that the stock of
household appliances (both large appliances and small electronic equipment) in
possession increased rapidly over the past two decades. At the same time the energy
efficiency of large appliances increased much, a trend however primarily offset by the
rapid penetration rate of small electronic equipment. Moreover, the latter tends to have a
rather short life time due to fast technological innovations that add new functionality,
leading to relatively fast replacement aspirations of consumers, sometimes before the
equipment’s technical end-of-life.
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When we take an even more functional approach, and express the energy- and electricity
consumption of households per unit (i.e. per dwelling or per m2 floor space), we basically
get the same picture as before (compare Figure 83 with Figure 82). In addition to Figure
83, Lapillonne et al. (2015, p. 49) also show the energy efficiency progress of European
households with regard to cooking and water heating. These trends, as well as their
overall (weighted) energy efficiency index [‘ODEX’] follow the same pattern as the ones
we were able to plot in Figure 83 based on the publicly accessible Odyssee-Mure data
tool 26.
The full Odyssee database in particular, but already the publicly available key indicators
through the website of the Odyssee-Mure project (2015), thus clearly is a powerful
monitoring tool to follow the resource efficiency of satisfaction of ‘basic housing needs’ in
the EU over time. As explained earlier we did not see a clear potential for alternative
reference indicators in this context. We consider the existing tool to monitor energy
efficiency progress of unit consumption by end-use highly effective, relevant, clear and
meaningful instrument for the use-phase of dwellings.
Figure 83: Energy efficiency in housing – functional approach: unit consumption

Source: Odyssee-Mure (2015)

Comparing a monetary resource efficiency approach with a ‘housing
deprivation approach’
We stated earlier that a meaningful approach from a ‘housing deprivation’ perspective
would be to relate the energy use for space heating to the percentage of people that are
unable to keep their home adequately warm. Figure 84 shows the results of this exercise
in which we, similarly to the structural problems with the dwelling and overcrowding
problems, mirrored the reference indicator to the number of people without problems. A
positive development emerges from these results; on average the energy required to
keep a person sufficiently warm in his/her home is steadily declining over time. This
development is in line with the increasing efficiency of space heating per dwelling.

26

We did not have access to the full Odyssee database for this case study.
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Figure 84: Energy Efficiency of the (basic) need for space heating using a ‘Housing deprivation
approach’

Source: Eurostat (SILC), Odyssee-Mure (2015); edited TNO

On the other hand we cannot ignore the relation with disposable household income here,
in particular because the EU SILC definition of housing deprivation is about the ability of
households to afford to keep the dwelling sufficiently warm. In the background section of
this case study we already explained that the share of people not able to afford to keep
their house adequately warm actually increased after the year 2009. In order to interpret
the trend as shown in Figure 84 correctly, we must thus know how household income
developed over time, and whether or not consumption expenditures on energy moved in
accordance. The Odyssee-Mure (2015) data we have used on energy consumption for
space heating is corrected for annual changes in heating degree days. Climate
corrections are another aspect to take into account while interpreting the efficiency of
energy needs for space heating.
In Figure 85 we have plotted the relation between GDP per capita, disposable household
income and household consumption expenditures. It concerns the averages over 25 EU28
Member States, i.e. the countries for which we had a sufficiently long time series in
constant prices. In addition, Figure 86 zooms in further to specific COICOP consumption
categories that relate to the satisfaction of basic housing needs: expenditures on dwelling
maintenance and repair (COICOP category 04.3), expenditures on gas, electricity & other
fuels (COICOP category 04.5) as well as consumption expenditures on household
appliances (COICOP category 05.3).
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Figure 85: Relation between GDP, Disposable household income and (COICOP) Household
consumption expenditures in the EU*

* Average of 25 EU countries (EU28, excluding Croatia, Lithuania and the Netherlands)
Source: Eurostat; edited TNO

Between 1999 and 2013 both GDP per capita and real adjusted disposable household
income have increased more or less at the same pace. After a dip in 2009 household
income recovered faster on average. In comparison to the generally increasing household
disposable income, total consumption expenditures of households are more constant over
time but move in the same direction as income. A significant share of household income
is spent on housing, a share that appears to be rather constant over time, on average
around 22-23% of total household consumption expenditures (EEA, 2013b; Parlasca,
2013). Moreover, expenditures on housing proved to be less volatile than other
household consumption categories during the economic and financial crisis.
Figure 86: Trend in Disposable household income and detailed (COICOP) Household expenditures in
the EU*

* Average of 25 EU countries (EU28, excluding Croatia, Lithuania and the Netherlands)
Source: Eurostat; edited TNO
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There are differences visible when we take a closer look at the detailed expenditure
categories with a human housing needs connotation, though. Measured in shares of total
household expenditures, energy played an increasingly important role in the consumption
of housing related items (Parlasca, 2013). Within COICOP category 04 it is the largest
expenditure category after the actual- plus imputed 27 rental payments. From Figure 86 it
can be concluded that expenditures on dwelling maintenance and repair follow roughly
the same pattern as total household consumption expenditures, whereas consumption
expenditures on electricity, gas and other fuels have a much more linear trend over time,
on average suggesting a rather low correlation with developments in household
disposable income. On the contrary there seems to be a strong correlation between
household disposable income and expenditures on electric and electronic household
appliances. Growth of the latter consumption category was highest over the 1999-2013
period, closely following the growth pattern of real adjusted disposable household
income.
Now, returning to a monetary approach to measuring resource efficiency of the
satisfaction of household’s needs for space heating, water heating, cooking, and lighting,
i.e. drivers to use energy, we consider as most logical approach to relate the physical
quantities of detailed energy consumption by end-use to the actual household
expenditures on those categories. Due to data limitations, it appeared not to be possible
to execute our analysis on this level of detail; we were able to analyse the total physical
energy consumption in relation to total household expenditures on electricity, gas and
other fuels.
The results, again averaged over 25 EU Member States are shown in Figure 87. The total
physical quantity of energy consumed (in oil equivalents) almost perfectly matches the
(constant-priced) monetary consumption expenditures of households. The resulting
‘resource efficiency ratio’ is shown as the dotted line (to be interpreted along the axes on
the right-hand side of the figure). The question, however, is how exactly to interpret this
‘resource efficiency’ ratio. Are we in fact still looking at energy price volatility here, in
combination with annual changes in energy needs (caused by differences in heating
degree days and the like 28)? Overall there seems to be a rather horizontal trend in total
final energy consumption of households. This trend appears in both physical final energy
consumption as well as households’ consumption expenditures on electricity, gas and
other fuels.

27
28

For owner-occupants
Eurostat’s source data comes non-climate corrected.
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Figure 87: ‘Resource Efficiency’ of average household’s final energy consumption in the EU*

Note: * Average of 25 EU countries (EU28, excluding Croatia, Lithuania and the Netherlands)
Source: Eurostat; edited TNO

6.4 Discussion
While describing the results of our data analysis we have already made reference to
some degree of uncertainty due to data limitations, ad hoc assumptions or other
methodological challenges. These elements are of greatest importance for robustness of
the outcomes. Next to answering the question whether or not the use of novel or
alternative reference indicators provides a different picture when compared to monetary
approaches, it is good to reason along the lines of all RACER-criteria, i.e. Relevance,
Acceptability, Clarity, Easiness, Robustness. In this way, we force ourselves to also think
on the usability of novel or alternative reference indicators.

A functional approach to dwelling construction and maintenance/repair
For the area where we saw the clearest potential for a novel reference indicator, i.e. a
‘functional approach’ to assess the material intensity of dwelling construction and
repair/maintenance of existing dwellings, we concluded that the resource efficiency
outcome looks the same as when a ‘classic’ monetary approach is used. Either way, an
increasing material intensity of (dwelling) construction is apparent in the 2000-2013
period. It is foremost the difference in slope of the resource efficiency curves of Figure 79
that gives most room for discussion.
An important question here is what exactly is causing this deviation from the year 2007
onwards? Until then both approaches delivered hardly any difference in material intensity
outcomes of dwelling construction or construction activities altogether. As mentioned
earlier, it is especially the strong downward trend in dwellings added to the housing stock
that causes the divergence.
Basically three different data quality aspects might influence the outcomes:
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1. We were forced to combine multiple data sources to obtain the number of
dwellings and their average size. This increases the chance of inconsistencies.
2. There is a lack of information (data) to split between residential construction
activities and other types of construction. This holds both for material inputs from
EXIOBASE (v3.1) and monetary national accounts data on gross value added of
Construction work.
3. There is no information to further differentiate dwelling construction activities in
new construction and repair- and maintenance work. This holds for material
inputs, monetary national accounts data as well as the number and average size
of dwellings.
We thus do not know with certainty the quantity of material inputs to allocate to dwelling
construction in the first place, let alone to new dwelling construction and repair and
maintenance work. This is of particular importance as the latter, at least partly, seems to
explain the increasing gap between gross fixed capital formation in dwellings and the
number of new dwellings actually added to the housing stock. GFCF in dwellings does
include investments in both new dwellings as well as existing dwellings – the latter
meaning investments in renovation works and maintenance projects – whereas new
dwellings added to the housing stock obviously exclude repair and maintenance work
activities.
Now, with the faster decreasing dwelling additions compared to overall GVA of
Construction work and GFCF in dwellings, it is very likely that from 2008 on a larger
share of residential construction activities had to do with renovation and maintenance
work. In our analysis we might thus especially have over-estimated the material inputs
to new dwelling construction, with our ad hoc assumption to allocate a constant share of
25% of total construction sector material inputs to residential construction.
From the perspective of robustness, the analysis would thus clearly benefit from more
detailed data on residential construction, including differentiation between new
construction and repair/maintenance work. Moreover, a single data source, covering all
EU28 member States’ functional construction outputs, both in number of dwellings and
their average size, would provide highly relevant complementary information for resource
efficiency assessments in a housing context. It is worth mentioning here that Eurostat
does not (yet) provide statistics on developments of the housing stock in Member States.
Although application of a ‘functional approach’ and ‘classic’ monetary approach does not
seem to lead to different conclusions, we do think that the use of a functional unit of
residential construction outputs might score better on some RACER-criteria. Especially
the fact that this functional approach better captures the general trend towards
increasing dwelling sizes, enhances the opportunity to accurately measure trade-offs
between increasing material intensity of dwellings during their construction phase and
higher energy efficiency scores during the use-phase. This in fact implies that a
functional approach might score higher on Relevance and Clarity aspects, giving it better
chances in terms of Acceptability. We assess that both approaches are more or less the
same regarding easiness to construct, provided that data availability is secured.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 157 of 186

A housing deprivation approach to dwelling construction and
maintenance
We have tested the possibility to assess resource efficiency of residential construction
activities from a ‘housing deprivation’ perspective. While connecting EXIOBASE’s material
inputs to construction work to the most commonly reported housing deprivation items in
EU SILC surveys, i.e. overcrowding and structural problems with the dwelling (leaking
roof, damp walls, rot in windows, etc.), the results suggest a predominantly positive
resource efficiency picture. Per person without structural problems with the dwelling
and/or per person without overcrowding problems there seems to be a downward trend
in material needs, especially in the years after 2007. These results might be somewhat
misleading, however.
First, it does not comply with the visible trend towards a generally increasing material
intensity of new dwelling construction in the EU. Despite the fact that there are data
improvements possible (as discussed above), we do assess this trend to be robust,
reasoning from the perspective that EXIOBASE v3.1 provides an accurate estimate of the
material footprints 29. Multiple data sources do suggest a downward trend in residential
construction outputs at the same time with a predominantly increasing material footprint
of construction work.
Secondly, there might be a misleading factor in the denominator of the ratio. Behind the
denominator, there actually is a decreasing percentage of population reporting problems
with the dwelling (see Figure 64 in the background section of this case study) together
with an increasing population size. Applying this decreasing percentage of the average
amount of people with problems to an increasing average population size resulted in an
increasing average number of people without problems, hence an improvement of
material efficiency in per capita terms. This could be a statistical flaw caused by
differences in growth rate of the material footprint and population growth rather than
reality. Solving structural problems with the dwelling as well as solving overcrowding
problems (e.g. moving to a larger home) would in general require (more) material
inputs. From this perspective, a marginal material intensity approach (i.e. the extra
material needs to solve housing deprivation problems of one extra person) might actually
be better to use. This however, does not make things immediately easier to understand
and interpret.
We already had to mirror the standard way of reporting housing deprivation problems in
EU SILC from the average percentage of population with problems to persons without
problems, in order to get a meaningful indicator. Now strengthened by our assessment
that the outcomes might actually be somewhat misleading, we do not see a positive
outcome on all RACER-aspects. On its own the relation between material inputs to
residential construction and a functional unit of output such as the number and average
size of newly constructed dwellings is clear and easily understandable. The same applies
to the housing deprivation indicators. We therefore recommend looking separately at
both indicators. Calculating a (mirrored) ratio between the two does not per se lead to
clear and easy indicators, potentially hampering their acceptance and usage in policy
making.
29

Given the level of detail in EXIOBASE there obviously is a degree of uncertainty on this side of
the equation as well. So far data quality checks of the responsible project partners did not give
reasons to doubt on the plausibility of EXIOBASE’s outcomes.
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Alternative approaches to measuring resource efficiency in the usephase of dwellings
For the use-phase of dwellings we could not identify a clear need for novel or alternative
reference indicators. Targeted monitoring of household’s resource use by end-use is
highly effective to assess developments in resource efficiency. Existing monitoring
instruments seem to be spot on. However, similarly to the construction phase, we have
tested a ‘housing deprivation approach’ by relating the energy consumption for space
heating to the average number of people that reports to have problems to keep their
homes adequately warm. For this exercise we could only use the time series available in
EU SILC, covering the years 2005 to 2012.
The results show basically the same pattern of increasing energy efficiency for space
heating (compare Figure 83 with Figure 84). However, the ‘housing deprivation approach’
is actually more difficult to interpret, as household income is an important determinant of
the ability to afford to keep warm. The indicator doesn’t give an immediate and clear
picture on the key developments behind, i.e. whether the ‘efficiency’ improvements
originates from increasing disposable household income, giving more households the
ability to keep sufficiently warm; or if actual energy efficiency of space heating (per
dwelling) is increasing. We therefore conclude that this approach scores less on RACERaspects, especially Clarity and Easiness, in comparison to the functional approach to
monitor unit consumption of energy by end-use.
In addition we have found that our monetary approach to relate final energy
consumption of households to the actual household expenditures on electricity, gas and
other fuels in itself provides an interesting and relevant view on the rather horizontal
trend of household’s energy consumption. This in fact means that household’s average
total final energy consumption has been relatively constant between 1999 and 2013,
whereas average real adjusted disposable household income increased in the same
period. On the other hand, we have difficulties in interpreting the ‘resource efficiency’
ratio of household’s final energy consumption (in kg oil equivalents per euro). The annual
changes in this ratio might be more related to volatility of energy prices and differences
in heating degree-days.
Moreover, this aggregated monetary picture, without differentiation to types of energy
source (and end-use), actually hides relevant developments that are visible in the
targeted ‘functional’ approach to monitor unit consumption of energy by end-use.
Especially the relatively constant, yet upward tending electricity consumption for lighting
and appliances (Figure 83) in combination with the apparent high correlation between
expenditures on household appliances and real adjusted household disposable income
(Figure 86) is of great relevance. These relations suggest an off-setting mechanism of
electricity consumption for appliances compared to increasing energy efficiency for space
heating, water heating and cooking. Behind the rather horizontal trend of household’s
final energy consumption might thus be a diverging trend with increasing expenditures
on electricity and a potentially lower share of expenditures on gas and other fuels. On the
other hand, the increasing average adjusted disposable household income could make
that households increase their comfort levels, which would (partly) offset the energy
efficiency gains for space heating and water heating.
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Anyway, COICOP expenditure data are not available at more detail than the 3-digit
category of electricity, gas and other fuels altogether. As the functional approach to
monitor residential resource use by end-use is available at highest level of detail, this
approach currently scores best on the RACER-criteria. It is relevant though to combine
these trends of physical resource use with actual household expenditures to gain deeper
contextual insights. From the perspective of interpretability we see this more as a
complementary exercise rather than trying to integrate trends in single indicators.
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7 Conclusions
In the following paragraphs we try to answer the key questions that motivated WP8 and
that will serve as input for WP10.

Are alternative reference indicators needed in the context of resource
efficiency?
Although contextualization is required, the general answer is yes.
Resource efficiency is currently measured as GDP/DMC. In a previous report (Freyling et
al., 2014) we have argued that GDP does not sufficiently capture the multidimensionality
of well-being, thus making it a bad proxy in this context. Furthermore, there is
insufficient causality between the use of natural resources and value added, because a
large share of the (monetary) output of economic activity does not primarily depend on
natural, but on other forms of capital (human, social, financial and manufactured). When
the contribution of these activities in GDP is high, which is the case in most industrialised
and increasingly service-oriented economies, the current resource efficiency indicator
does not necessarily reflect whether economies are efficiently using natural resources, in
relation to other types of capital. Therefore, resource efficiency policies have to be
informed by other types of reference indicators than GDP. At the macro-level there is no
easy solution, because alternatives to GDP also lack the necessary causal nexus to
resource efficiency. For this reason, we have deconstructed the concept of well-being to
assess resource efficiency at the meso-level, to explore whether monetary indicators
such as value added or final consumption expenditure could be replaced by alternative
reference indicators. This has been done by checking whether countries show a different
performance when using alternative output and outcome indicators that better reflect the
contribution of individual products to well-being. These indicators are also referred to as
‘Beyond GDP indicators’ in this report.
In order to do so, we have developed an integrative conceptual framework that tries to
capture the different paths natural, human, social, financial and manufactured capital
follow until they ultimately contribute to well-being. Although the framework
acknowledges the existence of many different routes, our quantitative assessment
focuses on how natural capital is used to produce goods and services that satisfy human
needs, thereby excluding other functions of natural capital, as well as other types of
capital out of the assessment.
WP8 has tested alternatives beyond GDP in three related case studies. The first one
adopts a broad approach in which the product groups represented in the EXIOBASE v2.2
MRIO model are re-interpreted as satisfiers to the different human needs. Doing so
allows not only estimating the amount of monetary resource devoted to each human
need, but also to calculate the associated footprints. The results suggest that
subsistence, protection, identity and freedom are among the most environmentally
relevant human needs, although their relevance changes depending on the allocation
method used (see section 4.2.1) or the environmental category under assessment. In
contrast, understanding and participation seem to be largely dependent on other forms of
capital, which indicates that these human needs could be fulfilled at very low
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Additionally, the resource efficiency of need satisfaction has been assessed by relating
objective functional indicators, subjective perceptions and subjective expectations to the
carbon footprint of each need. The results from this exercise show that the different
perspectives to assess the satisfaction of subsistence and freedom tend to converge at
increased resource use, while those of leisure, understanding, creation and participation
only do it moderately. The saturation behaviour of subsistence and freedom is obviously
dependent on the indicators used in each case. Hence, future work should also test
different satisfaction metrics to check how sensitive our results are to the choice of
indicator.
When comparing the resource efficiency values obtained with Beyond GDP indicators to
GDP, we see that understanding and participation improve considerably at the expense of
low greenhouse gas emissions. In contrast, subsistence and protection lead to much
higher emissions without delivering significant gains in the satisfaction of these needs.
Yet, GDP has the steepest curve of all indicators. Thus, considering economic wealth as a
proxy of prosperity draws an overoptimistic conclusion about the utility of exploiting
natural resources when compared to the gains in the satisfaction of other needs.
As mentioned above, the first case study identifies subsistence and protection as two of
the most environmentally relevant needs. Given that the most relevant satisfiers of these
needs – food and housing respectively – are highlighted as key consumption clusters in
the Resource Efficiency Roadmap, the other two case studies explore these satisfiers
more in detail with the latest available version of EXIOBASE (v3.1).
The food case study starts with setting clear boundaries for the food and nutrition
system. The system comprises the producer, consumer and nutrition subsystems.
Building on this delimitation, we have elaborated on the intended outputs and outcomes
of each of these subsystems, which has resulted in a preliminary selection of indicators
(food available for human consumption, food intake, net healthy food intake, qualitycorrected net healthy food intake) to be tested against common monetary metrics. From
a theoretical perspective, these alternative metrics reflect better the role of each
subsystem in satisfying the need of subsistence.
The comparisons per product group and per diet reflect considerable differences. The
analysis of product groups has shown that using monetary indicators as reference
obscures the environmental intensity of certain meat products due to their higher prices.
This effect disappears when considering the nutritional contribution of each product
instead of the associated expenditure. As for the dietary comparison at country level, the
use of alternative indicators that reflect the nutritional content of food supply and intake
also yields different results. Likewise, the consideration of overconsumption and dietary
quality further changes the overall picture. Despite the methodological and data
limitations (see section 5.3.4), the results justify to increase efforts in developing nonmonetary indicators to provide a more reliable picture of the resource efficiency of food
systems.
In the third case study a literature review has identified the most relevant life cycle
phases of housing from an environmental perspective. Following this review, two types of
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alternative indicators have been proposed for the construction and reparation phase of
dwellings, as well as for the use phase: Functional output indicators and deprivation
indicators. Regarding the construction and reparation phase, the trends described by
monetary indicators and functional output indicators (new dwellings built in terms of
number and m2) are, in general terms, similar. For the use phase, a targeted monitoring
of household’s resource use by end-use (climate-corrected energy use by households)
seems to be highly effective to assess developments in resource efficiency. From the
deprivation indicators we cannot extract strong conclusions on their usefulness to
monitor resource efficiency due to their associated methodological limitations.

Can the alternative indicators proposed in this report be coupled to
EXIOBASE?
None of the three case studies has managed to completely couple all the proposed
alternative reference indicators to the EXIOBASE classification. In specific cases in the
food and housing case studies, a one-to-one correspondence between EXIOBASE product
groups and the indicators was possible. Nonetheless, besides these exceptions, the
indicators proposed should be seen as a separate set of metrics that can only be softlinked to the input-output model.
The first case study has proposed novel reference indicators at the level of human needs,
since there is not simple correspondence between the product groups represented in
EXIOBASE and Max-Neef’s human needs. As shown in Annex 1, all the product groups
help satisfy at least two needs, while all needs (except affection) are satisfied by several
products. Due to the complexity and interlinkages between needs and products, it was
not possible to use indicators at product group level that can describe the specific
contribution of each product to the need(s) it intends to meet.
In the food case study, indicators at product (food available for human consumption,
food intake) and aggregated satisfier level 30 (food available for human consumption, food
intake, net healthy food intake, quality-corrected net healthy food intake) have been
proposed. Strictly speaking the metrics given at product level could be linked to
EXIOBASE from the consumption side, but there are two main factors to consider: The
first one refers to the correspondence between the primary data source (FBS) used to
calculate the indicators and EXIOBASE (see section 5.3.4). As in the previous case, this is
also problematic, since FBS provide information on food made available for human
consumption, yet the classification used represents primary products. Before reaching
the consumer, most food products are usually processed one way or another, which
requires assumptions to link primary products to the manufactured food categories in
EXIOBASE. The robustness of the results depends on these assumptions. Second, food is
not only consumed as part of final consumption activities, but also in ‘food-related
services’ such as health services, education, etc. This intermediate consumption is
ultimately embodied in the final consumption of other goods and services. In the case
study we have not assigned the related food consumption to the end product or service
in which it is embodied, but to the food product itself (see section 5.2.1). Hence, the
product-level indicators need careful interpretation if they are to be related to individual
product groups in EXIOBASE.

30

In this case, the aggregated satisfier is food as a whole.
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With regard to the metrics given for food as an aggregated satisfier, these have to be
addressed as in the previous case study. The consumption (intermediate and final) of all
food products is combined to depict the per-capita level of nutritional well-being achieved
by a country’s population. The set of indicators provided at the level of human need are,
as in the previous case study, provided separately and soft-linked to the input-output
model.
As mentioned before, the housing case study has made use of two types of alternative
reference indicators (functional output and deprivation). The functional output indicators
used as reference for the construction phase (new dwellings built in terms of number and
m2) can be attributed entirely to the construction sector. However, the activities of the
construction sector go beyond building new dwellings (e.g. maintenance work and
construction of non-residential infrastructure such as industrial facilities or roads). For
this reason, there is not a one-to-one correspondence between the alternative indicator
and the product group in the EXIOBASE MRIO model. As for the use phase, final
consumption of energy by households is considered a good reference. Although in the
case study we have used climate-corrected final energy use by purpose (e.g. heating,
electrical appliances, etc.) from an external source, this could potentially be combined
with the existing EXIOBASE data to generate a dataset compatible with the EXIOBASE
classification that is disaggregated both by energy product and purpose.
The alternative indicators proposed following the deprivation approach relate the
functional output indicators to the amount of people who have structural problems or are
not able to keep their homes warm. The functional output indicators cover the material
footprint or energy consumption of the whole population, while the deprivation indicator
refers only to a fraction of the population. Therefore, the latter cannot be linked to the
EXIOBASE product groups as an add-on item, but has to be considered separately and
interpreted carefully.

Are the alternative indicators proposed in this report ready for policy
uptake?
Generally speaking, no. Due to the small scale and exploratory nature of this exercise we
have chosen to oversimplify the scope of human needs in the case study that addresses
all needs at the same time. The other two case studies selected indicators that allowed
establishing strong links between consumption activities and human needs sometimes at
the expense of data quality and the need of major assumptions. For this reason, this
exercise should rather be seen as a first step to expand the scope of research on the
environmental implications of human need satisfaction instead of a definitive answer to
the Beyond GDP debate in the context of resource efficiency.
The first case study selected indicators for human needs and not of satisfiers (products).
Currently there is no consensus on the most appropriate indicators to reflect human
needs, for each of them is affected by a multitude of factors and satisfiers that should be
taken into account when selecting the corresponding metrics. Given that all human needs
are considered in this case study, we decided to provide a single value for objective
functional indicators, subjective perceptions and subjective expectations per human need
to be able to extract need-specific conclusions. This is only possible by oversimplifying
the scope of each need, which leads to an insufficient representativeness of these
indicators. Thus, ideally further research should be encouraged in this area to select
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indicators based on consensus. Most likely a participatory research design would be the
most promising approach.
In contrast, the work on food and housing has focused on specific satisfiers, which has
resulted in the selection of indicators that a priori have more acceptance than in the
previous case. In the food case study we have proposed four indicators (food available
for human consumption, food intake, net healthy food intake, quality-corrected net
healthy food intake) that describe the role of the different components of the food and
nutrition system in meeting the need of subsistence. Compared to monetary indicators
each of these metrics has advantages and disadvantages from a RACER perspective.
Among the four proposed, only food available for human consumption is provided by a
recognised source (FAO). Hence, food available for human consumption has more
credibility than the rest, since its methodology is well established. Conversely, this metric
does not sufficiently capture the contribution of food to nutritional well-being, since it
leaves out key factors such as food waste at consumer level, overconsumption or dietary
quality. For instance, food waste is considered in food intake indicators, overconsumption
in net healthy food intake and dietary quality in quality corrected net healthy food intake.
Therefore, the relevance of the latter is higher than that of the others (and probably
more acceptable in this context), yet it requires making more assumptions that
negatively affect its robustness and credibility. The involvement of relevant institutions
such as FAO, national statistical offices as well as other relevant stakeholders in
methodological and data gathering activities would increase the robustness and
credibility of the indicators, and eventually improve acceptance in the policy arena.
As for the work on housing, the alternative indicators selected for the construction phase
(number and m2 of new dwellings) might be more relevant than monetary indicators in
criteria such as relevance, which improves its acceptability. This comes at the expense of
credibility due to the necessary assumptions to split the footprint, value added and final
consumption expenditure of the construction sector between the activities related to
dwellings and other construction work. For the use phase, the functional indicator
selected (climate-corrected energy use by households) is a clear improvement over
monetary metrics. This type of monitoring is relatively well established and is used to
inform energy policies.

Are the main conclusions formulated in this report ready for policy
uptake?
Yes. Despite of the simplification of the present study, it seems to be clear that using
alternative indicators as reference yields different results than when using monetary
metrics. Given that the latter could potentially be misleading when used in the wrong
context, this type of work should be further encouraged to eventually develop better
metrics of well-being in general, and resource efficiency in particular.
Although it is not a direct conclusion from this report, the conclusion above supports the
need for well-being (including human needs) to feature more prominently in the various
stages of the policy cycle, especially in the problem definition, impact assessment of
different options, policy and goal formulation and monitoring phases. In doing so, policy
makers should act as an enabling agent by seeking to set the right conditions to increase
citizens’ capabilities, rather than to make strict normative judgments on how people
should satisfy their needs.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 165 of 186

Future research and data needs
Each case study has identified the main methodological limitations and data needs to
increase the policy relevance of results.
The case study addressing all human needs has set the focus on the environmental
implications of household consumption in the 43 countries represented in EXIOBASE
v2.2, which covers the year 2007. One of the limitations highlighted is the sole focus on
households, since government expenditure in education and health services is a major
determinant of achievements in the human needs protection and understanding. Thus,
the inclusion of government expenditure might provide new insights on the
environmental intensity of needs. With regard to the time coverage and number of
countries addressed, the robustness of the conclusions reached would increase
considerably by expanding these two items. This is particularly true for providing more
insights on the countries that attain high levels of well-being at low environmental
pressures, which deserves further exploration. When it comes to the allocation of
environmental pressures to human needs, consumer expenditure surveys that include
information on the reason behind consumption would help validate the allocation done in
this exercise. Last, although the use of objective functional, subjective perception and
subjective expectation indicators to characterize human needs seems to be appropriate,
reducing each need to three indicators leads to an oversimplification. For this reason,
future work should try to reach a wide consensus on which readily available metrics best
describe the ideal outcomes of each human need.
For future assessments of food as a satisfier of subsistence we highlight three main areas
that would probably increase the relevance and robustness of the results:
• Distribution patterns: There is insufficient data on how food consumption patterns
differ within countries. These issues are partially captured in FAO’s estimation of
prevalence of undernourishment, which suggests that involving FAO in future
work could help partially overcome this problem.
• Estimates of food intake figures were based on data for a few countries and
several assumptions. Eurostat is already working on improving the methodology
used by countries to report food waste data. Thus, the reliability of future results
is likely to improve considerably.
• There is insufficient publicly available data on dietary quality for a wide range of
countries. For this reason, it was not possible to generate estimates for qualitycorrected net healthy food intake. Involving researchers in this field in future
activities should also be considered.
The credibility, relevance and robustness of the functional approach to measuring
resource efficiency of dwelling construction (both new construction as well as
repair/maintenance) would benefit from more disaggregated data, separating residential
construction from other construction types. Both the footprint- and monetary output data
of construction now suffer from ad-hoc assumptions. Moreover, the functional approach
would deliver better results if harmonised data on developments in the European housing
stock, including the number of dwellings added to the stock as well as their average size,
could be obtained from a single data source with full EU28 country coverage. We think
that Eurostat would be best positioned to collect and uniformly publish the now
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fragmentally available data on developments in Member State’s housing stock as
reported by individual national statistical institutes.
As for the use-phase of housing we found that targeted monitoring of household’s
resource use by end-use (purpose) is highly relevant to assess developments in resource
efficiency. Existing monitoring instruments already seem to be effective. It would be
relevant, though, if future research could deliver a credible connection between
households final energy consumption (both in physical terms as monetary expenditures)
by use purpose (e.g. cooking, space heating, water heating, electricity for lighting and
appliances) and the different energy types used in each country. A combination of
physical energy and water use by end-use (purpose in the context of housing) with
actual monetary household expenditures would help to gain deeper contextual insights.
In general terms the conclusions of our current case study would benefit from extending
the analysis in future research to individual countries (in addition to monitoring trends of
several European countries grouped in a single region as is done now). More coherent
data availability over a longer time series would make such a more elaborated panel data
analysis possible future.

Page 167 of 186

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

8 References
Abdallah, S., Mahony, S., 2012. Stock-taking of Subjective Well-Being - Draft (No. D2.1),
E-Frame project.
Abdallah, S., Thompson, S., Michaelson, J., Marks, N., Steuer, N., 2009. The Happy
Planet Index 2.0: Why good lives don’t have to cost the Earth. New Economics
Foundation.
Alika and Nueva Alianza, 2008. Galang. Educate Yourself, Argentina, Argentina.
Anand, P., Hunter, G., Smith, R., 2005. Capabilities and Well-Being: Evidence Based on
the Sen–Nussbaum Approach to Welfare. Social Indicators Research 74, 9–55.
doi:10.1007/s11205-005-6518-z
Anand, P., Sen, A., 1993. Human Development Index: Methodology and Measurement,
Human Development Report Office - Occasional Papers.
Arto, I., Genty, A., Rueda Cantuche, J.M., Villanueva, A., Andreoni, V., 2012. Global
Resources Use and Pollution, Volume 1 / Production, Consumption and Trade (19952008), JRC Scientific and Policy Reports.
Aurino, E., 2014. Selecting a core set of indicators for monitoring global food security - A
methodological proposal. Food and Agriculture Organization of the United Nations, Rome.
Aurino, E., 2013. Measuring capability deprivation. Multidimensional metrics for food
security and childhood poverty. Università Degli Studi Roma Tre.
Barrett,
C.B.,
2010.
Measuring
doi:10.1126/science.1182768

Food

Insecurity.

Science

327,

825–828.

Becker, F., Geissler, P.W., 2009. AIDS and religious practice in Africa. Brill.
Binder, M., Coad, A., 2011. Disentangling the Circularity in Sen’s Capability Approach: An
Analysis of the Co-Evolution of Functioning Achievement and Resources. Social Indicators
Research 103, 327–355. doi:10.1007/s11205-010-9714-4
BIO Intelligence Service, 2013. Sectoral Resource Maps (Prepared in response to an
Information Hub request, European Commission, DG Environment.).
BIO Intelligence Service, 2012. Assessment of resource efficiency in the food cycle, Final
report, prepared for European Commission (DG ENV) in collaboration with AEA, Dr Donal
Murphy-Bokern, Institute of Social Ecology Vienna and Institute for Environmental
Studies.
Blair, D., Sobal, J., 2006. Luxus Consumption: Wasting Food Resources Through
Overeating. Agriculture and Human Values 23, 63–74. doi:10.1007/s10460-004-5869-4
Blanco, G., Gerlagh, R., Suh, S., Barrett, J., de Coninck, H.C., Diaz Morejon, C.F.,
Mathur, R., Nakicenovic, N., Ahenkora, A.O., Pan, J., Pathak, H., Rice, J., Richels, R.,
Smith, S.J., Stern, D.I., Toth, F.L., Zhou, P., 2014. Drivers , Trends and Mitigation,
Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge, United Kingdom and New York, NY, USA.
Block, L.G., Grier, S.A., Childers, T.L., Davis, B., Ebert, J.E., Kumanyika, S., Laczniak,
R.N., Machin, J.E., Motley, C.M., Peracchio, L., others, 2011. From nutrients to
nurturance: A conceptual introduction to food well-being. Journal of Public Policy &

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 168 of 186

Marketing 30, 5–13.
Boltvinik, J., 2005. Ampliar la mirada. Un nuevo enfoque de la pobreza y el florecimiento
humano. Volumen I. Centro de Investigaciones y Estudios Superiores en Antropología
Social-Occidente, Guadalajara (México).
Boulanger, P.M., 2007. Sustainable consumption: a general framework for transition
management. Working paper for the CONSENTSUS project, IDD, Ottignies.
Bräutigam, K.-R., Jörissen, J., Priefer, C., 2014. The extent of food waste generation
across EU-27: Different calculation methods and the reliability of their results. Waste
Manag Res 32, 683–694. doi:10.1177/0734242X14545374
Bublitz, M.G., Peracchio, L.A., Andreasen, A.R., Kees, J., Kidwell, B., Miller, E.G., Motley,
C.M., Peter, P.C., Rajagopal, P., Scott, M.L., others, 2012. The quest for eating right:
Advancing food well-being. Journal of Consumer Research 19, 1–7.
Burchi, F., De Muro, P., 2015. Measuring Human Development in a High-Income
Country: A Conceptual Framework for Well-Being Indicators. Forum for Social Economics
0, 1–19. doi:10.1080/07360932.2014.995196
Burchi, F., De Muro, P., 2012. A human development and capability approach to food
security: Conceptual framework and informational basis (No. WP 2012-009), Working
Paper - United Nations Development Programme.
Burchi, F., Fanzo, J., Frison, E., 2011. The Role of Food and Nutrition System Approaches
in Tackling Hidden Hunger. International Journal of Environmental Research and Public
Health 8, 358–373. doi:10.3390/ijerph8020358
Bureau, U.S., Statistics, L., 2013. Consumer Expenditures in 2011 1–23.
Buzby, J.C., Wells, H.F., Hyman, J., 2014. The Estimated Amount, Value, and Calories of
Postharvest Food Losses at the Retail and Consumer Levels in the United States (No.
EIB-121). U.S. Department of Agriculture, Economic Research Service.
Cafiero, C., 2014. The Excessive (and Wasteful) Consumption of Food (No. Technical
Note 3 for the Global Nutrition Report).
Cafiero, C., 2012. Advances in hunger measurement. The traditional FAO methods and
recent innovations. Presented at the International Scientific Symposium on Measurement
and Assessment of Food Deprivation and Undernutrition, Rome.
Caldera Sánchez, A., Andrews, D., 2011. Residential mobility and public policy in OECD
countries. OECD Journal: Economic Studies 2011, 1–22.
Callahan, K., Kathryn, K., 2009. Moving Toward Outcome-Oriented Performance
Measurement Systems Managing for Performance and Results Series Moving Toward
Outcome-Oriented Performance Measurement Systems. IBM Center for The Business of
Government.
Campbell, J.Y., Mankiw, N.G., 1991. The response of consumption. European Economic
Review 35, 723–767.
Carletto, C., Zezza, A., Banerjee, R., 2013. Towards better measurement of household
food security: Harmonizing indicators and the role of household surveys. Global Food
Security 2, 30–40.
CFS, 2011. Measuring Food Insecurity: Meaningful Concepts and Indicators for Evidence
Based Policy Making (Technical Bakground Paper for the Round Table on Monitoring Food

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 169 of 186

Security. 12-13 September 2011.). Rome, 12-13 September 2011.
Coates, J., 2013. Build it back better: Deconstructing food security for improved
measurement
and
action.
Global
Food
Security
2,
188–194.
doi:10.1016/j.gfs.2013.05.002
Cogill, B., 2003. Anthropometric indicators measurement guide, Food and Nutrition
Technical Assistance. USAID.
Costanza, R., Fisher, B., Ali, S., Beer, C., Bond, L., Boumans, R., Danigelis, N.L.,
Dickinson, J., Elliott, C., Farley, J., 2007. Quality of life: An approach integrating
opportunities, human needs, and subjective well-being. Ecological economics 61, 267–
276.
Council of Europe, 2010. Human rights in Europe: no grounds for complacency.
Viewpoints by Thomas Hammarberg Council of Europe Commissioner for Human Rights.
Council of Europe, 2008. Housing Rights: The Duty to Ensure Housing for All (No.
CommDH/IssuePaper(2008)). Strasbourg.
Daly, H.E., Farley, J., 2004. Ecological economics: principles and applications. Island
press.
Davis, S.J., Caldeira, K., 2010. Consumption-based accounting of CO2 emissions.
Proceedings of the National Academy of Sciences 107, 5687–5692.
Deaton, A., 2008. Income, Health, and Well-Being around the World: Evidence from the
Gallup World Poll. Journal of Economic Perspectives 22, 53–72. doi:10.1257/jep.22.2.53
de Koning, A., Eisenmenger, N., van der Voet, E., 2013. Topical Paper 1: Resourceefficiency in the built environment - a broad-brushed, top-down assessment of priorities
(No. ENV.F.1/ETU/2011/0044 “Assessment of Scenarios and Options towards a Resource
Efficient Europe”). European Commission Directorate-General Environment.
Diener, E., Oishi, S., Lucas, R.E., 2003. Personality, culture, and subjective well-being:
emotional and cognitive evaluations of life. Annual review of psychology 54, 403–425.
doi:10.1146/annurev.psych.54.101601.145056
Diener, E., Suh, E., 1997. Measuring Quality Of Life: Economic, Social, And Subjective
Indicators. Social Indicators Research 40, 189–216.
Dietz, T., Rosa, E. a., York, R., 2012. Environmentally efficient well-being: Is there a
Kuznets curve? Applied Geography 32, 21–28. doi:10.1016/j.apgeog.2010.10.011
Dietz, T., Rosa, E. a, York, R., 2009. Environmentally Efficient Well-Being : Rethinking
Sustainability as the Relationship between Human Well-being and Environmental
Impacts. Human Ecology Review 16, 114–123.
Dietz, T., Rosa, E. a., York, R., 2007. Driving the human ecological footprint. Frontiers in
Ecology
and
the
Environment
5,
13–18.
doi:10.1890/15409295(2007)5[13:DTHEF]2.0.CO;2
Dolan, P., Peasgood, T., White, M., 2006. Review of research on the influences on
personal well-being and application to policy making. London, DEFRA (http://www. defra.
gov. uk/science/project_data/DocumentLibrary/SD12005/SD12005_4017_FRP. pdf).
Dreze, J., Sen, A.K., 1989. Hunger and public action. Oxford Clarendon.
Easterlin, R., 1974. Does economic growth improve the human lot? Some empirical

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 170 of 186

evidence. Nations and households in economic growth.
Easterlin, R. a., 1995. Will raising the incomes of all increase the happiness of all?
Journal of Economic Behavior & Organization 27, 35–47. doi:10.1016/01672681(95)00003-B
Easterlin, R. a, McVey, L.A., Switek, M., Sawangfa, O., Zweig, J.S., 2010. The happinessincome paradox revisited. Proceedings of the National Academy of Sciences of the United
States of America 107, 22463–8. doi:10.1073/pnas.1015962107
EEA, 2014. Progress on resource efficiency and decoupling in the EU‐27 - Messages
emerging from environmentally extended input‐output analysis with relevance to the
Resource Efficiency Roadmap and the 7EAP, EEA Technical report 7/2014. Copenhagen.
EEA, 2013a. Environmental pressures from European consumption and production. A
study in integrated environmental and economic analysis, EEA Technical report 2/2013.
Copenhagen.
EEA, 2013b. Household expenditure on consumption categories with differing
environmental pressure intensities (SCP 013) - Assessment published Mar 2015.
EEA, 2012. Consumption and the Environment - 2012 Update - The European
Environment - State and Outlook 2010. Copenhagen.
Eisenmenger, N., Theurl, M., Gierlinger, S., Giljum, S., Lutter, S., Bruckner, M.,
Deetman, S., de Koning, A., Kleijn, R., Acosta, J., Usubiaga, A., 2014. Final report on
indicator framework (No. D4.2), DESIRE project.
EIU, 2014. Global food security index 2014 An annual measure of the state of global food
security.
Ekins, P., 1992. A four-capital model of wealth creation, in: Ekins, P., Max-Neef, M.
(Eds.), Real Life Economics. London: Routledge, pp. 147–155.
Ekins, P., Max-Neef, M.A., 1992. Real-life economics: understanding wealth creation.
Routledge.
Ericksen, P.J., 2008. Conceptualizing food systems for global environmental change
research.
Global
Environmental
Change
18,
234–245.
doi:10.1016/j.gloenvcha.2007.09.002
ESS, N.S.S.D., 2008. ESS Round 4: European Social Survey, Data file. ed. Norway.
Eurofound, 2013. Third European Quality of Life Survey – Quality of life in Europe:
Trends 2003–2012. Publications Office of the European Union, Luxembourg.
European Commission, 2012. High Level Forum for a Better Functioning Food Supply
Chain. Report 2012.
European Commission, 2011a. Roadmap to a Resource Efficient Europe. COM(2011) 571
final.
European Commission, 2011b. Analysis associated with the Roadmap to a Resource
Efficient Europe Part II. SEC(2011) 1067 final.
European Commission, IMF, OECD, UN, WB, 2009. System of National Accounts 2008.
European Mortgage Federation, 2014. Hypostat 2014. A review of Europe’s mortgage and
housing markets.
European Resource Efficiency Platform, 2014. Manifesto & Policy Recommendations.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 171 of 186

Eurostat, 2014. Living conditions in Europe, Eurostat statistical books.
Eurostat, 2012. Draft Minutes of the Working Group Meeting on 29th and 30th March
2012, Meeting of the Working Group “Statistics of the Environment” Sub-Group “Waste”
Joint Eurostat/EFTA group.
Eurostat, 2011. Manual on waste statistics. A handbook for data collection on waste
generation and treatment, Eurostat Methodologies and Working Papers.
Everitt, A.V., Rattan, S.I.S., le Couteur, D.G., de Cabo, R. (Eds.), 2010. Calorie
Restriction, Aging and Longevity. Springer Netherlands, Dordrecht.
FAO, 2014. Food and Nutrition in Numbers 2014. Rome.
FAO, 2008. An Introduction to the Basic Concepts of Food Security, Food Security
Information for Action - Practical Guides.
FAO, 2001. Food Balance Sheets: A Handbook. Rome.
FAO, 1996. Rome Declaration on World Food Security and World Food Summit Plan of
Action.
FAO, IFAD, WFP, 2014. The State of Food Insecurity in the World - Strengthening the
enabling environment for food security and nutrition. Rome.
FAO, WHO, UNU, 2001. Human energy requirements. Report of a Joint FAO/WHO/UNU
Expert Consultation. Rome.
Finucane, M.M., Stevens, G.A., Cowan, M.J., Danaei, G., Lin, J.K., Paciorek, C.J., Singh,
G.M., Gutierrez, H.R., Lu, Y., Bahalim, A.N., Farzadfar, F., Riley, L.M., Ezzati, M., 2011.
National, regional, and global trends in body-mass index since 1980: systematic analysis
of health examination surveys and epidemiological studies with 960 country-years and
9·1 million participants. The Lancet 377, 557–567. doi:10.1016/S0140-6736(10)62037-5
Freibauer, A., Mathijs, E., Brunori, G., Damianova, Z., Faroult, E., i Gomis, J.G., OBrien,
L., Treyer, S., 2011. Sustainable food consumption and production in a resourceconstrained world. The 3rd SCAR (European Commission–Standing Committee on
Agricultural Research) Foresight Exercise.
Freyling, V., Schepelmann, P., Usubiaga, A., 2014. Report proposing novel reference
indicators and data sources (No. D8.1), DESIRE project.
Gabrielsen, P., Bosch, P., 2003. Environmental Indicators: Typology and Use in
Reporting.
Garnett, T., 2014. Three perspectives on sustainable food security: efficiency, demand
restraint, food system transformation. What role for life cycle assessment? Journal of
Cleaner Production, Towards eco-efficient agriculture and food systems: Selected papers
from the Life Cycle Assessment (LCA) Food Conference, 2012, in Saint Malo, France 73,
10–18. doi:10.1016/j.jclepro.2013.07.045
Garnett, T., 2013. Food sustainability: problems, perspectives and solutions. Proc Nutr
Soc 72, 29–39. doi:10.1017/S0029665112002947
Gasper, D., 2007. Conceptualising human needs and wellbeing, in: Gough, I., McGregor,
J.A. (Eds.), Wellbeing in Developing Countries - From Theory to Research. Cambridge
University Press, pp. 47–70.
Gasper, D., 2004. Human well-being: concepts and conceptualizations. WIDER Discussion

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 172 of 186

Papers//World Institute for Development Economics (UNU-WIDER).
Giampietro, M., Saltelli, A., 2014a. Footworking in circles: Reply to Goldfinger et al.
(2014) “footprint Facts and Fallacies: A Response to Giampietro and Saltelli (2014)
Footprints
to
nowhere.”
Ecological
Indicators
46,
260–263.
doi:10.1016/j.ecolind.2014.06.019
Giampietro, M., Saltelli, A., 2014b. Footprints to nowhere. Ecological Indicators 46, 610–
621. doi:10.1016/j.ecolind.2014.01.030
Giljum, S., Burrell, L., Giesecke, K., Lutter, S., Deetman, S., Kleijn, R., Eisenmenger, N.,
Theurl, M., Gierlinger, S., 2013. Policy analysis (No. D3.2), DESIRE project.
Glaeser, E., Gyourko, J., 2005. Urban Decline and Durable Housing. Journal of Political
Economy 113, 345–375.
Goldemberg, J., Johansson, T.B., Reddy, A.K., Williams, R.H., 1985. Basic needs and
much more with one kilowatt per capita. Ambio 190–200.
Goldfinger, S., Wackernagel, M., Galli, A., Lazarus, E., Lin, D., 2014. Footprint facts and
fallacies: A response to Giampietro and Saltelli (2014) “Footprints to Nowhere.”
Ecological Indicators 46, 622–632. doi:10.1016/j.ecolind.2014.04.025
Grünberger, K., 2014. Estimating Food Consumption Patterns by Reconciling Food
Balance Sheets and Household Budget Surveys (No. ESS Working Paper No. 14-08,
December 2014). FAO, Rome.
Gustavsson, J., Cederberg, C., Sonesson, U., Van Otterdijk, R., Meybeck, A., 2011.
Global food losses and food waste. Food and Agriculture Organization of the United
Nations, Rome.
Hafner, G., Barabosz, J., Schneider, F., Lebersorger, S., Scherhaufer, S., Schuller, H.,
Leverenz, D., 2012. Ermittlung der weggeworfenen Lebensmittelmengen und Vorschläge
zur Verminderung der Wegwerfrate bei Lebensmitteln in Deutschland. Stuttgart.
Hanssen, O.J., Stenmarck, Å., Dekhtyar, P., O’Connor, C., Östergren, K., 2013. Review of
EUROSTATs reporting method and statistics, FUSIONS project.
Headey, D., Ecker, O., 2013. Rethinking the measurement of food security: from first
principles to best practice. Food Security 5, 327–343. doi:10.1007/s12571-013-0253-0
Hertwich, E.G., Peters, G.P., 2009. Carbon footprint of nations: a global, trade-linked
analysis. Environmental science & technology 43, 6414–20.
HISPACOOP, 2012. Estudio sobre el desperdicio de alimentos en los hogares.
Hoddinott, J., 1999. Choosing outcome indicators of household
International Food Policy Research Institute Washington, DC.

food

security.

Hoffman, A., Giovannini, E., Nardo, M., Saisana, M., Saltelli, A., Tarantola, S., 2005.
Handbook on constructing composite indicators: methodology and user guide. OECD
Statistics Working Paper.
Imamura, F., Micha, R., Khatibzadeh, S., Fahimi, S., Shi, P., Powles, J., Mozaffarian, D.,
2015. Dietary quality among men and women in 187 countries in 1990 and 2010: a
systematic assessment. The Lancet Global Health 3, e132–e142. doi:10.1016/S2214109X(14)70381-X
Inglehart, R., Welzel, C., 2007. Modernization , Cultural Change , and Democracy : The

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 173 of 186

Human Development Sequence by Ronald Inglehart and Christian Welzel Modernization ,
Cultural Change , and Democracy : The Human Development Sequence. American
Journal of Sociology, 112, 1248–1250.
Ivanova, D., Stadler, K., Steen-Olsen, K., Wood, R., Gibran, R., Hertwich, E., in press.
Environmental Impact Assessment of Household Consumption. Journal of Industrial
Ecology.
Jackson, T., 2005. Live better by consuming less. Journal of Industrial Ecology 9, 19–36.
Jackson, T., Jager, W., Stagl, S., 2004. Beyond insatiability: needs theory, consumption
and sustainability. ESRC Sustainable Technologies Programme Working Paper Series.
Jackson, T., Marks, N., 1999. Consumption, sustainable welfare and human needs—with
reference to UK expenditure patterns between 1954 and 1994. Ecological Economics 28,
421–441. doi:10.1016/S0921-8009(98)00108-6
Jacobs, K., Summer, 2002. The Food Balance Sheets of the Food and Agriculture
Organization: A Review of Potential Ways to Broaden the Appropriate Uses of the Data.
Jappelli, T., Pistaferri, L., 2010. The Consumption Response to Income Changes. Annual
Review of Economics 2, 479–506. doi:10.1146/annurev.economics.050708.142933
Jones, A.D., Ngure, F.M., Pelto, G., Young, S.L., 2013. What Are We Assessing When We
Measure Food Security? A Compendium and Review of Current Metrics. Adv Nutr 4, 481–
505. doi:10.3945/an.113.004119
Knight, K.W., Rosa, E. a., 2011. The environmental efficiency of well-being: A crossnational
analysis.
Social
Science
Research
40,
931–949.
doi:10.1016/j.ssresearch.2010.11.002
Krausmann, F., Gingrich, S., Eisenmenger, N., Erb, K.-H., Haberl, H., Fischer-Kowalski,
M., 2009. Growth in global materials use, GDP and population during the 20th century.
Ecological Economics 68, 2696–2705. doi:10.1016/j.ecolecon.2009.05.007
Lamb, W.F., Rao, N.D., 2015. Human development in a climate-constrained world: What
the past says about the future. Global Environmental Change 33, 14–22.
doi:10.1016/j.gloenvcha.2015.03.010
Lamb, W.F., Steinberger, J.K., Bows-Larkin, a, Peters, G.P., Roberts, J.T., Wood, F.R.,
2014. Transitions in pathways of human development and carbon emissions.
Environmental Research Letters 9, 014011. doi:10.1088/1748-9326/9/1/014011
Lapillonne, B., Pollier, K., Samci, N., 2015. Energy Efficiency Trends for households in the
EU.
Lester, D., 1997. The role of shame in suicide. Suicide and Life-Threatening Behavior 27,
352–361.
Max-Neef, M., 1992. Development and human needs, in: Ekins, P., Max-Neef, M. (Eds.),
Real Life Economics. London: Routledge, pp. 197–213.
Max-Neef, M.A., Elizalde, A., Hopenhayn, M., 1991. Human scale development:
conception, application and further reflections. Apex Press.
Max-Neef, M., Elizalde, A., Hopenhayn, M., 1986. Desarrollo a escala humana: una
opcion para el futuro. Development dialogue.
Maxwell, S., 1996. Food security: a post-modern perspective. Food Policy 21, 155–170.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 174 of 186

doi:10.1016/0306-9192(95)00074-7
McKinnon, D., Bolland, T., Kallay, T.K., Bakas, I., Buttler, M., von Geibler, J.,
Haselsteiner, S., Kjaer, B., Löwe, C., Szuppinger, P., Verlinden, J., Zoboli, R., 2013.
Housing assessment (No. ETC/SCP Working Paper No 4/2013).
Michaelson, J., Abdallah, S., Steuer, N., Thompson, S., Marks, N., Aked, J., Cordon, C.,
Potts, R., 2009. National Accounts of Well-being: bringing real wealth onto the balance
sheet.
Miller, R.E., Blair, P.D., 2009. Input-output analysis: foundations and extensions.
Cambridge University Press.
Moltedo, A., Troubat, N., Lokshin, M., Sajaia, Z., 2014. Analyzing Food Security Using
Household Survey Data:
Streamlined Analysis with ADePT Software. World Bank,
Washington, D.C.
Monier, V., Mudgal, S., Escalon, V., O’Connor, C., Gibon, T., Anderson, G., Montoux, H.,
Reisinger, H., Dolley, P., Ogilvie, S., Morton, G., 2010. Preparatory study on food waste
across EU 27 (Final report, prepared for European Commission (DG ENV)).
Naiken, L., 2014. Methodological issues in the estimation of the prevalence of
undernourishment based on dietary energy consumption data: A review and clarification
(No. ESS Working Paper 14-03, June 2014). FAO.
Narayan, P.K., Smyth, R., 2008. Energy consumption and real GDP in G7 countries: New
evidence from panel cointegration with structural breaks. Energy Economics 30, 2331–
2341. doi:10.1016/j.eneco.2007.10.006
Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., Mullany, E.C.,
Biryukov, S., Abbafati, C., Abera, S.F., Abraham, J.P., Abu-Rmeileh, N.M.E., Achoki, T.,
AlBuhairan, F.S., Alemu, Z.A., Alfonso, R., Ali, M.K., Ali, R., Guzman, N.A., Ammar, W.,
Anwari, P., Banerjee, A., Barquera, S., Basu, S., Bennett, D.A., Bhutta, Z., Blore, J.,
Cabral, N., Nonato, I.C., Chang, J.-C., Chowdhury, R., Courville, K.J., Criqui, M.H.,
Cundiff, D.K., Dabhadkar, K.C., Dandona, L., Davis, A., Dayama, A., Dharmaratne, S.D.,
Ding, E.L., Durrani, A.M., Esteghamati, A., Farzadfar, F., Fay, D.F.J., Feigin, V.L.,
Flaxman, A., Forouzanfar, M.H., Goto, A., Green, M.A., Gupta, R., Hafezi-Nejad, N.,
Hankey, G.J., Harewood, H.C., Havmoeller, R., Hay, S., Hernandez, L., Husseini, A.,
Idrisov, B.T., Ikeda, N., Islami, F., Jahangir, E., Jassal, S.K., Jee, S.H., Jeffreys, M.,
Jonas, J.B., Kabagambe, E.K., Khalifa, S.E.A.H., Kengne, A.P., Khader, Y.S., Khang, Y.H., Kim, D., Kimokoti, R.W., Kinge, J.M., Kokubo, Y., Kosen, S., Kwan, G., Lai, T.,
Leinsalu, M., Li, Y., Liang, X., Liu, S., Logroscino, G., Lotufo, P.A., Lu, Y., Ma, J., Mainoo,
N.K., Mensah, G.A., Merriman, T.R., Mokdad, A.H., Moschandreas, J., Naghavi, M.,
Naheed, A., Nand, D., Narayan, K.M.V., Nelson, E.L., Neuhouser, M.L., Nisar, M.I.,
Ohkubo, T., Oti, S.O., Pedroza, A., Prabhakaran, D., Roy, N., Sampson, U., Seo, H.,
Sepanlou, S.G., Shibuya, K., Shiri, R., Shiue, I., Singh, G.M., Singh, J.A., Skirbekk, V.,
Stapelberg, N.J.C., Sturua, L., Sykes, B.L., Tobias, M., Tran, B.X., Trasande, L.,
Toyoshima, H., van de Vijver, S., Vasankari, T.J., Veerman, J.L., Velasquez-Melendez,
G., Vlassov, V.V., Vollset, S.E., Vos, T., Wang, C., Wang, X., Weiderpass, E., Werdecker,
A., Wright, J.L., Yang, Y.C., Yatsuya, H., Yoon, J., Yoon, S.-J., Zhao, Y., Zhou, M., Zhu,
S., Lopez, A.D., Murray, C.J.L., Gakidou, E., 2014. Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980–2013: a
systematic analysis for the Global Burden of Disease Study 2013. The Lancet 384, 766–
781. doi:10.1016/S0140-6736(14)60460-8

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 175 of 186

Nussbaum, M.C., 2000. Women and human development: The capabilities approach.
Cambridge University Press.
Odyssee-Mure project, 2015. Data tool – Key indicators.
OECD, 2011a. OECD Guidelines on Measuring Subjective Well-being (OECD Publishing).
OECD, 2011b. How’s life? Measuring well-being (OECD Publishing).
O’Neill, J., 2011. The overshadowing of needs, in: Rauschmayer, F., Omann, I.,
Frühmann, J. (Eds.), Sustainable Development: Capabilities, Needs, and Well-Being.
Routledge, p. 25.
Pangaribowo, E.H., Gerber, N., Torero, M., 2013. Food and nutrition security indicators: a
review (No. Working Paper 5 of the FOODSECURE project).
Parfitt, J., Barthel, M., Macnaughton, S., 2010. Food waste within food supply chains:
quantification and potential for change to 2050. Philosophical Transactions of the Royal
Society of London B: Biological Sciences 365, 3065–3081. doi:10.1098/rstb.2010.0126
Parlasca, P., 2013. The Housing Sector in Europe – Household Consumption long-term
and during the crisis. Royal Institution of Chartered Surveyors, London.
PE International, 2013. Topical Paper 2: Strategies for decoupling - options to consider in
the field of buildings and infrastructure (No. ENV.F.1/ETU/2011/0044 “Assessment of
Scenarios and Options towards a Resource Efficient Europe”). European Commission
Directorate-General Environment.
Peters, G., Solli, C., 2010. Global carbon footprints Methods and import/export corrected
results from the Nordic countries in global carbon footprint studies.
Porter, M.E., Stern, S., Artavia Loría, R., 2013. Social Progress Index 2013 153.
Rabbinge, R., Linnemann, A., 2009. European Food Systems in a Changing World.
European Science Foundation.
Rao, N.D., Baer, P., 2012. “Decent Living” Emissions: A Conceptual Framework.
Sustainability 4, 656–681. doi:10.3390/su4040656
Rao, N.D., Riahi, K., Grubler, A., 2014. Climate impacts of poverty eradication. Nature
Climate Change 4, 749–751. doi:10.1038/nclimate2340
Rauschmayer, F., Omann, I., Frühmann, J., Bohunovsky, L., 2008. What about needs?
Re-conceptualising Sustainable Development (No. No. 8), SERI working papers.
Reader, S., 2006. Does a basic needs approach need capabilities? Journal of Political
Philosophy 14, 337–350.
Robeyns, I., 2005. The capability approach: a theoretical survey. Journal of human
development 6, 93–117.
Robeyns, I., van der Veen, R.J., 2007. Sustainable quality of life - Conceptual analysis
for a policy-relevant empirical specification (No. MNP Report 550031006/2007).
Netherlands Environmental Assessment Agency and University of Amsterdam.
Rodrigues, S.S.P., Lopes, C., Naska, A., Trichopoulou, A., de Almeida, M.D.V., 2007.
Comparison of national food supply, household food availability and individual food
consumption
data
in
Portugal.
Journal
of
Public
Health
15,
447–455.
doi:10.1007/s10389-007-0102-8
Rozin, P., 2005. The meaning of food in our lives: a cross-cultural perspective on eating

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 176 of 186

and well-being. Journal of nutrition education and behavior 37, S107–S112.
Ruel, M.T., 2003. Operationalizing Dietary Diversity: A Review of Measurement Issues
and Research Priorities. J. Nutr. 133, 3911S–3926S.
Rutten, L.F., Yaroch, A.L., Story, M., 2011. Food Systems and Food Security: A
Conceptual Model for Identifying Food System Deficiencies. Journal of Hunger &
Environmental Nutrition 6, 239–246. doi:10.1080/19320248.2011.597705
Santeramo, F.G., 2015. On the Composite Indicators for Food Security: Decisions Matter!
Food Reviews International 31, 63–73. doi:10.1080/87559129.2014.961076
Scanlon, T., 1993. Value, desire and quality of life, in: Nussbaum, M.C., Sen, A. (Eds.),
The Quality of Life. Clarendon Press - Oxford, pp. 185–200.
Schepelmann, P., Goossens, Y., Makipaa, A., 2010. Towards Sustainable Development Alternatives to GDP for measuring progress. Wuppertal Spezial.
Sen, A., 1999. Development as freedom. Oxford University Press.
Sen, A., 1985. Commodities and Capabilities. North-Holland, Amsterdam.
Sen, A., 1981. Poverty and famines: an essay on entitlement and famines. Oxford:
Clarendon Press.
Serra-Majem, L., MacLean, D., Ribas, L., Brulé, D., Sekula, W., Prattala, R., GarciaClosas, R., Yngve, A., Lalonde, M., Petrasovits, A., 2003. Comparative analysis of
nutrition data from national, household, and individual levels: results from a WHO-CINDI
collaborative project in Canada, Finland, Poland, and Spain. J Epidemiol Community
Health 57, 74–80. doi:10.1136/jech.57.1.74
Silvennoinen, K., Katajajuuri, J.-M., Hartikainen, H., Heikkilä, L., Reinikainen, A., 2014.
Food waste volume and composition in Finnish households. British Food Journal 116,
1058–1068.
Singelenberg, R., 1990. The blood transfusion taboo of Jehovah’s Witnesses: Origin,
development and function of a controversial doctrine. Social Science & Medicine 31, 515–
523. doi:10.1016/0277-9536(90)90048-W
Smeets, E., Weterings, R., 1999. Environmental indicators: Typology and overview (EEA
Technical report No. No 25). Copenhagen.
Smits, J.P., Hoekstra, R., 2011. Measuring sustainable development and societal
progress: overview and conceptual approach. Statistics Netherlands.
Sobal, J., Kettel Khan, L., Bisogni, C., 1998. A conceptual model of the food and nutrition
system. Social Science & Medicine 47, 853–863. doi:10.1016/S0277-9536(98)00104-X
Sodano, V., 2012. Food policy beyond neo-liberalism, in: Sociological Landscape Theories, Realities and Trends. INTECH Open Access Publisher.
Solli, C., 2010. Global carbon footprints: Methods and import/export corrected results
from the Nordic countries in global carbon footprint studies. Nordic Council of Ministers.
Sponsorship Group on Measuring Progress, Well-being and Sustainable Development,
2011. Eurostat Feasibility study for Well-Being Indicators - Task 4: Critical review.
Steen-Olsen, K., Weinzettel, J., Cranston, G., Ercin, A.E., Hertwich, E.G., 2012. Carbon,
land, and water footprint accounts for the European Union: consumption, production, and
displacements through international trade. Environmental science & technology 46,

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 177 of 186

10883–10891.
Stein, A.J., 2014. Rethinking the measurement of undernutrition in a broader health
context: Should we look at possible causes or actual effects? Global Food Security, SI:
GFS Conference 2013 3, 193–199. doi:10.1016/j.gfs.2014.09.003
Steinberger, J.K., Roberts, J.T., 2010. From constraint to sufficiency: The decoupling of
energy and carbon from human needs, 1975–2005. Ecological Economics 70, 425–433.
doi:10.1016/j.ecolecon.2010.09.014
Steinberger, J.K., Timmons Roberts, J., Peters, G.P., Baiocchi, G., 2012. Pathways of
human development and carbon emissions embodied in trade. Nature Climate Change 2,
81–85. doi:10.1038/nclimate1371
Stevens, G.A., Singh, G.M., Lu, Y., Danaei, G., Lin, J.K., Finucane, M.M., Bahalim, A.N.,
McIntire, R.K., Gutierrez, H.R., Cowan, M., Paciorek, C.J., Farzadfar, F., Riley, L., Ezzati,
M., 2012. National, regional, and global trends in adult overweight and obesity
prevalences. Population Health Metrics 10, 22. doi:10.1186/1478-7954-10-22
Stiglitz, J.E., Sen, A., Fitoussi, J.P., 2009. Report by the commission on the measurement
of economic performance and social progress.
Swinburn, B., Sacks, G., Ravussin, E., 2009. Increased food energy supply is more than
sufficient to explain the US epidemic of obesity. Am J Clin Nutr ajcn.28595.
doi:10.3945/ajcn.2009.28595
Tansley, G., Worsley, T., 1995. The food system. A guide. Earthscan.
Tatlıdil, F.F., Dellal, I., Bayramoğlu, Z., 2013. Food losses and waste in Turkey. Country
Report. FAO Regional Office for Europe and Central Asia.
Tay, L., Diener, E., 2011. Needs and subjective well-being around the world. Journal of
personality and social psychology 101, 354–65. doi:10.1037/a0023779
Tukker, A., Bulavskaya, T., Giljum, S., Koning, A. De, 2014. The Global Resource
Footprint
of
Nations
The
Global
Resource
Footprint
of
Nations.
Leiden/Delft/Vienna/Trondheim.
Tukker, A., de Koning, A., Wood, R., Hawkins, T., Lutter, S., Acosta, J., Rueda Cantuche,
J.M., Bouwmeester, M., Oosterhaven, J., Drosdowski, T., Kuenen, J., 2013. EXIOPOL –
DEVELOPMENT AND ILLUSTRATIVE ANALYSES OF A DETAILED GLOBAL MR EE SUT/IOT.
Economic Systems Research 25, 50–70. doi:10.1080/09535314.2012.761952
Tukker, A., Dietzenbacher, E., 2013. Global Multiregional Input–Output Frameworks: an
Introduction
and
Outlook.
Economic
Systems
Research
25,
1–19.
doi:10.1080/09535314.2012.761179
Tukker, A., Huppes, G., Guinée, J., Heijungs, R., de Koning, A., van Oers, L., Suh, S.,
Geerken, T., Van Holderbeke, M., Jansen, B., Nielsen, P., 2006. Environmental Impact of
Products (EIPRO) Analysis of the life cycle environmental impacts related to the final
consumption of the EU25. Main report, European Commission DG JRC, IPTS, Technical
report.
UN, 2014a. The Millennium Development Goals Report 2014.
UN, 2014b. Open Working Group proposal for Sustainable Development Goals.
UN, 2000. United Nations Millennium Declaration: Resolution.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 178 of 186

UN, 1948. Universal declaration of human rights. Resolution adopted by the General
Assembly 10.
UNDP, 2014. Human Development Report 2014. doi:ISBN: 978-92-1-126340-4
UNECE, 2014. Conference of European Statisticians Recommendations on Measuring
Sustainable Development. New York and Geneva.
van der Vlist, A.J., Gorter, C., Nijkamp, P., Rietveld, P., 2002. Residential mobility and
local housing-market differences. Environment and Planning A 34, 1147 – 1164.
doi:10.1068/a34176
van der Voet, E., Eisenmenger, N., 2014. Topical paper 9: Indicators for resource
efficiency – potential way of representing results (No. ENV.F.1/ETU/2011/0044
“Assessment of Scenarios and Options towards a Resource Efficient Europe”). European
Commission Directorate-General Environment.
Vandevijvere, S., Monteiro, C., Krebs-Smith, S.M., Lee, A., Swinburn, B., Kelly, B., Neal,
B., Snowdon, W., Sacks, G., Informas, 2013. Monitoring and benchmarking population
diet
quality
globally:
a
step-wise
approach.
Obes
Rev
14,
135–149.
doi:10.1111/obr.12082
Vanham, D., Bouraoui, F., Leip, A., Grizzetti, B., Bidoglio, G., 2015. Lost water and
nitrogen resources due to EU consumer food waste. Environmental Research Letters 10,
084008. doi:10.1088/1748-9326/10/8/084008
Vanham, D., Hoekstra, A.Y., Bidoglio, G., 2013. Potential water saving through changes
in European diets. Environment international 61, 45–56.
Veenhoven, R., 1996. Happy life-expectancy. Social Indicators Research 1–58.
von Grebmer, K., Saltzman, A., Birol, E., Wiesmann, D., Prasai, N., Yin, S., Yohannes, Y.,
Menon, P., Thompson, J., Sonntag, A., 2014. 2014 Global Hunger Index - The Challenge
of Hidden Hunger. IPFRI / Concern Worldwide / Welhungerhilfe, Bonn / Washington, D.C.
/ Dublin.
Waijers, P., Feskens, E., 2005. Indexes of overall diet quality: A review of the literature.
Wanner, N., Cafiero, C., Troubat, N., Conforti, P., 2014. Refinements to the FAO
methodology for estimating the prevalence of undernourishment indicator. Food and
Agriculture Organization of the United Nations, Rome.
Westhoek, H., Ingram, J., van Berkum, S., i Canals, L.M., Lomax, J., Herrick, J., Hajer,
M., 2014. A food system approach for the identification of opportunities to increase
resource use efficiency. Presented at the 9th International Conference on Life Cycle
Assessment in the Agri-Food Sector.
WHO, 2003. Diet, nutrition and the prevention of chronic diseases. WHO technical report
series 1–60.
Wiedmann, T., Minx, J., Barrett, J., Wackernagel, M., 2006. Allocating ecological
footprints to final consumption categories with input–output analysis. Ecological
economics 56, 28–48.
Wilkinson, R., Pickett, K., 2010. The spirit level : why greater equality makes societies
stronger. Bloomsbury Press, New York.
Wood, R., Stadler, K., Bulavskaya, T., Lutter, S., Giljum, S., de Koning, A., Kuenen, J.,
Schütz, H., Acosta-Fernández, J., Usubiaga, A., Simas, M., Ivanova, O., Weinzettel, J.,

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 179 of 186

Schmidt, J., Merciai, S., Tukker, A., 2014. Global Sustainability Accounting—Developing
EXIOBASE for Multi-Regional Footprint Analysis. Sustainability 7, 138–163.
doi:10.3390/su7010138
World Commission on Environment and Development, 1987. Our common future. WCED,
[New York, N.Y.].
WRAP, 2013a. Household Food and Drink Waste in the United Kingdom 2012.
WRAP, 2013b. Waste in the UK Hospitality and Food Service Sector - Full Technical
Report.
WRAP, 2009. Household Food and Drink Waste in the UK. Report prepared by WRAP.
Banbury.
WVS, W.V.S., 2005. WORLD VALUES SURVEY Wave 5 (2005-2008), OFFICIAL A. ed,
OFFICIAL AGGREGATE. Madrid SPAIN.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 180 of 186

Annex 1: Allocation of market goods as
satisfiers for human needs
Monte-Carlo simulation binary matrix
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Empirical split method with fractions from Consumer Expenditure Survey
subsistence
Paddy rice
0.45
Wheat
0.45
Cereal grains nec
0.46
Vegetables, fruit, nuts
0.37
Oil seeds
0.50
Sugar cane, sugar beet
0.37
Plant-based fibers
0.31
Crops nec
0.45
Cattle
0.42
Pigs
0.51
Poultry
0.46
Meat animals nec
0.40
Animal products nec
0.52
Raw milk
0.47
Wool, silk-worm cocoons
0.30
Manure (conventional treatment)
0.30
Manure (biogas treatment)
0.30
Products of forestry, logging and related
0.30
Fish and other fishing products; services
0.38
Anthracite
0.29
Coking Coal
0.29
Other Bituminous Coal
0.29
Sub-Bituminous Coal
0.29
Patent Fuel
0.29
Lignite/Brown Coal
0.29
BKB/Peat Briquettes
0.29
Peat
0.29
Crude petroleum and services related to
0.29
0.35
Natural gas and services related to natu
Natural Gas Liquids
0.29
Other Hydrocarbons
0.29
Uranium and thorium ores (12)
0.29
Iron ores
0.29
Copper ores and concentrates
0.29
Nickel ores and concentrates
0.29
Aluminium ores and concentrates
0.29
Precious metal ores and concentrates
0.29
Lead, zinc and tin ores and concentrates
0.29
0.29
Other non-ferrous metal ores and conce
Stone
0.29
Sand and clay
0.29
Chemical and fertilizer minerals, salt an
0.29
Products of meat cattle
0.42
Products of meat pigs
0.51
Products of meat poultry
0.46
Meat products nec
0.45
products of Vegetable oils and fats
0.37
Dairy products
0.34
Processed rice
0.45
Sugar
0.40
Food products nec
0.39
Beverages
0.44
Fish products
0.38
Tobacco products (16)
0.00
Textiles (17)
0.30
Wearing apparel; furs (18)
0.23
Leather and leather products (19)
0.30
Wood and products of wood and cork (e
0.30
Wood material for treatment, Re-proce
0.50
Pulp
0.50
Secondary paper for treatment, Re-proc
0.50
Paper and paper products
0.00
Printed matter and recorded media (22)
0.00
Coke Oven Coke
0.40
Gas Coke
0.40
Coal Tar
0.40
Motor Gasoline
0.25
Aviation Gasoline
0.00
Gasoline Type Jet Fuel
0.00
Kerosene Type Jet Fuel
0.00
Kerosene
0.40

Protection
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
0.00
0.00
0.00
0.00
0.00
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.59
0.30
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
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
0.00
0.00
0.50
0.50
0.50
0.00
0.00
0.25
0.25
0.25
0.00
0.00
0.00
0.00
0.25

Affection
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
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
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
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
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
0.00

Understanding
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
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
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
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
0.00
0.00
0.00
0.00
0.00
0.21
0.21
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Participation
Leisure Creation Identity Freedom
0.00
0.00
0.00
0.55
0.00
0.00
0.00
0.00
0.55
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.63
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.00
0.00
0.63
0.00
0.00
0.00
0.20
0.49
0.00
0.00
0.00
0.00
0.55
0.00
0.00
0.00
0.00
0.58
0.00
0.00
0.00
0.00
0.49
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.48
0.00
0.00
0.00
0.00
0.53
0.00
0.00
0.00
0.00
0.70
0.00
0.00
0.00
0.51
0.19
0.00
0.00
0.00
0.51
0.19
0.00
0.00
0.00
0.51
0.19
0.00
0.00
0.00
0.00
0.62
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.41
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.00
0.58
0.00
0.00
0.00
0.00
0.49
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.55
0.00
0.00
0.00
0.00
0.63
0.00
0.00
0.00
0.00
0.66
0.00
0.00
0.00
0.00
0.55
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.61
0.00
0.00
0.00
0.00
0.56
0.00
0.00
0.00
0.00
0.62
0.00
0.00
0.50
0.00
0.50
0.00
0.00
0.00
0.10
0.60
0.00
0.00
0.00
0.00
0.77
0.00
0.00
0.00
0.10
0.60
0.00
0.00
0.00
0.51
0.19
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
0.00
0.00
0.00
0.32
0.47
0.00
0.00
0.00
0.32
0.47
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.25
0.25
0.00
0.25
0.00
0.33
0.33
0.00
0.34
0.00
0.33
0.33
0.00
0.34
0.00
0.33
0.33
0.00
0.34
0.00
0.00
0.35
0.00
0.00
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subsistence
Gas/Diesel Oil
0.25
Heavy Fuel Oil
0.25
Refinery Gas
0.40
Liquefied Petroleum Gases (LPG)
0.20
Refinery Feedstocks
0.40
Ethane
0.40
Naphtha
0.40
White Spirit & SBP
0.40
Lubricants
0.40
Bitumen
0.40
Paraffin Waxes
0.40
Petroleum Coke
0.40
Non-specified Petroleum Products
0.40
Nuclear fuel
0.40
Plastics, basic
0.00
Secondary plastic for treatment, Re-pro
0.50
N-fertiliser
0.28
P- and other fertiliser
0.28
Chemicals nec
0.43
Charcoal
0.40
Additives/Blending Components
0.25
Biogasoline
0.25
Biodiesels
0.25
Other Liquid Biofuels
0.25
Rubber and plastic products (25)
0.00
Glass and glass products
0.00
Secondary glass for treatment, Re-proce
0.50
Ceramic goods
0.28
0.28
Bricks, tiles and construction products, i
Cement, lime and plaster
0.28
Ash for treatment, Re-processing of ash
0.28
Other non-metallic mineral products
0.28
Basic iron and steel and of ferro-alloys a
0.28
0.28
Secondary steel for treatment, Re-proce
Precious metals
0.28
Secondary preciuos metals for treatmen
0.28
Aluminium and aluminium products
0.28
Secondary aluminium for treatment, Re
0.28
Lead, zinc and tin and products thereof
0.28
Secondary lead for treatment, Re-proce
0.28
Copper products
0.28
Secondary copper for treatment, Re-pro
0.28
Other non-ferrous metal products
0.28
0.28
Secondary other non-ferrous metals for
Foundry work services
0.28
Fabricated metal products, except mach
0.28
Machinery and equipment n.e.c. (29)
0.00
Office machinery and computers (30)
0.00
Electrical machinery and apparatus n.e.c
0.00
0.00
Radio, television and communication eq
Medical, precision and optical instrume
0.50
Motor vehicles, trailers and semi-trailer
0.17
Other transport equipment (35)
0.17
Furniture; other manufactured goods n.
0.25
Secondary raw materials
0.00
Bottles for treatment, Recycling of bottl
0.00
Electricity by coal
0.50
Electricity by gas
0.50
Electricity by nuclear
0.50
Electricity by hydro
0.50
Electricity by wind
0.50
Electricity by petroleum and other oil de
0.50
Electricity by biomass and waste
0.50
Electricity by solar photovoltaic
0.50
Electricity by solar thermal
0.50
Electricity by tide, wave, ocean
0.50
Electricity by Geothermal
0.50
Electricity nec
0.50
Transmission services of electricity
0.50
Distribution and trade services of electr
0.50
Coke oven gas
0.29
Blast Furnace Gas
0.29
Oxygen Steel Furnace Gas
0.29
Gas Works Gas
0.29
Biogas
0.29
Distribution services of gaseous fuels th
0.29
Steam and hot water supply services
0.29
Collected and purified water, distributio
0.29
Construction work (45)
0.29
Secondary construction material for trea
0.29
Sale, maintenance, repair of motor vehi
0.00
Retail trade services of motor fuel
0.25
0.50
Wholesale trade and commission trade
Retail trade services, except of motor v
0.50
Hotel and restaurant services (55)
0.20
Railway transportation services
0.25
Other land transportation services
0.25
Transportation services via pipelines
0.29
Sea and coastal water transportation se
0.25
Inland water transportation services
0.25
Air transport services (62)
0.00
Supporting and auxiliary transport servi
0.25
Post and telecommunication services (6
0.00
Financial intermediation services, excep
0.00
Insurance and pension funding services
0.00
Services auxiliary to financial intermedi
0.00
Real estate services (70)
0.50
Renting services of machinery and equi
0.00
Computer and related services (72)
0.00
Research and development services (73
0.00
Other business services (74)
0.00
0.00
Public administration and defence servi
Education services (80)
0.00
Health and social work services (85)
0.50
Food waste for treatment: incineration
0.50
Paper waste for treatment: incineration
0.50
Plastic waste for treatment: incineration
0.50
Intert/metal waste for treatment: incine
0.50
Textiles waste for treatment: incineratio
0.50
Wood waste for treatment: incineration
0.50
Oil/hazardous waste for treatment: inci
0.50
Food waste for treatment: biogasificatio
0.50
Paper waste for treatment: biogasificati
0.50
Sewage sludge for treatment: biogasific
0.50
Food waste for treatment: composting a
0.50
Paper and wood waste for treatment: co
0.50
Food waste for treatment: waste water
0.50
Other waste for treatment: waste water
0.50
Food waste for treatment: landfill
0.50
Paper for treatment: landfill
0.50
Plastic waste for treatment: landfill
0.50
Inert/metal/hazardous waste for treatm
0.50
Textiles waste for treatment: landfill
0.50
Wood waste for treatment: landfill
0.50
Membership organisation services n.e.c
0.00
Recreational, cultural and sporting servi
0.00
Other services (93)
0.00
Private households with employed pers
0.00
Extra-territorial organizations and bodie
0.00

Protection
0.00
0.00
0.25
0.20
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.00
0.50

0.22
0.25
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.25
0.00
0.00
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.00
0.00
0.00
1.00
1.00
1.00
0.50
0.00
0.00
0.00
0.00
1.00
0.00
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.17
0.17
0.00
0.00
0.17

Affection
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
0.00
0.00

Understanding
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
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
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
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
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
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
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
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
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.17
0.00
0.17
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
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
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
0.17
0.00
0.00
0.00
0.00
0.00
0.17
1.00
0.00
0.00
0.20
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
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.17
0.00
0.00
0.17
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Participation
Leisure Creation Identity Freedom
0.00
0.25
0.25
0.00
0.25
0.00
0.25
0.25
0.00
0.25
0.00
0.00
0.35
0.00
0.00
0.00
0.20
0.20
0.00
0.20
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.50
0.00
0.50
0.00
0.00
0.00
0.00
0.00
0.19
0.53
0.19
0.53
0.00
0.00
0.20
0.00
0.15
0.00
0.00
0.35
0.00
0.00
0.00
0.25
0.25
0.00
0.25
0.00
0.25
0.25
0.00
0.25
0.00
0.25
0.25
0.00
0.25
0.00
0.25
0.25
0.00
0.25
0.00
0.00
0.50
0.00
0.50
0.00
0.00
0.50
0.00
0.50
0.00
0.00
0.00
0.00
0.00
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.00
0.00
0.50
0.00
0.50
0.17
0.17
0.17
0.17
0.17
0.00
0.00
0.50
0.00
0.50
0.17
0.17
0.17
0.17
0.17
0.00
0.00
0.00
0.00
0.00
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.00
0.25
0.00
0.25
0.00
0.00
0.00
0.50
0.00
0.50
0.00
0.00
0.50
0.00
0.50
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.12
0.12
0.00
0.12
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.00
0.54
0.00
0.00
0.00
0.17
0.25
0.00
0.58
0.00
0.25
0.25
0.00
0.25
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.00
0.00
0.50
0.00
0.20
0.00
0.00
0.60
0.00
0.25
0.25
0.00
0.25
0.00
0.25
0.25
0.00
0.25
0.00
0.00
0.54
0.00
0.00
0.00
0.25
0.25
0.00
0.25
0.00
0.25
0.25
0.00
0.25
0.00
0.33
0.33
0.00
0.34
0.00
0.25
0.25
0.00
0.25
0.17
0.17
0.17
0.17
0.17
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
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.00
0.50
0.17
0.17
0.17
0.17
0.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.80
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
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
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
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
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
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
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
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.17
0.17
0.17
0.00
0.17
0.17
0.17
0.17
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.50
0.50
0.17
0.17
0.17
0.17
0.00
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Matrix of indicators used to assess human need satisfaction

Identity

Understanding

Participation

Subsistence

Creation

Protection

Leisure

Freedom

Need

Level of Assessment

Indicator

Source

Freedom SWB

Personal freedom of choice

UNEP- HD Report 2014
(Table 16: Supplementary Indicators: Perceptions of well-being)

Freedom Values

Importance of freedom

Freedom Macro

Institutional freedom

Leisure Satisfaction SWB

Personal satisfaction with leisure time

Leisure Satisfaction SWB

Personal satisfaction with life

Leisure Values

Importance of leisure

Leisure Macro

Residual Free Time

Protection Livelihood SWB

Satisfaction with local labour market
capabilities

Protection Health SWB

Satisfaction with health care quality

Protection Safety SWB

Perception of safety

Protection Institutional

Trust in national government

Cration SWB

Satisfaction with creativity capabilities

Creation Values

Importance of Creativity

Creation Macro

Global Creativity Index

Subsistence

Survival Rate under 5 years old

Subsistence

Standard of Living

Measure

Percentage of respondents answering “satisfied” to the Gallup World Poll question: “In this country, are you
satisfied or dissatisfied with your freedom to choose what you do with your life?”
Percentage of positive respondents to the question: "It is important to her/him to make her/his own
European Social Survey, 2008
decisions about what she/he does. She/he likes to be free and not depend on others."
Arimetic average from the scores of "Personal Rights" and "Tolerance and Inclusion"
Social Progress Index, 2015
as reported in the Social Progress Index.
Percentage of positive respondents to the question :
European Social Survey, 2012
"To what extent do you make time to do the things you really want to do? "
The Overall life satisfaction index was used where no information on the Subjective satisfaction of leisure
UNEP- HD Report 2014
was available (i.e. Luxembourg, U.S. Canada, Austria, Australia, Japan,Taiwan, Greece, South Korea, Malta,
(Table 16: Supplementary Indicators: Perceptions of well-being)
Latvia, Turkey, Mexico, Romania, South Africa, Brazil, China, Indonesia, India).
Percentage of people who answered "rather" and "very" to the following question:
World Value Survey wave 5
"How Important is leisure time in your life ?"
International Labour Organization -2008
Residual Free Time = Total Hours in a Weel - Average weekly working hours
Percentage of respondents answering “good” to Gallup World Poll question,
“Thinking about the job situation in the city or area where you live today, would you say that it is now a good
time or a bad time to find a job?”
Percentage of respondents who answered “satisfied” to the Gallup World Poll question, “Are
UNEP- HD Report 2014 (Table 16: Supplementary Indicators: Perceptions of well-beingyou satisfied or dissatisfied with the availability of quality health care?”
Percentage of respondents answering “yes” to the Gallup World Poll question,
“Do you feel safe walking alone at night in the city or area where you live?”
Percentage of respondents answering “yes” to the Gallup World Poll question, “In this country, do you have
confidence in the national government?”
Percentage of positive respondents to the question : Are the tasks you perform at work mostly routine tasks
or mostly creative tasks? (WVS5)
European Social Survey 2012
Percentage of people who dissagree with the following statement: "I have little chance to show how
World Value Survey Wave 5
capable I am." (ESS-2012)
Percentage of positive responses to the following question : "Now I will briefly describe some people. Using
this card, would you please indicate for each description whether that
European Social Survey 2008
person is very much like you, like you, somewhat like you, not like you, or not at all like you? (Code one
World Value Survey Wave 5
answer for each description): It is important to this person to think up new ideas and be creative; to do
things one’s own way."
The Global Cretivity Index is an index derived from assesing Technology , Tolerance and Talent across
nations. The most recent report (2015) was used because it includes more countries in our study. The
The Martin Prosperity Institute (MPI), 2015
average difference from the scores reported in 2010 is of 6 percentual points with a standard deviation of
7%.
Under-five mortality rate: 1- Probability of dying between birth and exactly age 5 ( per
UNEP- HD Report 2014 (Table 7: Health: children and youth)
1,000 live births. )
Satisfaction with standard of living: Percentage
of respondents answering “satisfied” to the
UNEP- HD Report 2014
Gallup World Poll question, “Are you satisfied or
(Table 16: Supplementary Indicators: Perceptions of well-being)
dissatisfied with your standard of living, all the
things you can buy and do?”
World Value Survey Wave 6
Percentage of positive respondents to the question : " How would you describe your health these days? "
European Social Survey 2008
World Value Survey Wave 5
Percentage of respondents that manifested importance to the question "How important for you to live in
European Social Survey 2012
democratically governed country ?"
Percentage of respondents that manifested satisfaction to the question : "how democratically is this country
European Social Survey 2008
being governed today?" (WVS), and How satisfied with the way democracy works in your country? (SWB)
World Value Survey Wave 5

Subsistence

Subjective Health

Participation Values

Importance of Democracy

Participation SWB

Level of democraticness

Participation MACRO

Democracy Ranking

Democracy Ranking 2008-2009
Social Progress Index 2015

Understanding SBW

Learn new things in life

European Social Survey 2012

Understanding Capabilities

Improved knowledge

European Social Survey 2008

Understanding Macro
Identity SWB

Education Index-UNDP
Authenticity

UNDP International Human Development Indicators 2008
World Value Survey Wave 5

Identity Values

Self Expression Values

(Inglehart & Welzel, 2005)

Identity Macro

Income Equality

UNEP- HD Report 2014 (Table 3: Inequality Adjusted Development Index)
CIA Factbook (2000-2010)

As presented in Campbell, David F. J. (2008) in "Scores of the Democracy Ranking 2008/2009" which is a
function of political freedom, characteristics of the political system and performance of the non political
dimensions. For the countries that where not rated in the Democracy Index, the indicator of "Tolerance and
Inclusion" as presented in the Social Progress Index (2015) was used as a substitute (i.e. Luxembourg,
Cyprus, Malta, Russia and China).
Percentage of people who responded positively to : "Using this card, please tell me to what extent you learn
new things in your life?"
Percentage of people who responded yes to the question "Have you Improve knowledge/skills:
course/lecture/conference, last 12 months"
Calculated using Mean Years of Schooling and Expected Years of Schooling
Percentage of respondents that agree to the statement "I seek to be myself rather than follow others"
The scale of values goes from Survival values (-2) in low levels of development to (+2) in societies that are
not struggling with day to day survival.
A shift from an emphasis on economic and physical security above all, towards increasing emphasis on
subjective well-being, self-expression and the quality of life.
Measure of the deviation of the distribution of income among individuals or households within a country
from a perfectly equal distribution.
A value of 0 represents absolute equality, a value of 100 absolute inequality. Here we the equality index for
each country as (1-gini coefficient).
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Annex 2: Sets of food security indicators
FAO’s set of food security indicators

Domain

Indicator
Average dietary energy supply adequacy
Average value of food production

Availability

Share of dietary energy supply derived from cereals, roots and tubers
Average protein supply
Average supply of protein of animal origin
Percent of paved roads over total roads
Road density
Rail lines density
Gross domestic product per capita (in purchasing power equivalent)

Access

Domestic food price index
Prevalence of undernourishment
Share of food expenditure of the poor
Depth of the food deficit
Prevalence of food inadequacy
Cereal import dependency ratio
Percent of arable land equipped for irrigation
Value of food imports over total merchandise exports

Stability

Political stability and absence of violence/terrorism
Domestic food price volatility
Per capita food production variability
Per capita food supply variability
Access to improved water sources
Access to improved sanitation facilities
Percentage of children under 5 years of age affected by wasting
Percentage of children under 5 years of age who are stunted

Utilization

Percentage of children under 5 years of age who are underweight
Percentage of adults who are underweight
Prevalence of anaemia among pregnant women
Prevalence of anaemia among children under 5 years of age
Prevalence of vitamin A deficiency in the population
Prevalence of iodine deficiency

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe
EIU’s set of food security indicators

Domain

Indicator
Food consumption as a share of household expenditure
Proportion of population under global poverty line

Affordability

Gross domestic product per capita (PPP)
Agricultural import tariffs
Presence of food safety net programmes
Access to financing for farmers
Sufficiency of supply
•
•

Average food supply
Dependency on chronic food aid

Public expenditure on agricultural R&D
Agricultural infrastructure
Availability

•
•
•

Existence of adequate crop storage facilities
Road infrastructure
Port infrastructure

Volatility of agricultural production
Political stability risk
Corruption
Urban absorption capacity
Food loss
Diet diversification
Nutritional standards
•
•
•

National dietary guidelines
Nutrition plan or strategy
Nutrition monitoring and surveillance

Micronutrient availability
Quality & Safety

•
•
•

Dietary availability of vitamin A
Dietary availability of animal iron
Dietary availability of vegetal iron

Protein quality
Food safety
•
•
•

Agency to ensure the safety and health of food
Percentage of population with access to potable water
Presence of formal grocery sector
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