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Executive Summary

The conceptual framework for resource use efficiency . WP 4 developed a
conceptual framework for resource efficiency indicators. The conceptual frame work took
its start from the gaps and needs identified in WP 3, among those the need for indicators

taking into account effects in foreign countries, the need for a better integration of
biodiversity and ecosystem services as well as the limitation of natu ral stocks, and the
link to the DPSIR framework. WP 4 starts from a discussion of resource efficiency, which

is better defined as resource use efficiency representing the efficiency of deriving socio -
economic services from resources used. Resource use is 0 ccurring right at the interface
between the socio -economic system and the natural system. Societies extract resources

and return wastes and emissions (both are a metabolic aspect) or interfere in the
environment in order to change ecosystems to become more useful to societies
(management activities). These resource use activities comprise material, energy and

water flows, wastes and emissions, and land use activities. Through these direct
activities, societies have an effect on ecosystems and its functionin g. Thus, resource use
can be linked to ecosystem services: extraction activities interlink with provisioning

services, wastes and emissions with regulating services. Besides these physical
interventions of societies onto the environment, societies also der i ve fii mmateri al
services from ecosystems, i.e. cultural services from beautiful landscapes, recreational

areas, clean air etc. The fourth, more fundamental ecosystem services are supporting

services that provide the necessary basis for providing the other three ecosystem
services.

Resource use efficiency indicators linked to the DPSIR framework . Flow indicators
on resource use are considered pressure indicators. The structure and characteristics of

the socio -economic system, its economic processing, and household consumption
patterns are considered driving forces (drivers), which are strongly shaped by the

cultural, political, and economic context they are embedded in. Responses are the
decisions and choices made within the socio -economic system by indivi  duals or by policy
makers as a response to changes in the societal as well as natural systems with the aim

to adapt to these. Resource use and management activities put pressure on and
potentially change the natural system, its ecosystems and ecosystem ser vices and thus
the underlying natural state. Effects of pressures on the natural system are considered
environmental impacts. Environmental impacts interpret or weight pressures in relation

to a certain environmenta | threat or planetary boundary.

Linking the conceptual framework to the Input - Output framework . The Input -
Output framework fits nicely with the above described conceptual framework. Socio -
economic activities are represented by the production and consumption (final demand)
components in the IO mo  del, complemented by environmental inputs (extensions), which

enter the production process through a certain sector. The environmental extensions

represent the resource use indicators and data, i.e. pressure indicators in absolute

values. Further impacts o f the socio -economic system onto the natural system have to be

linked to the 10 framework via the resource use indicators. Resource use is thus
considered the translating element between societal activities and the natural system.

Development of the indi cator framework on resource use efficiency

Indicator s t ackling fAresource efficiencyodo understood in
thus addressing all relevant areas of the society -nature interaction can be

manifold. Resource use indicators representing pressures on the environment are

considered to be crucial because they represent the mediating flow linking socio -
economic activities to natural and ecosystem functioning. Resource use indicators should
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be looked at in absolute values in order to capture the total scal e of the society -nature

interactions.

Relating resource use indicators to the socio -economic side is what is commonly termed

firesource efficiencydo. Two perspectives can be taken:
economic products and value added. Thi s is about relating resource use to production

(intermediate use) or final demand. For sectors that mainly work with specific

technol ogi es, the relation between resource use and
specific technical efficiency. In general, t hese relations result in various types of resource

efficiency, i.e. economic output or value added per unit of resource input or
waste/emission output. These efficiencies can be derived as direct results of the input -
output framework. Most commonly, resour ce use is related to GDP (GDP/resource use)
and accordingly directly comparable to labour productivity for example. However, also

other macro, beyond GDP indicators can be applied. Second, resource use can also be
linked to the societal services provided b y natural resource use. Services can be
adequate housing facilities, heated rooms, nutrition, possibilities for commuting
(mobility), or electricity for running various appliances. Macro indicators for societal
services cannot be derived from the 10 framew ork but require additional information and
data, most effective on a rather detailed, micro level.

Linking resource use to the natural system (the impacts or the natural state) results in

indi cators t hat ar e commonly ter med fieaviranmantaln me nt a |

impacts have a quantitative (relating pressures to the available natural stock) and a
qualitative aspect (land use in relation to the land productivity). Besides that, the effects

on the natural system are manifold and highly complex. A conce ptual framework and a
set of indicators are likely to fail in terms of covering all possible links and causal
relations. We therefore decided to focus on the main threats or environmental problems
commonly identified and a coverage of the relation between these and resource use.

For a set of resource efficiency indicators, we propose to apply a 2 -level system: first, a
limited set of headline indicators which should cover all resource types on the aggregate

level. These headline indicators should cover res ource use (in absolute terms), resource
efficiency and environmental impacts. This list of headline indicators will be and needs to

be accompanied by an extended set of indicators (level -2 indicators) that comprises
indicators addressing specific questions within each resource category. Level -2 indicators
will include response indicators, indicators on specific societal activities, indicators on

sub -categories of resources, indicators relating environmental impacts to societal
services, etc.

The resource u  se efficiency indicator set . Based on th e conceptual framework we
developed a matrix for possible resource efficiency indicators. This matrix i S structured
along the resource categories (energy, materials, water, land, carbon emissions, other

wastes and em issions) and the different interaction phases (resource efficiency, resource
use, environmental impacts quantitative and qualitative). We scanned available
indicators and indicator sets and allocated relevant indicators to the matrix. This
allocation revea led that resource use is quite well covered both in terms of number of
indicators as well as in terms of the RACER evaluation criteria (Relevant, Accepted,
Credible, Easy, Robust). Resource efficiency indicators are also quite well covered if
related to GD P. Any other reference indicator still needs to be selected or developed. The
environmental impacts are rather poorly covered except for water, land, and the different
emissions. However, this is not a too big surprise, since impacts from material and
ener gy use are mostly addressed by monitoring the emissions (or wastes) accumulated
along the production and consumption of materials and energy and derived goods. From
the extended indicator list we selected a set of resource efficiency headline indicators
that are most relevant and cover all categories. Among those are well established and
available indicators as well as indicators that still need further development or even need
to be designed first.
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1 Introduction

In the ARoadmap to a resource efficient Europedo the
Vision for 2050: i é sugtdinhbly managed) from eaw matarials to energy,

water, air, land and soil. Climate change milestones have been reached, while
biodiversity and the ecosystem services it underpins have been protected, valued and
substantially r est or eadifdldandressurce efficiensy addressesra broad

field from the socio -economic system to the natural system, and various processes in and

between these two. WP 3 resulted in a list of gaps and needs with regard to discussing

and monitoring resource effici ency with appropriate indicators. WP4 of DESIRE starts

from these identified gaps and needs and develops a conceptual framework to link

resource use and efficiency to the natural system on the one hand and the socio -
economic system on the other hand. Raw m aterials, energy, water, air, land and soil, as

well as environmental impacts, climate change, biodiversity and ecosystem services are

considered and conceptually linked. Key environmental problems or threats as well as

socio -economic needs and challenges are used as focal points. The input -output (10)
framework with its specific conceptual view on socio -economic systems as well as the
DPSIR framework are central modules in the conceptual framework. One important task

in WP 4 is to provide a systematic link of the 10 framework to ecosystem services and
biodiversity, which is currently missing. With a clear definition in hand, a set of resource

use and resource efficiency indicators is identified and evaluated. Indicators on resource

efficiency should capture all types of society -nature interactions as well as relevant

changes in the natural system and the socio -economic system.

D4.2 describes the results of the work performed in WP 4 of the DESIRE project. The
work in WP 4 was divided in three tasks. Task 4.1 concerned the develop ment of the
indicator framework for resource efficiency. The indicator framework builds on the
Environmental Extended Input Output (EE I0) framework and the Driver -Pressure - State -
Impact -Response (DPSIR) framework and discusses and sp ecifies the following
dimensions: a classification of resources and relevant sub -categories; the impacts of
resource use on the natural environment; a consideration of resource use along the life -
cycle of products from extraction to production, consumption and finally disposal;

different scales in the political, economic and natural sphere; stocks and flows and their

inter -linkages; a production versus a consumption perspective; and finally the relevance

of certain indicators with regard to the functioning of the ecosystem or the socio -
economic system. T ask 4.2 conce rned the positioning of possible resource use / resource
efficiency indicators (based on the list developed in WP 3) in the conceptual framework

developed in Task 4.1 and an initial development a nd evaluation of priority indicators.
Relevant indicators deriving from the results of the indicator review and gap analyses in

WP 3 are evalwuated using the RACER #ARelevant, Accerp
evaluation tool. This approach aims at identif ying strengths and weaknesses of different
indicators across the 5 main evaluation criteria. The final task 4.3 concerned the
consolidation of the indicator set and conventions of calculation methods. Some of these

indicators will be relatively mature and only need data inventory and calculation in WP 5 -
8, while others need further conceptual or methodological development.
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WP 3 results: gaps and needs

In the APolicy & seadraygapsanil needs withWRegard to resource efficiency
and related in dicators were identified which served as input to WP 4

(1) There is a clear need for a consistent conceptual framework of resource
efficiency indicators . This includes a definition of resources and resource use,
and the integration of biodiversity and ecosys tem services therein.

(2)  This directly links to the need of a clear definition of the DPSIR categories . In
particular, the role of driving forces and responses in relation to resource efficiency
and possible headline indicators needs to be clarified.

(3) There is a clear need in developing efficiency indicators complementing
indicators in absolute values. A reflection and
necessary. This reflection should be linked to the debates in the beyond GDP
context.

(4) Not all resource ¢ ategories are equally covered by existing indicator sets. In
particular water and land use indicators need to be developed . This refers to
pressure oriented indicators in particular.

(5) A large number of indicators for material and energy use do exist. Howev er, there
is a clear need for a better specification concerning detailed indicator
metrics . This refers to a clarification of the aggregation level the indicator is
addressing, for example (a) sub -categories such as foodstuff, biomass, or total
materials, (b) scale levels such as sectors or national level, (c) aggregate indicators
such as total consumption or use, domestic extraction or consumption, DMC, DMI,
etc.

(6) Consumption -based or footprint -type indicators (also named indicators
addressing global resour ce use, footprint like indicators) are weakly covered and
need to be developed. The issue of outsourcing is strongly linked to the
establishment of consumption indicators and thus needs specific consideration.

(7)  Material and energy use is well covered by pr essure oriented indicator. But there
are nearly no indicators for material and energy use that refer to natural
state .

(8) Thereis ageneral lack of environmental impact indicators , 1.e. indicators which
illustrate the various consequences of resource use fo r the natural environment

(9)  An evaluation of robustness  and the further development of indicators in order to
fulfill the criteria of robustness are needed. This in particular refers to indicators
derived from Life Cycle Assessment (LCA), waste and recyclin g indicators,
consumption indicators, and the water indicators, indicators on ecosystem quality,
on soil and response indicators and other indicators that have not been evaluated
according to their robustness yet.

(10) A better understanding of thresholds and capacity limits could enrich the
development of indicator sets and would assist policy makers in deriving targets for
action.

(11) Waste indicators and recycling/reuse indicators are insufficiently covered and
lack indicator development and link to the concept ual framework.

WP 4 carefully consider ed these issues in the developm  ent of the conceptual framework.
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2 Resource efficiency 1 a conceptual
framework (task 4.1)

Resource efficiency is about using natural resources efficiently, that is about minimizing

nat ural inputs and maximizing socio -economic outputs. Trdseurcemeancag of
be rather broad , by having all natural stocks and their potential service as a resource. In

that sense nearly everything in the natural environment I potentially 71 can be cons idered

a resource (Krausmann et al. 2011) . Taking such a broad perspective, resources include

materials, energy, water and | and, wastes and emissions, as well
medi ao such as wind, (Euoopearr Comngissiont2018)r maak well as issues

related to biodiversity and ecosystem services.

This broad perspective on very different natural processes does not help in capturing and

evaluating resource use and its efficienc y. Thus, following Krausmann et al. (2011) , we

use a more narrow definition which refers to resources use and thus is about  resources

that are actually used to provide a service or value to societies. Resources are

characterised by particular qualities, an d once these qualities are lost also the potential

usefulness of the specific resource disappears (Krausmann et al. 2011)

1]

Resources cannot be fAefficientd themselves. Conseque
using resource s efficiently either in a technical sense (less physical input per physical

output) or economic sense (more economic value generated by unit of resource), and

thus in fact one should tal k alfhowever, ifthefslloningwee use ef fi
wi || stick with the commonly used and.Tkhewodenyingg er m Ar e:
resource flows repre sent the physical dimension of the society -nature interactions; this

includes resource extraction and use, management, or other forms of transforming

resources to an (socio -) economic value. The more narrow definition of resources

introduced above thus directly links to the socio -economic activities and their interaction

with the natural system.

2.1 Society -nature interactions

Societies extract resources from the natural system, or change the natural system in a

way that it gets more useful for societal needs (Fischer -Kowalski and Weisz 1999)
Resource extraction, described by the concept of social or industrial metabolism
refers to flows o f material s, energy and water between society and nature , in order to
maintain or built up or run socio-economic stocks. Hence, for maintaining the social
metabolism n ature provides resources that can be extracted by a society (inputs) and

nature maintains  processes that absorb societal wastes and emissions (outputs) and
reintegrate them into natural cycles (Haberl et al. 2004a) . Beyond this, socio -economic
activities have an effect on ecosystem functioning not only by changing stocks but also

through interfering and changing the natural processes and cycles, or by surpassing the
capabilities of the natural system to absorb or dilute the wastes and emissions returned

into the environmental system. Accounting for and monitoring resource use and
biophysical stocks allows for analysing the biophysical structures and overall dimension

of a society 6 s ctiaties .

Apart from these metabolic processes, societies are managing or colonizing natural

systems in order to increase the natural services to societies. These colonization
activities (Fischer -Kowalski and Haberl 20 07) refer to deliberate interventions of a society
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in natural systems in order to transform and utilize them for their purposes. Colonization
activities include changes and interference into land and biomass cycles as well as water
resources and water she ds. With this second concept issues like biodiversity loss or
environmental degradation can be addressed (Fischer -Kowalski and Weisz 199 9; Haberl

et al. 2004). The t emamgefment 6 i n the proposed mdidueel 2)f r amewo

refers to management decisions of multiple biosphere reserves that originate in the
socio - political processes and subsequently effect a change in the state of ecosystems.

Society -nature interactions do not only have a biophysical dimension (th e tonnes or
Joules extracted and used) but are formed by the SOcCio -economic system through
their cultural, social, economic and political structures and programmes (Fischer -Kowalski
and Weisz 1999). Decisions and choices taken by societies are materialisin g in

consumption and production structures that directly interact with the natural system.

Through the interaction of society with the natural environment socio -ecological

sys tems emerge (Haberl et al. 2004) . Sustainability (or unsustainability) is seen a s an
attribute of the socio -ecological system. In a high simplification, a socio -ecological
system can be pictured as a fAsphered describing
overlaps with the natural sphere of causation (see Fischer -Kowalski and Weisz 19 99).

The biophysical structures of a society are located in the overlapping area which include S
humans, livestock, buildings, machines, infrastructure, etc. ( Figure 1, Haberl et al.

2004a ). These societal stocks are formed by the societal system, its cultural, economic,

social norms, and at the same time by the natural system and its bio -physical
characteristics.

Figure 1: Socio -ecological systems as overlap of a natural and a cultural sphere of
causation

Natural (biophysical) Cultural (symbolic)
sphere of causation sphere of causation

Biophysical
structures of «————» Culture

society

, ! : J

1

Biophysical actualities Society
| (material world) I

Social-ecological system

Source: (Haberl et al. 2004a)

The metabolic part of society - nature interactions covers extraction activities (inputs
from nature) and wastes and emissions  (outputs to nature) . Extracted raw materials
comprise renewable resources (biomass materials) and non -renewable resources
(minerals, i.e. fossil energy carriers, metallic and non -metallic minerals) (  Figure 2).
Material or Energy Flow Accounts (in metric tonnes or Joules) are the statistical methods

t

h e
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to monitor  material and energy use, both in close correspondence to economic
accounts. Water use is the third physical accounting routine also implem ented in the
statistical reporting procedures ; however its alignment with the system of national
accounts is still in process. Renewable resources in the narrow sense refer to all forms of

biomass (e.g. crops, timber, fish) , and fresh water taken directly from natural
ecosystems. A Wat er useod in a broad sense covers several a
includes (1) Afwater used including all water, whi ct
economic goods, as well as water that is withdrawn but more or less stays within the
natural system but is changed, for instance, with regard to its temperature (e.g. cooling

water in industrial or in hydropower ©plants); (2) #nAw
refers only to the amount of water which is incorporated into prod ucts or evaporated and
by that means is not available any longer for the ecosystem where it was extracted from.

It has to be noted that the different types of resources are not distinct categories but

have various overlaps (fossil energy carrier materials and energy resources, water and
biomass materials, etc.).

Besides these three resource types (materials, energy, and water) policy programmes

usually include also land among the four resource types. However, land is somewhat
different. Land might be consid ered a rather stock -oriented concept, different from the

flow categories of materials, energy and water. Land and in particular land use is not
physically extracted and incorporated in economic goods and thus stays within  bio-
geochemical cycles. Thus, land is a somehow abstract concept without a clear biophysical
definition . It can be perceived as land area used for different types of land use with a
specific productivity or with the capacity to absorb emissions which strongly links to
ecosystem services. T he functionality of land is strongly linked to land cover (Walz et al.,

2007 in  Verburg et al. 2009 ); but also to the soil and soil quality which adds another
perspecti ve .dhe infeisiynofl and use accompanied by increased socio -
economic inputs and outputs is crucial in the discussion of land as a resource. Another
function of land is the space provided for socio -economic infrastructure and buildings
built up. Conceptually, these different categories and perspectives on land have to be

reflected adequately.

Resources are extracted from nature and enter the socio -economic system. Raw
materials, energy carriers, and water are processed and transformed duri ng economic
production along economic sectors ( linkto MRIOT in  AnnexA)and are fi nal ly fAconsumed
in the different final demand categories (see 10 table description) such as households or
governments. In the consumption or final use phase, products are e ither adding up to
stocks (anthropogenic stocks) or used up and at the end of societal use transformed to

wastes and emissions , Which are given back to the natural system. Wastes and
emissions are the outputs to nature and thus the output component of soci ety -nature
interactions.

Resource use, i.e. extraction and management as described above, directly takes place

at the society -nature interface. These activities have a further impact on the natural

system by changing or interfering into natural cycles and processes , which has an effect
on ecosystem functioning and thus the services provided by ecosystems. These
ecosystem services are therefore linked and directly influenced by socio -economic
activities. Four categories of ecosystem services are differentia ted: provisioning,
regulating, cultural and supporting services (MA 2005) . In the following the  se are linked
to the resource use activities described above.

The biomass stock available for socio -economic extraction is a provisioning service by

ecosystem s. Regulative ecosystem services reduce environmental change by regulating
the climate, control p ests and diseases (biocontrol) or regulate soil functions etc.
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(Cardinale et al. 2012) . Through these functions, regulative services are responsible for
absorbing wastes and emissions that emerge in the socio -economic production and
consumption processes and reintegrating those to natural cycles (sink function of the
socio - natural interaction). Cultural services are provided by natural space available for
recreational facilities and tourism, aesthetic appreciation, inspiration and educational
purposes (MA 2005, chapter 3). Cultural secetythatces ar e
also produce economic value. Supporting services, such as net primary production or soil

formation describe the basic functioning of ecosystems and by that are a measure for

ecosystem health; supporting services can be seen as the basis enabl ing for ecosystem
services provided to societies. The resilience of ecosystems is strongly connected to
human health and viability. Supporting services are necessary in a way that without

them ecosystems are not able to provide the other three categories o f ecosystem
services.

Again, these ecosystem services are not distinct categories, but links exist and trade -offs
occur between the different categories of ecosystem services due to transformation of

ecosystem : e.g. increasing fishing is achieved at the ¢ ost of changes in the food web
structure and the  regulation of trophic cascades (Pereira et al. 2010)

Figure 2: Conceptual framework for the sustainable indicator set on resource use
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Resource use, i.e. all the activities right at the interface between society and nature, is

considered as pressure on the environment; this applies to resou rce extraction (inputs
to the socio -economic system ; nature is used as a source for natural resources ) as well
as to wastes and emissions  released to the natural environment (outputs ; nature is used
as a sink for outputs, the used resource is the absorptio n capacity of ecosystems ). Often
also the underlying socio -economic production or even consumption (or lifestyle)
patterns are considered pressures. Resource use on the input side and wastes and
emissions on the output side are measured in physical quantit ies without any weighting.
Pressures are thus a quantitative description of the physical metabolism of societies.

Socio -economic systems interact with the natural system but also perform transboundary

activities with other socio  -economic systems, mostly de  scribed by imports and exports.

The structure and characteristics of the socio -economic system, its economic processing,

and household consumption patterns are considered driving forces (drivers ), which are
strongly shaped by the cultural, political, and economic context they are embedded in.
Final demand and societal consumption is about satisfying different social and individual

needs, often termed activities such as nutrition, housing, heating, mobility (Hattler et al.
1997) . The term factivities 0 in this context is  not straightforward , as these activities are
services provided by the socio -economic systems at the same time. Realising these
activities has a flow component as well as a stock component. For example road
infras tructure (stock) and fuels (flows) are needed to satisfy needs to commute. Hence,
these activities directly link to physical stocks and flows. Lifestyles, as well as cultural
and soci al characteri-ssnaipcs® & hanidivieg Tfthese meeds an d
activities. Policies are aiming at influencing socio -economic needs and activities in a
favourable way.

Responses are the decisions and choices made within the socio -economic system by
individuals or by policy makers as a response to changes in the soc ietal as well as natural
systems with the aim to adapt to these. Responses influence socio -economic production
and consumption structures, and by that the interaction with the natural system.

Responses can address driving forces or pressures; they can targ et restoration of the

state of the environment or mitigating impacts. It is not always easy to make clear
distinction between responses and driving forces.

Resource use and management activities put pressure on the natural system, its
ecosystems and ecos ystem services and thus the underlying natural state . (Note, that
changes of natural stocks also includes the biophysical sphere of societies, i.e. human

health or livestock health.) Changes of the natural state or of ecosystems considered

being most harmf ul to human societies are: biodiversity loss, land degradation or
desertification, and climate change (United Nations 2012) . The supporting ecosystem
services do capture these issues. Additional threats are: stock depletion with regard to

non -regenerative resources and several pollution issues such as: ocean acidification,
stratospheric  ozone, atmospheric aerosol loading, nitrogen (N) and phosphorus cycles,

and chemical pollution. These are threats to the regenerative ecosystem services.
Threats in relation to the non -renewable resources are resource depletion.

Impacts  can refer to comp letely different  aspects depending on the discipline and
methodology used (Maxim et al. 2009) . In socio -economic st udies impacts mostly refer
to effects on the human system in relation to changes of environmental functions or
ecosystem services.  In bioscience, impacts refer to effects on living and non -living beings
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of ecosystems. These impacts are often termed environ mental impacts . They are
intended to add a qualitative dimension to the pure quantitative dimension of pressures

and thus aim at describing potential effects of socio -economic pressures on the natural
system. Hence, environmental impacts interpret or weigh t pressures in relation to a
certain environmental threat or planetary boundary (Rockstrom et al. 2009)

The conceptual framework and the Input - Output model

The Input -Output framework fits nicely with the above described conceptual framework

for resource efficiency indicators , as it allows for representing the environmental -
economic inter actions and their consequences in terms of environmental  pressures:
socio -economic activities are represented by the production ( primary factor inputs and
intermediate use ) and consumption (final demand) components in the IO model ,
complemented by environmental inputs (extensions). The environmental inputs enter the
production process at a certain sector and are further distributed via inter -sectoral
deliveries until they end up in one of the final demand categories. The environmental
extensions of considered in the EXIOBASE  so far include material extraction or | and use
as well as emissions (i.e. pressure indicators). Thus, the environmental extensions

represent the resource use indicators and data, i.e. pressure indicators in absolute values
(Annex A ).

Figure 3:the conceptual framework and the 10 model
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2.2 Resource efficiency indicators
In the conceptual framework we described the society -nature interactions and their
relation to the natural and the socio -economic system. All aspects of these interactions

and the effect to the two int erlinked systems cannot be covered by one single indicator,
not even by a very small number of indicators. In the following we describe a structure of
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indicators addressing resource efficiency and specific indicators therein. This result sina
quite detail ed list of possible indicators which are evaluate d in relation to their relevance ,
availability and feasibility. Out of the detailed list we select a set of indicators which we
propose as a comprehensive set of indicators adequately addressing the most imp ortant
aspects of resource efficiency. This link s to the work in the following work packages,
where it will be  further elaborated to what extent it is possible to calculate the suggested
indicators with the help of an MRIO framework.

Resource efficiency st arts from the actual society -nature interactions which are best
capture d by pressure indicator s, i.e. resource use indicators ; they include: material
use, energy use, water use (the input flows), land use (as the mediating interface), as

well as wastes and  emissions (the output flows). These resource use indicators have a

major advantage which is their direct link to both mutually interacting systems: the

socio -economic activities as well as the natural system and its processes. Resource use
has to be monit ored in absolute values in order to capture the total biophysical scale of

the socio -economic activities. The absolute scale of all biophysical flows is a necessary

measure which can be contrasted with the biophysical limits of our earth system. Finally,

resource use indicators are easily available because they are I mostly i part of standard
statistical reporting. A pragmatic reason to consider indicators on resource use is that
they are easily available in time series and are also consistent with economic thinking

and reporting and thus provide a good complement to economic reporting in monetary

units.

Resource use has to be complemented by indicators capturing the effects on both the

natural as well as the socio  -economic system. Relating resource use indi cators to the
socio -economic side i s what i s c o mmo nrésqurce t efficieneyd  Of.  woT
perspectives can be taken in this regard : relating resource use to economic products and
value added, or to the societal services provided by natural resource use (Bio Intelligence
Service (BIO 1IS) et al. 2012) . The first is about relating resource use to production
(intermediate use) or final demand. For sectors that mainly work with specific
technologies, the rel ati on between resource wuse and value adde
specific technical efficiency. In general, these relations result in various types of resource

efficiency, i.e. economic output or value added per unit of resource input or
waste/emission out put (see Figure 4). These efficiencies can be derived as direct results
of the input -output framework. GDP is the most common indicator to which resource use

is related and the GDP/resource use ratio, expressing th e economic value generated by
the amount of used resources, is well comparable to labour productivity for example.

However, also other macro, beyond GDP indicators can be applied. WP8 will work on

possible indicators complementing GDP to provide alternativ e perspectives on resource
efficiency.

The second perspective puts resource use, i.e. biophysical inputs or accumulated

outputs, into relation with the societal service generated. Services can be adequate

housing facilities, heated rooms, nutrition, possib ilities for commuting (mobility), or
electricity for running various appliances. Macro indicators for societal services cannot be

derived from the 10 framework but require additional information and data . They are also
most effective if applied on a rather detailed, even micro level such as total energy
consumption per m2 for space heating, efficiency of cars and household appliances,

bathing water quality, or calorie intake per capita.

For a full coverage of the socio -economic system, we also have to cons ider the processes
within the social or cultural system t hat fonl yo ha
These cover all social responses such as policies in the area of environmental taxes,

public procurement, agriculture and raw materials, internationa | trade and
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(eco)innovation but also health programmes and education policies contributing to

changes in knowledge and behaviour. Also issues related to resource prices are an

important part of this thematic block. All these responses are considered the so cial,
political, economi c;ma@rs 0c Wwlethd mall sfomii red al actions, w |
influence social and individual decisions or choices and thus effects resource use.

However, we have to restrict our work in DESIRE; therefore those indicators tha t do not

directly relate to resource u se, are not considered in the proposal for a set of headline

indicators. However, these type of indicators can and will be included in  a second list of
filevel -2 indicators 6 t hat compl ements and adldnted hisbof keadhe t a i | t o
indicators (more detail at the end of this chapter).

An additional perspective is obtained when different environmental extensions are put in

relation to each other (e.g. share or renewable energy in total energy consumption) or

between resource inputs and physical outputs (e.g. waste generation per material input).

Substitutions and thus shifts between different resource categories would be highlighted

with this approach. These relations are particularly relevant for recycling and reuse

issues (see below).

Figure 4: Resource efficiency indicators positioned in  the 10 model
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The natural state and ecosystems provide the foundation of the natural system, where

the societal activities are embedded and whe re they draw several services from. The
socio -economic pressures therefore have to be put into relation to the environmental
impacts on the natural state (or the health of ecosystems ) or the natural state itself in
order to capture eco -efficiency, i.e. the  efficiency of socio -economic activities in relation

to the environmental impacts. This will tell us, whether societies act and stay within
sustainable limits.  Efficiency with regard to fie nvironmental impacts 0 has a quantitative
and a qualitative  dimension . The quantitative dimension looks at the resource use in
relation to the available natural stock of the respective resource . That is for example the
timber harvested in relation to the total forest stocks. Or the copper ore extracted in

relation to the av ailable copper reserves. These questions address issues of resource
depletion and scarcity for non -renewable resources and issues of appropriating bio -
capacity in the case of renewable resources.
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Not only the quantities of resource use are of interest ; th e quality of natural stocks
matters as well and should be reflected in a concept of resource efficiency and
environmental impacts. As an example, we can measure the amount of land used in

relation to the NPP of the respective land area; or the water extrac ted in relation to its
suitability to be used as drinking water; or the ore extracted in relation to the metal
concentration in the rock; or the emission in relation to the sequestration or purification

potential etc.

The effects on the natural system are manifold and highly complex. A conceptual
framework and a set of indicators are likely to fail in terms of covering all possible links

and causal relations. We therefore suggest focusing on the main threats or
environmental problems commonly identified and a coverage of the relation between
these and resource use . According to the Millennium Ecosystem Assessment, t he three
key threats to ecosystem functioning are: climate change, land degradation, and
biodiversity loss. Pressure indicators in direct relati on to these threats are biomass
extraction, land use as well as CO2 emissions. With regard to CO2 emissions, the climate

change debate and indicator development therein is highly advanced. We can easily draw

on the indicators developed there L

Biomass use, water use and land use issues are highly interlinked and can be addressed

by indicators related to NPP such as HANPP (Erb et al. 2009 ; Haberl et al. 2012 ). High
primary production (implemented as Net Primary Production NPP) as well as high
biodiversity are cons idered as fundamental indication of intact ecosystems. Both are
threatened by land degradation and desertification. And yet, biodiversity and NPP are in
themselves strongly linked. Which indicators or which set of indicators best selected and

put in relati on to biomass extraction still need further discussion. WP 7 will develop these
issues further.

Environmental impacts can also be related to macro -economic well -being indicators or to
socio -economic services and activities. However, these relations are n ot necessarily
directly link ed to resource use. Just as for response indicators, we will not consider these
relations or efficiencies resulting from these in our proposal for a set of headline
indicators but will include them in the list of level -2 indicat ors.

! Climate change is addressed by the radiative forcing as GWP (global warming potential). At a midpoint level,
GWP is an indicator that can e.g. be linked to a sector or final demand. Furtherxctehraration makes it
possible to link the GWP to temperature changes and considers human and natural health damages. GWP
could be related to overall diseases such as thermal stress, flooding or malaria (DALY Disability Adjusted Life
Years) and to biodivsity loss in potentially disappeared fraction of species (PDF m3 year/kg CO2eq). Here,
further development of the LCIA methods is needed.
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Table 1: Proposal of resource efficiency indicators

resource efficiency

resource use resource efficiency

resource efficiency

resource efficiency
environmental
threats

Socio-political
responses

with regard to macro-
economic output and
wellbeing

with regard to
socio-economic
activities / services

pressure with regard to
“env. impacts”, ESS

quality

with regard to
“env. impacts”

[in absolute values] quantity

uses GDP or WB .
/ eneray use energy use ffuel use / stock energy concentration
DE abiot. / stock min. concentration resource depletion
efficiency in nutrition bio energy / area entropy
GDP or WB/ DMC material use
GDP or WB / RMC (DMC, RMC)
efficiency in
transport / mobility DE biom. / C stocks HANPP land degradation,
used / total land NPP remaining land-system change
policies, taxes, GDP or WB / land use land use art. / total land biodiw., ESS biodiv. loss
etc. - ;
efficiency in
housing, heating
GDP or WB water water quality, water scarcity

prices, supply
and access

well-being, life-
expect., health

efficiency in
electricity / appliances

/ water appr.

appropriation

water exploitation

e.g. eutrification

efficiency in provision of
infrastructure

Cemiss. / GDP or WB

C emissions

efficiency in provision of
durable goods

emiss / GDP ar WB

other emissions

C emiss.and
global warming
potential

C emiss. in relation to the
expected temp. rise

LCA indicators— indic. on various pollution issues
landfills / land area

water pollution

climate change

acidification
ozone
aerosol loading
N and P cycles

waste / GDP or WB wastes chemical pollution
stocks wastes
el emissions
er
rates . P
inputs

GDP or WB / env. impacts (eco-efficiency)

Table 1 summarized the ideas formulated above. It covers the pressure indicators in

absolute values (column s in yellow ) as well as the firesource efficiency 0 indicators
(columns in  yellow as well ) which result from relating resource use to macro -economic
added value (e.g. GDP) or other macro -economic well -being indicators.  The columns on
the left cover the socio -economic system Additionally to the resource efficiency
indicators that link to socio -economic macro indicators, resource efficiency can be
analysed as the relation between resource use and specific societal services provided

(column in red). This covers all the activit ies that directly deal with biophysical flows,
however no longer structured along the macro -economic 10 matri x but along societal
services. The socio -political responses (column in pink) cover the social, political,
economic, or cultural  responses .
The green columns on the right side cover the efficiency of resource use in relation to the
environmental impacts on the natural system in two dimensions, quantitatively and
qualitatively.  These environmental impacts are structured along the commonly used
enviro nmental threats  (boxes on the very right) . Thus, the environmental impacts do not

follow the 1O structure, just as the socio -economic activities  at macro level
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For a set of resource efficiency indicators, we propose to apply a 2 -level system: first, a
limited set of headline indicators should cover all resource types on the aggregate

level. These headline indicators should cover resource use, resource efficiency and
environmental impacts. These headline indicators should provide information on the
genera | development of resource efficiency on the macro level. The list of headline
indicators will be and needs to be accompanied by an extended set of indicators ( level -2
indicators ) that comprises indicators addressing specific questions within each resource

category. Level -2 indicators will include response indicators, indicators on specific
societal activities, indicators on sub -categories of resources, indicators relating
environmental impacts to societal services, etc.

2.2.1 Thresholds, threats, constraints

In the process of developing indicators or indicator sets, the first and most important

qguestion is AWhat i s t he -peliicaliprobtem identifiedathat needs tes o c i o

be monitored?0 This question defi neédcattrsaaddrnesseds t o
certain threshold, above which an undesired level of e.g. environmental degradation is

reached, gain more policy relevance.

In the area of resource use and resource efficiency,
issues occurring within the natural enviro nment such as depletion of fish stocks, increase

of GHG emissions and thus climate change, or soil degradation, just to hame a few.

iProbl emsod, however, c an -a&domowmic syseimesuch asahet h enequal c i o
distribution of resources, the risk of supply , threats to food security , geopolitical conflicts,

rising costs, the rise in living standards, th e impacts on human health, or reducing

availability of resources for future generations.

Environment al thresholds and the fAsafe operating

Socio-economic activities put pressures on the environment. In the recent past human
activities on the planet earth have reached a scale where pushing the limits further can
lead to abrupt global environmental change into an undesired state of the environment
(Rockstrom et al. 2009)

Transgressing certain environmental thresholds may have destructive consequences for

the earth system. In the widely acknowledged study #fAPlanetary Bound
the Safe Operating Space for Humanityd Rockstrom et

of planetary boundaries. The idea is that human society must remain within certain

boundaries of earth system processe s in order to operate safely. The authors identified

nine planetary boundaries based on current scientific understanding and suggest

guantifications for 7 of them. The nine boundaries are connected to the following earth

system processes: climate change, o cean acidification, stratospheric ozone, the
biogeochemical nitrogen (N) and phosphorus (P) cycle, global freshwater use, land -
system change, rate of biodiversity loss and chemical pollution. Table 2 gives an

overview of the so fa r identified relevant earth system processes and related planetary
boundaries. According to Rockstrom et al. (2009) three of the proposed boundaries have
already been transgressed: the one for climate change, for the rate of biodiversity loss,
and for chan ges in the global nitrogen cycle.
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The planetary boundary concept has been criticized in many respects. The main lines of

critique

responses to human impacts and its usefulness for

rel at e t o

t he setti

ng

of

t he

boundaries has been criticised for being arbitrary, like the ozone depletion boundary, the
land system boundary or the nitrogen and phosphorous thresholds

2009; Schlesinger 2009)
biodiversit y boundary

2009; Molden 2009; Samper 2009)

(Brewer 2009; Samper
freshwater boundary, the climate change boundary or the biodiversity boundary
. Another line of critique deals with the question of

2009)

(Bass 2009; Molina

, for being weak, like the ocean acidification boundary and the
or for being uncertain, like the

(Allen

the appropria te scale for looking at environmental or ecosystem boundaries. The
argument is that global aggregates mask continental, regional and local dynamics and
that ecosystems respond very differently to environmental impacts
2013) . Therefore the understanding of human impact on ecosystems
on the regional or local level (Ellis 2013;
operating space may be misleading, as it provokes a false sense of security and may

even
(Schlesinger 2009

prol ong

mi
; Allen 2009).

sbehavi

Brook et al. 2013

our as l ong

(Samper 2009; Ellis
should be tackled

). Finally, speaking of a safe

as a certai

Even though the concept of planetary boundaries has been criticized in many respects it

is a useful concept as it

helps to identify relevant environmental processes that may be

threatened through socioeconomic activities and it gives an idea on where the boundary
for leaving the safe side might be and on possible impacts.

In the proposal for resource efficiency indi

field of resource use and its socio

cators (see Table 1) we structured the complex

main environmental threats presented and discussed above.

Table 2: Planetary boundaries as pro

-economic drivers and environmental impacts along the

posed by Rockstrom et al. 2009 (slightly modified)

Earth System
Process

Control variable

Threshold avoided or
influenced by slow
variable

Planetary Boundary

Climate change

Atmospheric CO ,
concentration, ppm;
Energy imbalance at

Earthodés surf
2

Loss of polar ice sheets.
Regional climate disruptions.
Loss of glacial freshwater
supplies

Weakening of carbon sinks.

Atmospheric CO ,
concentration: <350
ppm (350 -550 ppm);
Energy imbalances:
+1Wm 2(+1.0Wm
2.415Wm 3

ozone depletion

concentration in the
atmosphere,0 na
regional basis

Ocean Carbonate io n Conversion of coral reefs to Sustain 080%
acidification concentration, algal -dominated systems. pre -industrial
average global Regional elimination of some aragonite saturation
surface ocean aragonite - and high - state of mean surface
saturation state with magnesium calcite -forming ocean, including
respect to aragonite marine biota. natural diel and
(' Phrag) Slow variable a ffecting seasonal variability
marine carbon sink. (080-®7 0 %)
Stratospheric Stratospheric O 3 Severe and irreversible UV -B <5% reduction from

radiation effects on human
health and ecosystems

pre -industrial level of
290 DU (5% -10%)

Atmospheric
aerosol loading

Overall particulate
concentration in the
atmosphere, on a
regional basi s

Disruption of monsoon
systems.

Human - health effects.
Interacts with climate change
and freshwater boundaries.

To be determined

Biogeochemical

P: inflow of

P: avoid a major oceanic

P: <10x (10x -100x)

boundari
policy. The setting of several

n

es,

thr
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flows; inference

phosphorous to

anoxic event (including

N: limit industrial and

with P and N ocean, increase regional), with impacts on agricultural fixation of

cycles compared with marine ecosystems N, to 35 Mt Nyr -1,
natural backgrou nd N: slow variable affecting which is ~25% of the
weathering overall resilience of total amount of N,
N: amountof N ecosystems via acidification fixed per annum
removed from of te rrestrial ecosystems and naturally by terrestrial
atmosphere for eutrophication of coastal and ecosystems ( 25% -
human use, Mt N yr ! | freshwater systems. 35%)

Global Consumptive blue Could affect regional climate <4000 km * yr~! (4000 -

freshwater use

water use, km3yr -1

patterns (e.g. monsoon
behaviour)

Primarily slow variable
affecting moisture feedback,
biomass production, carbon
uptake by terrestrial systems
and reducing b __iodiversity

6000 km % yr 1)

Land - system

Percentage of global

Trigger of irreversible and

015% of gl-ob

change land cover converted widespread conversion of free land surface
to cropland biomes to undesired states. converted to cropland

Primarily acts as a slow (15% -20%)
variable affecting carbon
storage and resilience via
changes in biodiversity and
landscape heterogeneity.

Rate of Extinction rate, Slow variable af fecting <10 E/MSY (10 -100

biodiversity loss

extinctions per
million species per
year (E/MSY)

ecosystem functioning at
continental and ocean basin
scales. Impact on many other
boundaries i C storage,
freshwater, N and P cycles,
land systems.

Massive loss of biodiversity
unacceptable for ethical
reasons.

E/MSY)

Chemical
pol lution

For example,
emissions,
concentrations, or
effects on ecosystem
and Earth System
functioning of
persistent organic
pollutants (POPs),
plastics, endocrine
disruptors, heavy
metals, and nuclear
wastes.

Thresholds leading to
unacceptable impacts on

hum an health and ecosystem
functioning possible but
largely unknown.

May act as a slow variable
undermining resilience and
increase risk of crossing other
thresholds.

To be determined
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3 Resource Efficiency indicators I
proposal and evaluation (task 4.2)

InWP 3 APolicy Analysisodo, seven existing European

focus on resource efficiency were reviewed and key data was extracted and summarized.

In the subsequent gap analysis, a so called extended gap matrix was established tha

allowed a dedication of 160 indicators to five basic categories: material use, energy use
(greenhouse gas emissions), water use and land use. A fifth category was termed further

indicators, because the vast majority of the indicators could not be allocat ed to one of
the other categories (more than 60 items, Giljum et al. 2013a ). The proposed theoretical
indic ator set presented in table 1 was further extended by the categories carbon
emissions, wastes and other emissions in order to establish a sound set of indicators
addressing resource use and resource efficiency.

While indicators on social -political drivin g forces and responses are important for
measuring sustainable development, we focus on indicators related to the environmental
pressures, impacts as well as indicators related to the natural state in this section.

3.1 Positioning of indicators in conceptual f ramework

In WP 3 indicators relevant for resource efficiency were identified. This WP 3 list of
resource efficiency indicators is amended by additional indicators recognized as relevant

by BIO IS etal. (2012) within W P 4. In a last step, these indicators are allocated to the
indicator categories developed in the conceptual framework. A long list of indicators was
trimmed down  to a final list of indicators. These indicators are allocated to the indicator
categories developed in the conceptual framework (see Table 1). The resulting list of
indicators can be found in chapter 3.4. These indicators then entered the RACER
evaluation which is described in the following section .

The case of energy and emissions deserves furt her attention, since most of the energy
and air emission indicators in the seven datasets reviewed follow the territory accounting
principle, i.e. accounting energy use and emissions that occur within the physical
boundaries of the territory. However, the energy use and air emissions related to the
combustion of energy products might differ significantly when following the accounting

rules of energy balances and emission inventories (i.e. the territory principle) or the
accounting rules of the System of Env ironmental and Economic Accounting (SEEA) on
which the input - output framework is based (European Commission et al. 2012) . Thus, we
have broadened the indicators to be evaluated with the RACER methodology in the field

of energy and separated indicators calcula ted with the territorial from the ones based on
the residence principle. A similar separation could be done for carbon and other air
emissions.

3.2 RACER evaluation of selected/relevant indicators

This list of indicators  described in chapter 3.1 has been eval uated with two frameworks:

the DPSIR cause -effect chain analysis andtheso -cal | RACHRO anal ysi s.

reveal s which indicators seem most useful to retain in an overall indicator system on
resource efficiency and thus to put in the focus of fut ure research in the DESIRE project.

Thi

Sus
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3.2.1 RACER methodology

As the European Commi ssion specified in its publicat]
(European Commission 2005) , indicators should fulfil the so -called RACER criteria. RACER

is an evaluation framework applied to assess the value of scientific tools for use in policy

making. The RACER methodology has five criteria, where RACER stands for relevant,

accept ed, credible, easy and robust:

Relevant i.e. closely linked to the objectives to be reached
Accepted e.g. by policy makers and civil society

Credible e.g. regarding methodological transparency
Easy to compile e.g. with readily available data

Robust e.g. in terms of data quality

Applying the RACER framework allows assessing the general value of scientific tools for
their use in policy making and providing an indication on the general properties and

quality standards of indicators. The RACER framework has been applied by WP 4 team
members in previous studies on indicators for the Resource Strategy for DG Environment
(Best et al. 2008; Bio Intelligence Service (BIO IS) et al. 2012) and in other research

projects (Wiedmann et al. 2009)

In order to specify and operationalize the five very broad RACER criteria for the DESIRE
project, sub -criteria were identified and allocated to each of them. In order to avoid
ambiguous evaluation results, it is important to pose only one specific question for each

sub -criterion. Furthermore, in order to support a graphical presenta  tion of the evaluation
results, a three -level scoring system will be applied, illustrated by colours: green
(criterion if completely fulfilled), yellow (criterion is partly fulfilled) and red (criterion is

not fulfilled).

Table 3 lists the sub -criteria and related questions as well as guidelines for the evaluator
concerning the allocation of green, yellow or red colours .

It is also important to emphasise that the evaluation is undertaken based on the current

pro perties of the indicators, e.g. regarding availability of methodological guideline
documents or data, and not with regard to the potential properties, e.g. the potential
availability of time -series data in the future.

Table 3:List of criteria for the ARACERO evaluati on

Criterion | Underlying question Specification of criterion

R: Relevant

R.1: Levels of Is the indicator available Data ar e available on the national and sector

economic activity for the relevant levels of level
economic activity, i.e. Data are only available on either national or
countries and sectors? sector level

R.2: Disaggregation Does the indicator allow The indicator can be used as an aggregated

of resource disaggregation of indicator or highly disaggregated into its

components environm ental components to allow specific assessments (e.g.
information in the single agricultural products or single metals in
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required detail?

material indicators)

The indi cator can be used as an aggregated
indicator and be disaggregated into major
components (e.g. aggregated land use
categories, aggregated material groups, etc.)

R.3: Rebound effects Does the indicator

capture rebound effects?

The indicator covers the whole economy and
thus captures possible rebound effects on the
macro level

The indicator covers parts of the whole
economy (e.g. all manufacturing industries)
and thus partly captures rebound effects

R.4: Global Is the indicator robus  t
perspective / Burden against burden shifting
shifting from one country/region

to another?

The indicator takes a full life
and is thus robust against shifts between
countries

The indicator includes direct trade (e.g. DMC),

-cycle perspective

but no life -cycle perspective and thusi s robust

against outsourcing only to a limited extent

R.5: Linkage to issues Does the indicator link
as scarcity & env.
impact such as scarcity or

environmental impacts

resource use and issu es

The indicator directly addresses issues such as
scarcity or environmental impacts

The indicator focuses on resource use but
allows for a link with issues such as scarcity or
environmental impacts

A: Accepted

A.1: Policy makers Is the indicator accepted
by European policy

makers?

The indicator is accepted and used by policy
makers

The indicator is known by p
not actively used

olicy makers, but

A.2: Statistics Is the indicator accepted
by statisticians and part

of official statistics?

The indicator is accepted and used by
statisticians

The indi cator is known by statisticians, but not
actively used

A.3: Business Is the indicator accepted
by representatives from

business?

The indicator is accepted and used by business
The indicator is known by business, but not
actively used

A.4: Academia Is the indicator accepted

by academic institutions?

The indicator is accepted and used by
academia
The indicator is known by academia,

but not
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actively used

|

A.5: Civil society

Is the indicator accepted
by civil society
organisations, e.g.
NGOs?

The indicator is accepted and used by civil
society

The indicator is known by civil
actively used

society, but not

C: Credible
C.1: Transparency of Are clear specifications of Full methodological specifications are available
methodology the underlying in scientifically standardised format

methodology available
(e.g. protocols,
standards, technical
descriptions ), and can
the results be easily

Methodological specifications are available, but
the results cannot be easily reproduced.

Only one methodology exists and is fully
harmonised on the international level.

A few methodol ogi cal fi'sch
calculating the indica  tor (e.g. LCA vs. input -

output analysis for upstream flows) in parallel.
No general consent is reached on which is the
best method to apply.

reproduced?
C.2: Harmonisation of Is the underlying
methodology methodology
harmonised?
E: Easy

E.1: Availability of
data to calculate the
indicator

How easily can data be
obtained to calculate the
indicator?

Data is available for free (e.g. internet
download) in appropriate formats (e.g. Excel
spread sheets; data base formats; vector
formats) without restrictions

Data is available (either in appropriate formats
(see above) or formats like pdf or hard copies),
but licence systems are applied

E.2: Availability of the
calculated indicator

How easily can the
calculated indicator be
obtained for various
users?

The indicator is available for free (e.g. internet
download) in appropriate formats (e.g. Excel
spread sheets; data base formats; vector
formats) without restrictions

The indicators is available (either in
appropriate formats  (see above) or formats
like pdf or hard copies), but licence systems
are applied

E.3: Time series

Do time series exist?
(and thus allow analysis
of historical trends as
well as provide input for
models of future
scenarios)

Data are available for a time series of 10 years
or more (or 10 specific years in a longer time
period)

Data are available for a time period of less
than 10 years (or less than 10 specific years in
a longer time period)

E.4: Technical
feasibility

Can the indicator be
calculated using standard
software or does its
calculation require

The indicator can be calculated in simple
spread sh eets without any specific software or
specific technical skills

The indicator calculation requires the use of
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specific programmes and
technical expertise?

R: Robust

specific programmes (e.g. LCA software), but
the programmes have practical user interfaces

R.1: Data quality

How solid is the data
quality of the basic data
underlying the indicator?

The underlying data is published by national or
internationa | (e.g. Eurostat) statistical
institutions or international organisations (e.g.
UN data units, OECD data units)

R.2: Accordance with
official
statistical/accounting
standards

Are the used data and
the methodology in
accordance with official
statistical/accounting
standards?

The underlying data is published by academic
institutions or other organisations (e.g.
business, NGOs, etc.)

The used data and the methodol
accordance with official statistical/accounting
standards

ogy are in

R.3: Share of
estimated data

Are the used data to a
large extent real or
estimated?

Either used data or the methodology are in

accordance with official statistical/accounting
standards, but differences can be detected in
specific aspects.

Only empirical data from statistical sources or
own data compilations are used.

The used d ata are to a large extent real.

The traditional RACER evaluation scheme reflects the current status of indicator

development. Therefore, already well

-developed indicators in terms o

f data availability

and methodological refinement generally receive higher scores in categories such as

fflacceptedo

most relevant (

and ficredi

ed0 compared to indicators,
and refined. However, indicators performing well in these categorie

s might not be the

RACER). We hence decided not to calculate one overall score (being the

average of the different RACER categories) for each indicator but to leave the categories

separated, in order to be able to identify the most relevant

for improvement in other categories.

indicators and their potentials

As a very large number of indicators potentially relevant for the DESIRE indicator system

have been identified and evaluated in Task 3 (see Annex

), the RACER evaluation  was

done in two steps. In step 1, a long list of potential indicators was evaluated using a

RACER-I i ght 0 eval uat i ongf expert .provida @ a visua mllocation of the

three colours. This first RACER screening generates an overview of the performance of

the in dicators. In a second step the focus was set on the first RACER category
(Arelevanto), as the over ahds bean to fimdfthe mbserelevanta | uat i on
indicators for the field of resource efficiency. For each category (material, water, etc.)

the mo st relevant indicator(s) has/ have been identified, followed by an analysis of

its/their performance in the other categories. It can be assumed that many of the very
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relevant indicators are those which apply the global/consumption/footprint perspective.

These indicators are often still in the process of development, resulting in a lower degree

of Apopul ari tyo, |l ess harmoni sed methods or a high i
availability and quality. The identified indicators were analysed with regard to their

respective areas of high improvement potentials. Here, also a comparison with other,

better established, indicators will be helpful to see where the lessons learnt are and how

indicator development can be enhanced.

3.3 Results of the RACER light evaluati on

As described in chapter 3.2, the analysis of the different indicators was carried out in a

two -step procedure. In the first step, the extensive list of indicators was analysed
regarding the different RACER (s ub-) categories. Therefore, the indicators were grouped
regarding the resource group (materials, energy, etc.) as well as the specific issue
(resource use, efficiency, environmental impact, etc.) in reference with the proposed
indicators in  Table 1 These related topic issues are: resource use, resource efficiency,
environmental impacts and ecosystem services. The categories analysed in the RACER
evaluation are: energy use, material use, water use, land -use, carbon a nd wastes/other
emissions. An indicator completely fulfilling the criterion received the colour green (1), a

partial fulfilment was coloured yellow (2), and red (3) was the colour if the criterion is

not fulfilled. In the following, we show an overview of the analysed indicators.

In the following, we will give a summary of the outcomes of the RACER light evaluation

with a closer look taken on the results of each resource category , the most relevant
indicators and the areas of most significant potential fo r improvement  in order to make
the indicators apt for their application in resource efficiency policies. An overview table of
the RACER light evaluation can be found at the end of this section ( Table 4).

Energy

For the resource ¢ at egory AEnergyo ten i ndi cators were sel ec
evaluation. Three additional indicators were considered relevant for the framework, but

skipped from the evaluation, as they do not exist yet. From these non - existing indicators,

theindicat or A Ener gy Footprinto deserves speci al attentio
would fully consider all up  -stream energy requirements. No indicators for the issues of
Afenvironmental i mpactsodo or fAecosystem serviceso were

As energy productivity indicator, GDP over Total Primary Energy Supply (TPES) 2 and GDP
over Total Net Energy Consumption were selected. The former follows the accounting
rules of the energy balances and is also the main indicator used by EUROSTAT, although
in terms of energy intensity, i.e. expressed as TPES/GDP. In contrast, the second one
follows the accounting rules of the SEEA. The energy productivity indicators are usually
presented on the economy -wide level, thus the level of disaggregation is limited ,

resulting in an aggregated score of 1.8 (yell ow) i n
case of DMC, energy imports are accounted for in terms of the energy content when they
cross the border, not in their primary energy equivalents. Nonetheless, the ra tio between

the imported energy product and its primary energy equivalent is likely to be much
higher than the one between materials imported and its raw material equivalents. In all
other RACER categories, TPES/GDP indicator scores well, as its two compon ents are

2TPES and GIEC (as denominated by Eurostat) are equivalerdstat(2011)
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firmly established within the European statistical system. This is not the case for Total

Net Energy Consumption/GDP since the denominator is based on energy accounts, which

have only been implemented by a few countries and are not well known to a Il the
relevant stakeholders. Nonetheless, EU Member States will have to report energy
accounts soon, which will lead to higher scores in future evaluations.

Ei ght energy indicators were evaluated in the
indicators re fer to absolute levels of energy use, i.e. Total Primary Energy Supply (TPES),

and Final Energy Consumption (FEC) based on the territory principle, and Total Net

Energy Consumption and Total Energy Requirement based on the residence principle. The

remainin g four indicators link indicators of absolute energy use, i.e. expressing the
dependency on energy imports, and the share of renewables in total energy

t hema

consumpti on. Al | the indicators generally score wel

emphasise their im portance in a European resource efficiency indicator system.
Acceptance of the resident based energy indicators is good in the statistical field, with

policy makers and academia. Nevertheless, the residence based indicators score lower
because they are rel atively new and have not been widely implemented yet. Use of
macro energy indicators is very limited in the business area, apart from the energy
dependency indicator, which also has direct implications on energy security issues for
companies in a country. Energy accounting is a well  -established field and EUROSTAT and
other institutions (such as the International Energy Agency) publish annual data on

various territory -based energy indicators. The indicators that set into relation two
different energy indicat  ors, as well as the indicators based on the resident principle are

less frequently calculated, however, for the former basic data for their calculation are

easily available from the basic energy statistics. Data quality is generally good across all

energy use indicators based on the territory principle, resulting in top scores in the
Robust criterion. For the reasons mentioned above, this is not the case for the residence -
based indicators.

Materials

For the resource category 0 Mat temat issues, i.b. sesoureea c h
efficiency, resource use, environmental impacts and ecosystem services, at least two
indicators were selected for the RACER light evaluation. An exception is the area of

of t h

ffecosystem serviceso wher e o ntorywasoevaduateel {Fish balch shed i nd

outside safe biological limits). For each issue at least one indicator reached a green
evaluation in the relevance criterion (average score lower than 1.5). Only the ecosystem

service indicator on fish catches was evaluated wi th a medium performance (yellow
colour).

Regarding the i ssue of firesource efficiencyo

t he i n

relevance ( R) criterion wer e t he materi al producti

i( GDP/ TMC) 0. Both take a gthus avaid migeading goecltidionsvoa a n d
occur

the economyds materi al producti vity (Widdmann et al.n
2013 ). However, both indicators with a global perspective score worse than GDP/DMC in

the other RACER categories, as the methodologies are not yet as well establish ed and the
data availability and quality is lower than with GDP/DMC. GDP/RMC scored slightly better

than GDP/TMC in categories, which refer to data quality and availability, in particular as

data on unused domestic extraction are still not widely available and of very diverse
quality.
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In the thematic issue of Airesource useo, sever al i n
evaluation regarding their Relevance (R), i.e. the import dependency indicator as well as
the indicators on raw material input/consumption  an d total material

requirement/consumption. The indicators on direct material flows (i.e. DMI, DMC, PTB)

scored worse in the R criterion, as these indicators are so far mostly available on the

national level only and are not robust against burden shifting, a s only direct physical
trade flows are covered. The main potentials for improvements regarding indicators on

raw material and total material flows can be seen in the level of acceptance by different
stakeholder groups, in particular regarding better embedd ing of these indicators in the
statistical system and linking them to issues of relevance for companies. For both
RMI/RMC as well as TMR/TMC, various methodological approaches are currently being

tested and harmonisation still needs to be achieved. Availab ility of data is also still lower
compared to DMC and the TMR/TMC indicators in particular suffer from an insufficient
coverage of unused materi al extraction, which |l ed to

compared to RMI/RMC.

Regardi ng t hreviirsosnunee nftea | i mpactso of material s, t he |
had a similar very good performance regarding their relevance i EMC and Macro LCA

(the latter developed by JRC). This is derived from the statement by the Resource

Efficiency Roadmap that an aggregated indicator on environmental impacts from

resource use shall be integrated on the top level of the EU indicator system once

avail abl e. The indicator fimateri al use [/ natur al sto

yet exist. EMC and Macro LCA perf ~ orm quite similarly across the other RACER categories.
Both are not well established yet and thus lack acceptance with various stakeholder
groups. As the two indicators have been proposed by specific groups (EMC:
CML/University of Leiden; Macro LCA: JRC/Is pra), the level of harmonisation is high, but
transparency of the calculations can still be improved. Both indicators score equal in the

AfEasyo criterion, with the difference that availabl e
compared to the Macro LCA indicator 1 although work on time series of the latter is

ongoing.

Finally, in the category fAecosystem serviceso the onl
outside safe biological l' i mitsd which received an a

relevanc e for the indicator framework due to its focus on only one category of biotic
resources. However, the indicator received very good evaluations throughout the other
four RACER categories, as it is well established in the statistical system and available
thr ough EUROSTAT.

Water

The evaluation for the resource category AWater o i
different issues. While three indicators had been selected for each of the issues resource

use, environmental impacts and ecosystem services, only one in dicators was analysed for

resource efficiency issue. While all indicators regarding ecosystem services reached high

scores (i. e. green with <1.5) within the relevant criteria, only one other indicator was

evaluated green in the resource use topical issue. The indicator analysed for
efficiencyd got close to it (1.6), while among the
WEI+ also received a yellow evaluation (1.6 t01.8 ).

=14
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Regarding firesource efficiencyo, for t hvay (GDPd | ysed it
water appropriation) in al most al | the AACERO categ
were identified. First, regarding the level of acceptance by different stakeholder groups,

there is still work to be done to increase the acceptance of the ind icator especially by

policy makers and businesses, as well as by civil society. Therefore, the water topic has

t o become mor e prominent . Al so when it comes t o f
improved by focussing on methodological harmonisation and documen tation of the same.

It has to be agreed upon which indicator to use to
which level of economic detail to focus on i which will also result in an increase in

acceptance. Another consequence of such a focus would be that th e indicator would be

calculated on a regular basis improving also the availability of time series. In fact, the
indicator is not very widely used yet and hence is not too elaborated.

Three indicators were analysed for i timiearlyiasiathe fAr esout
material category 1 also here the indicator taking the consumption (global perspective)

scored best. Thereby, the term Awater footprinto is |
first published by Chapagain and Hoekstra (Chapagain and Hoekstra 2013) but refers to

the general method of accounting for the water requirements along the whole production

chain. The water footprinting concept is already quite accepted among stakeholders;

however improved and aligned methodologies would help increase acceptance and

credibility. This alsodrehatwaten tobeasdmpsiaersal ong
chain is still difficult to quantify, resulting in a lack of calculated indicators and time

series. In this regard, also the data quality still has potential for improvement T asstilla

large share of the used  data is estimated due to confidentiality and other reasons.

Regarding the issue fenvironment al i mpactso, three ir
be grouped in two groups T the WEI and WEI+ tackle the topic of water scarcity while

waste water treatment i s an indicator tackling the topic of water pollution. The WEI (and

WEI+) is relevant from the point of view that they compare amounts of water

appropriated with the available water resources. Wh i |
economic act ioffarst pam dot imprbvement (  such as disaggregating into

watersheds and sectors), the main drawback is its focus on the national level i so, no

global (consumption) perspective is taken. Also, with regard to acceptance by business

the indicatodo ftcmromil Ra r wa ti easpectssurh as watensupply security

for economic activities make the indicator relevant for businesses. While both, WEI and

WEI+ still lack the availability of data of good coverage and quality, the WEI+ (being the

advanced f orm of the WEI taking into account water consumption instead of water use)

still needs to be further developed and published to increase credibility and easiness.

With regard to fAurban waste wa toaduded rfrena thenRACER , it ca
evaluation that this indicator is already very advanced. Its lack of relevance (especially

regarding the global aspect) is due to its focus on the specific and localised issue of

urban water pollution.

Finally, in the category fAecosystammreceiged the sames 0 al | t h
score. Also here, while analysing the indicators itwasobserved t hat the issue fiecos)
serviceso does not fit too well in the relevance an
guantitative material use based indicators. The sele cted indicators overall score very

good i n t he di fferent ARACERO categories. Onl vy i av

potential for improvements T especially regarding data availability and data quality.
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Land

For t he resource category fire. aefectenl forl the RAGERI lighit or s we
evaluati on. Among t he five topi c i ssues, ffenvironm
serviceso are well represented with 6 and 4 indicat

other topical issue two indicators were analysed.

Interest ingly, the three indicators, which reached a green relevance evaluation, are all
consumption -based indicators, considering burden shifting through trade. Other
indicators, highly relevant from an environmental perspective, were certified only
medium releva nce due to their regional focus and their limited level of sector and
resource detail. I n particul ar regarding the topic 7
evaluated indicators gain low scores for the relevance criteria. Highly aggregated data
and a mis sing global perspective, which make a link between biodiversity losses and
production and consumption are the main reasons for this result.

The indicators evaluated to be the most relevant (i.e. land footprint, ecological footprint

and eHANPP) in comparis on show relatively low scores in the easiness and robustness
criteria. This is also valid for the indicators related to ecosystem services and
biodiversity.

The racer evaluation shows that some of the most urgently needed indicators require

high amounts o f data from various sources, demand advanced technical skills, and still
need further development and harmonisation. Some of these shortcomings, however, are
potentially insurmountable, and policy makers might be required to deal with
uncertainties if some  of the most critical issues should be addressed by indicators. This is
particularly the case for consumption -based indicators (e.g. land footprint) and for
indicators based on complex biophysical modelling approaches (e.g. carbon content in
sails).

Carbon

The indicators for the category of i Cdie.bCOn@Ndc ont ai n
GHG emissions and their respective intensities), life cycle based indicators (  i.e. Carbon

footprint) and indicators that are the final result of complex interactions in System Earth

(i.e. atmospheric GHG concentrations and change in temperature). The territorial

indicators by definition cover all emissions of the whole economy within that territory.

This means that these indicators cover rebound effects but since they do not take a life

cycle approach, they are only partly robust against burden shifting i.e. the burden

shifting within the territory. The robustness against burden shifting is the main property

of the Carbon Footprint indicator. Although temperature change and GHG concentrations
can be measured on a local scale they cannot be disaggregated to sectors because they

are the result of complex interactions in the global system. At the same time these
indicators take rebound effects and territorial burden shiftin g into account by definition
because of their global nature.

Before this background, both indicators evalwuated for
one indicator for Airesource useo scored high with r
indicators chosen f or Afenvironment al i mpactso (AConcentratioc
emi ssionso) and for fAecosystem serviceso (AChange in

threshold for high relevance (1.5 on average).
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The two efficiency indicators AGCGHGemmssisooOnNni hnéeerwai
show a high level of acceptance, but some potential for improvements with regard to

their credibility 1 the transparency and harmonisation of the calculation methodology.

Both show a strong need for improvement in the RACER cate gories fAeasyo dand firokt

hence, a lot of work has to be invested in the improvement of data availability and

quality, as well as the availability of the calculated indicators and their accordance with

statistical standards.

The i ssue fir es owsmonredédiatsrespecislly elevant for the framework T the

Carbon Footprint. It seems that improvements are especially needed concerning its

acceptance among statisticians and academia as well as regarding the methodological

harmonisation and transparenc y . Al s o, its robustness (fARO) still
especially when thinking about data quality and accordance with statistical standards T

which is strongly related to its acceptance.

As explained above, the indicatorsacdhlhds dm Clomrc efhd m\ait i a
at mospheric GHG emi ssionso) and for flecosystem servi
scored just at the threshold for high relevance. They show most potential for

improvement with regard to their acceptance by stakeholders such as bu siness and civil

society.

Waste and emissions

For the resource category AWaste and Emissionso for
i.e. resource efficiency, resource use, and ecosystem services, at least three indicators
were selected for the RACER light evaluation (no indicators were selected for the issue

fifenvironment al i mpactso). For each i ssue at | east
evaluation in the relevance criterion (average score lower than 1.5). In the categories

firesource efficieecydeandwdréesducat ors were identifie
I n the category fAresource efficiencyo the two indic
emi ssi on intensityo and firecycling rateso. Both | a

environmental impacts thoug h. Both indicators show a high level of acceptance among
almost all the relevant stakeholders. Also, they score excellent with regard to their
easiness (availability of data and data series, etc .). Potential for improvement can be
observed especially with  regard to the harmonisation of the calculation methodology.

In the category fAresource useodo the indicators Atot al
emi ssionso were identified as relevant. Al so here, b
scarcity or envir onmental impacts, show high levels of acceptance and have their main

improvement potential in the harmonisation of the methodology.

Wi t h regard to flecosystem serviceso the only i ndic
relevance i s flexposur e of diefci ocsaytsi toennos. tTohe a mai n po
improvement lie in the transparency and harmonisation of the methodology (credibility)

as well as in the data quality.
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Table 4: Results from the RACER evaluation
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Continuation of Table

4: Results from the RACER evaluation
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ES services  |Fish catch outside safe biological limits 1.8 2 1 3 2 1 12] 1 1 2 1 1110 1 1 1.0 1 1 1 1]110]| 1 1 1
Water
Sfﬁif’:r:z; Water productivity (GDP / water appropriation) 16| 2 12| 2| 2 ]w6]l2[2]2|12]2]20] 2 2 15| 1 2 | 2120 2| 2|2
Water abstraction (green and blue water) 2.0 2 2 1 3 2 12| 1 1 2 1 1110 1 1 1.0 1 1 1 1 17| 2 1 2
Resource use |Water consumption (green and blue water) 1.8 2 1 1 3 2 18] 2 2 2 1 2120 2 2 1.8 2 2 2 1 171 2 1 2
Water footprint (green and blue wateglobal perspectivje 1.2 1 1 1 1 2 141 2 2 1 1 1 2.0 2 2 1.8 2 2 2 1 2.0 2 2 2
WEI 1.8 2 2 1 8 1 161 1 1 8 1 2 1.0 1 1 1.3 1 1 2 1 1.7 2 1 2
a’;gé’tzme”ta' WEI + 6] 2 | 2| 2| 3| 2 |as]l2[a|3]a]2]20] 2 2 | 20| 2 2 2227 2| 2| 2
Urban waste water treatment 1.8 2 1 2 8 1 12) 1 1 2 1 1] 10 1 1 1.0 1 1 1 1 10| 1 1 1
Available freshwater resources 1.5 1 1 2 2 12| 1 1 2 1 1110 1 1 1.5 2 1 2 1 17| 2 1 2
fgf\ji’gfm Chlorophyll in transitional, coastal, marine waters | 1.5 1| 2| 2 1 w4 22|22 2[zo] 2 1 |10] 1 1 | 1|1 |zofl 2| 1 |1
Nutrients in freshwaters 15 1 2 2 1 12| 1 1 2 1 1110 1 1 1.0 1 1 1 1|110]| 1 1 1
Land
Resource Land productivity 2.0 1 1 8 B8 2 20| 2 1 8 2 2110 1 1 1.0 1 1 1 1 10| 1 1 1
efficiency |Forest annual fellings as share of net annual increnfeéts | 25 | 3 | 3 | 3 1 (16l 2] 1] 3|1 1]10] 1 1 |13 1 1|2 1o 2| 1|1
Resource use Atrtificial land or built-up area 2.2 2 3) 2 3 1 12| 1 1 2 1 1115 1 2 1.0 1 1 1 1 13| 1 1 2
Land Footprint / Actual Land Demand 1.2 1 1 1 1 2 141 2 1 2 1 11|15 1 2 2.0 1 2 2 3 123] 2 3 2
Ecological Footprint 1.0 1 1 1 1 1 16| 1 3 1 2 1] 15 1 2 1.3 1 1 1 2 23| 2 3 2
Fragementation of ecosystems 2.2 2 8 2 B8 1 16| 2 1 3 1 1] 10 1 1 2.3 2 1 3 8 13| 1 1 2
(gross) nutrient balance (N and P) 16| 1 1 2 3 1 16|l 22 2|2]1]15| 1 2 |10] 1 1 1| 1 |27] 2 1 3
Environmental| HANPP 18| 1 1 2 3 2 |20l 2| 23| 1] 2]10| 1 1 | 23] 2 2 3| 2 |23] 2 3 2
impacts g0l erosion 2.0 2 8 1 B8 1 16| 1 2 3 1 1] 20 2 2 25 3 2 3 2 27| 2 3 8
eHANPP 1.2 1 1 1 1 2 20| 2 2 8 1 21 15 1 2 2.3 2 2 3 2 23] 2 3 2
Carbon content in soils 2.0 2 8 1 & 1 18] 2 2 8 1 1 2.0 2 2 2.5 2 8 8 2 2.7 2 8 8
Species diversity (Distribution & abundance) 24 3 3 2 3 1 12 1 2 1 1 11| 20 2 2 2.0 2 1 3 2 131 1 1 2
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Continuation of Table

4: Results from the RACER evaluation

Environmental|Designated areas (ha protected) 24 2 2 2 16| 1 1 2 1] 10 1.0 1.2 1 15
impacts  |common bird index 24| 2 3 3 3 1 |14 2| 1] 2] 1] 1]10| 1 1 15| 1 1 3| 1|13 1 1 2
Carbon
Resource CO2 emission intensity 14 1 1 2 2 1 141 1 2 1 1 2120 2 2 2.0 2 2 2 2 120)| 2 2 2
efficiency |GHG emissions intensity 14] 1 1| 2] 2 1 14l 2] 2] 2|1 2]20] 2 2 | 20| 2 2 |2 2|20l 2| 2 | 2
Greenhouse gas emissions 1.6 1 1 2 3 1 141 1 1 2 1 2110 1 1 1.0 1 1 1 1 10] 1 1 1
Resource use |CO2 emissions (territorial) 1.6 1 1 2 3 1 14) 1 1 2 1 2110 1 1 1.0 1 1 1 1 10| 1 1 1
Carbon footprint 12 2 1 1 1 1 141 1 2 1 2 1 2.0 2 2 1.5 2 1 1 2 20| 2 2 2
Env.impacts |Concentration of atmospheric GHG emissions 15 2 1 2 1 16| 1 2 2 1 2110 1 1 1.3 1 1 1 2 10] 1 1 1
ES services |Change in temperature 15 2 1 2 1 14| 1 1 2 1 2110 1 1 1.3 1 1 1 2 10| 1 1 1
Waste and Emissions
Air emission intensity 14 1 1 1 2 2 141 1 1 2 1 2115 1 2 1.0 1 1 1 1 13] 1 1 2
Z‘;if’:;g;‘ Waste intensity w6 2 [ 2|2 3 2 a2l 2|22 2]|2]as|] 2 2 | 10] 12 1 |2 a7l 2| 212
Recycling rates 1.4 2 1 1 1 2 12) 1 2 1 1 1 2.0 2 2 1.0 1 1 1 1 1.0 1 1 1
Total recycling amounts 14 2 1 1 1 2 12| 1 2 1 1 1] 15 1 2 1.0 1 1 1 1 10] 1 1 1
Total waste generation 1.6 1 1 1 8 2 12| 1 1 1 1 2115 1 2 1.0 1 1 1 1 10| 1 1 1
Resource use [landfills / art. land
emissions from landfills 1.8 2 1 1 3 2 14| 2 2 1 1 1] 20 2 2 1.3 1 2 1 1 13| 1 2 1
Other air emissions 1.4 1 1 1 2 2 10| 1 1 1 1 1] 15 1 2 1.0 1 1 1 1 10| 1 1 1
Exposure of ecosystems to acidification 14 2 1 1 2 1 141 1 2 2 1 11 20 2 2 15 2 1 1 2 171 2 1 2
Ecosystem Exposure of ecosystems to eutrophication 1.6 2 2 1 2 1 16| 1 2 2 1 21 20 2 2 2.0 2 2 3 1 171 2 1 2
services Exposure of ecosystems to ozone 20| 2 3 | 2] 2 1 |22l 23|22 2]20] 2 2 | 23] 3 3 | 1| 2|17] 2 1 2
Exceedance of air quality limit values in urban area$ 2.0 3 2 2 2 1 18] 1 8 2 2 1] 20 2 2 1.5 2 2 1 1 1.0] 1 1 1
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3.4 Summary of RACER evaluation

The RACER evaluation of the selected indicators highlighted two issues: first , the
relevance of an indicator differentiate s whether an indicators is already implemented or
so far only conceptualized. Second, the RACER evaluation tested whether an indicator

has potential for further improvement of acceptability, clarity of methods, easiness of

data availability and compilation techniques, and robustness of data quality and the
consideration of important issues such as the rebound effect and burden shifting.
Indicators might be highly relevant but need further development or there might be good

indicators that lack relevance for resource efficiency. Table 5 summarizes the results
according to these two dimension.
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Table 5: Set of Resource Efficiency Indicators. Relevance and need for further

development
resource use env. impact env. impact
quantity quality and ESS

fuel use / natural stock fuel use / quality of stock

resource efficiency

energy

MEWCHETS

CO2 emissions

energy footprint

mat.use / nat. stock

WESERS
other emissions

landfills / artificial land
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Legend : Colour codes: green (criterion completely fulfilled), yellow (criterion partly fulfilled), red (criterion not

fulfilled). Colour of font: re levance to resource efficiency (R) . Background colour of cell: evaluation of need for
further development (  ACER T acceptability , clarity , easiness, robustness)

Abbreviations:  res.: resident principle (i.e. global perspective), ter.: territorial focus (i.e. domestic perspective),

GDP: Gross Domestic Product, GIEC: Gross Inland Energy Consumption, TPES: Total Primary En ergy Supply,
TNEC: Total Net Energy Consumption, FEC: Final Energy Consumption, DMC: Domestic Material Consumption,

DMI: Direct Material Input, RMC: Raw Material Consumption, RMI: Raw Material Input, TMR: Total Material
Requirements, TMC: Total Material Co nsumption, PTB: Physical Trade Balance, RTB: Raw Material Trade
Balance, EMC: Environmentally Weighted Material Consumption, WEI: Water Exploitation Index, ALD: Actual

Land Demand, HANPP: Human Appropriation of Net Primary Production, eHANPP: embodied Huma
Appropriation of Net Primary Production, GHG: Greenhouse Gases, ES: Ecosystem Services



FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe Page 39 of 113

4 Consolidation of indicator set and
conv entions for calculation methods
(task 4.3)

4.1 Consolidation of indicator set

In the RACER evaluation, an extended list of indica tors was evaluated, many of those
covering overlapping areas, some of them at different stages in the indicator
development. Starting from there we selected a set of Resource Efficiency headline
indicators that are of high relevance on the macro or aggrega ted level. These headline
indicators provide information on the general development of resource efficiency on the

country level. This list of headline indicators is accompanied by an extended set of
selected indicators (level -2 indicators) that comprises i ndicators addressing specific
guestions within each resource category.

In a first step, those indicators that address specific questions on a disaggregated level

(either spatial or within a resource category) were identified and labelled as level -2
indic ators. Among those we identified: Final Energy Consumption (FEC), indicators

related to renewable energies, indicators on import dependence, trade balances, forest

fellings, urban waste water treatment, and indicators specifically related to landfills.

In a second step, we identified areas, where more than one indicator is available. From
these overlapping indicators, we selected those that scored best in the RACER evaluation.

In this selection process, the following indicators were moved to the level -2 indicator list:
total energy requirement (res.), TMR and TMC, water consumption, ecological footprint,

and greenhouse gas emissions.

Finally, we identified some indicators that are not positioned perfectly well in the

or

indicator framework. This applies to Anutrients in freshwatero f
developed as a water indicator but in fact deals with emissions to water. In that it then
overl aps with the i ndi c atAosimilaoissuefisegivanifoo PMCi EM&Etisi o n 0 .

based on DMC and thus stron gly relates to material use, however, the evaluation of
material flows in EMC is to a large extent based on outputs and their environmental
impacts. By that, EMC could also be placed in the waste/other emissions category. A

second issue is about indicators that are rather stock indicators which should be put in
relation to resource use in order to reflect resource efficiency. These state indicators are:

carbon content in soil, freshwater resources (in fact, these are incorporated in WEI),
chlorophyll in coa stal and marine waters as well as nutrients in freshwater.

The final set of indicators is given in Table 6. Each of the input categories (material,
energy, water, land) is covered by two resource use and resource efficiency indicators,
one for the domest ic (or territorial) resource use issues and another addressing global
effects of resource use. On the environmental impact side, the input categories are

rather poorly or at least not fully consistently covered. For materials and energy,
environmental impa  cts are limited to outputs from material and energy use. For water,

only the quantitative aspects are covered; no indicator on the qualitative aspects of

water use is available yet. For land, the environmental impact side is highly complex,
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crosses over to  other categories (water, biomass use covered in material use, as well as
the renewable fraction of energy use) . This also reflects in the indicators included. They
are not yet well balanced among but a list that needs further development.

With regard to  waste and emissions, the indicators on the environmental impact side in
particular are again very diverse and cover a broad variety of different impacts and
environmental problems.

Table 6: Proposed set of Resource Efficiency Indi cators (headline indicators)

resource efficiency resource use env. impact env. impact
quantity quality and ESS
. GDP or WB / TPES (ter.) fuel use/ natural stock fuel use/ quality of stock

total net energy consumption

GDP or WB / TNEC (res.)

(TNEC) (res.)
materials material productivity
DMC EMC
(GDP or WB / DMC)
material productivity
RMC mat.use / nat. stock
(GDP or WB / RMC)
water produc’IIVIt.y ) water abstraction WEI
(GDP/water appropriation)
water footprint WEI +
land productivity artificial land or built-up area (gross) nutrient balance (N and H species diversity
Land Footprint; ALD HANPP
eHANPP
CO2 emissions CO2 emission i . CO2 emissi - ntration of I . e
emission intensity emissions (ter.) heric GHG change in temperature
GHG emissions intensity carbon footprint

wastes, : e
. recycling rates total recycling amounts exposure of ES to acidification
other emissions

air emission intensity Other air emissions exposure of ES to eutrophication

waste intensity total waste generation exposure of ES to ozone

macro LCA

Legend: WB = Wellbeing  which stands for a beyond GDP indicator to be developed in WP 8

Colour codes: green (criterion completely fulfilled), yellow (criterion partly fulfilled), red (criterion not fulfilled).

Colour of fon t: relevance to resource efficiency (R). Background colour of cell: evaluation of need for further
development (ACER i acceptability, clearity, easiness, robustness)

Abbreviations:  res.: resident principle (i.e. global perspective), ter.: territorial focus (i.e. domestic perspective),
GDP: Gross Domestic Product, WB: Wellbeing, TPES: Total Primary Energy Supply, TNEC: Total Net Energy
Consumption, DMC: Domestic Material Consumption, RMC: Raw Material Consumption, EMC: Environmentally
Weighted Material Consu  mption, WEI: Water Exploitation Index, ALD: Actual Land Demand, HANPP: Human
Appropriation of Net Primary Production, eHANPP: embodied Human Appropriation of Net Primary Production,

GHG: Greenhouse Gases, ES: Ecosystem Services

DESIRE will address some o f the areas where indicator development is needed and will
provide time series data for those indicators that are already well placed. In particular,

resource use indicators on materials, energy, water, land, CO2 emissions, other
emissions are cur rently we Il covered in DESIRE. The calculation of resource use and
related resource efficiency indicators will be processed in WP 5. The global perspectives

of these indicators are not yet fully available but will be computed in WP 5 with the help
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of the EXIOBASE m odel as well. WP 8 will deal with the issue of using alternative

(de) nominators representing well -being instead of GDP in the area of resource efficiency.
Indicators on the  environmental impacts are not yet well developed and in particular
lack a good lin k to resource use and the socio -economic system . WP 7 will work on
indicators in relation to the renewable resource biomass and land and will explore their
link to biodiversity and ecosystem services . WP 6 will deal with  scarce metals and thus
will add to the indicators on  non-renewable resources and wastes emissions as well as
recycling and stocks . The implementation of the indicator compilation or development is
summarized in  Table 7.

Table 7:Implementation of resource efficiency indicators within DESIRE

Resource Env ironmental
. Resource use .
efficiency impacts
Energy WP 5, WP 8 WP 5 --
. abiotic: --
Material WP 5, WP 6, WP 8 WP 5, WP 6 o
biotic: WP 7
Water WP 5, WP 8 WP 5 --
Land WP 5, WP 8 WP 5 WP 7
CO, emissions WP 5, WP 8 WP 5 WP 5
Wastes, other emissions WP 5, WP 6 WP 5, WP 6 WP 6
4.2 Calculation methods  of IO derived indicators

This section elaborate
indicators der ived from Input

s on the methods for calculation of relevant resource efficiency
-output tables. It is intended to give some background into

the basic operations in IOA, its strengths and its weaknesses for application in the

calculation of indicators for the DESIRE framework. For a short introduction on the

traditional use of IO -tables in economics see Annex B.

4.2.1 Calculating resource efficiency indicators with
environmental extensions

Some of the resource efficiency indicators proposed in the DESIRE project can be directly

derived from the information available from the | O framework, or more specifically from
EXIOBASE. As a MRIO -based system, EXIOBASE also gives the environmental
interventions in a multi -regional environmentally extended Input -Output table (MR -

EEI O) . The structure of t he fr amewdoall dns Figuen5t e nt
below).
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Figure 5: Schematic representation of the MR -EEIO framework

region a
reglon b
region ¢

region a region b region ¢

NN

domestic input - output table for 1 region

region a

bilateral trade tables between 2 regions

factor input table for 1 region

region b

environmental extensions for 1 region

final use fo domestic produce

region ¢

final use of imported produce

environmental extensions for the use phase

DOEEOON

Even though this framework contains enough information to calculate many of the
selected indicators as, some others require ad ditional information or even additional
complex calculation methods. The following sections elaborate on this distinction and

indicate what calculation methods apply for the set of consolidated indicators presented

in section 4.1.

Indicators directly calculable with data from EXIOBASE

EXIOBASE contains three physical layers (energy, water and materials) as well as a long
list of environmental extensions like emissions, resources and material extensions. The
latter are currently available for the year 2007 per industry sector (7824 sectors) as far
as relevant:

1 Greenhouse gas emissions (in kilograms of CO 2, CHy4, N,O)

9 Polluting emissions (SOx, NOx, NH3, CO, Benzenes, Indeno (1,2,3 -cd) pyre ne,
PAHs, PCBs, PCDD_F, HCB, VOCs, PM 1o, PM,5, TSP, As, Cd, Cr, Cu, Hg, Ni, Pb, Se,
Zn, SF6, HFCs, PFCs)

1 Nitrogen and phosphorous emissions to water

1 Domestic material extraction (various types of crops, wood, metal ores, industrial
and construction minerals & fossil fuels), used and unused

1 Wwithdr awal of blue water (by the manufacturing, electricity production and
domestic use sector)

I Green and blue water consumption (by use category, for various types of
agriculture, livestock, manufacturing, electricity production and domestic
consumption)

1 Land u se (by different types of arable land, pastures and forests)

Similar to the calculation of industry requirements in monetary terms as discussed in
detail in Annex B , these factors can be calculated for environmental impacts at two levels
of detail (see Huang et al. 2009 ):
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Scope 1: Direct environmental interventions

Direct environmental interventions (for example, air emissions or material extraction) are

available for each industry without further calculations from the table of environmental

extensions (dark -greenin Figure 5 above) . One can sum the extensions for all industries

in the region, plus the interventions reported under final use (= use phase interventions),

to derive the country total. Scope 1 is a territorial perspec tive, expressing environmental
consequences, which origin within a countryés or regi

Scope 2: Total (direct plus indirect) environmental interventions

The main advantage of Input -Output models applied to environmental issues is that they

allow calculating the total direct plus indirect effects for all products and all sectors, also

those with very complex supply chains, as the whole economic system is included in the
calculation system. Input  -Output analysis thus avoids so -call ed ftnr enacatris®@ often
occurring in coefficient -based approaches, i.e. errors resulting from the fact that the

whole complexity of production chains cannot be fully analysed based on Life Cycle
Assessment approaches, where as a consequence certain up -stream chain s have to be
ficut o f f -@utputl anglysist thus avoids imprecise definition of system boundaries,

which is one key advantage over other approaches. Input -Output models also avoid
double counting, as different supply -chains are clearly distinguished from each other in
the monetary input  -output tables. Thus, a specific resource input can only be allocated

once to final consumption, as the supply and use chains are completely represented.

However, Input -Output analysis also contains some disadvantages. Wh ereas LCA -type
approaches are able to cover both upstream and downstream environmental effects, 10

accounts only for upstream inputs to the production processes and ultimately to final
consumption. Environmental consequences from the use -phase are only giv en in a single
table entry, at the intersection of the final use column and the environmental extension

row (see Figure 5 above). For CO2 emission for example, this single number includes

many types of direct emissions like those from private car use or th e emissions related to
heating our homes and drinking our soft drinks. Hence, typical use -phase oriented
indicator s, such as the fiper capita CO2 emissions f|
sectoro (i.e. part of t he EEA <cor ein tieeDESIREfWPIi 8di cat or

report) are difficult to derive from IO tables directly. In order to calculate these
indicators, the vector of private consumption would need to be split up by consumption
categories, for example following the COICOP classification, whi ch disaggregates
consumption by purpose (e.g. food, housing, transport, communication, etc.).

The application of the Leontief inverse, similar to equation 2 or 10 above, can give
insights in the total required production and the accompanying upstream environmental
consequences, using the following equation:

m=B*(l -A) l*y (11)

Where m is the total impact (e.g. total emissions in kg), B is the row -vector with
environmental extensions (e.g. CO , emissions by industry), (I -A)! is the matrix of total
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requirement coefficients, as we have seen in Error! Reference source not found.
before, and y is the final demand vector 3,

The multi -regional aspect of EXIOBASE does not change the mathematics, it just requires
more elabor ate data -handling capacities. This means that one can distinguish between
the national and foreign total indirect emissions caused by 1 dollar of final demand in

country A. A small but important side note to be
th e interventions upstream in the supply chain; interpretation can be ambiguous when

talking about land -u s e, because the term éindirectd | and
land -competition effects (see for example Lapola et al. 2010 ), which are excluded from

our 10 calculations.

From the total list of indicators evaluated with the RA CER system (see section 4.1
above), the resource efficiency indicators listed in Table 8 can typically be calculated
directly from the data available in EXIOBASE.

It shall be emphasis ed that EXIOBASE is different from other MRIO databases (such as
GTAP or EORA) because it contains physical layers at the industry level, as already
mentioned above. Therefore, EXIOBASE contains data on direct physical imports and
exports, which allow calc ulating material flow -based indicators, such as DMC, which
would not be possible to calculate with other MRIO systems without physical layers. It

also contains detailed waste data, which allows calculating specific indicators, such as
recycling rates.

Table 8: Indicators that can be calculated with EXIOBASE

Topic Indicator name Definition/Unit Remarks .O.n
calculation/conditions
Energy Energy dependency import/total use (%)
Primary energy intensity ktoe/euro
Energy use (TPES, GIEC) by tons of oil eq. GIEC = dom. extr. + exports
fuel - imports
Materials Material productivity U4 per kg DO per DMC requir

U per kg R physical layers of EXIOBASE
U per kg T (directimports and exports)

Import dependence Imports/D  MC (%)

DMI, DMC tonnes Requires using the physical
layers of EXIOBASE (direct
imports and exports)

RMI, RMC tonnes

TMR, TMC tonnes By adding unused domestic
extraction to RMI / RMC

PTB, RTB tonnes PTB requires using the
physical layers of EXIOBA SE
(direct imports and exports)

Water Water productivity U per mj
Water abstraction m3 From table of

® Similar to equation 3, the total indirect environmental interventions (€} emission} resulting from the

ma d e

us e

final demand for a single industry can be calculated. These type of indicators are found for example in the EEA

SCHndicators and carbe calculated using the following equation (wheidentifies the industry): =B * (4
A *y,
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environmental extensions

Water consumption m3 From table of
environmental extensions
Water footprint m?
Land Land productivity U per ha
Artificial land / built ~ -up area hectares
Land Footprint/ Ac  tual Land hectares
Demand
Carbon CO, emission intensity kgof CO,per
GHG emissions intensity kg of CO , equivalent
per
CO, emissions tonnes of CO ,
GHG emissions tonnes of CO ,
equivalents
Carbon Footprint tonnes of CO ,
equivalents
Waste and | Air emission intensity Kg emi s s i on| Forvarious polluting
emissions emissions
Waste intensity Kg waste p
Recycling rates % From physical supply / use
tables in EXIOBASE
Total recycling amounts tonnes From physical supply / use
tables in EXIOBASE
Total waste generation tonnes
Emissions from landfills tonnes
Emissions of air pollutants tonnes Split into total pollutants (by

sector) & 0zone precursors,
acidifying emissions,
particulate matter & HFCs.

Indicators requiring additiona

| information for their calculation

The calculation of various resource efficiency indicators which were considered relevant

(see RACER evaluation above) requires information from one or more additional datasets.
(WEI), which is expressed as the total
freshwater abstraction (available from the EEIO table) over the total available renewable

An example is the Water Exploitation Index

water resources in a region (not directly available from EXIOBASE).

Table 9 lists the

indicators which could be simply derived from EXIOBASE in combination with additional
datasets, and lists suggestions for databases where available.

Note that per

indicators which wer

-capita indicators are excluded from the list, as a large number of the

data to calculate per capita indicators.

e analysed with the RACER system can be combined with population

Table 9: Resource efficiency indicators of EXIOBASE with additional data requirements

. . _ . Additional
Topic Indicator name Definition/unit . Database
requirements
Energy
. Environmentally weighted . . LCA impact factors & .
Material . Various units . Ecoinvent
consumption (EMC) weighting schemes
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- . . LCA impact factors & Ecoinvent
Macro LCA indicator Various units . _p
weighting schemes / ELCD
Fish catch outside safe % Safe biological limits per
biological limits ° catchment area
Water Water Exploitation Index m3 use/m 3 Total renewable water
(WEI) renewable resources
Total re newable water
3 .
L m resources, disaggregated
Water Exploitation Index+ . gareg
use/consumption by water resource type
(WEI+) 3
/' m ° renewable (e.g. surface water,
precipitation)
. . . Equivalence and yield
Land Ecological Footprint m2 per capita GFN

factors

Forest annu al fellings as

a share of net annual
increment

%

Net annual increment of
forests

Indicators on impacts: a matter of characterization

Strictly taken, the environmental extensions from EXIOBASE contain only information on
the driving forces and the pressu

res acting on natural resources. As elaborated in the
DESIRE WP 3 report, resource efficiency indicators can and should cover a wider

spectrum of environmentally relevant information, which also includes state, impact and
response according to the DPSIR fr

pressures to state and

amework (Annex A; Giljum et al. 2013a
impact may be very complex, as it may involve non

translations between for example emissions, concentrations and response curves, which
are typical for the field of environmental impact assessment. In particular the Life Cycle

Impact Assessment comm

unity has made great efforts to come up with so

characterization factors, which relate the interventions (inventory, in LCA terminology) to

an impact indicator using a single characterization factor as follows:

Xx |l nventory

Data |

Environment and Sustainability 2010)

For the example of global warming, the inventory data consists of all greenhouse gas

emissions, the

chara

cterization factor (also know

concentrations and radiative forcing in a single number, accounting for the relative

effects over an assumed

time -period (usually 100 years). Similarly, pressures like land

use in different categories may be transformed into a single impact indicator, like
biodiversity loss, through characterization factors accounting for their relative effects. We

state this he

re, just to emphasize that a rich body of literature is available on

characterization of many environmental impacts in the LCA community, which may serve

the discussion on indicator calculations for the DESIRE project.

The seemingly simple solution comes
are meant to give an indication of an average impact of an average intervention, they

ignore the temporal scale and are limited in dealing with the spatial scale of
the LCIA approach does not distinguish between
a pulse and a continuous emission and in many cases relies on a single global

environmental impacts. More concretely,

at a cost, however. Where characterization factors

). Linking the
-linear

-called

QGibtar ¥ lenpatt éndidatera t |1 (BE@-JRE and Institute for

n as the Global warming potential or
GWP) expresses the contributions of the GHG emissions to temperature rise through



http://esa.un.org/unpd/wpp/unpp/panel_population.htm
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characterization factor, whereas for example acidifying emissions may cause
environmental damages depending on regional circumstanc es (e.g. background
concentrations, level of soil acidity). Fully accounting for the spatial heterogeneity in
environmental impacts may require regionalized characterization factors, or factors at an

even more detailed level (  e.g. watershed or biome). At t he side of the inventory data,
this has also been recognized, judging by the fact that water extraction data may also

become available at watershed level (11050 watersheds).

Another point of discussion is the classification of mid -point vs. end -point ind icators
(Hauschild et al. 2013) . Judging by the list of impact indicators in the consolidated
selection (see Section  4.1), this does not seem to be a pressing issue, however. The
(few) indicators requiring some form of impact calculation are listed in Table 10.

Table 10: Examples of indicator calculation methods

Topic Indicator name Calculation  method required data
Environmentall . _ . . L
. y . Various weighting options Various characterization
weighted consumption for multiple impacts factors & weighting factors
Material (EMC) pie imp ghting
- Vario eighting option Various cha racterization
Macro LCA indicator ! US.W I.g ng options ous .r . 12at
for multiple impacts factors & weighting factors
Based on NPP maps and a
Land HANPP, eHANPP relation between land use To be elaborated in WP7

and NPP appropriation

Global warming potentials

GHG emissions (k Using characterization
Carbon CO,eq) kg facto?s for CO ,, CH, and N ,0,
2€9. available fromthe  IPCC
in har rization
Acidifying emissions Using characterizatio Available from the  ICLD
factors for the
[cap. e . Handbook on LCA.
acidification potential
. The % of total sensitive .
Emissions L Characterization factors for
Exposure of ecosystems ecosystem area at risk is e
e acidifying substances are
to acidification, a compl ex measure, .
eutrophication & ozone acidifying equivalents can available from the ICLD
P 9eq . Handbook on LCA
however be derived.
Indicators that cannot be calculated based on input -output tables

For several reasons, several of the considered resource efficiency indicators cannot be
calculated with a MRIO database such as EXIOBASE. In some cases, the indicator
monitors a response or a social trend, which is not related to the drivers/pressures
addressed in the 10 table. In other cases, the level of sectoral detail does not enable the

calculation. The following Table 11 lists those indi cators which were analysed in the
RACER framework and cannot be calculated with the data contained in EXIOBASE. For
the calculation of these indicators data will have to come from different sources.

Table 11: Indicators not to be ¢ alculated with an 10 framework

Topic Indicator

Water Urban waste water treatment

Available freshwater resources



http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-2.html
http://lct.jrc.ec.europa.eu/pdf-directory/ILCD-Handbook-LCIA-Framework-requirements-online-12March2010.pdf
http://lct.jrc.ec.europa.eu/pdf-directory/ILCD-Handbook-LCIA-Framework-requirements-online-12March2010.pdf
http://lct.jrc.ec.europa.eu/pdf-directory/ILCD-Handbook-LCIA-Framework-requirements-online-12March2010.pdf
http://lct.jrc.ec.europa.eu/pdf-directory/ILCD-Handbook-LCIA-Framework-requirements-online-12March2010.pdf
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Chlorophyll in transitional, coastal and marine waters

Nutrients in freshwaters

Land

Fragmentation of ecosystems

(gross) nutrient bal  ance (N and P)

Soil erosion

Carbon content in soils

Species diversity (Distribution & abundance)

Designated areas (ha protected)

Common bird index

Carbon

Concentration of atmospheric GHG emissions

Change in temperature

Waste and Emissions

Exp osure of ecosystems to acidification

Exposure of ecosystems to eutrophication

Exposure of ecosystems to ozone

Exceedance of air quality limit values in urban areas
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5 Conclusion s

WP 4 developed a conceptual framework for resource efficiency indicator s. The
conceptual framework took its start from the gaps and needs identified in WP 3, among
those the need for indicators taking into account effects in foreign countries, the need for

a better integration of biodiversity and ecosystem services as well as the limitation of
natural stocks, and the link to the DPSIR framework. WP 4 starts with a discussion of

resource efficiency, which is better define d as resource use efficiency, and then links
resource use to the socio  -economic system and activities therei n as well as to the natural
system and its ecosystem functioning. The 10 -framework fits nicely with the described
conceptual framework. Socio  -economic activities are represented by the production and
consumption (final demand) components in the 1O model, ¢ omplemented by

environmental inputs (extensions), which enter the production process through a certain

sector. The environmental extensions represent the resource use indicators and data, i.e.

pressure indicators in absolute values. Further impacts of the Socio -economic system
onto the natural system have to be linked to the IO framework via the resource use

indicators. Resource use is thus considered the translating element between societal

activities and the natural system.

As resource efficiency i ndicat or the following categories were defined: Resource use
indicators representing pressures on the environment are considered to be crucial

because they represent the mediating flow linking socio -economic activities to natural
and ecosystem functioning. Resou rce use indicators should be looked at in absolute
values in order to capture the total scale of the society -nature interactions. Relating
resource use indicators to the socio -economic side is what is commonly
ef f i ci Eheseyelations hastwo perspectives: first, resource use related to economic
products and value added. These efficiencies can be derived as direct results of the input -
output framework. Second, resource use related to the societal services provided by
natural resource us e. Services can be adequate housing facilities, heated rooms,
nutrition, possibilities for commuting (mobility), or electricity for running various

appliances.

Linking resource use to the natural system (the impacts or the natural state) results in
indicat or s t hat are commonly termed fAenvironment al i mp
impacts have a quantitative (relating pressures to the available natural stock) and a

qualitative aspect (land use in relation to the land productivity). Besides that, the effects

on the natural system are manifold and highly complex. A conceptual framework and a

set of indicators are likely to fail in terms of covering all possible links and causal

relations. We therefore decided to focus on the main threats or environmental problem s
commonly identified and a coverage of the relation between these and resource use.

Based on this conceptual framework we developed a matrix for possible resource
efficiency indicators. This matrix is structured along the resources (energy, materials,

water, land, CO2 emissions, other wastes and emissions) and the different interaction

phases (resource efficiency, resource use, environmental impacts quantitative and
qualitative). From  an extended list of indicators we selected a set of resource efficiency
headline indicators that are most relevant and cover all categories. Among those are well

established and available indicators as well as indicators that still need further
development or even need to be designed first.
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Conclusions for further work in DESIRE

Basedon t heFrfiamewor k f or indicators ofurther veoknDESIRE ef f i ci er
will tackle the implementation and provision of the resource efficiency indicators. In

particular, resource use and related resource efficiency indicators will be processed in WP

50n AEE | O time series-rasour el dt ¢ dhe glaba pespestives

of these indicators are not yet fully available but will be computed in WP 5 with the help

of the EXIOBASE model. WP 8 ANovel ref er en cwil deal dith ¢ha issue of 0

using alternative (de)nominators representing well -being instead of GDP in the area of

resource efficiency. WP 6 will work on the abiotic materials and derived indicators.

Indicators on the environmental impacts are not yet well developed and in particular lack

a good link to resource use and the socio -economic system. WP 7 will work on indicators

in relation to the renewable resource biomass and land and will explore their link to

biodiversity and ecosystem services. WP 6 will de al with scarce metals and thus will add

to the indicators on non  -renewable resources and wastes emissions as well as recycling

and stocks. WP 9 finally will compile the developed indicators and the empirical results

and will select those indictors that can be prioritized over ot her i ndi c
double information in order to arrive at a final set of headline indicators.
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Annex A: Cornerstones of the conceptual
framework and the IO model

Resource eff iciency (RE) is about managing and using natural resources efficiently or
sustainably. Resource use is the result of socio -economic activities and their interaction
with the natural environment. Socio -economic activities directly extract natural resources

and change the natural environment and by that have effects or an impact on the natural
environment, its stocks and functioning. In these society -nature interactions (Fischer -
Kowalski and Haberl 2007) , the natural envir onment has two functions: first, it is a
source for natural resources to be used in society, and second, a sink that absorbs

societal wastes and emissions and reintegrates these substances into natural cycles.
Additionally to this metabolic function or pro visioning service as termed in the ecosystem
literature, the natural system provides some more functions to societies.

By their use, resources provide a certain service to the socio -economic system. Relating
resource use to the socio -economic service or t o the environmental burden occurring
through resource use results in resource efficiency. Depending on the variable resource

use is related to, different perspectives on resource efficiency arise (Fischer -Kowalski et
al. 2010) : resource use measured in relati on to the limited source and sink function of

the natural environment, i.e. efficient resource use as against a limited resource base or

against a limited absorption capacity. Resource use measured in relation to the societal

service, such as the efficient and equitable resource supply for people in order to provide

a specific service to society such as wellbeing. And finally resource use measured in

relation to the economic output, which is the most prominent application of resource

efficiency (e.g. GDP/ma terial use as proposed by the European Commission (2011) inthe
Roadmap to a resource efficient Europe) so far.

An implementation of resource efficiency therefore needs a clear understanding of the

system under perspective and of the interrelations between flows and system
parameters. In particular this includes the following issues, which will be discuss ed in
more detail in the following section.

i 1O Model:  The socio -economic system is defined through the Input -Output (10)
Model which will be described in the following in more detail. The 10 Model is an
economic system consisting of economic sectors (pro duction) and final demand

(consumption) and considers all flows between these.

1 Resource use: Resources enter the socio  -economic system at the point of resource
extraction or imports from other countries. Resources considered in a narrower sense
are materi als, energy, and water as well as land use related to socio -economic
activities. Resource use is linked to the IO Model via environmental extensions which
will be described in the following. Apart from this metabolic aspect of a physical input
to society, there are furthersocio -economi ¢ fiuseso of the natural sy
are managing or colonising activities (Haberl et al. 2004) that change the natural
system in order to increase the utility for societal needs. Second, the natural system
provides further services (ecosystem services) that support societal well -being. A
detailed discussion will be given in section 3.
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1 DPSIR: the causal relations between socio -economic activities

and the natural

system are best described by the DPSIR Model which will be the second foundation of
the DESIRE conceptual framework. A detailed discussion of the components and their

definition will be given in the following.
1 Stock/Flows: All relations in the IO Model as well as resource use li

established. [to be extended]

nked to it are
flows. A relation of flows to natural or socio -economic stocks is not yet well

1 Thresholds: For a discussion of impacts, natural stocks and stock changes, as well
as sustainability, we need an understanding of e cosystem functioning and relevant
natural thresholds constraining ecosystem services. Concepts on safe operating

space and implications for DESIRE will be discussed.

A definition of the socio  -economic system and the natural environment as well as the
cause effect relations will result in a conceptual framework that will be applied to
DESIRE. In a second step, we then will discuss the different perspectives on resource

efficiency and our proposal for the most relevant type of indicators that should be appl ied

or developed within DESIRE.

The | O model: What 6s inside? Describinn@utpathe econ
Tables (I0Ts)

In the DESIRE project the socio -economic system is described in terms of the Input -

Output Model developed by the EXIOPOL and the mo re recent CREEA Project. The

foundation for this model are multi -regional input -output tables (MRIOTs). As

summarized by Wiedmann
(2010) Input -output tables fAprovi de a compl et e

pei of praducts ana f the v

services sold and bought in an economy or a given year, illustrating the
interdependencies of industries and the relationship between producers and consumers.
In its general form an input -output table shows the purchases made by each sect or

the economy in order to produce their own output, including purchases of

imported

commodities (inputs) as well as the consumption of products and services by other

sectors and final consumer s, such as

private

Based on national  Supply and Use tables (SUTs), available from statistical offices, the

o)}

of

househol

EXIOPOL project compiled several global multi -regional input -output tables. Two main
variants are the industry by industry or product by product tables as described by Tukker
et al (2013) . The multi -regional tables include a full description of trade between the
regions and about 400 environmental extensions, allowing for the calculation of fa broad
range of indicators for environmental impacts including life cycle impact indicators,

material flow indicators, externalities, and land/carbon footp r i n f(Takker et al. 2013)
The development of such indicators is relevant to the aim of the DESIRE project. Because

the origin of 10Ts lies in economic accounting we start by describing the economically

relevant information in the following paragraph.

Based on the Eurostat manual of supply, use and input -output tables  (2008) , we
identified the following economic elements of the MR 10Ts:

0 The domestic input -output tables describe t he financial flows to domestic

industries or expenses on domestic products used in the intermediate

production
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process of each industry/product, in basic prices. This includes only the domestically
produced and consumed items (no exports or imports) and ex cludes any taxes or
operational surpluses.

0 The bilateral input -output tables  , which describes the products that are produced
in a foreign country and imported to be used in the intermediate production process
of each industry/product, in basic prices. Onc e the MR IOT is filled completely, the
database provides an overview of the imports as well as the exports, because both
the origin and the destination of trade flows are known.

o Factor input tables contain the value added in basic prices plus additional
economic extensions. In the EXIOPOL project the value added items are roughly
disaggregated into 1) compensation of employees 2) net taxes on production 3)
consumption of fixed capital and 4) net operating surplus. Other factor inputs
distinguished are empl oyed persons and employment hours. These should balance
with the final demand tables. This highlights the implicit assumption that the total
supply matches the total use, meaning that surpluses are re -invested and lead to
gross fixed capital formation, sho wing up in the final demand tables.

o Final demand tables , again in basic prices, contain the domestic and imported
goods and services used in a country, split up to consumption by households,
government and non -profit organizations. In addition these table s describe the
changes in inventories, valuables and fixed capital. The total value of the exports by
industry or product is not a part of the global multi -regional final demand table.
Because it is a global model all imports and export information is alre ady contained
in the intermediate and final use tables.

The level of detail in I0Ts is mostly dependent on the sectoral disaggregation into
industries or products in the intermediate consumption table. For EXIOPOL, this
comprehends 129 products/industries for 44 regions specified in the appendices. Other
IOT systems may have greater detail, as shown in the comparison with the more recent
CREEA database in the next section.

Schematic picture of the main constituents of a multi -regional input output table


























































































































































