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About DESIRE
DESIRE is a FP7 project that will develop and apply an optimal set of indicators to
monitor European progress towards resource-efficiency. The project runs from
September 2012 to February 2016. We propose a combination of time series of
environmentally extended input output data (EE IO) and the DPSIR framework to
construct the indicator set. Only this approach will use a single data set that allows for
consistent construction of resource efficiency indicators capturing the EU, country, sector
and product group level, and the production and consumption perspective including
impacts outside the EU. The project will:
•
•

•

Improve data availability, particularly by creating EE IO time series and now-casted
data
Improve calculation methods for indicators that currently still lack scientific
robustness, most notably in the field of biodiversity/ecosystem services and critical
materials. We further will develop novel reference indicators for economic success.
Explicitly address the problem of indicator proliferation and limits in available data
that have a ‘statistical stamp’. Via scientific analysis we will select the smallest set of
indicators giving mutually independent information, and show which shortcuts in
(statistical) data inventory can be made without significant loss of quality.

The project comprises further Interactive policy analysis, indicator concept development
via ‘brokerage’ activities, Management, and Conclusions and implementation including a
hand over of data and indicators to the EU’s Group of Four of EEA, Eurostat, DG ENV and
DG JRC.
Partners are:
1. The Netherlands Organisation for Applied Scientific Research (TNO), Delft,
Netherlands
2. Wuppertal Institute (WI), Wuppertal, Germany
3. Alpen Adria University - Institute of Social Ecology (UNI-KLU), Vienna, Austria
4. Institute of Environmental Sciences, University of Leiden (UL-CML), Leiden,
Netherlands
5. Sustainable Europe Research Institute (SERI), Vienna, Austria
6. Norwegian University of Technology (NTNU), Trondheim, Norway
7. Radboud University (RU), Nijmegen, Netherlands
8. Fundação da Faculdade de Ciências da Universidade de Lisboa (FFCUL), Lisbon,
Portugal
For more information contact the co-ordinator at: arnold.tukker@tno.nl
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Executive Summary
Work package 3 “Policy analysis” had three main objectives. First, to perform a
comprehensive analysis of resource policies and strategies on the national, EU and
international level, in order to identify the current needs of policy makers for resource
use and efficiency indicators. Second, to review existing indicator frameworks and third,
to match them with the indicator needs identified, in order to identify the main gaps and
derive key areas of further indicator development in the DESIRE project. The outcomes
of WP 3 thus serve as a basis for the development of a detailed indicator framework and
implementation concept in WP 4, which itself serves as the conceptual basis for the
following work packages, focusing on different types of indicators and on different
resource use categories.
Work in WP 3 was organised in three tasks. Task 3.1 identified the needs of policy
makers for indicators for purposes of target setting, monitoring and evaluation in the
field of resource efficiency, resource use and related environmental impacts. It evaluated
a large number of resource-related policy documents and initiatives as well as conducted
interviews with some key stakeholders to complement the desk research. Task 3.2
reviewed existing indicator concepts from national and international governmental and
non-governmental organisations. The indicators and the indicator concepts were
classified and structured by a set of evaluation criteria. The result of Task 3.2 is a
condensed review of the state-of-the-art in resource efficiency indicator development.
The final Task 3.3 built on the outcomes of Tasks 3.1 and 3.2 and identified areas with
existing gaps and areas, where improvements of indicators are most urgently needed
from the perspective of the implementation of EU resource policies.
Review of resource efficiency policies and indicator requirements
Resource efficiency issues have been constantly climbing up the policy agenda
around the world in recent years. This development is being driven by economic
threats and opportunities, such as increasing resource scarcity and rising competition
over strategic resources, as well as environmental considerations through expected
positive effects from de-coupling of economic growth from resource use and related
environmental impacts. The review of resource efficiency policies being currently
developed and implemented on the European level, the level of the EU Member States as
well as the international level provided a comprehensive reflection on these
developments.
Resource efficiency was defined as one of seven core policy priorities in the
context of the Europe 2020 strategy. Intensive activities are currently ongoing in the
framework of the Resource Efficiency Roadmap to define a set of policy targets for
increased resource efficiency and identify appropriate indicators for their monitoring. Also
several EU member states, most notably Germany, Austria and Finland have developed
dedicated policy strategies on resource use and resource efficiency. Also a number of
international organisations have started to include resource efficiency as a core thematic
pillar in their policy strategies, most notably OECD’s Green Growth Initiative and UNEP’s
Green Economy Initiative.
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Robust indicators play a key role in the monitoring systems of all identified
policy programmes. The evaluation of the policy documents along with the conducted
interviews with the policy experts revealed that the availability of solid indicators based
on accepted data has significantly increased in recent years. Still, further development of
indicators are required, in particular in the following thematic areas: consumption-based
(footprint-type) indicators taking a global, supply-chain perspective, resource use
indicators disaggregated by economic sectors and household consumption area,
improved indicators for water use and land use, comprehensive biodiversity indicators as
well as specific indicators covering key areas for a more resource efficient economy, such
as circular economy indicators.
Review of existing indicator sets
Various resource efficiency indicators are found across indicator sets available
for Europe. A selected number of indicator sets were evaluated in this report, including
EUROSTAT’s Environmental Data Centre on Natural Resources and Products (EDCNRP),
the EEA Core set of indicators (CSI), the Europe 2020 indicators or OECD’s
Environmental & green growth indicators. We conclude that there are large differences
between sets considering the coverage of themes, but also the coverage of indicator
types or the different locations in the DPSIR framework. Coverage of indicators on the
state of the environment is irregular, as is the coverage of policy effectiveness indicators.
Furthermore it is difficult to interpret the list of most frequently occurring indicators in
the sets, because a wide range of definitions for similar indicators is applied. Yet, it
seems striking that no single indicator on biodiversity or air pollution shows up in the
majority of the indicator sets. Furthermore, coverage of the range of indicators seems
biased towards energy and climate change, while often neglecting the global focus on
resources use by excluding water-, material- or land based footprint indicators (lifecycle-based indicators).
The categorisation of indicators is troublesome. Some published indicator typescorings of the EEA seem to be contradicting and the classification of indicators for their
location in the DPSIR framework is difficult for many socio-economic indicators. Therefore
this study made a distinction between sustainable development indicators and purely
resource efficiency indicators, and analysis on type and DPSIR classification was limited
to the resource efficiency indicators only.
There is an impressive variety of indicators and data readily available, however,
there is no single appropriate indicator set available to assess the full range of
concerns in the context of resource efficiency. The EEA Core Set of Indicators has a
high representation of resource efficiency indicators, and a balanced coverage across the
DPSIR framework, however the representation of indicator types is limited. Development
of indicator sets covering resource efficiency is a young area of research, which makes
the shortcomings highlighted in the analysis understandable, but a consistent framework
is desirable. Issues that could be addressed are the unharmonized selection and
definition of indicators, which impedes comparison between sets. Whether or not
indicator sets should be extended or definitions harmonized is a question beyond the
scope of this review. The issue could, however, be addressed in the upcoming work
packages of the DESIRE project.
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Identification of main indicator gaps and recommendations for future DESIRE
work
The final task of WP3 identified indicator gaps in the indicator sets reviewed in Task 3.2.
and in relation to the needs formulated by the policies and the interviewed experts
summarized in Task 3.1. We not only focused on the need for developing indicators that
do not yet exist or that are not yet implemented, but also discussed indicators where we
identified a gap in a clear definition of the applied indicator and thus a need for further
refinement in order to arrive at a strong and clear set of indicators.
The gap analysis revealed highest coverage for the categories of material and
energy. The majority of these indicators are in the area of domestic resource use. Just
as formulated by the experts interviewed, global resource use is only weakly covered and
for both categories no indicators on the environmental state yet exist. Despite the
plethora of pressure indicators, global energy use is not addressed at all. Likewise,
indicators of global implications on resource use are underrepresented. Water and land
use are the resource use categories where indicator development is weakest. Pressure
and environmental impacts indicators are insufficient, however indicators on
environmental state are more advanced than for materials and energy.
Based on the gap analysis, and building on the results of the other tasks, the following
list provides an overview of the most important issues that should be taken up by the
following work in DESIRE:
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 ecosystem 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 definition of “resource efficiency” is necessary.
This reflection should be linked to the debates in the beyond GDP context.
4. Not all resource categories 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. However, there is a
clear need for a better specification concerning detailed indicator metrics, such
as a clarification of the aggregation level of the indicator.
6. Consumption-based or footprint-type indicators (also named indicators addressing
global resource use) 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 pressure oriented indicator. But there are
nearly no indicators for material and energy use that refer to natural state.
8. There is a general lack of environmental impact indicators, i.e. indicators which
illustrate the various consequences of resource use for the natural environment
9. An evaluation of robustness and the further development of indicators in order to
fulfil the criteria of robustness is needed. This refers to a large number of indicators,
including those derived from Life Cycle Assessment (LCA), waste and recycling
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indicators, consumption indicators, the water indicators, indicators on ecosystem
quality and soil.
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. A review of existing literature will be provided in WP 4.
11. There is a need for nowcasting, i.e. updating time series as close as possible to
today. WP 5 will deal with this issue.
12. Biodiversity and ecosystem services are not yet well integrated. WP 4 will
develop the conceptual foundations and WP 7 will develop indicators that fill this gap.
13. Waste indicators and recycling/reuse indicators are insufficiently covered and
lack indicator development and link to the conceptual framework.
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1 Introduction to WP 3 “Policy analysis“
1.1 Objectives of WP 3
Work package 3 “Policy analysis” was the first content work package of the DESIRE
project. Its main objective was to perform a comprehensive analysis of resource policies
and strategies on the national, EU and international level, in order to identify the current
needs of policy makers for resource use and efficiency indicators. Furthermore, the
objective of WP 3 was to review existing indicator frameworks and match them with the
indicator needs identified, in order to identify the main gaps and derive key areas of
further indicator development in the DESIRE project.
The outcomes of WP 3 will serve as a basis for the development of a detailed indicator
framework and implementation concept in WP 4, which itself serves as the conceptual
basis for the following work packages, which focus on different types of indicators and on
different resource use categories.
The results of research undertaken in WP 3 will also feed into the policy-science
brokerage (WP 2), where results will be discussed with key stakeholders from major EU
policy initiatives with a strong link to resource efficiency, such as the Flagship Initiatives
on Resource Efficient Europe and Innovation Union, the Resource Efficiency Roadmap, or
the Raw Materials Initiative. Based on the exchange with the stakeholder, results from
WP 3 will be reflected and adjusted.

1.2 Structure of work in WP 3
Work in WP 3 was organised in three tasks.
Task 3.1 identified the needs of policy makers for indicators for purposes of target
setting, monitoring and evaluation in the field of resource efficiency, resource use and
related environmental impacts. It evaluated a large number of resource-related policy
documents and initiatives as well as conducted interviews with some key stakeholders to
complement the desk research. The outcome of Task 3.1 is a concise compilation of the
indicator requirements by policy makers.
Task 3.2 reviewed existing indicator concepts from national and international
governmental and non-governmental organisations including the sets of indicators used
within the policies and strategies reviewed in Task 1 or proposed within the documents
related to them. The indicators and the indicator concepts were classified and structured
by a set of evaluation criteria. The result of Task 3.2 is a condensed review of the stateof-the-art in resource efficiency indicator development.
The final Task 3.3 built on the outcomes of Tasks 3.1 and 3.2 and identified areas with
existing gaps and areas, where improvement of indicators are most urgently needed
from the perspective of the implementation of EU resource policies.
The final report of WP 3 will serve WP4 as a basis for the development of the concrete
indicator implementation framework.
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2 Review of resource policies and
identification of indicator needs
(Report from Task 3.1; lead partner: SERI)
The following Chapter 2 provides information about the European, national and
international policy context in the areas of resource use and resource efficiency. Its main
aim is to perform a review of resource policies, strategies and their development
(Chapter 2.1), including an in-depth analysis of the present needs of policy makers for
resource use and resource efficiency indicators to monitor the implementation of the
various policy initiatives (Chapter 2.2). Chapter 2.3 provides short conclusions. The
corresponding policy matrix is attached to the document as Annex 1.

2.1 Policy background
Issues related to resource use and resource efficiency have gained significant importance
in the policy agendas of the European Union, the EU Member States and in the
international policy arena. Economic threats and opportunities through resource
efficiency were at least similar important as a driver for this development then were
environmental considerations. Most important economic threats and opportunities linked
to the resource issue are the increasing scarcity of some strategic resources (such as
specific metal ores), increasing global competition over the access to resources in
resource-rich countries, high import dependency and international trade issues,
technology developments through innovation as well potentials for job creation
(European Commission 2011b, 2008a). At the same time, increased resource efficiency is
expected to lead to the de-coupling of economic growth from resource use and thus to
the alleviation of a large number of environmental problems related to natural resource
use, including climate change (European Commission 2011b).
Before entering into a more detailed discussion on the indicator requirements, this
chapter aims at introducing the policy background, summarizing the key policy
initiatives, their main objectives and their approaches to the resource efficiency issue.

2.1.1 European policy context
In the European Union, the resource efficiency issue has become a key priority for policy
makers. Already the Lisbon Strategy (European Commission 2002) and the EU
Sustainable Development Strategy (European Commission 2001a; European Council
2006) emphasized the need for a more efficient use of natural resource to ensure
sustainable growth in the future. Recently, the most visible evidence for the rising
importance of this issue is the fact that the EU declared resource efficiency as one of
seven policy priorities in its Europe 2020 strategy, which should build the ground for a
change in the EU’s economic model and towards smart, sustainable and inclusive growth
(European Commission 2011a). A number of other policy processes have influenced the
resource efficiency agenda in the past decade prior to the 2020 strategy. The most
important of those shall be briefly reviewed in the following.
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2.1.1.1 European policy processes with relevance for the resource efficiency
agenda
The 6th Environmental Action Programme (6th EAP) entitled "Environment 2010: Our
Future, Our Choice" covered the period from 2002 to 2012 and emphasized that a
strategic approach beyond strictly legislative measures was required to meet the
challenges of Europe's environmental problems (European Commission 2001b). It set its
focus on addressing the priority areas of environmental policy, including combating
climate change, stopping biodiversity loss and protecting nature, reducing environmental
impacts on health and reversing the unsustainable management of natural resources and
waste, in order to achieve more sustainable production and consumption patterns in
Europe. De-coupling resource use from economic growth through significantly improved
resource efficiency and a reduction of waste was thus regarded as an environmental
priority already in the 6th EAP (European Commission 2001b). The overall conclusion of
the final assessment was that the 6th EAP provided an important overarching framework
for environmental policy and ensured that the environmental issue was kept on the EU
policy agenda. However, at the same time, the implementation of the various initiatives
has not been ambitious and partly a failure. The operationalisation and application of the
sustainable development and environmental integration varied significantly across
countries. In many Member States, administrations and beneficiaries have struggled to
interpret the concept of sustainable development as a horizontal principle. Thus its
application has been relatively weak.
Recently, the 6th EAP has been replaced by the 7th Environmental Action Programme
(7th EAP), entitled “Living well, within the limits of our planet” (European Commission
2012d). The 7th EAP serves an umbrella for environmental policy action in Europe to
realize a new approach to economic development, by reformulating the EU Sustainable
Development Strategy and by building on a number of other strategic environmental
initiatives, including the Resource Efficiency Roadmap, the 2020 Biodiversity Strategy
and the Low Carbon Economy Roadmap. It addresses the key environmental challenges
the EU is confronted with, including the accelerating climate change, the deterioration of
eco-systems and the increased overuse of natural resources. The 7th EAP explicitly aims
to provide a definite direction and focus for EU environmental policies towards the year
2050 and determines nine priority objectives all targeted at protecting nature and
strengthening ecological resilience, upturn resource-efficient low-carbon growth and
lower environmental impacts on health. These thematic priorities should be supported by
an improved implementation of EU environment law, and better a strategy concerning
how environmental concerns are reflected in other policies.
Regarding natural resource use in particular, a key initiative was presented in 2005,
when the European Commission proposed the Strategy on the Sustainable Use of
Natural Resources, as a part of the implementation of the 6th EAP (European
Commission 2005). The main objective of the strategy was to reduce the environmental
impacts associated with resource use in a growing economy. The consumption of
resources and their associated impacts should not exceed the carrying capacity of the
environment and the linkages between economic growth and resource use should be
broken. However, clear targets, deadlines and measures were largely missing. The
evaluation of the Thematic Strategy (BIO IS 2010) revealed that the strategy generally
helped to clarify key concepts such as sustainable use of resources, decoupling, ecoefficiency, and life cycle thinking in EU policy initiatives. The strategy might have helped
to achieve increases in resource productivity and achieve relative de-coupling, however,
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was not able to break the overall trend of a growth of material use in the EU-27, which
continued to increase in a similar pace as population. Member States were also asked to
develop domestic measures and programs to achieve a sustainable use of natural
resource. In this respect, two groups of countries can be distinguished. On the one hand,
some countries have adopted a pro-active approach to manage natural resource (see
next sub-chapter), whereas many EU countries are still lagging behind regarding defining
a proper management strategy for natural resource use.
Also in 2005 the Commission published a Communication on the Thematic Strategy on
Waste Prevention and Recycling of Waste (European Commission 2011c), as well in
the context of the 6th EAP. It aimed at exploring options to integrate lifecycle thinking
into waste policy and improving information and knowledge. This has been done by
modernizing and strengthening the waste legislation and development of recycling and
waste prevention policies in the EU. It included actions taken by the Commission such as
generating statistics on waste generation and describing the ways in which waste
management can be improved. However the main thrust of the strategy was to reduce
the negative impact of waste and products. One key change in this perspective was that
every item of waste should not be seen as a source of pollution to be reduced, but also
as a potential resource to be exploited. Further the strategy focused on promoting the
recycling sector to step by step reintroducing waste into the economic cycle in the form
of quality products, while simultaneously minimizing the negative environmental impact
(European Commission 2011c).
More recent policy initiatives in the area of resource use and resource efficiency
concentrated on the foundations of future resource use and on resource management in
areas such as agriculture, water, industrial process or on certain other materials
demanding more attention, to make the way we consume and produce in Europe more
sustainable. One of these key policies is the Sustainable Consumption and
Production and Sustainable Industrial Policy Action Plan (SCP/SIP), adopted in
2008, which set the target to create a dynamic framework and to ensure EU continued
leadership in environmental performance (European Commission 2008b). This Action
Plan includes an improvement in the environmental and energy performance of products
on the market and supports consumers to buy more eco-friendly products. The mid-term
evaluation of the SCP/SIP action plan produced in 2008 (European Commission 2011d)
emphasized that the strength of rationale for action relating to sustainable consumption
and production has grown through the introduction of the action plan. Although the plan
has made a positive start on improving Commission policy making and cooperation, the
SCP/SIP action plan and its instruments lack clear targets and monitoring by proper data
and indicators, which makes a quantified evaluation difficult.

2.1.1.2 European Water Policies
Regarding EU water policies, the most recent activity by DG Environment was the
development of the Blueprint to safeguard Europe's Waters (European Commission
2012a). The aim of this initiative is to review the different water policies in place in the
European Union, to evaluate their implementation in the Member States and to identify
implementation gaps and needs for policy adaptations or the development of new policy
(aspects) in the area of water management. Among the relevant water policies included
in the review were the Water Framework Directive, the Strategy on Scarcity and
Droughts, the Nitrates Directive and others. The objective of the Blueprint is to ensure
the availability of good quality water for sustainable and equitable water use. Therefore,
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it addresses important aspects such as water stress, resilience to extreme events and the
good ecological status of the European water bodies. The policy document recognises the
need for an integration of the different aspects and approaches of water management, in
order to be able to come up with valuable economic instruments as well as the necessary
knowledge base to allow for comprehensive water governance.

2.1.1.3 EU Biodiversity Policies
The Commission recognized the need to endorse a long-term vision and ambitious
headline targets for biodiversity, since the 2010 biodiversity target set by the European
Council in Gothenburg in 2001 “to halt the decline of biodiversity in the EU by 2010” was
not met, despite some major successes, such as the establishment of Natura 2000.
Therefore, in 2012 the EU Biodiversity Strategy to 2020 was adopted (European
Commission 2011g). This new strategy aims to lay down a framework for EU action over
the next ten years, in order to meet the 2020 biodiversity headline target to halt the loss
of biodiversity and the degradation of ecosystem services in the EU by 2020, which was
set by EU leaders already in March 2010. It was also made in connection with global
commitments which were made in Nagoya in October 2010, in the context of the
Convention on Biological Diversity (CBD) by addressing global biodiversity loss over the
coming decade. National, EU and global monitoring, review and reporting obligations are
aimed to be improved and streamlined as far as possible, also in connection with
requirements under other environmental legislation. In general the strategy is built
around six mutually supportive targets focusing on the key drivers of biodiversity loss
and strives to reduce the pressures on nature and ecosystem services to help Europe to
reach its goal. Therefore each target is translated into a set of time-bound actions and
other accompanying measures.
These six targets include the full implementation of EU nature legislation to protect
biodiversity, a better protection for ecosystems, and more use of green infrastructure,
more sustainable agriculture and forestry, a better management of fish stocks, a tighter
control on invasive alien species such as a bigger EU contribution to averting global
biodiversity loss. However, it is claimed, that the real key to this issue is not this new
strategy, but, rather, the forthcoming reforms of the common policies and the
multiannual financial framework. The Council pronounced the need for a full integration
of biodiversity protection into all EU policy and strategic areas, including animal welfare,
animal health, and trade, so that the trend of biodiversity loss, the negative impacts of
EU consumption patterns and ecosystem degradation can be reduced.

2.1.1.4 Flagship and Roadmap for a Resource Efficient Europe
The most important policy initiatives to contribute to a strategic and comprehensive
approach to natural resource policies are the Flagship Initiative Resource Efficient
Europe along with the accompanying Roadmap for a Resource Efficient Europe and
the European Resource Efficiency Platform.
The Flagship and Roadmap are embedded in the Europe 2020 Strategy (European
Commission 2010a), which is the European Union’s growth strategy for the next decade,
putting its focus on maintaining a resource-efficient, low-carbon economy and
accordingly a smart, sustainable and inclusive growth. Addressing the issue of resource
efficiency so prominently in the Europe 2020 Strategy is explained by the intention to use
resource efficiency as a mean to bring major economic opportunities, improve
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productivity, drive down costs and boost competitiveness. Furthermore, environmental
improvements are expected, given that the current trends of resource use in Europe are
not sustainable and a business-as-usual future is not an option any longer.
One of the key goals of the Flagship Initiative for a Resource-Efficient Europe
(European Commission 2011a) is to provide a long term and an appropriate framework
for actions in different policy areas, assisting the policy agendas for climate change,
energy, transport, industry, raw materials, agriculture, fisheries, biodiversity and regional
development. In order to derive benefits of such a resource-efficient and low-carbon
economy, the EU states that actions must be taken urgently and that finally consumers
have to be empowered to move to resource-efficient consumption to maintain permanent
innovation and to make sure that efficiency increases. The Europe 2020 Strategy and its
Flagship Initiative thus should set the EU on the path to a transformation.
This Roadmap for a Resource Efficient Europe, adopted in 2011 (European
Commission 2011b), is supposed to define clear targets for the design and
implementation of future policy actions in the area of resource efficiency. The Roadmap
aims to create a dynamic framework of policies and actions to improve resource
productivity and detach economic growth from the use of resources and its
environmental impact by the year 2050. It should also be seen in the context of
worldwide efforts to achieve a transition towards a green economy. A special focus is put
on inconsistencies in policy and market failures, addressing prices that do not reflect the
real costs of resource use to make sure that policies are all going in the same direction.
Concerning areas of resource use most frequently addressed and the ones with the
highest environmental impact are food, housing and transport. Further, minerals, energy,
water, land and ecosystem services, including linkages between resources and the
possible utilization of waste as a resource are considered as sectors where actions
towards higher resource efficiency and more long-term innovative thinking should take
place. For instance, it proposes the definition for appropriate resource efficiency targets
by 2013, legislative measures and a methodology to identify the environmental footprint
of products (see also next chapter). Furthermore it proposes to use 'Innovation
Partnerships', to reinforce the secondary materials markets and to promote developing
payments for ecosystems services.
Moreover, the Roadmap for a Resource Efficient Europe illustrates how various relevant
policies in Europe are connected and build on each other, including the Roadmap for a
low-carbon economy, the White paper on transport and the Energy Roadmap, as well as
on the Thematic Strategy on the sustainable use of natural resources and the EU's
Sustainable Development Strategy.
The European Resource Efficiency Platform (EREP) aims to provide high-level
guidance to the European Commission, Members States and private actors with the focus
on transition to a more resource-efficient economy. It should also help improving coordination all over sectors and cause consciousness and a shared agenda of improved
resource efficiency between the EU institutions, the national governments, the local and
regional authorities, and the business and civil society. The Platform is ambitious to take
forward the recommendations on how to achieve the milestones and how to realize the
visions which are set out in the Roadmap. Further it provides advice on the policy
instruments and governance structures and suggests indicators and targets for resource
efficiency as guiding tools for economic policy-making in view of the mid-term review of
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the Europe 2020 Strategy. So a specific focus is being put on key sectors including food,
construction, transport, and finance, on the key resources which are minerals, energy,
water, land and ecosystem services, on the key policy areas and instruments and on the
international, local and regional dimension.
The members from the EREP are the European Environment Commissioner Potočnik,
Vice-President Tajani, Commissioners Hedegaard, Šemeta and Rehn, members of the
European Parliament (MEPs), ministers, business CEOs, academia and representatives of
NGOs and civil society. Their common participation and involvement leads to achieve a
better understanding of the problems, a path to find solutions to distributional issues and
set common goals to create win-win situations. The mandate of the Platform is for two
years, but it may be extended. Its activities and recent developments are communicated
via the Online Resource Efficiency Platform (OREP) which aims to bring together
business, scientists, NGOs, local and national authorities and other interested
stakeholders.

2.1.1.5 Raw Materials Initiative
In 2008 the European Commission published the Raw Materials Initiative (RMI) entitled
“The raw materials initiative — meeting our critical needs for growth and jobs in Europe”.
In the past years the lack of public awareness in Europe and a range of legislative
measures made the access to raw materials for the industry very difficult. The EU
realized that it needed to address this very important issue at the highest policy level,
since raw materials are essential for the sustainable functioning of modern societies and
in order to ensure security of raw material supply for the functioning of the EU's economy
and its competitiveness. Rapid changes in global supply and demand patterns as well as
short term shocks in key commodity and raw material markets are characteristics of the
current development trends, which are strongly driven by global economic growth,
particularly in emerging countries such as China, India and Brazil. Furthermore, many
emerging economies are pursuing industrial strategies with the aim to protect their
resource base and to generate advantages for their downstream industries (European
Commission 2011f).
Sectors including the construction, chemicals, automotive, aerospace, machinery and
equipment sectors all heavily depend on access to raw materials. In fact the EU has
many raw material deposits within their own borders, however, their exploration and
extraction are confronted with increased competition for different land uses, a highly
regulated environment, as well as technological limitations. Likewise the EU is highly
dependent on imports of strategically important raw materials which are greatly affected
by market distortions. Especially the critical dependence of the EU on certain raw
materials depicts that the path towards a resource efficient economy and sustainable
development becomes more essential also in economic terms. Therefore the EU Raw
Materials Initiative aims to support the EU to form a common approach in an
international discussion concerning raw materials, which combines various EU policies.
With the Raw Materials Initiative the EU agreed for the first time on a integrated strategy
on raw materials which is based on three main pillars. These include ensuring access to
raw materials on world markets at undistorted conditions, supporting sustainable supply
of raw materials from European sources and reducing the EU’s consumption of primary
raw materials by increasing resource efficiency and promoting recycling. Furthermore, as
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a priority action, a list of critical raw materials for the EU has been defined in cooperation with Member States and stakeholders (European Commission 2010c). The
challenges in securing sustainable supply of non-energy raw materials for the EU
economy are complex and interrelated. Therefore, a range of actions within this
framework such as a broad reflection on commodity markets, food prices and security of
food supply have been taken (European Commission 2008a).

2.1.1.6 Innovation Union
The "Innovation Union" is one of the seven flagships announced in the Europe 2020
Strategy and aims to ensure a strong, competitive, and diversified manufacturing value
chain, by setting a focal point on Small and Medium Sized Enterprises (SMEs). The
strategy aims to remain competitive on the global marketplace, to improve the quality of
life in Europe and to build a greener society. In fact, a number of EU’s Member States are
world leaders in manufacturing, creativity, design, aerospace, telecommunications,
energy and environmental technologies. However, the EU market remains fragmented
and not enough innovation-friendly, since economies are supported by some of the
world's most dynamic public services and strong traditions in social innovation.
Consequently other countries like China are catching up fast (European Commission
2010b).
Therefore, the Innovation Union is an essential investment for the future, focusing on its
challenges and exploiting its huge scientific and innovation potential. It aims to improve
conditions and access to finance for research and innovation, to ensure that innovative
ideas can be turned into products and services that create growth and jobs. In general
the Innovation Union represents a complement of other flagship initiatives, such as the
Digital Agenda, Youth on the Move and the Agenda for New Skills and Jobs. Combined
with the the Innovation Union, these aim to improve conditions for innovation, by
accelerating the roll-out of high speed internet and its applications, by securing a strong
industrial base, and also by promoting excellent education systems, modern labor
markets, and the right skills mix for Europe's future labor force. Hence the Innovation
Union plan contains over thirty actions points, with the aim to do three things.
The strategy aims to make Europe a world-class science performer and to remove
obstacles to innovation – such as expensive patenting, market fragmentation, slow
standard-setting and skills shortages – which currently prevent ideas getting quickly to
market and finally to revolutionize the way public and private sectors work together. This
can notably be realized through Innovation Partnerships between the European
institutions, national and regional authorities and business. One of these recently
founded partnerships is the Raw Materials Innovation Partnership, which aims at
exploiting the potentials of innovation to regain a role and a presence in the resource
efficient use and sustainable supply of raw materials, thus maintaining and improving the
international competitiveness of the EU industries and to ensure an efficient use of
resources in the European Union (European Commission 2012b).
Additionaly the Innovation Union introduces the strategic use of public procurement
budgets to finance innovation, a comprehensive Innovation Scoreboard based on 25
indicators and a European knowledge market for patents and licensing to also reinforce
successful existing initiatives.
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Thus the EU Member States have launched or extended policy reforms in order to make
their research and policy system more efficient and in particualr to achieve an stronger
integration of research and innovation. So far considerable benefits arise from integrating
their national research and innovation system into global and European systems to reveal
global value chains and address innovation demand from new internatioanl markets
(European Commission 2013a).

2.1.2 National policy context in EU Member States
Resource use and resource efficiency policies have also been pushed in many EU Member
States in the past few years. As the European Environment Agency pointed out in their
survey of resource efficiency policies and instruments in 31 member and cooperating
countries of the EEA network (EEA 2011c), there is not yet a common definition or
interpretation for the terms “resource” and “resource efficiency”, in part due to problems
which occur through translating the terminology into different languages. However,
interpreting the term “resource efficiency, most of the countries encounter difficulties,
especially when it is linked to “sustainable consumption and production (SCP)”,
“sustainable use of natural resources”, “green economy” , etc. Yet, most countries give a
relatively general interpretation for “resource efficiency” which mainly includes raw
materials, energy sources, biomass, waste, land and soil, water and biodiversity and
stands widely in accord with the European Commission's interpretation.
Only a few EU countries, notably Germany, Austria and Finland, have already established
a dedicated strategic policy document for resource efficiency in response to a number of
commitments at the EU level such as the EU 2020 Strategy.

2.1.2.1 Germany’s Resource Efficiency Programme (ProgRess)
Concerned with the uncertainty surrounding the availability of some resources which is
correspondingly putting a strain on its economy as well as the environmental impacts,
the German Government, active in the resource efficiency field since 2002, introduced its
latest resource efficiency programme (ProgRess) in 2012 (BMU 2012). ProgRess
addresses abiotic materials and identifies crude oil, cobalt and heavy rare earth materials
as some of the key raw materials of concern. With this strategy, the German Government
declared itself ready to assume a pioneering role to demonstrate to the international
community that a highly developed country can increase its resource efficiency without
detrimental impacts on prosperity. It plans to achieve this through the target of doubling
raw material productivity until 2020 compared with 1994 levels. In support of this, the
Parliamentary Advisory Council for Sustainable Development has also made a
recommendation that targets for the development of resource productivity to 2030 and
2050 be established in the course of updating and improving the German sustainability
strategy.
The resource efficiency targets are set to be achieved through a series of complementary
measures that address the entire value chain such as securing sustainable raw material
supplies, making consumption more resource efficient and enhancing resource efficient
closed cycle management. Furthermore, the programme inter alia mandates for the
provision of efficiency advice for small and medium-sized enterprises; taking greater
account of resource aspects in standardisation processes; placing greater focus on the
use of resource-efficient products and services in public procurement; enhancing closed
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cycle management and increasing the transfer of technologies and knowledge to
developing countries and emerging economies.
The German government has decided that it will report every four years on the
development of resource efficiency in Germany, assess progress and continue and update
the Resource Efficiency Programme accordingly.

2.1.2.2 Austria’s Resource Efficiency Action Plan (REAP)
The Austrian Environment Ministry introduced its “Resource Efficiency Action Plan (REAP)
in January 2012 (BMLFUW et al. 2011). The Plan aims to decrease resource consumption
absolutely and to increase resource productivity by a factor of 4-10 until 2050. As an
interim measure the REAP aims to increase resource efficiency in Austria by a minimum
of 50% to 2020 in comparison with 2008 levels. REAP deals with both abiotic and biotic
resources, i.e. materials such as biomass, fossil fuels, metallic and non-metallic minerals.
The main motivation of the Action Plan is to reduce Austrian resource use and to
embrace the opportunities that arise for the environment, economy and society through
resource efficiency. This is part of Austria’s efforts to ensure sustainable resource
provision which in turn inter alia they hope will lead to the development of new markets
and the creation of “green jobs“.
The Austrian Government has stated that it views the REAP as a long-term framework
with opportunities to review progress along the way. The first implementation phase
began in 2012 and will finish in 2013. By 2014, therefore, a REAP progress report is
planned that will assess the progress under the first phase for effectiveness as well as
identify new areas for action (BMLFUW et al. 2011).

2.1.2.3 Finland’s Natural Resources Strategy
Finland’s stated vision in its Natural Resources Strategy, is that through the intelligent
use of its natural resources it is “thriving and leading the way” by 2030. The Natural
Resources Strategy was developed in 2008/2009 to aid Finland to enhance the material
cycle within the national economy in order to reduce associated burdens on the
environment (SITRA 2009). It further aims to create more added value and reduce
Finland’s dependency on imported natural resources, thereby ensuring that raw materials
from the international market remain available.
The Vision is to be realised through four key strategic goals, namely:
1. Finland has a thriving bio-economy generating high added value.
2. Finland utilises and recycles material flows effectively.
3. Regional resources generate both national added value and local wellbeing.
4. Finland takes initiatives and leads the way on natural resource issues.
Future objectives of the strategy require it to prepare a resource efficiency programme
which addresses and develops methods that integrate resource efficiency. The Strategy
also states that systems such as product labelling systems should be based on material
flows and life cycle analyses should be created and applied for evaluating both energy
and material solution. The strategy also prescribes that cycles should be closed and
restored also outlining that businesses should be supported to increase their resource
efficiency through means such as subsidies and taxation support, economic incentives
provided to encourage firms to participate in energy efficiency agreements as well as
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utilise technologies and life cycle planning to enhance material and energy efficiency, the
promotion of which is particularly encouraged in the construction industry (SITRA 2009).

2.1.2.4 Activities in other EU Member States
As the EEA (2011c) emphasizes in its review, in addition to this dedicated policy
strategies, several other “economy-wide” types of strategies or action plans commonly
contain references to resource efficiency (see also policy evaluation matrix in Annex 1).
It appears that the most common were national sustainable development strategies and
national environmental strategies and action plans. In many EU Member States, a shift
can be observed from classical “environmental' policies” to more holistic resource
efficiency policies, with the objective to green the whole economy. Regarding resource
efficiency exhibiting in sectoral policies, the most frequently mentioned sectors were
energy and waste, followed by the public sector, building and construction, water
management, forestry and transport. Technological innovation, mining and quarrying,
agriculture, industry and fisheries were listed by some countries as being sectors where
actions towards higher resource efficiency are taking place.
Concerning the categories of resources most frequently addressed in national policy
programmes, the most significant are energy, waste, minerals and raw materials such as
water, followed by forests and timber, biodiversity, biomass and renewable energy
sources and a broad diversity of resources reflecting local conditions (EEA 2011c).
From the responses given by the countries on strategic objectives, targets and indicators
for resource efficiency it turned out that different directions exist in different EU
countries. Most often strategic objectives for resource efficiency seem to be defined only
in a general manner, including for example a more efficient use of natural resources,
materials and energy. Many countries highlight having strategic objectives related to
SCP, which is an indicator that they regard resource efficiency as a challenge linked to
the production-consumption system in the economy. Only a few countries actively
addressed an issue, which is in the core of the research in the DESIRE project, i.e. the
issue of global impacts and outsourcing environmental burden through international
trade. In the EEA survey, only Sweden reported having strategic objectives related to
global environmental impacts of Swedish consumption, while the Netherlands
emphasized the issue of addressing the environmental impacts embodied in international
trade.

2.1.3 International policy context
A number of relatively recent high profile “green” initiatives such as UNEP’s Green
Economy, UNIDO’s Green Industry and the OECD’s Green Growth have been
implemented in response to global and regional challenges. Those challenges include the
global financial crisis, increasing incidence of extreme events, increasing resource
scarcity and trade conflicts over access to resources with all of this occurring in the
context of a rising world population and in particular with the rise of the middle class in
the Global South. Concurrently it would seem that the world is beginning to realize that
its natural resources are finite and their accessibility, at times of diminishing availability
within the declining capacity of the world’s biosphere to absorb waste, poses huge social,
environmental and security risks. In parallel, the developing world justifiably is
demanding to increase their resource consumption to lift people out of poverty to attain a
comparable standard of living as seen in West. In this context international agencies
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have been pursuing various “green” initiatives to address these challenges. However,
significant global ambition supported by adequate resources will be required in order to
fundamentally transform the traditional resource exploitative growth paradigm.
All of the various international green industry/economy initiatives have a significant
resource efficiency focus, however the way the issue has been characterized and the way
in which it is being addressed naturally depends on the mandate of the implementing
organization. What the various initiatives all have in common though is the central role
played by resource efficiency as an essential ingredient in attaining the stated “green”
objective. They also maintain that nature and natural resources must be properly valued
and this must be reflected in any sustainable green economy initiative.
All the initiatives mentioned above avoid defining resource efficiency and resource
productivity (depending on their term of choice), however, all call for ambitious sectoral
or economy-wide action in order to achieve resource efficiency/resource productivity. No
targets are mentioned, rather the initiatives propose frameworks from the sectoral to the
economy-wide levels that could be utilized to implement green economy/green industry
initiatives. None of the initiatives discuss absolute reduction of resource use, however it
can be assumed that this is due to the poverty reduction objective of a number of
agencies such as UNEP which acknowledges that poorer countries need the
“environmental space” to increase their resource consumption as a poverty reduction
measure.
All initiatives present resource efficiency as an opportunity (a win-win situation) for all
types of economies, for example to reducing pollution in developing and middle income
countries as well as presenting opportunities for new markets. All are uniform on the
position that business as usual in terms of continued resource exploitation and the
continued exhaustion of the earth’s natural resources cannot go on forever.
Although the majority of international “green” initiatives are targeted at developing and
middle income countries, many would argue that the EU is still not doing enough to
become truly resource efficient, therefore the work being undertaken at the international
level is still very relevant at an institutional level.

2.1.3.1 UNEP Green Economy Initiative
In 2008, the United Nations Environment Programme launched the Green Economy
Initiative. UNEP defines green economy as an economy which “results in improved
human well-being and social equity, while significantly reducing environmental risks and
ecological scarcities” (UNEP 2011).
The objective of the Green Economy Initiative is to motivate policymakers to support
increased investments in environmentally significant sectors such as renewable energy,
clean technologies, energy-efficient buildings, public transport, waste management and
recycling, and sustainable management of land, water, forests, fisheries and eco-tourism.
A major operational element of a green economy approach thus is its emphasis on
shifting policies and public and private investments towards resource efficiency and clean
technologies, and strengthening ecosystem services, the natural resource base,
education, health services and institutions to ensure social protection and equity.
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One of the major outputs of the Green Economy Initiative is the Green Economy Report
which argues that greening the economy can be a new engine for growth, a net
generator of decent jobs and a necessary strategy for addressing persistent poverty and
that although “new ideas are disruptive” this will surely be less disruptive than the
current and future challenges such as drinking water and productive land scarcity,
climate change, extreme weather events and rising natural resource scarcities (UNEP
2012b).
A key focus of UNEP’s resource efficiency work is the application of the life cycle
perspective through the reduction of the environmental impacts of goods and services
with the overall objective of reducing the impacts of goods and services at every stage to
achieve well-being with less material consumption. The Initiative has a heavy
manufacturing focus and sees that resource efficiency can be achieved through the
application of the lifecycle approach and through a greater emphasis on redesign,
manufacturing and recycling (closed loop manufacturing). There is no objective of
“absolute decoupling” as UNEP acknowledges that there are some developing countries
that need the “space” to increase their resource consumption as a driver of poverty
alleviation and to increase well-being. Therefore the focus of UNEP’s work is to portray
resource efficiency as an opportunity for countries but at the same time to decouple
economic growth from resource use and environmental degradation with the overriding
objective of increasing well-being.
The Initiative characterises resource efficiency as a cross-cutting theme that can be
addressed in a wide range of areas including energy efficiency in manufacturing, housing,
materials efficiency in manufacturing and improving waste management. It not only
focuses on the production side but also examines the demand side (consumption),
particularly in relation to food. It also argues that there are untapped opportunities for
the global community to produce wealth using less material and energy resources.
To achieve the objective stated above, the initiative focuses on demonstrating the
contributions that green investments for increasing resource efficiency can make to the
growth of income and jobs, and to improved access by the poor to clean energy, safe
water and sanitation, apart from reducing environmental pressure (UNEP 2012b).

2.1.3.2 OECD Green Growth Initiative
Since 2009, the OECD has been actively discussing on a green oriented growth concept.
Many strategies around “Green Growth” are influenced by the „Green Growth
Declaration“, which the OECD Ministers adopted at their meeting in June 2009 (OECD
2009). The primary aim was to overcome the global financial crisis by “green
investments” that were part of the global investment programs.
Green Growth thus presents an alternative to the conventional economic paradigm of
resource exploitation and is built around a concept of growth that integrates concepts
such as sustainable use of natural resources including greater energy and resource
efficiency and improved natural capital as a driver of growth.
The OECD’s (2011a) definition integrates the economic growth concept with an emphasis
on the economic aspect of “natural assets”, though introducing the concept of “wellbeing.” The focus is on the continuation of economic growth, valuing natural capital with
innovation and competition issues being at the heart, although with an explicit reference

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

Page 21 of 68

to “well-being.” Thus, the OECD strategy only refers to the intersection of the economy
and the environment – so, only two of the three pillars of sustainability are addressed.
In terms of resources, their goal is to improve resource management and boost resource
productivity, with an emphasis on energy and materials, as well as the recognition of
natural capital as a factor of production. The terms “resource efficiency” and “resource
productivity” are used interchangeably without definition, however the basis of their
approach to this area is through the 3R’s (reducing, reusing and recycling) environmental
impacts can be mitigated, resource security and competitiveness can be improved.
Recently, the World Bank has also published a report on “Inclusive Green Growth” (World
Bank 2012). The World Bank states that rapid economic growth on the one hand is
necessary to meet the urgent development needs of the poor. On the other hand, growth
will be unsustainable, if it fails to be socially inclusive and resource-efficient.

2.1.3.3 UNIDO Green Industry Initiative
The Green Industry Initiative, launched by UNIDO is a sector-focussed strategy for the
manufacturing and associated sectors in developing countries to achieve a Green
Economy. Green industry is defined by UNIDO as “industrial production and development
that does not come at the expense of the health of natural systems or lead to adverse
human health outcomes” (UNIDO 2011). Its objective is the mainstreaming of social and
environmental considerations into the operations of enterprises in all countries and
regions of the world through the more efficient use of energy and raw materials,
innovative practices and applications of new green technologies. In relation to resources,
the Initiative encourages the more efficient use of energy and raw materials in
manufacturing processes and services, including material recovery, recycling, waste
treatment and management thereby contributing to cleaner industrial development
(UNIDO 2011).
The Green Industry Initiative emphasises resource efficiency and is targeting this through
a number of means. For example, it’s Resource Efficient and Cleaner Production Work
(RECP) addresses the wasteful use of resources such as materials, energy, water, waste
and emissions through preventative management strategies that encourage the more
efficient use of these resources and minimize waste and emissions. The RECP is
comprised of National Cleaner Production Centres and Programmes the work of which
addresses the optimization of the productive use of natural resources, environmental
management which supports the mitigation of impacts on the environment and nature
through reduction of wastes and emissions as well as human development objectives
(UNIDO 2011).
Green industry is particularly relevant for developing and emerging economies which are
transitioning their economies and which can either choose to go down the traditional
“brown” resource intensive path, or the greener path. Green industry is a rapidly
expanding and diverse sector that covers all types of services and technologies that help
to reduce negative environmental impacts and resource consumption. This includes
material recovery, recycling, waste treatment and management, as well as the provision
of environmental and energy consulting and services, such as energy service companies
and companies that provide monitoring, measuring and analysis services.

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

Page 22 of 68

The initiative was first announced in September 2009 by UNIDO at the International
Conference on Green Industry in Asia in Manila, Philippines. Building on the outcome of
this conference and the follow-up conference in Tokyo, Japan, in November 2011, UNIDO
and UNEP are now implementing the Initiative through a global, high-level, multistakeholder action partnership, known as the Green Industry Platform.
The Green Industry Platform (UNIDO 2012) is a high-level multi-stakeholder
partnership and collaboration between UNEP and UNIDO and a range of private and
public sector groups. The Platform „marries“ the concepts of UNEP’s Green Economy
work which has a human well-being coupled with mitigation of environmental risk focus
to its work. Whereas UNIDO’s Green Economy work focuses on the transformation of
industry and manufacturing by introducing more efficient, productive and responsible use
of new materials. Thus the Platform ties these themes together and builds on the
experience of both agencies to unite their work and the experience of a specialised range
of stakeholders with the objective of inter alia supporting sustainable development and
encourage the rapid transition to a resource efficient and green economy.

2.2 Indicator requirements of ongoing policy strategies
The main objective of Task 3.1 was to evaluate current policy papers and initiatives on
the EU, the national and the international level regarding their requirements for resource
efficiency indicators to monitor the respective policy goals. In addition to the results of
the desk study (presented in chapter 2.2.1), we also conducted telephone interviews with
selected experts, in order to receive up-to-date information not yet available on paper
(e.g. on the current discussions in the European Resource Efficiency Platform / EREP) and
to enrich the study with additional perspectives and suggestions. The summary of the
opinions on the priority areas for indicator development by the interviewed experts are
presented in chapter 2.2.2.

2.2.1 Results from the evaluation of the policy documents
A general introduction to the policy processes on the European, national and international
levels has been provided in chapter 2.1. In the following, we come back to those
strategies, but with the specific perspective on the scope and structure of the indicator
system, which is developed to assess progress towards the objectives of the various
strategies. We start with the EU Flagship and Roadmap as the most important policy
initiative.

2.2.1.1 EU Roadmap for a Resource Efficient Europe
2.2.1.1.1 The 3-level indicator system
In the Resource Efficiency Roadmap (European Commission 2011b) and its Annexes
(European Commission 2011e) a three-level system of indicators is suggested to monitor
the implementation of the Roadmap’s objectives. The three levels are illustrated in Figure
1.
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Figure 1: Three-level indicator system for monitoring resource efficiency in Europe

Source: (European Commission 2011e)
For Level 1 of the lead indicator, the Commission proposes to use the indicator “GDP
divided by Domestic Material Consumption (DMC)” to monitor the overall
development of material productivity in Europe. According to the Commission, GPD/DMC
is the best-available overarching resource efficiency indicator. However, it is explicitly
acknowledged that this indicator has several deficiencies, such as not taking a global,
supply-chain perspective and thus has limitations to illustrate outsourcing of
environmental burden to other world regions through international trade. This indicator is
stated that the mass of materials is not closely correlated to economic value, scarcity of
resources or environmental impacts of resources, thus in risk for potential
misinterpretation of the observed trends.
Thus, in order to make the monitoring and evaluation more robust, the Commission
suggests applying in parallel a set of macro-indicators, i.e. indicators on the country
level, on materials, carbon, land and water (Level 2 of the indicator system; the socalled “Dashboard”).1 In addition to the territorial perspective, those indicators should
explicitly also take a global, supply-chain perspective to illustrate Europe’s impact on
global resource use. Also current indicator work ongoing at the European Environment
Agency on natural capital indicators, such as the Landscape Ecosystem Potential
approach (EEA 2011a) and current work at JRC on developing life-cycle-based indicators
measuring the various environmental impacts of resource use (JRC 2012) shall be
integrated on level 2 as soon as those indicators are available.
As Level 3 of the indicator system, a larger set of thematic indicators is suggested to
monitor the various actions and milestones as defined in the Roadmap. Issues covered
by those indicators, for example, include (a) economic issues, such as changing
consumption patterns, supporting efficient production and supporting research and
innovation, (b) issues related to natural capital and ecosystem services, such as
biodiversity, water and clean air, (c) development in key sectors, such as food, mobility
and housing and (d) issues related to governance, such as financing resource-efficient
innovation and investment. It is acknowledged that in many fields, well-suited indicators
1

This suggestion to apply an approach of 4 key categories is partly based on earlier work
undertaken be SERI and Friends of the Earth (Giljum et al. 2009; Giljum et al. 2011).
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are not yet available and proxy indicators had to be applied. Several interviewed experts
also pointed to deficiencies in this part of the indicator set (see next chapter).
Indicators from all three levels have been suggested by the Commission in a
“Scoreboard” (European Commission 2012c).
2.2.1.1.2 Areas for further indicator development
Regarding the lead indicator, the Commission intends to replace the DMC indicator by the
Raw Material Consumption (RMC) indicator in the medium-term. In contrast to DMC, RMC
does include the materials embodied in imported and exported products and can
therefore monitor indirect effects outside the EU territory caused by European production
and consumption activities. Methodologies to calculate the RMC indicator are currently
being developed by EUROSTAT (2012) and several other academic groups (Schoer et al.
2012; Bruckner et al. 2012; Schaffartzik et al. 2009; Weinzettel and Kovanda 2009). The
results of the public consultation of the indicator approach (European Commission 2012c)
also revealed that other indicators, including Total Material Consumption (TMC) were
favoured over RMC by some stakeholders, as TMC would provide an even more
comprehensive picture through including unused domestic extraction.
Regarding the dashboard of indicators on level 2, a number of indicators are available to
be included in such a system (BIO IS et al. 2012). In its official documents, the
Commission communicates that it intends to apply or further develop the following
indicators in the categories of land, water and carbon.
Table 1: Indicators for the dashboard for current use or further development

Source: (European Commission 2012c)
The table illustrates that only very few indicators are already available. Territorial GHG
emissions and – with restrictions in time series or resolution – built-up land and the
Water Exploitation Index are the only ones, which are ready to use based on official
statistics or data from European institutions, such as the EEA. There is a particular gap
regarding indicators taking a global, supply-chain perspective; a fact that was also a
clear result from the public consultation of the suggested indicator framework (European
Commission 2012c) as well as from the expert interviews (see next section).
In addition, the Commission indicated several areas for further development, which shall
be followed up to improve the indicator system (European Commission 2012c):
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1. Land and Ecosystem Accounts: as developed by the EEA to be part of the UN
System of Integrated Economic-Environmental Accounts (SEEA). Indicators from
those accounts shall inform about the quantity and quality of ecosystems, their
structures and services.
2. Indicators on environmental impacts of resource use: work ongoing in
collaboration with JRC (2012) to develop a robust and applicable methodology to
assess the global environmental impacts related to natural resource use.
3. Environmental Footprints of products: work also in collaboration with JRC (2013)
to elaborate a harmonised methodology to assess the overall environmental
impacts of products (including the Carbon Footprint)
4. Composite Index of Environmental Pressures: an aggregated index developed in
the context of the “Beyond GDP” initiative, to communicate overall environmental
trends alongside key economic (e.g. GDP) and social (e.g. unemployment) figures
It is also explicitly stated that methods for now-casting and early estimation are urgently
needed to complement other readily available indicators, such as GDP, which are used for
annual, macro-economic, budgetary and structural policy coordination in the context of
the so-called “European semester”.

2.2.1.2 EU Water Blueprint and related water initiatives
In the Water Blueprint (European Commission 2012a), the authors also defined the
needs of the European water policy for knowledge and – resulting from it – for indicators,
which shall allow for improved policy making as well as an improved knowledge base
resulting in a productive knowledge-policy interaction. The main knowledge needs were
identified as:
1. A quantification of the costs of inaction, the development scenarios regarding the
implementation of different measures, as well as vulnerability assessments to
identify “hot spots”.
2. Costs and benefits of different measures to be implemented.
3. The potential of integrating funding instruments and sectoral policies to allow for
objective-oriented policies.
4. The establishment of the link of local or watershed-based water issues to macroeconomic policy.
5. The consideration of the different aspects at all levels: the EU as a whole, Member
States, river basins, regions, as well as economic sectors.
To increase the knowledge areas – in other words to fill the knowledge gaps – also
different needs regarding the development and application of indicators were identified:
Water exploitation / water consumption: The so far most applied indicator is the Water
Exploitation Index (WEI), together with the “Water Consumption Index” (WCI). Recently
DG Environment together with the EEA developed the WEI further into the WEI+, which
integrates aspects of the WEI (focussing on abstraction as pressure on the environment)
as well as of the WCI (which looks at the amount of water which is abstracted and not
(or only after a long time period) returned to the same watershed). Ongoing discussions
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in this field claim that both aspects of water appropriation are relevant – abstraction as
well as consumption.
Water efficiency / productivity: Being one of the four main types of natural resources
tackled in the Roadmap for a Resource Efficient Europe, the efficiency (or productivity) of
water use (and consumption) in the Member States is of high policy relevance. The
evaluation in which (economic) areas water is used how efficiently (compared especially
to the economic output) is key to understand where the leverages are to achieve a
reduction in the human appropriation of water.
Life cycle impacts: The ongoing work and discussions on the development of solid
indicators to measure and evaluate efficiency in the use of natural resources show – what
has been called for by scientists and NGOs for quite some time – that it is not enough to
focus on the territorial aspects of resource use (how much of a specific resource is used
directly within the borders of a country – including imports and exports). It has been
recognised that it is necessary to take a consumption (or supply-chain) perspective,
which takes into consideration the resources which have been used along the production
chain of the goods and services consumed in a country. This allows to more
comprehensively quantifying the actual requirement of resources. Also in the case of
water these indirect (“virtual”) flows of water have to be considered. The best-suited
“footprint”-type indicator should be identified.
Pricing / cost recovery: Already the Water Framework Directive (WFD) called for the
implementation of a water pricing tool in the MS which integrates the costs for supply
and treatment as well as the environmental impact of water (use) into the overall price.
This approach shall ensure that water resources are used more efficiently (as this saves
costs for the water user). The evaluation of the implementation of the WFD showed that
a large number of countries have not yet installed such as water pricing system.
Cost / benefit of water resources management measures: Various water management
measures are already in place, but there is a large number of policies to be developed or
implemented. It is crucial to evaluate and quantify beforehand the costs and benefits of
these measures to insure the right choice is taken and to plan in advance how to prevent
costs or increase benefits.

2.2.1.3 EU Biodiversity Strategy and related international biodiversity initiatives
At the tenth meeting of the Conference of the Parties (COP-10) to the Convention on
Biological Diversity the participants were reminded that the 2010 target for biodiversity
had not been achieved and that biodiversity loss was still occurring. It was seen as
important to move from counting the costs of environmental protection to considering
the costs of the loss of biodiversity. This was also the latest approach in The Economics
of Ecosystems and Biodiversity (TEEB) study (Russi et al. 2013). Yet another element
was the new intergovernmental platform on biodiversity and ecosystem services (IBPES)
such as the establishment of an Ad Hoc Technical Expert Group (AHTEG) on indicators to
advice on the development of a coherent framework to assess progress in relation to the
Strategic Plan for Biodiversity 2011–2020.
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The global biodiversity indicators developed and brought together by the Biodiversity
Indicators Partnership (BIP) are the primary mechanism for monitoring progress
towards the Strategic Plan and should be good for measuring the implementation of
policies, their effect on the pressures of biodiversity such as for the state of biodiversity,
and the impacts on the availability of benefits that people derive from biodiversity.

The BIP and its Partnerships aim to show the feasibility of establishing linkages between
different types of indicators to provide decision-makers with the tools they need to
effectively cope with biodiversity loss. Biodiversity indicators are then easier to
understand, to communicate and to act upon when they are linked together that
connects policies to outcomes. The indicators are operationalised in twenty Aichi
Biodiversity Targets which are organized under five strategic goals. The main strategic
goal addresses the underlying causes of biodiversity loss by mainstreaming biodiversity
across government and society. One of its considerable indicators is the Biodiversity
barometer indicator, which is a measure of the level of public awareness of biodiversity.
It measures the understanding on biodiversity and its increase represents higher
biodiversity awareness rates. Moreover there exists the Ecological Footprint
methodology, which is continuously being improved. It measures the demands that our
use of ecological assets places on the regenerative capacity of productive ecosystems.
A further goal tries to reduce the direct pressures on biodiversity and promote
sustainable use and to improve the status of biodiversity by safeguarding ecosystems.
Some indicators have been adopted including the Red List Index, the Living Planet Index,
the Wild Bird Index, the Water Quality Index for Biodiversity and many more. Improving
the status of biodiversity by safeguarding ecosystems, species and genetic diversity is
another important goal. Therefore various methodologies and indicators have been
developed at different levels to access the management effectiveness of protected areas.
Since most parties still identify a lack of financial, human and technical resources as
limiting their implementation of the Convention. Also insufficient scientific information for
policy and decision making is regarded to be an obstacle for the implementation of the
Convention. There is a focus to strengthen the benefits to all from biodiversity and
ecosystem services such as to enhance the implementation through participatory
planning, knowledge management and capacity building. Moreover in some other areas
new sets of indicators are needed, particularly to represent the wider social aspects of
biodiversity. All the parties are invited to set their own targets within this flexible
framework, by considering their national needs and priorities, but by simultaneously
having in mind the national contributions to achieve the global targets. Therefore not all
countries inevitably need to develop a national target for each and every global target.
However, the indicators for the Strategic Plan for Biodiversity 2011-2020 will be further
discussed and periodically developed during and after the eleventh meeting of the
Conference of the Parties. The Partnership is expanding in breadth, knowledge and its
membership to ensure that it can play central role in a range of processes on global,
regional and national indicator development and production. So it is important to improve
underlying databases and to maximize its usefulness, especially in collaboration with
other partners (European Commission 2011g).
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2.2.1.4 Raw Materials Initiative
Within the framework of the EU Raw Materials Initiative, it was decided to identify a list
of critical raw materials at EU level, which are subject to a higher risk of supply
interruption, while playing an important role for EU industries. The respective working
group identified 14 raw materials as being critical for Europe, including metals such as
Antimony and Tungsten and minerals such as Rare Earths and Magnesium (European
Commission 2010c).
Examples of current indicators used in the context of the Raw Materials Initiative and the
measurement of criticality of materials include indicators on substitutability, import
dependence, resource reserves and recycling rates. However, at present the key focuses
are set on non-energy minerals, the underlying analysis and the proposed measures, in
particular with regard to trade distortions of third countries, apply to a high degree to
other non-energy raw materials, which are faced with similar supply constraints and
threats to competitiveness as a result of market distortions (European Commission
2008c).

2.2.1.5 Innovation Union
The current Seventh Framework Programe for Research (FP7) lays much emphasis on
innovation with the aim that research results can be exploited and new products and
services established on the market. Especially the economic crisis led to a stronger
integration of research and innovation in the broader national industrial and also macroeconomic policies. New innovation bills and national strategies for research and
innovation are being drawn up or implemented in several countries and statistical data
such as indicators are collected and developed continuously. The Smart Specialisation
Platform is helping public authorities design such strategies through peer reviews,
guidelines, and workshops all across Europe (European Commission 2013a).
The European Commission developed particular indicators and analysis to support
Research & Innovation (R&I) policy making at three main levels, including (a) Headline
indicators for the highest political level, (b) the Innovation Union Scoreboard (IUS)
indicators for ministers directly responsible for Research and (c) other analytical studies
predominately for expert use.
The Innovation Union Scoreboard 2013 (European Commission 2013b) monitors
innovation trends and provides a comparative assessment of the innovation performance
of the Member States as well as the strengths and weaknesses of their research and
innovation systems. Its measurement framework distinguishes between 3 main types of
indicators – Enablers, Firm activities and Outputs – and 8 innovation dimensions,
capturing 24 different indicators. The Enablers capture the main drivers of innovation
performance external to companies. The Firm activities capture the innovation efforts at
the level of the firm. Finally, the Outputs capture the effects of firms’ innovation
activities. All together these indicators provide an evidence-based overview of progress
towards a reaching of the Innovation Union.

2.2.1.6 National initiatives in EU MS
“A resource-efficient Europe” is one of the priority themes set out in the “Europe 2020”
strategy that aims to deliver “smart, sustainable and inclusive” growth. Therefore, in the
last years, resource efficiency policies and instruments have been pushed in the EU
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Member States and cooperating countries of the EEA network to a resource-efficient,
sustainable Europe by 2050 (EEA 2011c). The European Commission uses a range of
indicators to support policy making and evaluation, since indicators can provide input
throughout the policy cycle, from problem recognition, policy formulation and decisionmaking to monitoring implementation. However, most of the countries encounter
difficulties, especially when dealing with issues such as “sustainable consumption and
production”, “sustainable use of natural resources”, “green economy”, etc. Many
countries use a relatively general interpretation for “resource efficiency”. It mainly
includes raw materials, energy sources, biomass, waste, land and soil, water and
biodiversity and stands widely in accord with the European Commission's interpretation.
Germany, Austria and Finland are one of the few European countries, which have already
established a dedicated strategic policy document for resource efficiency in order to take
a pioneering role and to demonstrate the international community that also highly
developed countries can increase their resource efficiency. So they play an active part in
the process of developing and giving concrete shape to the indicators at European level.
The German Government has made a commitment to resource conservation. Its
sustainability strategy uses the indicator of resource productivity, the ratio of GDP to
material input, to measure resource efficiency. In addition, national material consumption
indicators include both direct material flows (i.e. Domestic Material Consumption) and the
Raw Material Equivalents associated with imports and exports (DMCRME). It is also stated
that an important step is to also collect data on unused extraction at home and abroad,
in order to be able to calculate indicators such as Total Material Consumption (TMC)
(BMU 2012). Additionally there exist several other resource-relevant indicators in the
National Sustainability Strategy including energy productivity and land take. However,
the indicators do not reveal all relevant aspects of resource efficiency. It is necessary to
take account of aspects such as availability, ecological relevance and opportunities for
closed-cycle management. Therefore indicators should be observed on a supplementary
basis and should provide an adequate reflection of effects due to imports, exports and
relocation in order to be compatible and comparable on an international basis. Moreover
longer-term targets should be realistic, so that they can be achieved with the existing
instruments on the one hand. On the other hand they should be sufficiently ambitious to
provide an incentive to create new instruments (BMU 2012).
The Austrian Environment Ministry introduced its “Resource Efficiency Action Plan
(REAP) in January 2012 with the aim to decrease resource consumption absolutely and to
increase resource productivity with both abiotic and biotic resources. The most commonly
reported indicators are related to waste, energy, material use and water use. Regarding
material use, Direct Material Input (DMI), Domestic Extraction (DE) and Domestic
Material Consumption (DMC) are suggested. The most relevant of these indicators for
resource efficiency is DMI/GDP (BMLFUW et al. 2011). Further, a REAP progress report is
planned in order to assess the progress for effectiveness such as to identify new areas
for action. Many targets are still under discussion, with an expected combination of
quantitative and qualitative indicators.
Finland has developed a natural resources strategy by combining the sustainable use
of renewable natural resources and the safeguarding of natural resources with people's
knowledge to achieve competitive advantage and success. The specially selected
indicators provide concise information on the state of Finland’s renewable natural
resources, and the sustainability of their use, such as to a way using natural resources
intelligently. Indicators have been selected for agriculture, forestry, fisheries, reindeer
husbandry, game management, water resources and the role of natural resources in rural
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development. Therefore special information and monitoring systems have been
established covering various aspects of the state of the environment and the sustainable
use, management and conservation of natural resources.
However intensive discussions are taking place at European and international level about
the design of indicators and ways of improving the data situation, since timeliness of
indicators have generally not improved. It is suggested that more attention should be
given to efforts to improve the timeliness of indicators and on the actual use of indicators
in order to increase the effectiveness. Germany, Austria and Finland are playing an active
part in these discussions.

2.2.1.7 “Green” international initiatives
In order to manage progress and measure results, policies which promote green growth
need to be founded on good understanding of the different factors that affect green
growth. Therefore, appropriate information and indicators based on internationally
comparable data and embedded in a conceptual framework are necessary for to policy
makers such as public at large. As a part of the “Green initiatives”, the Green Growth
initiative from the OECD has published a conceptual framework and a set of indicators
to help governments monitor progress towards green growth.

Figure 2: Overview of proposed indicator groups and topics covered under the Green
Growth Initiative

Source: OECD: www.oecd.org/greengrowth/greengrowthindicators.htm

The list of indicators proposed here has been kept flexible enough so that countries can
adapt it to different national contexts. However, more work is required to further refine
and link the indicators and to fill remaining gaps. The available dataset covers OECD
countries as well as BRIICS economies (Brazil, Russian Federation, India, Indonesia,
China and South Africa), Argentina and Saudi Arabia for a time period from 1990 to the
most recent years available (OECD 2011b). The most relevant indicators which have
been selected are structured around four groups to capture the main features of green
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growth. These cover environmental and resource productivity issues, in order to indicate
whether economic growth is becoming greener with more efficient use of natural capital
and to capture aspects of production which are rarely quantified in economic models and
accounting frameworks. In addition, the framework targets the natural asset base, to
indicate the risks to growth from a declining natural asset base such as environmental
quality of life, to show how environmental conditions affect the quality of life and
wellbeing of people. Finally, a focus is set on economic opportunities and policy
responses with the aim to identify effectiveness of policies in delivering green growth and
to depict the societal responses which are necessary so that business and employment
opportunities can be secure. However not all of its twenty-five indicators are measurable
today, mainly because the multi-dimensional nature of green growth requires a sufficient
number of indicators. Although there is a significant amount of economic and
environmental data, it is often difficult to combine them due to differences in
classifications, terminology or timeliness.

There are as well several other international bodies which have worked on related issues,
but with somewhat different objectives than the OECD. For instance the UNEP has
released the Green Economy Initiative by providing analysis and guidance to countries
on policy reforms and investments to achieve a green economy. Therefore UNEP and the
OECD are cooperating to identify synergies and commonalities for monitoring progress
towards green growth. The framework and its indicators for green economy mainly target
the Green transformation of key sectors and the economy, Decoupling and Efficiency and
aggregating indicators of progress and well-being. Among the indicators suggested are:
carbon emissions, carbon price, renewable energy share of the energy mix, forestland
and water stress, waste collection, recycling and reuse rates; investment in "green"
research and development, fossil fuel, water and fishery subsidies, value of natural
resource stocks and of ecosystem services, expenditure in sustainable procurement,
literacy rate, levels of harmful chemicals in drinking water, number of people hospitalized
due to air pollution, and access to modern energy, water and sanitation (UNEP 2012a).
However the countries can prioritise different sets of indicators, depending on their level
of economic development and natural resource use.

The Green Industry Initiative has been developed by the UNIDO in order to provide
the international community, national governments and the private sector to support the
positive role of industry in order to achieve sustainable development. Regarding the
indicator sets that do not yet exist or which are not yet implemented, further
international co-operation is needed in order to develop indicators to achieve synergies
and advance knowledge about the measurement of green growth. By then multiple
benefits for both governmental and business members are going to be expected, while
simultaneously diminishing environmental risks and reducing ecological scarcities (UNIDO
2011).

2.2.2 Results from interviews with indicator experts
In the period of January 2013 to March 2013, the following experts were interviewed by
the DESIRE WP 3 team:
• Oliver Zwirner (DG Environment): specialist in indicators, statistics & beyond GDP
approaches
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Jacques Bonnin (DG Environment): coordinating indicator work in the context of
the Resource Efficiency Roadmap
Christian Heidorn (EUROSTAT): responsible for resource efficiency indicators and
the Environmental Data Centre on Natural Resources
Michael Warhurst (Friends of the Earth, UK): FoE resource use campaigner and
chair of the EREP working group on indicators and targets
Adrian Tan (Bio Intelligence Service): indicator expert and lead author of several
studies in the context of the Resource Efficiency Roadmap and the EREP
Heinz Leuenberger (UNIDO): Head of UNIDO’s environmental unit and coordinator
of the Green Industry Platform

Experts were asked to respond to four questions. One overarching question:
1. From your perspective, which are the most urgently needed indicators to
implement and monitor the RE Roadmap (in particular, on the headline and
dashboard levels)?
And three specific questions:
2. Which types of resource efficiency indicators are missing or need to be improved?
3. Which resource categories (or sub-categories) are not yet well covered?
4. Which level of disaggregation (e.g. by economic sectors, by consumption areas,
etc.) would be required from your perspective?
In the following, we provide a condensed summary table of the responses, including an
outlook to what extent the DESIRE team will be able to respond to those demands given
the composition of expertise in the consortium and the planned focus areas of research.
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Table 2: Summary of expert opinions on key indicator requirements in the resource
efficiency area
Opinions and suggestions by experts

Potential to respond to suggestions in the
DESIRE project

Robust consumption indicators (both
private consumption and public
consumption) are still missing. E.g. in the
current scoreboard suggestion by DG ENV,
Green Public Procurement serves as a proxy for
the resource efficiency of public consumption.

The indicator framework applied in DESIRE
(based on input-output tables) allows
disaggregating final demand into private and
public consumption. Therefore the resource
efficiency indicators can be calculated
separately for those two categories.

Consistent and robust Footprint-type of
indicators are required for all four dashboard
categories (material, water, land, carbon) to
monitor the global impacts of European
consumption and production. At the current
stage of development, DG Environment is stuck
between pressure from some parts of society
(e.g. environmental NGOs), who demand the
use of Footprint indicators, and lacking
acceptance of those types of indicators by policy
makers, statistics and industry.

As DESIRE will work with a global, multiregional input-output framework, DESIRE will
make progress in the methodological refinement
as well as in the data availability of Footprinttype indicators for all 4 dashboard categories. It
is the ambition of the DESIRE project to
illustrate that robust and consistent Footprinttype indicators can be calculated across a
number of resource issues.

It is not a matter of choice whether to use
production-oriented (territorial) indicators
or global (consumption-oriented or
Footprint) indicators. Only if both types of
indicators are applied together, questions of
outsourcing through international trade can
properly be analysed

The framework applied in DESIRE will allow
contrasting both perspectives, as we will have
the domestic data (as environmental extensions
in the input-output framework) as well as the
Footprint-type indicators (see above).

The level of disaggregation of resource
efficiency indicators both in terms of
environmental categories (e.g. separating
rare earth metals from sand) and in terms of
economic sectors and consumption areas is
not yet satisfying. Too often, aggregated
indicators are applied, which impede identifying
hot spots for policy action.

The framework developed and applied in
DESIRE allows a high level of disaggregation.
We will be able to calculate resource efficiency
indicators for a very large number of
disaggregated environmental data (e.g.
different materials, different types of land use)
as well as for a large number of economic
sectors. At the same time, the disaggregated
information can also be consistently aggregated
to the macro, i.e. national level.

In particular for the evaluation of resource
efficiency in the context of green industrial
development, robust and consistent data on
the resource efficiency performance of
various manufacturing sectors would be
urgently needed. Those indicators would form
the empirical basis for benchmarking the
resource efficiency performance across
countries and lay the foundation for discussing
issues of mutual learning and technology
transfer. This is particularly important for
developing countries and emerging economies.

The input-output framework applied in DESIRE
will disaggregate a large number of
manufacturing sectors and will thus allow
generating various resource efficiency indicators
on the sectoral level across a large number of
countries.
However, the number of non-OECD countries
covered in the DESIRE system is limited to the
most important emerging economies.
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The terms of “resource efficiency” and “resource
intensity” need more reflection and a clear
definition. It needs to be elaborated, which
variables are most meaningful to combine
with resource use data to make a
statement on efficiency (e.g. is the focus on
technical efficiency, economic efficiency or other
types of efficiency?). We should also link this
discussion to ongoing debates in the Beyond
GDP context.

A whole work package (WP 8) will look into
options to apply new reference indicators to
combine with resource use indicators, including
indicators, which better reflect human wellbeing than GDP.

Normally, resource efficiency indicators are
calculated on the basis of total efficiency of an
economy (e.g. in the energy field: GDP/ Total
energy consumption). For the policy context, it
would also be important to know the marginal
efficiency along a (cost) curve of efficiency
improvement. Indicators to measure marginal
efficiency improvements should therefore be
developed.

While this is certainly an important issue for
policy makers, this aspect will not be able to be
addressed in the context of DESIRE. Mainly
because the economic and environmental data
collected and used in DESIRE refers to total
annual values (of monetary or environmental
flows) as recorded in input-output systems.
Assessing marginal improvements requires a
different analytical approach.

For better policy application, it would be crucial
to have resource efficiency indicators at hand,
which illustrate the current situation (i.e.
now-casting). Maybe an approach such as
used in GDP calculations can be applied here as
well, i.e. provide a rough estimate of an
indicator quickly, and refine the indicator later,
when more information becomes available.

One of the tasks in the calculation of the actual
indicators will focus particularly on the issue of
now-casting (Task 5.3). Different options for
now-casting, using interpolation and
reconciliation techniques will be tested for
various resource efficiency indicators.

Further development of indicators is particularly
required for the category of land (Land
Footprint).

DESIRE will have a specific task on further
developing the Land Footprint indicators
(comparing different methodological
approaches)

Available waste indicators are not yet suitable
for being used in the resource efficiency debate.
Waste indicators should particularly focus on the
achieved recycling rates of commercial and
industrial waste as well as of construction waste
plus on the residual waste, i.e. waste that
remains for landfilling or incineration.

Detailed waste data will be included in the
DESIRE framework, building on the work
undertaken in the processor project “CREEA”,
where waste streams are estimated for each
economic sector.

What is currently missing is an indicator on
the global impacts on ecosystems related
to European production and consumption,
including the links to the water and the land use
issues (a suggestion could be “Global Ecosystem
Footprint”)

In the DESIRE project, one of the work
packages (WP 7) will investigate to what extent
the economic activity variables in the inputoutput database can be linked with data on
biodiversity and ecosystem impacts.

It would be important to introduce the issue of
stocks (the availability of resources) in the
framework of resource efficiency indicators. Also
to construct indicators, which include threshold
issues of maximum sustainable yield. In
particular for the categories of water, biotic
resources and land.

It is foreseen to address the issues of thresholds
in WP 4, where the overall indicator framework
will be designed. Threshold issues should then
also be taken up by the thematic WPs 5-8.
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Indicators on the circular economy are still
largely missing. E.g. it would be important to
have better indicators on the re-use of
products to break the current trend of linear
material flows through the economy.

Through the production of time series of inputoutput tables and environment data and the
inclusion of both primary and secondary
material, DESIRE will be able to analyse to what
extent European economies are increasing the
share of secondary materials, thus replacing
primary materials extraction.

An issue not yet well covered with indicators is
the issue of the resource efficiency of
infrastructures, e.g. the transport
infrastructure.

This issue relates to measuring the resource
efficiency of societal stocks in contrast to
(annual) flows, which are in the core of the
DESIRE project. While being a key issue in the
resource efficiency debate, the DESIRE team
will not be able to calculate indicators on the
efficiency of infrastructures.

For emphasising the importance of the resource
efficiency issues for the business community, it
would be important to develop indicators,
which reflect the importance of natural
resources for business activities, e.g.: the
provision of cooling water for power generation
companies; or the dependency of e.g. food
industry on eco-system services.

The DESIRE project is located at the meso
(sector) and macro (country, EU) levels. The
business level will not be explicitly addressed.
However, conceptually we will address this issue
by discussing the different reference systems
(WP 8), and by discussing the definition of what
is the societal service derived from and aimed
by resource use (WP 4).

2.3 Conclusions
This section provided a concise review of resource efficiency policies being currently
developed and implemented on the European level, the level of the EU Member States as
well as the international level. Resource efficiency issues have been constantly climbing
up the policy agenda around the world in recent years. This development is being driven
by economic threats and opportunities, such as increasing scarcity and rising competition
over strategic resources, as well as environmental considerations through expected
positive effects from de-coupling of economic growth from resource use and related
environmental impacts.
Resource efficiency was defined as one of seven core policy priorities in the context of
the Europe 2020 strategy and intensive activities are currently ongoing in the framework
of the Resource Efficiency Roadmap to define a set of policy targets for increased
resource efficiency and identify appropriate indicators for their monitoring. Also several
EU member states, most notably Germany, Austria and Finland have developed
dedicated policy strategies on resource use and resource efficiency. Also a number of
international organisations have started to include resource efficiency as a core thematic
pillar in their policy strategies, most notably OECD’s Green Growth Initiative and UNEP’s
Green Economy Initiative.
Robust indicators play a key role in the monitoring systems of all identified policy
programmes. The evaluation of the policy documents along with the conducted
interviews with the policy experts revealed that the availability of solid indicators based
on accepted data has significantly increased in recent years. Still, further development of
indicators are required, in particular in the following thematic areas: consumption-based
(footprint-type) indicators taking a global, supply-chain perspective, resource use
indicators disaggregated by economic sectors and household consumption area,
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improved indicators for water use and land use, comprehensive biodiversity indicators as
well as specific indicators covering key areas for a more resource efficient economy, such
as circular economy indicators.
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3 Review of existing resource efficiency
indicators
(Report from Task 3.2; lead partner: CML)
Various resource efficiency indicators are found across indicator sets available for Europe.
This chapter describes the selection of the most important sets and the methodology of
indicator classification (Section 3.1). Subsequently, the coverage of indicators across
themes and types is analysed in Section 3.2, which also compares the findings to an
alternative proposal for an indicator set on resource efficiency and elaborates on indicator
trends. Section 3.3 concludes.

3.1 Methodology
3.1.1 Selection of indicator sets
3.1.1.1 Selection criteria
Because the European Commission uses a broad definition of the concept of natural
resources (European Commission 2005), relevant indicator sets include a wide range of
environmental themes. Therefore, the selection of indicator sets for this review is not so
much limited by focus on themes. We include sets that are developed to monitor
sustainable development, sustainable production and consumption, green growth and
general environmental indicators. To limit the review to key indicator sets with current
relevance for policy analysis at the European level, we have made two main selection
criteria:
•

•

We have only included those indicator sets that provide actual data (or links to
sources) at the European level, or at least for the majority of the EU member
states. This means that we exclude national indicator sets or national reports, and
also that proposals/reviews of indicator sets without links to actual monitoring are
not included.
We only include those sets that are still actively maintained by regular updates.
This means that single-issue indicator reports are not included (e.g. the UNEP SCP
indicators, UNEP 2008).

Table 3: Overview of studies and indicator lists included or excluded in this study
Included indicator sets

1)
2)
3)
4)
5)
6)
7)

Environmental Data Centre on Natural Resources and Products (EDCNRP)
EEA Core set of indicators (CSI)
EEA Sustainable consumption and production indicators (SCP)
Eurostat Sustainable Development Indicators (SDI)
Europe 2020 indicators
UNEP yearbook Key Environmental Indicators
OECD Environmental & green growth indicators
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3.1.1.2 Short description of selected indicator sets
EDCNRP
Main
data
provider:
# of indicators
Status
URL

Eurostat
ca. 40
in use
webgate.ec.europa.eu/fpfis/mwikis/edcnrp/

The Environmental Data Centre on Natural Resources and on Products (EDCNRP) is a web
portal to information on environmental knowledge and assessment, with the DG
environment as a main user. For this purpose it provides an overview of relevant
indicators on resources and products, with links to original sources (mostly Eurostat &
EEA). Indicators are categorized as ‘lead’, ‘dashboard’ or ‘thematic’ indicators, in
respective order of importance. In this assessment we include them all.
EEA Core set of indicators (CSI)
Main
data EEA
provider:
# of indicators
37
Status
Under revision, update June 2013
URL
www.eea.europa.eu/data-and-maps/indicators/
The EEA established the core set of indicators by 2004 to support EU policy priorities and
is regularly updated. The indicators are developed around specific policy questions and
are scored for their relation to the DPSIR framework, as well as the quality of the
indicators and the data.
EEA Sustainable
Main
data
provider:
# of indicators
Status
URL

consumption and production indicators
EEA
39
Being Developed (online database to be published soon)
http://scp.eionet.europa.eu/publications (11-2011)

The framework on Sustainable consumption and production indicators aims to allow a
structured stock-taking of SCP in the EEA member countries to provide policy makers at
both European and national level with information that enables strategic decisions aimed
at promoting sustainable consumption and production (EEA 2011b). So far, the set is
represented by a working paper only, but further development of the framework should
lead towards full indicator-based reporting on SCP by the European Environment Agency.
Eurostat Sustainable Development Indicators
Main
data Eurostat
provider:
# of indicators
Ca. 46 selected
Status
In use
URL
http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/indicators/
The Sustainable Development Indicators (SDIs) are used to monitor the EU Sustainable
Development Strategy (EU SDS) in a report published by Eurostat every two years
(EUROSTAT 2013). From a set of 100+ indicators we selected the ‘headline’ indicators as
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well as the indicators used to measure ‘operational objectives and targets’ to be used in
this review.
Europe 2020 indicators
Main data Eurostat
provider:
#
of 8
indicators
Status
In use
URL
http://epp.eurostat.ec.europa.eu/cache/Euro_2020/E2020_EN_banner.html
The set of Europe 2020 indicators from Eurostat is used to measure progress towards 5
EU headline targets, as defined in the ‘Europe 2020’ ten year growth strategy. The set
does not focus on environmental themes per se, so it includes relatively many socioeconomic indicators.
UNEP Yearbook,
Main
data
provider:
# of indicators
Status
URL

Key Environmental Indicators
UNEP
15
published
http://www.unep.org/yearbook/

Based on the UNEP Yearbook 2012 (UNEP 2012c), we include the key environmental
indicators specified in the special chapter on indicators. This section of the annual report
was only published since 2011, so even though many of the relevant statistics were
included in previous reporting, full coverage of time series is not always readily available.
OECD Environmental indicators
Main
data OECD
provider:
# of indicators
25 (under ‘environment’)
Status
In use
URL
http://stats.oecd.org/Index.aspx?themetreeid=7
The OECD stats database includes data and metadata for OECD countries and selected
non-member economies (OECD 2012). Statistics are available on a yearly basis from
1990 at the level of the individual countries, or for the OECD as a whole.

3.1.1.3 Scoring of indicators
In Table A.1, provided in Annex 2, indicators found in the abovementioned sets are
listed. The number of unique indicators (160 in total) is less than the sum of the sets,
because some sets contain the same indicators. Furthermore, combined indicator
concepts such as “Developments in air emissions and direct material input for total
European production” (found in the SCP set) are listed apart. The individual indicators
are scored according to their environmental theme, location in the DPSIR framework,
robustness, indicator type and trend. Below these columns are shortly elaborated for
their meaning and the method of scoring.
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Theme: Because the large number of indicators covers a broad spectrum of
themes, a subdivision into 13 categories was made. Some sets make a subdivision
in themes in their publications and databases, but because these do not always
correspond, the scoring used is based on the authors personal interpretation. We
use the following distinction between purely resource efficiency indicators:
o
o
o
o
o
o
o
o

Materials
Energy
Atmosphere
Water
Biodiversity
Ecosystems
Land
Climate Change

And indicators that focus on more general sustainable development:
o
o
o
o
o

Social structure
Finance
Quality of Life
Mobility
Consumption

•

Location in the DPSIR framework: We adopt the DPSIR conceptual framework as
described by the EEA (Gabrielsen and Bosch 2003) to relate indicators or resource
use along the chain of cause and effect (Driving Forces – Pressure – State –
Impact – Response). Two of the selected EEA sets already provide this scoring
structurally in their publications of meta-data on all indicators, so we simply
adopted those scorings. For the remainder of the indicators we followed our own
judgement if possible. In some cases we were unable to come up with a label,
simply because the indicator doesn’t concern the DPSIR framework directly. This
happens typically with those indicators describing ‘social structure’ or economic
parameters (e.g. labour tax shares or government debt). Such indicators would be
closest to driving forces, however we refrain from DPSIR classification in a few
cases because these are too distant from the environmental assessment
framework in the classical definition. This limitation to application of the DPSIR
framework has been discussed before, for example by van der Voet et al. (2012).

•

Indicator type: Because the sheer amount of proposals for indicators of all kinds
caused confusion, the EEA developed a way to distinguish among types of
indicators (Gabrielsen and Bosch 2003). Classical indicators that monitor the state
of the environmental are useful, but for example don’t relate change of
environmental variables to the urgency of the issue or to policy efforts. This
distinction among indicators is made more clear by the typologies applied by the
EEA, which include the following categorization (including some reflections based
on EEA 2006):
o

Type A indicators: are descriptive and address the question: ‘What is
happening to the environment?’. For short, these are referred to as the “so
what?” indicators. An example of an A-type indicator is the “total annual
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generation of packaging wastes”. These indicators tend to have a scientific
basis and measure what can be measured rather than what should be
measured.
o

Type B indicators: monitor performance and address the question: ‘Does
the issue matter? ‘. For short, these are referred to as the “on track?”
indicators. An example of a B-type indicator is the “recycling rate for
municipal waste”. Such indicators are informative as they raise awareness
and relate to possible political targets, however, such targets may be
lacking ecological or sustainability validity.

o

Type C indicators: monitor efficiency and address the question: ‘Are we
improving?’. For short, these are referred to as the “less harm?” indicators.
An example of such indicator is “material use per capita”. C-type indicators
are insightful because they relate drivers to pressures and portray rates of
change (e.g. on decoupling or eco-efficiency), however such indicators
may be difficult to perceive or design.

o

Type D indicators: represent policy effectiveness and address the question:
‘Are our policies working?’. For short, these are the “policy effectiveness”
indicators. An example of such indicator according to the EEA is the “use of
ozone depleting substances”, although the policy effort is not truly
represented in this indicator. D-type indicators conveniently monitor the
effects of existing policy enforcement, but tend to rely on large amounts of
quantitative data and expert knowledge.

o

Type E indicators: represent total welfare and address the question: ‘Are
we better off as a whole?’. For short, these are the “quality of life”
indicators. Although the EEA does not classify any E-type indicators in the
specified sets, some examples could be considered, such as “healthy life
years and life expectancy”. Although these concepts may be of indirect
importance to resource efficiency they tend to measure the immaterial
rather than the material.

Both EEA sets included here specify the indicator type, which have been adopted
in the overview table. For the other sets, indicators have been scored based on
the author’s judgement. Here, a similar issue as for the DPSIR classification pops
up. Apparently some indicators are difficult to label with one of these 5 typologies,
judging by the opposing labels assigned by 2 different indicator sets from the EEA.
In case an opposing label was found among the meta-data of the indicator sets, a
single one was chosen based on the author’s judgement.
•

Robustness: Quality of indicators can be measures in many ways. Quality of an
indicator can deal with the robustness and availability of the underlying data or
the transparency of the calculation and the comparability between national
accounting. On the other hand an indicator can also be judged for its usefulness
to policy makers or for how well accepted its use is. We adopted the Eurostat
approach by scoring into good, intermediate and problematic standards (A, B and
C). However, results should be interpreted carefully, as many indicators are
scored based on existing quality assessments using a different method:
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o

Most of the Eurostat indicators come with an overall score of data accuracy
and comparability from A (high standards) to C (problematic). We adopted
these directly where possible.

o

Furthermore, some indicators in our list appear in the assessment of the
BIO IS et al. (2012) report. If applicable, we translated their complex
RACER scores (based on detailed scoring of Relevance, Acceptance,
Credibility, Ease-of-use and Robustness) to the Eurostat standard
according to the following rationale: We look at the aggregate outcomes of
the 5 main RACER categories plus the overall sufficiency, making 6
relevant scorings of green, yellow and red, in total. To improve
comparability with the Eurostat evaluation scheme we emphasise the
importance of Ease-of-use and Robustness scorings and apply the following
rules:







o

•
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2 or less are yellow (rest green): A; unless Ease-of-use &
Robustness, then: B
3 yellow, 3 green:
A-B; same restriction as above
applies.
3 green, 2 yellow, 1 red:
B;
4 yellow, 2 green:
B;
4 yellow, 1 red, 1 green:
B-C;
More yellow/more than 2 red:
C;

Other types of quality scoring have been reviewed, for example the EEA
(2004) gives a detailed scoring for all indicators in the Core Set, on the
following issues: Policy relevance, Targets, Methodology, Data coverage,
Temporal trend, Spatial coverage and Comparability. The last review
however was conducted in 2004, which was deemed outdated, so these
scores have not been included in the final list.

Trend: One indicator set, the EEA SCP indicators, includes qualitative statements
on the trend. This presumes a notion of ‘the right direction’, which is not always in
accordance with the trend in the data. Because we feel that trends (like
decoupling of material or energy use from GDP) are important in the prioritisation
of indicators we have adopted the scorings available in the EEA SCP set, and
scored the trends for resource efficiency related indicators based on available
information. As the concern of most indicator sets is the environmental impact of
economic activities we score increasing pressures red, stabilizing pressures yellow
and decreasing pressures green, even if it concerns an intensity indicator. For
some of the sustainable development indicators cases it is difficult to judge the
direct environmental impacts from trends (e.g. educational attainment), or it is
difficult to judge whether a change is ‘good’ or ‘bad’ for the environment or in
general (e.g. labour productivity or prosperity indicators). Therefore, we refrain
from scoring those indicators and most of the subsequent analysis will be limited
to resources efficiency indicators only.
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3.2 Detailed analysis of indicator sets
Table A.1 in Annex 2 contains a complete list of indicators found in 7 indicators sets
considering European resources efficiency. Based on this table and the column
classifications as described in the previous section this section starts by comparing the
coverage of indicator themes across the selected sets in Figure 3. Figure
Figures 4 and 5 specify
the distribution of resource efficiency indicator types, followed by a comparison with
proposed indicator sets and a quick scan of trends.
Figure 3 shows that there are great differences in coverage of themes between the
selected indicator sets. Some themes are even absent in some sets. In general, EDCNRP
and EEA sets seem to have a balanced selection of indicators across themes, whereas
Eurostat, OECD and EU 2020 sets seem to be highly interested in monitoring indicators
on social structure.
Figure 3: Percentage of all indicators (within a set) devoted to specific themes

Note: The themes are grouped to typical resource efficiency
efficiency themes (blue
(
shades) &
other sustainable development indicators (grey) as described in section 3.1. Labels in the
bars indicate the total number of indicators per set.
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Figure 4: Percentage of resource efficiency indicators (within a set) devoted to DPSIR
categories. Labels in the bars indicate the total number of indicators per set.

Figure 5: Percentage of resource efficiency indicators (within a set) of specified typology.
The number of indicators considered
consid
per set is the same as in Figure 4

Figure 4 and 5 focus on those indicators related to resource efficiency only, based on the
selection by theme as specified in Section 3.1. It is difficult to draw conclusions from the
coverage of DPSIR categories, except for the notion that representation of indicators on
the environmental state is irregular. This is also true for indicators measuring policy
effectiveness (category D in Figure 5). One thing that stands out from comparing the
sustainable development indicators (not shown) with those on resource
resource efficiency is that
the latter contains relatively more B-type
B type and Pressure related indicators.
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Because indicator sets may be designed with different purposes, comparisons like the
one above only make sense to show the broad differences among sets. We adopt another
approach to comparing the indicator sets by focusing on the similarities between sets
instead of on the differences. The following two sections will compare the most common
indicators in the set (Section 3.2.2), and we will score the occurrence of indicators
according to the basket of resource use relevant indicators proposed in the BIO IS et al.
(2012) study (Section 3.2.3).

3.2.1 Shared indicators
Table 4 shows the occurrence of frequently found indicators across the 7 selected sets of
indicators (showing the indicators that occur 3 times or more, within the whole table). It
shows that no single indicator occurs in all sets, and that only 6 out of 160 indicators are
shared by the majority of the sets. Some observations seem remarkable:
•

First of all, the 2 most frequently occurring indicators are in the Energy and
Climate category, however, there are no frequently occurring indicators that deal
with air pollution (e.g. emissions or concentrations of acidifying emissions, ozone
precursors or particulate matter). These indicators are present but not broadly
shared across sets.

•

Secondly, it is remarkable that no single biodiversity indicator is present among
the frequent indicators. Forest fellings and built-up land indicators are the only
ones with an indirect focus on biodiversity because they relate to habitat change.

•

Furthermore, the only indicator focussed on materials describes the generation of
municipal waste. No material demand indicator was found 3 or more times. The
Domestic Material Consumption indicator, surprisingly, did not show up in this list,
because different indicator definitions are found across sets. DMC is used twice,
whereas also the Direct Material Input (DMI) is covered in the EE SCP set, the
EDCNRP set describes the resource productivity (in $ GDP/DMC) and 2 more sets
use the DMC of specific material categories only (non-renewable materials and
biomass). This means that the Material Consumption is covered across most sets,
but not through a single harmonised indicator.
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Table 4: Indicators occurring with a frequency of 3 or more (subset of Table A.1 in
Appendix 2)

Indicator

Unit

DPSIR

Type

Mt (CO2 eq.)

Pressure

B

%

Response

B

Energy

4

Greenhouse gas emissions
Share of renewables in gross inland
energy consumption
Carbon footprint

Environmental
category
Climate

Pressure

B

Climate

4

Environmental taxing

Response

B

Finance

4

Environmental management systems

Response

A

Social stucture

4

Surface and groundwater abstraction

Pressure

A

Water

3

Greenhouse gas emissions by sector

Pressure

B*

Climate

3

Forest increment and fellings

tonne CO2/capita
€ OR % of total tax OR
% of GDP
#
m3/capita OR
% of total
tonnes CO2 eq.
m2 growth OR fellings
as % of growth

Pressure

B

Ecosystems

3

Electricity consumption of households

TOE (tonnes of oil eq.)

A

Energy

3

expenditure on R&D

% of GDP

Driving
force
Response

C

Finance

3

Artificial land or built-up area

km2

Pressure

A

Land

Pressure
Driving
force
Response

A*

Materials

A*

Mobility

D*

Mobility

Occurrence
5
5

3
3
3

Municipal waste generation
Passenger transport demand by mode
relative to GDP
alternative fuel use in transport

kg/capita yr

-1

person km (per $ GDP)
% of fuel use

3.2.2 Coverage of possible indicator ranges
The BIO IS et al. (2012) report proposes a basket of indicators to monitor Resources
Efficiency specifically and introduces a framework of indicators, which elegantly
elaborates on a broad range of possible indicators. To see whether this range has been
covered in the selected sets we scored the occurrence of the proposed indicator types in
Table 5. In contrast to the scoring in Table 4 above, we included all indicators with a
clear relation to the example indicators in the framework (i.e. when DMC is the example
we also count related indicators such as DMC per capita, or DMC of biomass).
Based on the table, the coverage of the range of indicators seems biased towards a few
well covered environmental themes (energy and climate having the highest number of
indicators attributed), and towards domestic resource use and impacts. The global
implications of resource use – often measured through footprint type of indicators – are
underrepresented. This shows that even though an extensive list of indicators is used
among indicator sets with clearly different emphasis, still the full range of indicators
relevant to resource efficiency is not covered.
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Table 5: Coverage of basket indicators proposed in the BIO IS et al. (2012) study. The
numbers below each indicator type show how many indicators in Annex 2 are comparable
or at least related

Resource use-oriented

Environmental
oriented

impact-

Domestic
resource use
(resources

Environmental
Impacts
related
to
domestic
resource use

Environmental
Impacts related
to
global
resource
demand

Territorial part of
Life-Cycle Resource
Indicator
(Env.

Life-Cycle
Resource
Indicator

weighted
Material
Consumption)

(Env.
weighted
Material
Consumption)

directly used for
domestic
production
and
consumption)
Domestic
use

Material
Use

material

Domestic
Material
Consumption

Global resource
demand
(domestic resource
use plus resource
use embodied in
trade)
Global
demand

Raw Material
Consumption

7
Energy Use
& Climate
Change

Domestic
use

2
energy

Gross
Inland
Energy Cons.

Global
demand

Water use

Global
demand

Land Use

land

Domestic Land
Demand

GHG

Territorial GHG
Emissions

12
water

Water Footprint

4

0

Domestic
emissions

0
water

Water
abstraction

Domestic
use

0
energy

Energy Footprint

4
Domestic
use

material

Domestic
exploit.

Water
Index

Global
emissions

GHG

Carbon Footprint

4
water

Exploitation

Global water exploit.

Global Water
Consumption
Index

2

2

Global land demand

Domestic LU intensity

Global LU intensity

Actual
Demand
(Footprint)

Human
Appropriation
of
Net
Primary
Production

eHANPP, LEAC and
other
indicators
on
ecosystem quality

0

0

2

3

Land

0

3.2.3 Trends in the indicators
Finally, the overview in Annex 2 contains an indication of trends for each of the resource
efficiency indicators, based on a rough 5-step qualitative colour scoring (green =
improvement for the environment, light-green = slightly improving trend, yellow =
unclear trend, orange = slightly concerning trend and red = concerning trend). It is
difficult to draw conclusions from such simplifications, especially when all indicators are
weighed similarly. However, averaging the overall trends based on their scores could
serve as a rough impression to discern areas of concern, for example when grouped by
resource efficiency theme. Atmosphere, for example, could be considered a theme with
low policy priority as none of the indicators is red and about 10 out of 16 indicators have
a positive (green) trend. Contrastingly, Land, Ecosystems and Biodiversity indicators (as
a group) contain more red (4) than green (2) indicators, which could be interpreted as a
concerning trend.
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3.3 Available indicator sets in a broader perspective
European resource efficiency policy is inherently linked with other European flagship
initiatives aiming for smart, sustainable and inclusive growth by 2020. These linkages
justify the inclusion of a broad spectrum of socio-economic indicators in the sets
assessed in this chapter. Conversely, indicators applied in other policy fields may also be
relevant for resource efficiency policy. This section elaborates on indicators available for
two other pillars of the European growth strategy, being the Raw Materials Initiative and
the Innovation Union.
As introduced in Section 2.1.1.5, the Raw Material Initiative (European Commission
2008a), first published in 2008, proposed a strategy to ensure access to raw materials,
to set the conditions to foster their sustainable supply and to promote recycling to reduce
the EU’s consumption of primary raw materials. The document served as a basis for the
new raw material strategy published in 2011, which further emphasized targeted
measures as well as considerations relating to the stability and transparency of
commodity prices (European Commission 2011f). Together the two documents provide
some reflection on relevant indicators, by relating to various raw material issues.
First of all, prices in all major commodity markets, including energy, metals, minerals,
agriculture and food have become unstable (volatile) due to market distortions. These
distortions were caused by a rapid increase in demand, but also by various trade
restrictions on commodities with a concentrated production, leading to price swings in
consumer prices to various degrees (European Commission 2011f). Currently, no specific
indicators address the driving forces behind the price swings, but the text of the
documents provides some examples of relevant indicators. One could think of the ‘import
dependency rate’ (readily available for selected fuels from the EDCNRP set), or the
‘number of restrictive investment rules’ as descriptive indicators. The ‘volume of raw
material stockpiles’ is mentioned, and could be used as a policy response indicator. An
example of a complete indicator set monitoring the effects on consumer prices is the
‘Consumer Markets Scoreboard’ (European Commission 2013a), which traces the
development of prices for consumer products.
The framework of the EU Raw Materials Initiative published a study on the ‘Critical raw
materials for the EU’ (European Commission 2010c) which determined the ‘criticality’ of
the non-energy raw materials. The method used links to various indicator concepts such
as ‘economic importance’, ‘supply risk’ and the ‘availability of substitutes’ of raw
materials and includes long-term demand projections. Together these concepts and their
aggregate scoring of critical materials (14 in the latest study) could be used to judge the
urgency of resource efficiency improvements, and as such should be considered a
relevant source of information that will be updated every 3 years (European Commission
2011f).
Some important knowledge gaps remain. The documents emphasize that there is a lack
of information on specific topics, some examples being: 1) market fundamentals such as
volumes of production, consumption and deposits and their expected developments, 2)
mining deals & revenues and 3) quality of recycled materials. These knowledge gaps
could be addressed when reviewing the available indicator sets. Other gaps identified
comprise of the ‘limited public awareness of the importance of domestic raw materials’
and the ‘growing problem of skills shortage’, which may affect the European mining
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industry (European Commission 2008a). These issues are not so much related to
indicators, but nevertheless may be very important for progress towards resource
efficiency targets. Because these issues could possibly be overcome by tackling the
problem of underinvestment in education and research (identified in the Innovation
Union) the following section deals with the relevant links to resource efficiency indicators
in the Innovation Union.
As introduced in Section 2.1.1.6, the communication on the flagship initiative on the
Innovation Union was adopted in 2010 and addresses the drivers of European
competitiveness and innovation. The Innovation Union provides a convenient and
regularly updated set of indicators to compare performance of member states and
monitor innovation trends by means of an Innovation Scoreboard (European Commission,
2013b). These could be relevant for monitoring resource efficiency related issues like
awareness and skill-building. Furthermore, indicators applied in the scoreboard and
proposed in the communication on the Innovation Union are also covered in the resource
related-indicator sets assessed in this chapter, such as ‘share of spending on research
and development’ (found in 3 sets) and the ‘number of patents’ (found in the OECD set).
This once more affirms the linkages between resource efficiency and other policy areas.

3.4 Conclusions
Several lists containing indicators on resource efficiency were compiled and compared in
Annex 2. Based on the analysis in the previous section we conclude that there are large
differences between sets considering the coverage of themes, but also the coverage of
indicator types or the different locations in the DPSIR framework. Coverage of indicators
on the state of the environment is irregular, as is the coverage of policy effectiveness
indicators. Furthermore it is difficult to interpret the list of most frequently occurring
indicators in the sets, because a wide range of definitions for similar indicators is applied.
Yet, it seems striking that no single indicator on biodiversity or air pollution shows up in
the majority of the indicator sets. Section 3.2.2 also showed that the sets poorly cover
the range of resource efficiency indicators proposed by the BIO IS et al. (2012) study. It
showed that coverage of the range of indicators seems biased towards energy and
climate change, while often neglecting the global focus on resources use by excluding
water-, material- or land based footprint indicators (life-cycle-based indicators).
We also conclude that the categorisation of indicators is troublesome. Some published
indicator type-scorings of the EEA seem to be contradicting and the classification of
indicators for their location in the DPSIR framework is difficult for many socio-economic
indicators. Therefore this study made a distinction between sustainable development
indicators and purely resource efficiency indicators, and analysis on type and DPSIR
classification was limited to the resource efficiency indicators only.
The overview shows that there is an impressive variety of indicators and data readily
available. However, given the broad definition of resource efficiency used by the
European Commission, currently it seems that there is no single appropriate indicator set
available to assess the full range of concerns. The EEA Core Set of Indicators has a high
representation of resource efficiency indicators, and a balanced coverage across the
DPSIR framework, however the representation of indicator types is limited. Development
of indicator sets covering resource efficiency is a young area of research, which makes
the shortcomings highlighted in the analysis understandable, but a consistent framework
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is desirable. Issues that could be addressed are the unharmonized selection and
definition of indicators, which impedes comparison between sets. Whether or not
indicator sets should be extended or definitions harmonized is a question beyond the
scope of this review. The issue could however be addressed throughout the DESIRE
project, for example by connecting to the discussions summarized in the in-depth report
on Resource Efficiency Indicators (SCU 2013), which are endorsed by this review.
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4 Identification of main indicator gaps
Task 3.3 of WP3 aimed at identifying indicator gaps in the indicator sets reviewed in task
3.2. and in relation to the needs formulated by the policies summarized in task 3.1 and
the experts interviewed in task 3.1. But in the following gap analysis we will not only
identify the need for developing indicators that do not yet exist or that are not yet
implemented. We will also discuss indicators where we identified a gap in a clear
definition of the applied indicator and thus a need for further refinement in order to
arrive at a strong and clear set of indicators. Thus, the analysis will identify gaps of
indicators as well as weaknesses within existing indicators and will result in a variety of
needs for future indicator development. This will then provide the basis for the
conceptual framework which will be developed in WP4 as well as the Work Packages 5-8
which are dedicated to indicator and development in various thematic fields.

4.1 Methodology
The gap analysis takes the results of the policy analysis, in particular the expert
interviews conducted in Task 3.1. and includes them in the evaluation of existing
indicator sets performed in Task 3.2. Beyond the indicators considered in the indicator
sets evaluated in Task 3.2, we broadened the view towards individual indicators that are
of relevance for resource efficiency. Thus, we considered the results of the BIO IS et al.
(2012) study, where resource use indicators and targets relevant on the European level
were evaluated. The outcome of this study was a proposed basket of indicators
measuring resource use in Europe and its impact on the environment.
Thus, the gap analysis differentiates three categories of indicators:
•

Existing and regularly updated indicators from the indicator sets evaluated in task
3.2.

•

Proposed indicators from the BIO IS et al. (2012) study that are not included in
one of the indicator sets evaluated in task 3.2

•

Not yet or only conceptually existing indicators named in the policy analyses or
expert interviews (task 3.1) or in the BIO IS et al. (2012) study

Based on the criteria defined in the evaluation of Task 3.2, we focused on the following
criteria in order to evaluate if and to what extent they were addressed by the indicators
and where we can identify gaps. The criteria are:
Resource category: in order to identify and discuss resource efficiency, we need a clear
understanding of what we consider a resource and second have to check whether all
resources are covered. We used the resource categories that are in the center of the
DESIRE project and that are used by the European Commission (European Commission
2011b): materials, energy/carbon, water, land. The Roadmap further addresses
biodiversity and ecosystem services among the larger set of thematic indicators; likewise
for indicators related to the socio-economic sphere which we summarized among “further
indicators”.
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The DPSIR framework is a communication tool that helps to structure and organize
indicators in a meaningful way (Tscherning et al. 2012). Its strength and weakness at the
same time is its simplicity. It provides a tool for capturing the key relationships between
societal and natural factors and helps to integrate natural and socio-economic indicators
(Tscherning et al. 2012). Thus it supports communication between different scientific
disciplines on the one hand and scientists and different kind of stakeholders on the other
hand (Svarstad et al. 2008). In that sense, the DPSIR framework is very useful to close
the science policy gap in relation to environmental issues.
In the gap analysis we introduce the differentiation of indicator metrics. These include
measures in absolute or relative values such as efficiencies, per capita values, indices, or
shares in percentages. Each of these tells a different story and shows different
development in trends and cross-country comparison. A definition of an indicator also
requires the specification of how this indicator is formalized.
The expert interviews as well as the EU signaled a clear need for indicators that address
the global effect of EU’s consumption, see chapter 2.2 above. In the gap analysis we thus
introduced the global or domestic perspective as an additional criterion. While
domestic indicators focus on resource use on the national territory, global indicators
cover all resource use issues caused by domestic final demand, be it on the national
territory or in other countries and world regions. Domestic indicators are usually easier to
compile because they can be based on national (statistical) data.
Finally, the experts interviewed in Task 3.1 asked for a clear message concerning
preferable trends and possible thresholds. The mapping of a clear trend, indicating
“more is better” or “more is worse” is necessary if an indicator is used in the policy
context to measure progress (see discussion in chapter 3.1). Additionally, policy
representatives need information on a “sustainable level of resource use” which requires
an understanding of thresholds or capacity limits. Thresholds or capacity limits of our
natural environment are mostly not an issue of scientific research and evaluation, but are
a normative decision of society. To this, science contributes a discussion about causes
and effects, equal distribution and future projections. And science can provide links
between patterns of resource use and thus can “translate” political targets existing for
one resource category to another.
Chapter 3 introduced a Table 3.3 (based on the Bio IS et al. 2012 study) which will be
extended in the following gap analysis based on the above mentioned additional criteria:
domestic/global as well as state-related indicators. This extended table is used for the
gap analysis and thus further referred to as “gap matrix”.

4.1.1 The Gap Matrix
As a starting point we used Table 5 which is a matrix of four resource categories
(materials, energy, water, land) which were also defined by the EC (European
Commission 2005) as a more narrow selection of resources. However, the review of
resource policies (Task 3.1.) revealed that there is a much wider range of resource use
categories in use (see distinction of resource efficiency indicators and more general
sustainable development indicators chapter 3.1.1). A better definition of the core
categories of resource use is therefore necessary and will be further refined in WP 4. The
columns of Table 3.3 focused on pressure-oriented and impact-oriented indicators. In the
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gap matrix we additionally included the differentiation between domestic and global, and
we included the other DPSIR categories missing, i.e. state, driver & response.
The four categories of the original framework are material use, water use, land use and
energy use & climate change (Table 5). The latter is simply defined as energy use in the
gap matrix, because climate change is not a resource but rather a consequence of
resource use. Nevertheless, indicators allocated to the category energy use also include
carbon related indicators, although greenhouse gas emissions not exclusively stem from
energy use but from agriculture as well. Likewise, the category land use includes
biodiversity and soil related indicators and the category material use includes waste and
recycling related indicators.
On the vertical axis which presents the different resource categories we added a new
category “further indicators”. This was necessary because for the vast majority of
indicators the particular resource use category could not be clearly identified. The
category “further indicators” mostly represents driver and response indicators. This
difficulty of linking driver/response indicators to a particular resource category (if not to
all) already highlights a structural problem that will be taken up in WP4.
With regard to the horizontal axis, the gap matrix now refers to three dimensions:
indicators addressing the social & political system, the natural state, and the
environmental sphere. The latter includes pressure-oriented and environmental impactoriented dimension together refer to the environmental sphere, i.e. the society-nature
interactions as such. By that, the horizontal axis more directly relates to the DPSIR
framework. Natural state indicators illustrate developments of the natural capital stock
i.e. fish stocks or carbon stocks. Although natural state indicators are of crucial
importance, data availability is still limited to both non-renewable resource stocks and
stocks of biomass (BIO IS et al. 2012). The additional dimension “social & political”
refers mainly to drivers and response indicators based on the DPSIR concept. To some
extent, drivers and responses to resource use are found in the categories material,
energy, land and water use. The dimension of environment/society-nature
interactions integrates resource use-oriented and impact-oriented indicators.
Being an iterative process, we allocated all the existing indicators identified under Task
3.2 in the matrix and grouped them according to category and dimension (Table 6). More
details on indicator type and metrics can be found from Table A.3. The complete list of
indicators analyzed in this report is available from Table A.1 in Annex 2. This gap matrix
built the basis for the evaluation of coverage and gaps within the indicators available.

4.2 Results from the gap analysis
The extended gap matrix now allows for allocating all 160 indicators identified in chapter
3 to the gap matrix and thus all indicators could be evaluated. It was not always easy to
label an indicator as either material use oriented, energy use oriented or land use
oriented. For some indicators we took our decision according to more detailed
information. To give an example: the consumption and production of foodstuff can be
considered to be an issue of material use or energy use or both. In this case we made a
pragmatic decision which was to allocate food related indicators to material use, when
numbers were given in tons or kg and to energy use when numbers were given in
energetic units. Few indicators did not allow for a clear allocation to one category. In
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those cases, we allocated the indicator to two resource use categories. As an example,
we labeled acidifying emissions per capita, emissions of particulate matter, GHG
emissions per capita as material use and energy use. As a result, we cover an absolute
number of 164 indicators in the gap analysis.
A first evaluation revealed that the examined indicator sets (Task 3.2) did not provide
indicators for all categories and dimensions. In order to check, whether indicators exist
for these categories, we included possible indicator examples in grey color and square
brackets taken from the evaluation of the BIO IS et al. (2012) study (e.g. animal product
in nutritional energy). These indicators are either existing and used as individual
indicators (i.e. not as part of an indicator set) or for the time being only available as a
conceptual proposal but not yet empirically implemented.
The category “further indicators” refers to indicators, which could not be allocated to the
conventional resource use categories material use, energy use, water use and land use.
These indicators cover economic and social aspects and are dedicated to human wellbeing, patents and taxes or education, just to name a few. Notably, the category further
indicators represent the utmost number of indicators in the investigated indicator sets
(60 indicators in total; Table 6).

4.2.1 Distribution of Indicators across the Gap Matrix
The gap analysis shows highest coverage for the categories material (41 indicators) and
energy (33 indicators). The majority of these indicators are in the area of domestic
resource use. Just as formulated by the experts interviewed (chapter 2.2.2), global
resource use is only weakly covered (if there is an indicator named, data quality is still
lacking in this area) and for both categories no indicators on the environmental state
exist. This is not surprising, because material and energy use indicators are mostly
pressure indicators designed to illustrate resource use rather than changes in the natural
environment. Despite the plethora of pressure indicators, global energy use is not
addressed at all. Likewise, indicators of global implications on resource use are
underrepresented (Figure 6). In the context of global environmental impact related to
resource use only 1 indicator was identified in all five categories (Table 6).
Water and land use are the resource use categories where indicator development is
weakest. Pressure and environmental impacts indicators are insufficient, however
indicators on environmental state are more advanced than for materials and energy.
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Table 6: Gap matrix

Notes: Detailed legend to gap matrix:
- general terms are used to represent a group of indicators dedicated to the same thematic issue (such as:
material use stands for indicators like: DMC, DMI, DMC per capita, PTB, biomass productivity, resource
productivity, material use per sector, etc.)
- numbers in brackets indicate the total number of indicators covered by this thematic group
- grey indicators in square brackets are taken as possible examples from the BIO IS et al. study
- color codes: Red colored
red fields indicate that the number of indicators in the specific module is zero; Orange
fields: 1 to 4 indicators; bright green: 5-10
5 10 indicators; forest green: 10 to 19 indicators; neon green: 60
indicators are dedicated to further indicators in Social & Political; grey fields illustrate that it was not
possible to assign any indicator to the respective module.
- Abbreviations: GHGE = greenhouse gas emissions; DMC = domestic material consumption; RMC = raw
material consumption; EMC = environmentally-weighted
environmentally
material consumption
- The numbers below each indicator type show the total number of indicators related

The large number of indicators on social and political issues (“further indicators”) can be
considered as indicators the EU refers to as “larger set of
of thematic indicators (see 2.2.1).
These indicators refer to specific measures or various activities in the socio-economic
socio
or
–political
political sphere. However, the do not directly related to resource use or resourceresource
efficiency in the sense of measuring society-nature
society ature interactions as such but rather
address broader issues of sustainable development, production and consumption, green
growth or focused on environmental indicators in general.
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Evaluating the number of indicators, it has to be considered that a large number of
indicators is not automatically a sign of higher and better coverage. There might be
several indicators in place each addressing different aspects of resource use, some even
eve
addressing similar issues but from different perspectives or with different denominators.
An example was given in chapter 3.2.2 and the evaluation of the highest occurrence of
indicators. In Table 3.2 “material use” was not listed among the indicators used
us
in all
indicator sets. However, this was only due to the fact that very different indicators were
used that could be summarized as “material use” indicators. Thus, fewer indicators in
some cases might very well be a sign for higher clarity and consensus among scientists
and policy makers.

Figure 6: Number of indicator in the 5 Resource Categories

4.2.2 Location in the DPSIR framework
The DPSIR framework was originally established as a stress-response
response framework in the
1970s (Raport and Friedel 1979, cited in Svarstad et al. 2008) and in
n the 1990s further
developed by the OECD (Pressure-State-Response)
(Pressure
onse) and the UN (Driver-State-Response).
(Driver
Its current use is based on an adaption of these concepts by the EEA and the creation of
the DPSIR framework (EEA 1995, 1999)..
1999) Its original purpose,
rpose, as formulated by the EEA
(1999), was to provide a communication tool for the policy-science
science interface in the field
of sustainable development and in tackling environmental issues.
The attribution of indicators to the various categories
categories in the DPSIR framework is
challenging. In the gap matrix we adopted the classification as proposed in task 3.2.
However, in several cases we would label the indicators different to what was suggested
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in the original indicator set. To give an example: the EEA, 20132 classifies “Primary
energy intensity” given in ktoe/Euro as response indicator. We would rather classify this
indicator as pressure indicator. The numerous examples, where a clear allocation was
problematic, showed that DESIRE needs clear definitions
definitions of the components of the DPSIR
framework. WP4 will deal with this kind of ambiguities. At the same time we have to be
aware of the limitations of the DPSIR framework. As already mentioned in Task 3.2., the
location of socio-economic
economic indicators in
in the DPSIR framework is sometimes difficult. This
is another issue to be addressed in WP4, as clear definitions where also formulated as a
strong need in the expert interviews.
Figure 7: Indicators allocated to the DPSIR categories

For a straight comparison, we extended the gap matrix displaying all components of the
DPSIR framework (for details see table A1 to A3 in the Annex). Most indicators in the
four resource categories are considered pressure indicators (for material and energy)
energ or
impact indicators (water and land use) within the DPSIR concept, only few of indicators
are labeled as driver or response indicators (Figure 2).. For material and energy, no state
indicator was listed. The allocation of indicators to the DPSIR categories
categor
is again not
unambiguous which is mostly due to unclear definitions and the difficulties of causecause
sequence correlations. Particularly when it comes to the integration of biodiversity
indicators and ecosystem services to the previous work, an integrative
integrativ analysis is
essential (Maxim et al. 2009).
2009)
Since its development the DPSIR framework was criticized in many respects,
respects mainly for
its limitation to adequately address the complex dynamics
amics of the systems it models
(Gregory et al. in press; Niemeijer and de Groot 2008),
2008) its linear unidirectional causal
chains, its neglect of key non-human
non human drivers of environmental change (Gregory et al. in
press) and in its traditional form it is discursive biased towards a conservationist position
(Svarstad et al. 2008). In particular, the integration of indicators of biodiversity and
ecosystem services is quite challenging due to variations in terminology. The Millennium
2

See: http://www.eea.europa.eu/data-and-maps/indicators/total-primary-energy-intensity/total--primary-energyintensity-assessment-7
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Ecosystem Assesement (MEA) for example, proposes anthropogenic and natural factors
as drivers for biodiversity change (Millennium Ecosystem Assessment 2003). In the
biodiversity community drivers and pressures are not always strictly differentiated. For
instance, both pressures on biodiversity and drivers of biodiversity loss are defined as
habitat change, overexploitation, pollution and introduction of exotic species and
invasions (Pereira et al. 2012).
When using the DPSIR framework in the biodiversity context, the Secretariat of the
Convention on Biological Diversity points out that indicators are purpose-dependent. For
instance, “[…]data on forest extent could be used as an indicator of rates of habitat loss
(pressure), as an indicator of habitat suitable for forest-dependent species (state), and
as an indicator of the effectiveness of policies to stop deforestation (response)” (SCBD
2010).
Nevertheless, biodiversity is crucial also in discussions on resource efficiency and there
are promising impulses e.g. via the ‘ecosystem service cascade’ to embed biodiversity in
the DPSIR framework (Kandziora et al. 2013).

4.2.3 Type of indicator metrics
Indicators can be expressed either in absolute values or as relative measures such as
efficiencies or intensities, per capita values, indexes, or shares in percentages. Absolute
values are an important measure to get an idea of the total numbers without any
relativisation. They directly vary with the size of the system. A relative indicator can set
the measurement in relation to a reference system, be it a socio-economic one or a
reference to environmental state. By this relation, the indicator gets independent of the
total size of the system and thus a comparison among countries for example can be
performed independently from their difference sizes. No matter what indicator metric is
applied, it has to be considered that it has an effect on the results obtained. Or in other
words, a clear understanding of the question or problem is necessary in order to select
the adequate indicator metrics.
We analysed the different metrics across the indicators to see which indicator metrics is
most prominently used. We differentiated: absolute numbers (a), efficiencies (e), shares
(s), index (i) and per capita (p).
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Figure 8: Type of indicators

For all resource categories, around half of the indicators were given in absolute values.
For material use, indicators were also given in per capita values as well as shares.
Efficiency (e.g. DMC/GDP, GJ/m2, €/tonne,…), made up only 10% of all
a material use
indicators. Likewise for energy use, with the only difference that shares gain higher
importance as compared to per capita values. Indices do play a minor role for material
and energy use. The analysis also illustrates that a further development
development of indicators is
needed for efficiencies related to water use. Despite the high relevance of resource
efficiency, efficiency indicators are underrepresented in the investigated indicator sets.
This also mirrors the need expressed by the interviewed experts
experts for more and better
efficiency indicators (see chapter 2.2.2 above). For land use and the group of further
indicators, per capita values are nearly not used at all; instead, shares do play a major
role.
Absolute indicators are well represented across
across the material categories. The importance
of the total scale of the socio-economic
socio economic systems seems to be broadly covered. However,
efficiencies (besides indices) are the category of least representation. Neither technical
efficiencies, nor the efficiency in
in relation to natural stocks is yet in the focus of indicator
set. We would identify a clear gap in this group of indicators, although the adequate
reference system still needs further analysis.

4.2.4 Robustness of Indicators
The need for robust indicators was formulated
f
several
everal times in the expert interviews (see
(
above). Likewise, different indicator evaluation projects emphasise the importance of
robustness as a quality criterion, and sometimes even a threshold criterion. Robustness
can be considered a combination
combination of different dimensions. Two of the analysed indicator
sets in task 3.2. provide an evaluation of the robustness of indicators: the BIO IS et al.
study and the Eurostat SDI indicators (see section 3.1.1.). In the BIO IS et al. study the

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

Page 60 of 68

evaluation of robustness and credibility was based on international acceptance, methods
harmonization and standardisation, quality and availability of data sources, unambiguity
of results (i.e. clear indication of trends), transparency of methods, aggregation levels
and reproducibility. Each criterion is then labelled in the BIO IS et al. study as green,
orange or red, whereas green means that a criterion is completely fulfilled, orange means
criterion partly fulfilled and red means criterion not fulfilled. Eurostat’s criteria used in the
quality check of indicators3 contains accuracy and comparability, objective and relevance,
data availability, comparability across countries and over time, the development
perspective of the indicator and its contribution to the coherence of the set. The
indicators are labelled with A, B or C (see section 3.1.1.).
These two evaluations of indicator robustness showed that MFA derived indicators,
indicators on energy use, some land indicators like actual land demand and growth of
build-up land, fish capture and hazardous waste were labelled green in the BIO IS et al.
study. LCA derived indicators, waste and recycling indicators, footprint type indicators,
the water exploitation index, all indicators on ecosystem quality, on soil and response
indicators were labelled orange, which means that they only partly fulfilled the quality
criteria on robustness. The Eurostat SDI indicators further evaluated many social and
political driving force and response indicators. However, a large number of indicators was
not yet evaluated with respect to robustness (around 60% of indicators in the indicator
gap matrix). Hence, a consistent analysis of robustness and its application in the
development of the indicator set has to be conducted in the DESIRE project. WP4 should
provide an evaluation form that can be used in the indicator development of WP 5-8.

4.2.5 Environmental or Socio-Political Problems Related to Resource Use
4.2.5.1 Thresholds
In the process of developing indicators or indicator sets, the first and most important
question is “What is the environmental or socio-political problem identified that needs to
be monitored?”. This question defines what needs to be measured. In the area of
resource use and resource efficiency, the “problems” addressed can be issues occurring
within the natural environment such as depletion of fish stocks, increase of GHG
emissions and thus climate change, or soil degradation, just to name a few. “Problems”,
however, can also refer to the socio-economic system, such as the equal distribution of
resources, the security of supply, the rise in living standards, or the preservation of
human health. For some of these problems, tipping points or thresholds were identified
such as the 2°C temperature in the case of climate change (Rockström et al. 2009).
Staying below a certain threshold is needed to avoid irreversible change. Other problems
have no distinct threshold but are issues of little or stronger effects on human wellbeing.
The predominant number of indicators does not relate to a specific threshold but follow
the precautionary principle, i.e. acting under the expectance of a risk without having a
specific threshold in mind. Hence, a better understanding of thresholds could enrich the
development of indicator sets. A review of existing literature will be discussed in WP 4.
Also one of the interviewed experts demanded for the consideration of stocks of natural
resources to be included in the framework of resource efficiency indicators. This expert
3

http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/indicators/
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further asked for indicators displaying thresholds in the sense of a maximum sustainable
yield for categories like water, biotic resources and land. WP 4 will take this issue up.

4.2.5.2 Linkage to other European policy initiatives apart from Resource
Efficiency
Apart from the indicators closer to resource efficiency, other issues have to be considered
such as the security of supply and programmes fostering innovation. In Europe, the aim
for a smart, sustainable and inclusive growth by 2020 connects resource efficiency policy
with other policy initiatives, namely the Raw Material Initiative and the Innovation Union
(2.1.1.5 and 2.1.1.6).
Trade and regulatory policy as well as the rapid increase in demand are important threats
to the accessibility of raw materials and are drivers of market distortions and swinging
prices (European Commission, 2008a, 2011f). As stated in section 3.3, no specific
indicator is yet available to address these driving forces. A starting point for a
development of indicators that focus on the driving forces of price swings in all major
commodity markets can be found in the ‘import dependency rate’ (for selected fuels) or
the ‘number of restrictive investment rules’. Both indicators are already applied in the
indicator set of the Environmental Data Centre on Natural Resources and on Products
(EDCNRP). The ‘volume of raw material stockpiles’ is mentioned, and could be used as a
policy response indicator. An example of a complete indicator set monitoring the effects
on consumer prices is the ‘Consumer Markets Scoreboard’ (European Commission,
2013a), which traces the development of prices for consumer products.
As mentioned in section 3.3, the 14 critical non-energy materials identified by the ad hoc
working group of the Raw Materials Supply Group (European Commission, 2010c) should
be considered in the discussions to foster improvement of technologies and resource
efficiency. In this context, additional gaps were identified (section 3.3). Based on the gap
matrix outlined above, knowledge gap 1) market fundamentals can be addressed by
resource-oriented pressure indicators, like ‘consumption of certain food stuffs’, ‘resource
productivity’ ‘or ‘renewable primary energy consumption’. Knowledge gap 2) refers to
mining deals and revenues and can be addressed by the ‘share of mineral imports in
consumption’, ‘overall mine production of metals’ and ‘DMC for non-renewable minerals
and fossil fuels’, which are all related to resource-oriented pressures. Major knowledge
gap 3) relates to the quality of recycled materials and can be partly addressed by the
indicator ‘recycling rates and amounts’; however, quality aspects are not covered at the
moment.
In the area of innovation and research, the “problems” addressed are related to the
social-economic system, such as sales of new-to market and new-to firm innovations or
knowledge intensive service exports. In the process of monitoring resource efficiency, the
Innovation Union Scoreboard of the European Union (European Commission, 2013b)
provides a suitable tool regarding issues like skill-building, knowledge acquisition and
public awareness of the importance of domestic raw material on the way to a greener
society. This regularly updated set of indicators is used to monitor innovation trends
consistently across all European countries (European Commission, 2013b). Several
indicators analysed within the seven sets related to resource use in this report (3.1.1),
overlap with issues addressed by the Innovation Scoreboard. These indicators are ‘early
leavers from education and training’, ‘tertiary educational attainment’, ‘expenditure on
R&D’, ‘patents on waste management’, ‘patents on renewable energy’ and do completely
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refer to the dimension of Social & Political driving forces and responses in the gap matrix
(see Table 6).
In order to develop a strong system of indicators for a resource efficient Europe it is
necessary to consider related policy initiatives. In the next step, WP4 will examine to
what extent and how the elaborated knowledge gaps can be addressed in the framework
and how to avoid overlaps with existing indicator sets e.g. in the context of the
Innovation Union. With regard to critical materials, a separate work package (WP6) will
take care of the development and calculation of adequate indicators, and gaps mentioned
above will be considered.

4.3 Conclusions for future work in DESIRE
From the review of existing indicator sets, several gaps could be identified that should be
taken up by the following work in DESIRE. The findings can be summarized as follows:
(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 ecosystem 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 definition of “resource efficiency” is
necessary. This reflection should be linked to the debates in the beyond GDP
context.

(4)

Not all resource categories 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 does exist. However,
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 resource 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 pressure oriented indicator. But there
are nearly no indicators for material and energy use that refer to natural
state.

(8)

There is a general lack of environmental impact indicators, i.e. indicators which
illustrate the various consequences of resource use for the natural environment

(9)

An evaluation of robustness and the further development of indicators in order to
fulfil the criteria of robustness is needed. This in particular refers to indicators
derived from Life Cycle Assessment (LCA), waste and recycling indicators,
consumption indicators, the water indicators, indicators on ecosystem quality, on
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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. A review of existing literature will be provided in WP 4.
(11) There is a need for nowcasting, i.e. updating time series as close as possible to
today. WP 5 will deal with this issue.
(12) Biodiversity and ecosystem services are not yet well integrated. WP 4 will
develop the conceptual foundations and WP 7 will develop indicators that fill this
gap.
(13) Waste indicators and recycling/reuse indicators are insufficiently covered and
lack indicator development and link to the conceptual framework.
WP 4 on “Framework for indicators on resource efficiency” will directly follow up this
review of resource efficiency indicators and the related gap analysis. WP 4 will take up
the open ends and will develop a conceptual framework that provides a consistent and
sound basis for the further work in DESIRE. WP 5-8 will then work on the further
development of indicators according to the identified gaps and within the framework
developed in WP 4.
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ŶŶĞǆϭ͗WŽůŝĐǇŵĂƚƌŝǆŽŶƌĞƐŽƵƌĐĞƉŽůŝĐǇŝŶŝƚŝĂƚŝǀĞƐŽŶƚŚĞƵƌŽƉĞĂŶ͕ƚŚĞŝŶƚĞƌŶĂƚŝŽŶĂůĂŶĚƚŚĞŶĂƚŝŽŶĂůůĞǀĞů
ǆŝƐƚŝŶŐƉŽůŝĐǇŝŶŝƚŝĂƚŝǀĞƐĂŶĚ
ƉƌŽŐƌĂŵŵĞƐ

dŝŵĞͲĨƌĂŵĞ

'ĞŽŐƌĂƉŚŝĐĂů
ĐŽǀĞƌĂŐĞ

>ĞǀĞůŽĨĞĐŽŶŽŵŝĐ ZĞƐŽƵƌĐĞĐĂƚĞŐŽƌŝĞƐ
ĂĚĚƌĞƐƐĞĚ
ĂĐƚŝǀŝƚǇ

/ŶĚŝĐĂƚŽƌƐƌĞƋƵŝƌĞĚ

/ŶĚŝĐĂƚŽƌƐĂůƌĞĂĚǇƵƐĞĚƚŽŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐƵŶĚĞƌƚŚŝƐ
ƉƌŽĐĞƐƐ

/ŶĚŝĐĂƚŽƌƐƐƵŐŐĞƐƚĞĚ

dĂƌŐĞƚƐ

ƵƌŽƉĞĂŶŝŶŝƚŝĂƚŝǀĞƐ

ƵƌŽƉĞĂŶϮϬϮϬ^ƚƌĂƚĞŐǇ

&ůĂŐƐŚŝƉ/ŶŝƚŝĂƚŝǀĞͲZĞƐŽƵƌĐĞ
ĨĨŝĐŝĞŶƚƵƌŽƉĞ;ƵŶĚĞƌϮϬϮϬ
^ƚƌĂƚĞŐǇͿ

ZŽĂĚŵĂƉƚŽĂZĞƐŽƵƌĐĞ
ĨĨŝĐŝĞŶƚƵƌŽƉĞ

dŚĞŵĂƚŝĐ^ƚƌĂƚĞŐǇŽŶƚŚĞ
^ƵƐƚĂŝŶĂďůĞhƐĞŽĨEĂƚƵƌĂů
ZĞƐŽƵƌĐĞƐ
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ϮϬϮϬͬϮϬϱϬ

ƵƌŽƉĞ

ƵƌŽƉĞΘ
ƵƌŽƉĞΖƐŐůŽďĂů
ŝŵƉĂĐƚƐ

ƵƌŽƉĞΘ
ϮϬϮϬ
;ŵŝůĞƐƚŽŶĞƐͿͬ ƵƌŽƉĞΖƐŐůŽďĂů
ŝŵƉĂĐƚƐ
ϮϬϱϬ
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ƵƌŽƉĞΘ
ƵƌŽƉĞΖƐŐůŽďĂů
ŝŵƉĂĐƚƐ

DĂĐƌŽ

DĂĐƌŽ

DĂĐƌŽ

DĂĐƌŽ

DĂƚĞƌŝĂůƐ͕ĐĂƌďŽŶ͕
ĞŶĞƌŐǇ͕ĞŵŝƐƐŝŽŶƐ
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ƉƌŽŐƌĞƐƐƚŽǁĂƌĚƐϱhŚĞĂĚůŝŶĞƚĂƌŐĞƚƐ͕ĂƐĚĞĨŝŶĞĚŝŶƚŚĞ͚ƵƌŽƉĞ
dŚĞƐĞƚŽĨƵƌŽƉĞϮϬϮϬŝŶĚŝĐĂƚŽƌƐĨƌŽŵƵƌŽƐƚĂƚŝƐƵƐĞĚƚŽŵĞĂƐƵƌĞ
ϮϬϮϬ͛ƚĞŶǇĞĂƌŐƌŽǁƚŚƐƚƌĂƚĞŐǇ͘dŚĞƐĞƚĚŽĞƐŶŽƚĨŽĐƵƐŽŶ
','ͲĞŵŝƐƐŝŽŶƐ͕ƐŚĂƌĞŽĨƌĞŶĞǁĂďůĞĞŶĞƌŐǇ͕ĞŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶ͕ƉƌŽŐƌĞƐƐƚŽǁĂƌĚƐϱhŚĞĂĚůŝŶĞƚĂƌŐĞƚƐ͕ĂƐĚĞĨŝŶĞĚŝŶƚŚĞ͚ƵƌŽƉĞ ϮϬйƌĞĚƵĐƚŝŽŶŝŶŐƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐďǇϮϬйŽƌϯϬйǁŝƚŚƚŚĞƌŝŐŚƚĐŽŶĚŝƚŝŽŶƐ͕
ĞŶǀŝƌŽŶŵĞŶƚĂůƚŚĞŵĞƐƉĞƌƐĞ͕ƐŽŝƚŝŶĐůƵĚĞƐƌĞůĂƚŝǀĞůǇŵĂŶǇƐŽĐŝŽͲ
ĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇ
ϮϬϮϬ͛ŐƌŽǁƚŚƐƚƌĂƚĞŐǇ͘dŚĞƐĞƚĚŽĞƐŶŽƚĨŽĐƵƐŽŶĞŶǀŝƌŽŶŵĞŶƚĂů ϮϬйŽĨĞŶĞƌŐǇĨƌŽŵƌĞŶĞǁĂďůĞƐ͕ϮϬйŝŶĐƌĞĂƐĞŝŶĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇ
ĞĐŽŶŽŵŝĐŝŶĚŝĐĂƚŽƌƐ͘/ƚƐƉƵƚƚŝŶŐŝƚƐĨŽĐƵƐŽŶŵĂŝŶƚĂŝŶŝŶŐĂƌĞƐŽƵƌĐĞͲ
ƚŚĞŵĞƐƉĞƌƐĞ͕ƐŽŝƚŝŶĐůƵĚĞƐŵĂŶǇƐŽĐŝŽͲĞĐŽŶŽŵŝĐŝŶĚŝĐĂƚŽƌƐ͘
ĞĨĨŝĐŝĞŶƚ͕ůŽǁͲĐĂƌďŽŶĞĐŽŶŽŵǇĂŶĚĂĐĐŽƌĚŝŶŐůǇĂƐŵĂƌƚ͕ƐƵƐƚĂŝŶĂďůĞ
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DĂƚĞƌŝĂůƐ͕ĐĂƌďŽŶ͕
ĞŶĞƌŐǇ͕ǁĂƚĞƌ͕
ĨƵĞůƐ͕ƐŽŝů͕
ĞĐŽƐǇƐƚĞŵƐ

dŚĞĨůĂŐƐŚŝƉZĞƐŽƵƌĐĞĨĨŝĐŝĞŶƚƵƌŽƉĞŝƐŽŶĞŽĨƚŚĞƐĞǀĞŶ&ůĂŐƐŚŝƉƐ
ƉƵƚĨŽƌǁĂƌĚďǇƚŚĞƵƌŽƉĞĂŶ
ŽŵŵŝƐƐŝŽŶŝŶƚŚĞhϮϬϮϬƐƚƌĂƚĞŐǇ͘dŚĞƚĞǆƚŽĨƚŚĞ&ƌĂŵĞǁŽƌŬ
/ŶŝƚŝĂƚŝǀĞƐƚĂƚĞƐƚŚĂƚŝŶĚŝĐĂƚŽƌƐĂƌĞŶĞĞĚĞĚƚŽĐŽǀĞƌŝƐƐƵĞƐƐƵĐŚĂƐ
ƚŚĞĂǀĂŝůĂďŝůŝƚǇŽĨŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐ͕ǁŚĞƌĞƚŚĞǇĂƌĞůŽĐĂƚĞĚ͕ŚŽǁ
ĞĨĨŝĐŝĞŶƚůǇƚŚĞǇĂƌĞƵƐĞĚ͕ǁĂƐƚĞŐĞŶĞƌĂƚŝŽŶĂŶĚƌĞĐǇĐůŝŶŐƌĂƚĞƐ͕
ŝŵƉĂĐƚƐ͘

ϴϬͲϵϱйƌĞĚƵĐƚŝŽŶŽĨŐƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐ;ϮϬϱϬͿ͖ϮϬйĞŶĞƌŐǇƐĂǀŝŶŐƐĂĐƌŽƐƐĂůů
dŚĞǇĞƚĞǆŝƐƚŝŶŐŝŶĚŝĐĂƚŽƌƐǇƐƚĞŵƐŽĨƚŚĞ&ůĂŐƐŚŝƉ/ŶŶŝƚŝĂƚŝǀĞŚĞůƉ /ŶĚŝĐĂƚŽƌƐĂƌĞƐƵŐŐĞƐƚĞĚƚŽŵŽŶŝƚŽƌƚŚĞŝŵƉůĞŵĞŶƚĂƚŝŽŶŽĨƚŚĞ
ƐĞĐƚŽƌƐ;ϮϬϮϬͿ͘/ŶŽƌĚĞƌƚŽĚĞƌŝǀĞďĞŶĞĨŝƚƐŽĨƐƵĐŚĂƌĞƐŽƵƌĐĞͲĞĨĨŝĐŝĞŶƚĂŶĚůŽǁͲĐĂƌďŽŶ
ƚŽŵĂŝŶƐƚƌĞĂŵƌĞƐŽƵƌĐĞĞĨĨŝĐŝĞŶĐǇŝŶƚŽĂǁŝĚĞƌĂŶŐĞŽĨƉŽůŝĐŝĞƐ ZŽĂĚŵĂƉ͛ƐŽďũĞĐƚŝǀĞƐ͘/ƚŝƐĂůƐŽĞǆƉůŝĐŝƚůǇƐƚĂƚĞĚƚŚĂƚŵĞƚŚŽĚƐĨŽƌ
ĞĐŽŶŽŵǇ͕ĂĐƚŝŽŶƐŵƵƐƚďĞƚĂŬĞŶƵƌŐĞŶƚůǇĂŶĚĐŽŶƐƵŵĞƌƐŚĂǀĞƚŽďĞĞŵƉŽǁĞƌĞĚƚŽ
ĂŶĚƚŽĂƐƐĞƐƐƉƌŽŐƌĞƐƐƚŽǁĂƌĚƐƚŚĞŽďũĞĐƚŝǀĞƐŽĨƚŚĞǀĂƌŝŽƵƐ
ŶŽǁͲĐĂƐƚŝŶŐĂŶĚĞĂƌůǇĞƐƚŝŵĂƚŝŽŶĂƌĞƵƌŐĞŶƚůǇŶĞĞĚĞĚƚŽ
ŵŽǀĞƚŽƌĞƐŽƵƌĐĞͲĞĨĨŝĐŝĞŶƚĐŽŶƐƵŵƉƚŝŽŶƚŽŵĂŝŶƚĂŝŶƉĞƌŵĂŶĞŶƚŝŶŶŽǀĂƚŝŽŶĂŶĚƚŽ
ƐƚƌĂƚĞŐŝĞƐ͘
ĐŽŵƉůĞŵĞŶƚŽƚŚĞƌƌĞĂĚŝůǇĂǀĂŝůĂďůĞŝŶĚŝĐĂƚŽƌƐ͕ƐƵĐŚĂƐ'W͘
ŵĂŬĞƐƵƌĞƚŚĂƚĞĨĨŝĐŝĞŶĐǇŝŶĐƌĞĂƐĞƐ͘

dŚĞŽŵŵŝƐƐŝŽŶƌĞĐŽŐŶŝƐĞĚƚŚĞŶĞĞĚƚŽŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐ
ŝŵŵĞĚŝĂƚĞůǇĂŶĚƚŚĞƌĞĨŽƌĞƉƌŽƉŽƐĞĚĂƉƌŽǀŝƐŝŽŶĂůŝŶĚŝĐĂƚŽƌƐĞƚ
ŽƌŐĂŶŝƐĞĚŝŶĂϯůĂǇĞƌĂƉƉƌŽĂĐŚ͘Ͳ;ƌĂƚŝŽŽĨ'WƚŽDŝŶΦͬƚͿ͘
ƉƌŽǀŝƐŝŽŶĂůŝŶĚŝĐĂƚŽƌƐĞƚŽƌŐĂŶŝƐĞĚŝŶĂϯůĂǇĞƌĂƉƉƌŽĂĐŚ͗
dŚĞZŽĂĚŵĂƉĂŝŵƐƚŽĐƌĞĂƚĞĂĚǇŶĂŵŝĐĨƌĂŵĞǁŽƌŬŽĨƉŽůŝĐŝĞƐĂŶĚ >ĞǀĞůϭ͗KŶĞŚĞĂĚůŝŶĞŝŶĚŝĐĂƚŽƌͲΗZĞƐŽƵƌĐĞWƌŽĚƵĐƚŝǀŝƚǇΗͲ
DĞŶƚŝŽŶƐΗƚĂŬŝŶŐƐƚŽĐŬŽĨΗĞǆŝƐƚŝŶŐĨƌĂŵĞǁŽƌŬƐƐƵĐŚĂƐƚŚĞ'ƌŽǁ
DĂƚĞƌŝĂůƐ͕ůĂŶĚ͕
DĞĂƐƵƌĞĚďǇ'WĚŝǀŝĚĞĚďǇŽŵĞƐƚŝĐDĂƚĞƌŝĂůŽŶƐƵŵƉƚŝŽŶ
ĂĐƚŝŽŶƐƚŽŝŵƉƌŽǀĞƌĞƐŽƵƌĐĞƉƌŽĚƵĐƚŝǀŝƚǇĂŶĚĚĞƚĂĐŚĞĐŽŶŽŵŝĐ
'ƌĞĞŶŝŶŝƚŝĂƚŝǀĞǁŝƚŚĂǀŝĞǁƚŽŝŶĐůƵƐŝŽŶŝŶƚŚĞŵŝĚͲƚĞƌŵƌĞǀŝĞǁŽĨ
ǁĂƚĞƌ͕ĐĂƌďŽŶ͕
ŐƌŽǁƚŚĨƌŽŵƚŚĞƵƐĞŽĨƌĞƐŽƵƌĐĞƐĂŶĚŝƚƐĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚďǇ ;ĞƵƌŽͬƚŽŶŶĞͿ
ƚŚĞƵƌŽƉĞϮϬϮϬ^ƚƌĂƚĞŐǇ͘ZĞŐĂƌĚŝŶŐƚŚĞůĞĂĚŝŶĚŝĐĂƚŽƌ͕ƚŚĞ
ďŝŽĚŝǀĞƌƐŝƚǇ͕
ƚŚĞǇĞĂƌϮϬϱϬ͘dŚĞŽŵŵŝƐƐŝŽŶĂůƐŽĐŽŵŵƵŶŝĐĂƚĞƐƚŚĂƚŝƚŝŶƚĞŶĚƐƚŽ>ĞǀĞůϮ͗ĂĚĂƐŚďŽĂƌĚŽĨĐŽŵƉůĞŵĞŶƚĂƌǇŵĂĐƌŽŝŶĚŝĐĂƚŽƌƐͲ
ŽŵŵŝƐƐŝŽŶŝŶƚĞŶĚƐƚŽƌĞƉůĂĐĞƚŚĞDŝŶĚŝĐĂƚŽƌďǇƚŚĞZĂǁ
ĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐ͕
ĂƉƉůǇŽƌĨƵƌƚŚĞƌĚĞǀĞůŽƉƚŚĞŝŶĚŝĐĂƚŽƌƐŝŶƚŚĞĐĂƚĞŐŽƌŝĞƐŽĨůĂŶĚ͕
ĐŽŵƉůĞŵĞŶƚƚŚĞůĞĂĚŝŶĚŝĐĂƚŽƌǁŝƚŚĂĐŽŶĐŝƐĞĚĂƐŚďŽĂƌĚŽĨ
DĂƚĞƌŝĂůŽŶƐƵŵƉƚŝŽŶ;ZDͿŝŶĚŝĐĂƚŽƌŝŶƚŚĞŵĞĚŝƵŵͲƚĞƌŵ͘
ůŝŵĂƚĞ
ǁĂƚĞƌĂŶĚĐĂƌďŽŶ͘
ŵĂĐƌŽĐŽŶƐƵŵƉƚŝŽŶĂŶĚƉƌŽĚƵĐƚŝŽŶŝŶĚŝĐĂƚŽƌƐŽŶŵĂƚĞƌŝĂůƐ͕
ǁĂƚĞƌ͕ůĂŶĚĂŶĚĐĂƌďŽŶ
>ĞǀĞůϯ͗ĂƐĞƚŽĨƚŚĞŵĞƐƉĞĐŝĨŝĐŝŶĚŝĐĂƚŽƌƐƚŽŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐ
ƚŽǁĂƌĚƐƚŚĞƐƉĞĐŝĨŝĐŽďũĞĐƚŝǀĞƐĂŶĚĂĐƚŝŽŶƐ͘

DĂƚĞƌŝĂůƐ͕tĂƚĞƌ͕
ůŝŵĂƚĞ͕ŶĞƌŐǇ

dŚĞŝŶŝƚŝĂůƉůĂŶŽĨƚŚĞŽŵŵŝƐƐŝŽŶǁĂƐƚŽĚĞǀĞůŽƉ͗
ʹŝŶĚŝĐĂƚŽƌƐƚŽŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐŝŶĞĨĨŝĐŝĞŶĐǇĂŶĚƉƌŽĚƵĐƚŝǀŝƚǇŝŶƚŚĞ
ƵƐĞŽĨŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐ͕ŝŶĐůƵĚŝŶŐĞŶĞƌŐǇ͕ʹƌĞƐŽƵƌĐĞͲƐƉĞĐŝĨŝĐ
ŝŶĚŝĐĂƚŽƌƐƚŽĞǀĂůƵĂƚĞŚŽǁŶĞŐĂƚŝǀĞĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐŚĂǀĞ
ďĞĞŶĚĞĐŽƵƉůĞĚĨƌŽŵƌĞƐŽƵƌĐĞƵƐĞ͕ĂŶĚʹĂŶŽǀĞƌĂůůŝŶĚŝĐĂƚŽƌƚŽ
ŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐŝŶƌĞĚƵĐŝŶŐƚŚĞĞĐŽůŽŐŝĐĂůƐƚƌĞƐƐŽĨƌĞƐŽƵƌĐĞƵƐĞ
ďǇƚŚĞh;ĞĐŽͲĞĨĨŝĐŝĞŶĐǇŝŶĚŝĐĂƚŽƌͿ͘hŶĚĞƌůǇŝŶŐŝŶĚŝĐĂƚŽƌƐǁŽƵůĚďĞ
KϮ͕EŽǆĂŶĚ^KϮĞŵŝƐƐŝŽŶƐ͕ŝŶĐƌĞĂƐĞŝŶďƵŝůƚͲƵƉůĂŶĚ͕ǁĂƚĞƌ
ZĞƐŽƵƌĐĞWƌŽĚƵĐƚŝǀŝƚǇс'WΦͬDŬŐƵƌŽƐƚĂƚ
ƉŽůůƵƚŝŽŶ͕ĞǆĐĞĞĚĂŶĐĞŽĨĐƌŝƚŝĐĂůůŽĂĚƐŽĨƉŽůůƵƚŝŽŶ͕ĞƚĐ͘dŚƌĞĞƚǇƉĞƐ
ƵƐĞƐDĂƐĂƉƌŽǆǇĨŽƌdDƵŶƚŝůĚĂƚĂŝƐĂǀĂŝůĂďůĞ͘
ŽĨŝŶĚŝĐĂƚŽƌƐŶĞĞĚĞĚƚŽŵĞĂƐƵƌĞƌĞƐŽƵƌĐĞĞĨĨŝĐŝĞŶĐǇ͗/ŶĚŝĐĂƚŽƌƐƚŽ
ŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐŝŶƉƌŽĚƵĐƚŝǀŝƚǇŽĨƚŚĞƵƐĞŽĨƌĞƐŽƵƌĐĞƐ;ƌĞƐŽƵƌĐĞ
ƉƌŽĚƵĐƚŝǀŝƚǇͿ͖/ŶĚŝĐĂƚŽƌƐƚŽĞǀĂůƵĂƚĞƚŚĞĞŶǀƌŝŽŶŵĞŶƚĂůŝŵƉĂĐƚŽĨ
ƚŚĞƵƐĞŽĨƐƉĞĐŝĨŝĐƌĞƐŽƵƌĐĞƐ͖/ŶĚŝĐĂƚŽƌƐƚŽŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐŝŶ
ƌĞĚƵĐŝŶŐƚŚĞĞĐŽůŽŐŝĐĂůƐƚƌĞƐƐŽĨƌĞƐŽƵƌĐĞƵƐĞ;ĞĐŽͲĞĨĨŝĐŝĞŶĐǇͿ͘Ϯϵ
ŝŶĚŝĐĂƚŽƌƐĞŐ͗ĂƌďŽŶ&ŽŽƚƉƌŝŶƚ͕ĐƚƵĂů>ĂŶĚĞŵĂŶĚ͕ƐŽŝůĞƌŽƐŝŽŶ͕
ŶĞǁŝŶǀĞƐƚŵĞŶƚƐŝŶŐƌĞĞŶƚĞĐŚŶŽůŽŐŝĞƐ͕ƌĞĐŽǀĞƌǇͬƌĞĐǇĐůŝŶŐƌĂƚĞƐĨŽƌ
ƐƉĞĐŝĨŝĐŵĂƚĞƌŝĂůƐ͕ƐŽůŝĚǁĂƐƚĞƐ͕D͕ZD͕D͕d͘

ŽŶƚƌŝďƵƚĞƐƚŽĂĐŚŝĞǀŝŶŐƚŚĞƵƌŽƉĞϮϬϮϬ^ƚƌĂƚĞŐǇďƵƚĂůƐŽƐĞƚƐŵŝůĞƐƚŽŶĞƐŝŶĂ
ŶƵŵďĞƌŽĨŽǀĞƌůĂƉƉŝŶŐĂŶĚĐŽŵƉůĞŵĞŶƚĂƌǇĂƌĞĂƐƚŽŚĞůƉĚĞĐŽƵƉůĞĞĐŽŶŽŵŝĐŐƌŽǁƚŚ
ĨƌŽŵƚŚĞƵƐĞŽĨƌĞƐŽƵƌĐĞƐ͕ďǇĚĞĐĂƌďŽŶŝƐŝŶŐƚŚĞĞĐŽŶŽŵǇ͕ŝŶĐƌĞĂƐŝŶŐƚŚĞƵƐĞŽĨ
ƌĞŶĞǁĂďůĞƐŽƵƌĐĞƐ͕ŵŽĚĞƌŶŝƐŝŶŐƚŚĞƚƌĂŶƐƉŽƌƚƐĞĐƚŽƌĂŶĚƉƌŽŵŽƚŝŶŐĞŶĞƌŐǇ
ĞĨĨŝĐŝĞŶĐǇ͘

ƚƚŚĞƚŝŵĞŽĨǁƌŝƚŝŶŐŝŶϮϬϬϱ͕ƚŚĞƐƚƌĂƚĞŐǇĚŝĚŶŽƚƐĞƚƋƵĂŶƚŝƚĂƚŝǀĞƚĂƌŐĞƚƐĨŽƌ
͞ƌĞƐŽƵƌĐĞĞĨĨŝĐŝĞŶĐǇĂŶĚƚŚĞĚŝŵŝŶŝƐŚĞĚƵƐĞŽĨƌĞƐŽƵƌĐĞƐ͟ĂƐƉƌĞƐĐƌŝďĞĚďǇƚŚĞ^ŝǆƚŚ
WĂƐŝƚǁĂƐŶŽƚƉŽƐƐŝďůĞƚŽĚŽƐŽǁŝƚŚƚŚĞĐƵƌƌĞŶƚƐƚĂŐĞŽĨŬŶŽǁůĞĚŐĞĂŶĚƐƚĂƚĞŽĨ
ĚĞǀĞůŽƉŵĞŶƚŽĨŝŶĚŝĐĂƚŽƌƐ͘EĞŝƚŚĞƌƚŚĞĚĂƚĂƵŶĚĞƌƉŝŶŶŝŶŐƐŶŽƌƚŚĞŝŶĚŝĐĂƚŽƌƐĂůůŽǁ
ƚĂƌŐĞƚƐƚŽďĞƐĞƚƚŚĂƚǁŽƵůĚĐůĞĂƌůǇƐĞƌǀĞƚŚĞƉƵƌƉŽƐĞŽĨƌĞĚƵĐŝŶŐĞŶǀŝƌŽŶŵĞŶƚĂů
dŚĞdŚĞŵĂƚŝĐ^ƚƌĂƚĞŐǇƐƵŐŐĞƐƚĞĚƚŽĚĞǀĞůŽƉĂƐĞƚŽĨŝŶĚŝĐĂƚŽƌƐƚŽ
ŝŵƉĂĐƚƐŝŶĂŐƌŽǁŝŶŐĞĐŽŶŽŵǇ͘dŚĞƐƚƌĂƚĞŐǇĚŽĞƐ͕ŚŽǁĞǀĞƌ͕ƐĞƚĂƉƌŽĐĞƐƐŝŶŵŽƚŝŽŶ
ŵŽŶŝƚŽƌƚŚĞĚĞͲĐŽƵƉůŝŶŐŽĨĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĨƌŽŵĞĐŽŶŽŵŝĐ
ǁŚĞƌĞďǇƚŚŝƐĐŽƵůĚďĞƉŽƐƐŝďůĞŽǀĞƌƚŚĞĐŽƵƌƐĞŽĨƚŚĞŶĞǆƚĨŝǀĞŽƌƚĞŶǇĞĂƌƐ͘ǇϮϬϬϴŝƚ
ŐƌŽǁƚŚ͘:ZǁĂƐĂƐƐŝŐŶĞĚƚŽĚĞǀĞůŽƉƚŚŽƐĞŵĂĐƌŽŝŶĚŝĐĂƚŽƌŽŶhΖƐ
ǁĂƐƚŽĚĞǀĞůŽƉƚŚĞĨŽůůŽǁŝŶŐ͗
ŐůŽďĂůĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚŚĂƐƉƌĞƐĞŶƚĞĚĨŝƌƐƚƌĞƐƵůƚƐŝŶ
ͲŝŶĚŝĐĂƚŽƌƐƚŽŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐŝŶĞĨĨŝĐŝĞŶĐǇĂŶĚƉƌŽĚƵĐƚŝǀŝƚǇŝŶƚŚĞƵƐĞŽĨŶĂƚƵƌĂů
ϮϬϭϭͬϮϬϭϮ͘
ƌĞƐŽƵƌĐĞƐ͕ŝŶĐůƵĚŝŶŐĞŶĞƌŐǇ͕
ͲƌĞƐŽƵƌĐĞͲƐƉĞĐŝĨŝĐŝŶĚŝĐĂƚŽƌƐƚŽĞǀĂůƵĂƚĞŚŽǁŶĞŐĂƚŝǀĞĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐŚĂǀĞ
ďĞĞŶĚĞĐŽƵƉůĞĚĨƌŽŵƌĞƐŽƵƌĐĞƵƐĞ͕ĂŶĚ
ͲĂŶŽǀĞƌĂůůŝŶĚŝĐĂƚŽƌƚŽŵĞĂƐƵƌĞƉƌŽŐƌĞƐƐŝŶƌĞĚƵĐŝŶŐƚŚĞĞĐŽůŽŐŝĐĂůƐƚƌĞƐƐŽĨƌĞƐŽƵƌĐĞ
ƵƐĞďǇƚŚĞh;ĞĐŽͲĞĨĨŝĐŝĞŶĐǇŝŶĚŝĐĂƚŽƌͿ͘

DĂĐƌŽ

/ŶŐĞŶĞƌĂůƚŚĞƐƚƌĂƚĞŐǇŝƐďƵŝůƚĂƌŽƵŶĚƐŝǆŵƵƚƵĂůůǇƐƵƉƉŽƌƚŝǀĞƚĂƌŐĞƚƐĨŽĐƵƐŝŶŐŽŶƚŚĞ
ŬĞǇĚƌŝǀĞƌƐŽĨďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐĂŶĚƐƚƌŝǀĞƐƚŽƌĞĚƵĐĞƚŚĞƉƌĞƐƐƵƌĞƐŽŶŶĂƚƵƌĞĂŶĚ
ĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐƚŽŚĞůƉƵƌŽƉĞƚŽƌĞĂĐŚŝƚƐŐŽĂů͘dĂƌŐĞƚϭ͗&ƵůůǇŝŵƉůĞŵĞŶƚƚŚĞ
ŝƌĚƐĂŶĚ,ĂďŝƚĂƚƐŝƌĞĐƚŝǀĞƐ͘dĂƌŐĞƚϮ͗DĂŝŶƚĂŝŶĂŶĚƌĞƐƚŽƌĞĞĐŽƐǇƐƚĞŵƐĂŶĚƚŚĞŝƌ
ƐĞƌǀŝĐĞƐ͘dĂƌŐĞƚϯ͗/ŶĐƌĞĂƐĞƚŚĞĐŽŶƚƌŝďƵƚŝŽŶŽĨĂŐƌŝĐƵůƚƵƌĞĂŶĚĨŽƌĞƐƚƌǇƚŽŵĂŝŶƚĂŝŶŝŶŐ
dŚĞŝŶĚŝĐĂƚŽƌƐĂƌĞŽƉĞƌĂƚŝŽŶĂůŝƐĞĚŝŶƚǁĞŶƚǇŝĐŚŝŝŽĚŝǀĞƌƐŝƚǇ
ĂŶĚĞŶŚĂŶĐŝŶŐďŝŽĚŝǀĞƌƐŝƚǇ͘dĂƌŐĞƚϰ͗ŶƐƵƌĞƚŚĞƐƵƐƚĂŝŶĂďůĞƵƐĞŽĨĨŝƐŚĞƌŝĞƐ
dĂƌŐĞƚƐǁŚŝĐŚĂƌĞŽƌŐĂŶŝǌĞĚƵŶĚĞƌĨŝǀĞƐƚƌĂƚĞŐŝĐŐŽĂůƐ͘KŶĞŽĨŝƚƐ
ƌĞƐŽƵƌĐĞƐ͘dĂƌŐĞƚϱ͗ŽŵďĂƚŝŶǀĂƐŝǀĞĂůŝĞŶƐƉĞĐŝĞƐ͘dĂƌŐĞƚϲ͗,ĞůƉĂǀĞƌƚŐůŽďĂů
dŚĞŽŵŵŝƐƐŝŽŶƌĞĐŽŐŶŝǌĞĚƚŚĞŶĞĞĚƚŽĞŶĚŽƌƐĞĂůŽŶŐͲƚĞƌŵǀŝƐŝŽŶ ĐŽŶƐŝĚĞƌĂďůĞŝŶĚŝĐĂƚŽƌƐŝƐƚŚĞŝŽĚŝǀĞƌƐŝƚǇďĂƌŽŵĞƚĞƌŝŶĚŝĐĂƚŽƌ͕
EĞǁƐĞƚƐŽĨŝŶĚŝĐĂƚŽƌƐĂƌĞŶĞĞĚĞĚ͕ƉĂƌƚŝĐƵůĂƌůǇƚŽƌĞƉƌĞƐĞŶƚƚŚĞ ďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐ͘,ĂůƚŝŶŐƚŚĞůŽƐƐŽĨďŝŽĚŝǀĞƌƐŝƚǇĂŶĚƚŚĞĚĞŐƌĂĚĂƚŝŽŶŽĨĞĐŽƐǇƐƚĞŵ
ǁŚŝĐŚŝƐĂŵĞĂƐƵƌĞŽĨƚŚĞůĞǀĞůŽĨƉƵďůŝĐĂǁĂƌĞŶĞƐƐŽĨ
ĂŶĚĂŵďŝƚŝŽƵƐŚĞĂĚůŝŶĞƚĂƌŐĞƚƐĨŽƌďŝŽĚŝǀĞƌƐŝƚǇ͘dŚĞŐůŽďĂů
ŝŽĚŝǀĞƌƐŝƚǇ͕ĨŽƌĞƐƚƐ ďŝŽĚŝǀĞƌƐŝƚǇŝŶĚŝĐĂƚŽƌƐĚĞǀĞůŽƉĞĚƐŚŽƵůĚďĞŐŽŽĚĨŽƌŵĞĂƐƵƌŝŶŐƚŚĞ ďŝŽĚŝǀĞƌƐŝƚǇ͘ĨƵƌƚŚĞƌŐŽĂůƚƌŝĞƐƚŽƌĞĚƵĐĞƚŚĞĚŝƌĞĐƚƉƌĞƐƐƵƌĞƐŽŶǁŝĚĞƌƐŽĐŝĂůĂƐƉĞĐƚƐŽĨďŝŽĚŝǀĞƌƐŝƚǇ͕ƉĂƌƚŝĐƵůĂƌůǇƚŽƌĞƉƌĞƐĞŶƚƚŚĞ ƐĞƌǀŝĐĞƐŝŶƚŚĞhďǇϮϬϮϬ͕ĂŶĚƌĞƐƚŽƌŝŶŐƚŚĞŵŝŶƐŽĨĂƌĂƐĨĞĂƐŝďůĞ͕ǁŚŝůĞƐƚĞƉƉŝŶŐƵƉ
ǁŝĚĞƌƐŽĐŝĂůĂƐƉĞĐƚƐŽĨďŝŽĚŝǀĞƌƐŝƚǇ͘dŚĞŝŶĚŝĐĂƚŽƌƐĨŽƌƚŚĞ^ƚƌĂƚĞŐŝĐ ƚŚĞhĐŽŶƚƌŝďƵƚŝŽŶƚŽĂǀĞƌƚŝŶŐŐůŽďĂůďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐ͘dŚĞƐƚƌĂƚĞŐǇŝƐďƵŝůƚĂƌŽƵŶĚƐŝǆ
ďŝŽĚŝǀĞƌƐŝƚǇĂŶĚƉƌŽŵŽƚĞƐƵƐƚĂŝŶĂďůĞƵƐĞĂŶĚƚŽŝŵƉƌŽǀĞƚŚĞ
ƐŽŝů͕ǁĂƚĞƌ͕ĐĂƌďŽŶ͕ ŝŵƉůĞŵĞŶƚĂƚŝŽŶŽĨƉŽůŝĐŝĞƐ͕ƚŚĞŝƌĞĨĨĞĐƚŽŶƚŚĞƉƌĞƐƐƵƌĞƐŽĨ
ŵƵƚƵĂůůǇƐƵƉƉŽƌƚŝǀĞƚĂƌŐĞƚƐǁŚŝĐŚĂĚĚƌĞƐƐƚŚĞŵĂŝŶĚƌŝǀĞƌƐŽĨďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐŵĞĞƚ
WůĂŶĨŽƌŝŽĚŝǀĞƌƐŝƚǇϮϬϭϭͲϮϬϮϬǁŝůůďĞĨƵƌƚŚĞƌĚŝƐĐƵƐƐĞĚĂŶĚ
ĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐ͕ ďŝŽĚŝǀĞƌƐŝƚǇƐƵĐŚĂƐĨŽƌƚŚĞƐƚĂƚĞŽĨďŝŽĚŝǀĞƌƐŝƚǇ͕ĂŶĚƚŚĞŝŵƉĂĐƚƐŽŶ ƐƚĂƚƵƐŽĨďŝŽĚŝǀĞƌƐŝƚǇďǇƐĂĨĞŐƵĂƌĚŝŶŐĞĐŽƐǇƐƚĞŵƐ͘^ŽŵĞ
ŝŶĚŝĐĂƚŽƌƐŚĂǀĞďĞĞŶĂĚŽƉƚĞĚŝŶĐůƵĚŝŶŐƚŚĞZĞĚ>ŝƐƚ/ŶĚĞǆ͕ƚŚĞ ƉĞƌŝŽĚŝĐĂůůǇĚĞǀĞůŽƉĞĚĚƵƌŝŶŐĂŶĚĂĨƚĞƌƚŚĞĞůĞǀĞŶƚŚŵĞĞƚŝŶŐŽĨ ŝƚƐŽǁŶďŝŽĚŝǀĞƌƐŝƚǇŽďũĞĐƚŝǀĞƐĂŶĚŝƚƐŐůŽďĂůĐŽŵŵŝƚŵĞŶƚƐĂƐĂƉĂƌƚǇƚŽƚŚĞ͘dŚĞ
ƚŚĞĂǀĂŝůĂďŝůŝƚǇŽĨďĞŶĞĨŝƚƐƚŚĂƚƉĞŽƉůĞĚĞƌŝǀĞĨƌŽŵďŝŽĚŝǀĞƌƐŝƚǇ͘
ůŝŵĂƚĞ͕
^ƚƌĂƚĞŐǇƐĞƚŽƵƚĂůŽŶŐ̻ƚĞƌŵϮϬϱϬǀŝƐŝŽŶĂŶĚƚŚĞϮϬϮϬŚĞĂĚůŝŶĞƚĂƌŐĞƚĂƐĨŽůůŽǁƐ;͕
>ŝǀŝŶŐWůĂŶĞƚ/ŶĚĞǆ͕ƚŚĞtŝůĚŝƌĚ/ŶĚĞǆ͕ƚŚĞtĂƚĞƌYƵĂůŝƚǇ/ŶĚĞǆ ƚŚĞŽŶĨĞƌĞŶĐĞŽĨƚŚĞWĂƌƚŝĞƐ͘
/ŵƉŽƌƚĂŶƚƚŽŵŽǀĞĨƌŽŵĐŽƵŶƚŝŶŐƚŚĞĐŽƐƚƐŽĨĞŶǀŝƌŽŶŵĞŶƚĂů
ϮϬϭϭͿ͗ǇϮϬϱϬ͕ƵƌŽƉĞĂŶhŶŝŽŶďŝŽĚŝǀĞƌƐŝƚǇĂŶĚƚŚĞĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐŝƚƉƌŽǀŝĚĞƐ
ĨŽƌŝŽĚŝǀĞƌƐŝƚǇĂŶĚŵĂŶǇŵŽƌĞ͘/ŵƉƌŽǀŝŶŐƚŚĞƐƚĂƚƵƐŽĨ
ƉƌŽƚĞĐƚŝŽŶƚŽĐŽŶƐŝĚĞƌŝŶŐƚŚĞĐŽƐƚƐŽĨƚŚĞůŽƐƐŽĨďŝŽĚŝǀĞƌƐŝƚǇ͘
ͶŝƚƐŶĂƚƵƌĂůĐĂƉŝƚĂůͶĂƌĞƉƌŽƚĞĐƚĞĚ͕ǀĂůƵĞĚĂŶĚĂƉƉƌŽƉƌŝĂƚĞůǇƌĞƐƚŽƌĞĚĨŽƌ
ďŝŽĚŝǀĞƌƐŝƚǇďǇƐĂĨĞŐƵĂƌĚŝŶŐĞĐŽƐǇƐƚĞŵƐ͕ƐƉĞĐŝĞƐĂŶĚŐĞŶĞƚŝĐ
ďŝŽĚŝǀĞƌƐŝƚǇΖƐŝŶƚƌŝŶƐŝĐǀĂůƵĞĂŶĚĨŽƌƚŚĞŝƌĞƐƐĞŶƚŝĂůĐŽŶƚƌŝďƵƚŝŽŶƚŽŚƵŵĂŶǁĞůůďĞŝŶŐ
ĚŝǀĞƌƐŝƚǇŝƐĂŶŽƚŚĞƌŝŵƉŽƌƚĂŶƚŐŽĂů͘
ĂŶĚĞĐŽŶŽŵŝĐƉƌŽƐƉĞƌŝƚǇ͕ĂŶĚƐŽƚŚĂƚĐĂƚĂƐƚƌŽƉŚŝĐĐŚĂŶŐĞƐĐĂƵƐĞĚďǇƚŚĞůŽƐƐŽĨ
ďŝŽĚŝǀĞƌƐŝƚǇĂƌĞĂǀŽŝĚĞĚ͘WƌŽǀŝĚĞƐĂĨƌĂŵĞǁŽƌŬĨŽƌƚŚĞhƚŽŵĞĞƚŝƚƐŽǁŶďŝŽĚŝǀĞƌƐŝƚǇ
ŽďũĞĐƚŝǀĞƐĂŶĚŝƚƐŐůŽďĂůĐŽŵŵŝƚŵĞŶƚƐĂƐĂƉĂƌƚǇƚŽƚŚĞ͘dŚĞ^ƚƌĂƚĞŐǇƐĞƚƐŽƵƚĂ
ůŽŶŐͲƚĞƌŵϮϬϱϬǀŝƐŝŽŶĂŶĚƚŚĞϮϬϮϬŚĞĂĚůŝŶĞƚĂƌŐĞƚ͘

ƵƌŽƉĞΘ
ƵƌŽƉĞΖƐŐůŽďĂů
ŝŵƉĂĐƚƐ

DĂĐƌŽ

tĂƚĞƌ

dŚĞŵŽƐƚĂƉƉůŝĞĚŝŶĚŝĐĂƚŽƌŝƐƚŚĞtĂƚĞƌǆƉůŽŝƚĂƚŝŽŶ/ŶĚĞǆ;t/Ϳ͕
/ŶĚŝĐĂƚŽƌƐĂƌĞƌĞƋƵŝƌĞĚ͕ǁŚŝĐŚƐŚĂůůĂůůŽǁŝŵƉƌŽǀĞĚƉŽůŝĐǇŵĂŬŝŶŐ
ƚŽŐĞƚŚĞƌǁŝƚŚƚŚĞ͞tĂƚĞƌŽŶƐƵŵƉƚŝŽŶ/ŶĚĞǆ͟;t/Ϳ͘dŚĞt/ ŝƐĐƵƐƐŝŽŶƐŽŶƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨƐŽůŝĚŝŶĚŝĐĂƚŽƌƐƚŽŵĞĂƐƵƌĞĂŶĚ
/ƚƐůŽŶŐͲƚĞƌŵĂŝŵŝƐƚŽĞŶƐƵƌĞƚŚĞƐƵƐƚĂŝŶĂďŝůŝƚǇŽĨĂůů
ƐƵĐŚĂƐĂŶŝŵƉƌŽǀĞĚŬŶŽǁůĞĚŐĞďĂƐĞ͘ŝĨĨĞƌĞŶƚŶĞĞĚƐƌĞŐĂƌĚŝŶŐƚŚĞ
ǁĂƐĨƵƌƚŚĞƌĚĞǀĞůŽƉĞĚŝŶƚŽƚŚĞt/н͕ǁŚŝĐŚŝŶƚĞŐƌĂƚĞƐĂƐƉĞĐƚƐŽĨĞǀĂůƵĂƚĞĞĨĨŝĐŝĞŶĐǇŝŶƚŚĞƵƐĞŽĨŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐ͘/ƚŝƐŶĞĐĞƐƐĂƌǇƚŽ
ĂĐƚŝǀŝƚŝĞƐƚŚĂƚŝŵƉĂĐƚŽŶǁĂƚĞƌ͕ƚŚĞƌĞďǇƐĞĐƵƌŝŶŐƚŚĞĂǀĂŝůĂďŝůŝƚǇŽĨŐŽŽĚͲƋƵĂůŝƚǇǁĂƚĞƌ
ĚĞǀĞůŽƉŵĞŶƚĂŶĚĂƉƉůŝĐĂƚŝŽŶŽĨŝŶĚŝĐĂƚŽƌƐǁĞƌĞŝĚĞŶƚŝĨŝĞĚ͕
ƚĂŬĞĂĐŽŶƐƵŵƉƚŝŽŶŽƌƐƵƉƉůǇͲĐŚĂŝŶƉĞƌƐƉĞĐƚŝǀĞ͕ǁŚŝĐŚƚĂŬĞƐŝŶƚŽ
ƚŚĞt/;ĨŽĐƵƐƐŝŶŐŽŶĂďƐƚƌĂĐƚŝŽŶĂƐƉƌĞƐƐƵƌĞŽŶƚŚĞ
ĨŽƌƐƵƐƚĂŝŶĂďůĞĂŶĚĞƋƵŝƚĂďůĞǁĂƚĞƌƵƐĞ͘&ƵƌƚŚĞƌĚĞǀĞůŽƉŵĞŶƚŽĨŝŶĚŝĐĂƚŽƌƐŝƐŶĞĞĚĞĚ
ĐŽŶĐĞƌŶŝŶŐ͗tĂƚĞƌĞǆƉůŽŝƚĂƚŝŽŶͬǁĂƚĞƌĐŽŶƐƵŵƉƚŝŽŶ͕tĂƚĞƌ
ĞŶǀŝƌŽŶŵĞŶƚͿĂƐǁĞůůĂƐŽĨƚŚĞt/;ǁŚŝĐŚůŽŽŬƐĂƚƚŚĞĂŵŽƵŶƚŽĨĐŽŶƐŝĚĞƌĂƚŝŽŶƚŚĞƌĞƐŽƵƌĐĞƐǁŚŝĐŚŚĂǀĞďĞĞŶƵƐĞĚĂůŽŶŐƚŚĞ
ĨŽƌĞĨĨŝĐŝĞŶĐŝĞƐƌĞůĂƚĞĚƚŽǁĂƚĞƌƵƐĞ͘
ĞĨĨŝĐŝĞŶĐǇͬƉƌŽĚƵĐƚŝǀŝƚǇ͕>ŝĨĞĐǇĐůĞŝŵƉĂĐƚƐ͕WƌŝĐŝŶŐͬĐŽƐƚƌĞĐŽǀĞƌǇ͕
ƉƌŽĚƵĐƚŝŽŶĐŚĂŝŶŽĨƚŚĞŐŽŽĚƐĂŶĚƐĞƌǀŝĐĞƐĐŽŶƐƵŵĞĚŝŶĂĐŽƵŶƚƌǇ͘
ǁĂƚĞƌǁŚŝĐŚŝƐĂďƐƚƌĂĐƚĞĚĂŶĚŶŽƚ;ŽƌŽŶůǇĂĨƚĞƌĂůŽŶŐƚŝŵĞ
ŽƐƚͬďĞŶĞĨŝƚŽĨǁĂƚĞƌƌĞƐŽƵƌĐĞƐŵĂŶĂŐĞŵĞŶƚŵĞĂƐƵƌĞƐ͘
ƉĞƌŝŽĚͿƌĞƚƵƌŶĞĚƚŽƚŚĞƐĂŵĞǁĂƚĞƌƐŚĞĚ͘

ƵƌŽƉĞΘ
ƵƌŽƉĞĂŶŶǀŝƌŽŶŵĞŶƚĐƚŝŽŶ ϮϬϮϬǁŝƚŚ
ƵƌŽƉĞΖƐŐůŽďĂů
WƌŽŐƌĂŵŵĞƚŽϮϬϮϬ
ǀŝƐŝŽŶƚŽϮϬϱϬ
ŝŵƉĂĐƚƐ

DĂĐƌŽ

DĂƚĞƌŝĂůƐ͕ůĂŶĚ͕
ǁĂƚĞƌ͕ĐĂƌďŽŶ͕
ďŝŽĚŝǀĞƌƐŝƚǇ͕
ĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐ͕
ůŝŵĂƚĞ

dŚĞϳƚŚWĂŝŵƐƚŽƉƌŽǀŝĚĞĂĚĞĨŝŶŝƚĞĚŝƌĞĐƚŝŽŶĂŶĚĨŽĐƵƐĨŽƌh
ĞŶǀŝƌŽŶŵĞŶƚĂůƉŽůŝĐŝĞƐƚŽǁĂƌĚƐƚŚĞǇĞĂƌϮϬϱϬĂŶĚĚĞƚĞƌŵŝŶĞƐŶŝŶĞ
ƉƌŝŽƌŝƚǇŽďũĞĐƚŝǀĞƐĂůůƚĂƌŐĞƚĞĚĂƚƉƌŽƚĞĐƚŝŶŐŶĂƚƵƌĞĂŶĚ
ƐƚƌĞŶŐƚŚĞŶŝŶŐĞĐŽůŽŐŝĐĂůƌĞƐŝůŝĞŶĐĞ͕ƵƉƚƵƌŶƌĞƐŽƵƌĐĞͲĞĨĨŝĐŝĞŶƚůŽǁͲ
ĐĂƌďŽŶŐƌŽǁƚŚĂŶĚůŽǁĞƌĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐŽŶŚĞĂůƚŚ͘

h^ƵƐƚĂŝŶĂďůĞĞǀĞůŽƉŵĞŶƚ
^ƚƌĂƚĞŐǇ

DĂĐƌŽ

dŚĞŵĂŝŶŽďũĞĐƚŝǀĞŽĨƚŚĞƐƚƌĂƚĞŐǇǁĂƐƚŽƌĞĚƵĐĞƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂů ƐƌĞůĂƚĞĚƚŽƌĞƐŽƵƌĐĞƐ͗ůŝŵĂƚĞŚĂŶŐĞΘŶĞƌŐǇͲŐŚŐΖƐ͕
DĂƚĞƌŝĂůƐ͕ĂƌďŽŶ͕ ŝŵƉĂĐƚƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƌĞƐŽƵƌĐĞƵƐĞŝŶĂŐƌŽǁŝŶŐĞĐŽŶŽŵǇ͘
ƌĞŶĞǁĂďůĞĞŶĞƌŐǇ͕^ƵƐƚĂŝŶĂďůĞƚƌĂŶƐƉŽƌƚ͗ĞŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶŽĨ
ŶĞƌŐǇ͕ŵŝƐƐŝŽŶƐ /ŶĚŝĐĂƚŽƌƐƚŽŵĞĂƐƵƌĞŐƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐ͕ǁĂƐƚĞŐĞŶĞƌĂƚŝŽŶ ƚƌĂŶƐƉŽƌƚƌĞůĂƚŝǀĞƚŽ'W͕EĂƚƵƌĂůZĞƐŽƵƌĐĞƐ͗ŽŵŵŽŶŝƌĚ
ĂŶĚƌĞƐŽƵƌĐĞĞĨĨŝĐĞŶĐǇ͘
/ŶĚĞǆ͕ĨŝƐŚĐĂƚĐŚĞƐŽƵƚƐŝĚĞƐĂĨĞďŝŽůŽŐŝĐĂůůŝŵŝƚƐ͘

hŝŽĚŝǀĞƌƐŝƚǇ^ƚƌĂƚĞŐǇ

ϮϬϮϬǁŝƚŚĂ
ǀŝƐŝŽŶƚŽϮϬϱϬ

ƵƌŽƉĞΘ
ƵƌŽƉĞΖƐŐůŽďĂů
ŝŵƉĂĐƚƐ

ůƵĞƉƌŝŶƚƚŽ^ĂĨĞŐƵĂƌĚ
ƵƌŽƉĞΖƐǁĂƚĞƌƌĞƐŽƵƌĐĞƐ

ϮϬϮϬǁŝƚŚĂ
ǀŝƐŝŽŶƚŽϮϬϱϬ

ZĂǁDĂƚĞƌŝĂůƐ/ŶŝƚŝĂƚŝǀĞ

/ŶŶŽǀĂƚŝŽŶhŶŝŽŶ

ϮϬϮϬ

ƵƌŽƉĞ

ϮϬϮϬǁŝƚŚ
ƵƌŽƉĞ
ǀŝƐŝŽŶƚŽϮϬϱϬ

ϮϬϮϬǁŝƚŚ
ƵƌŽƉĞ
ǀŝƐŝŽŶƚŽϮϬϱϬ

7KHWK($3H[SOLFLWO\DLPVWRSURYLGHDGHILQLWHGLUHFWLRQDQGIRFXV
IRU(8HQYLURQPHQWDOSROLFLHVWRZDUGVWKH\HDUDQG
GHWHUPLQHVQLQHSULRULW\REMHFWLYHVDOOWDUJHWHGDWSURWHFWLQJQDWXUH
DQGVWUHQJWKHQLQJHFRORJLFDOUHVLOLHQFHXSWXUQUHVRXUFHHIILFLHQWORZ
FDUERQJURZWKDQGORZHUHQYLURQPHQWDOLPSDFWVRQKHDOWK

$ VHW RI LQGLFDWRUV WR VXSSRUW (8 SROLF\ SULRULWLHV
DQG LV UHJXODUO\ XSGDWHG 7KH LQGLFDWRUV DUH
GHYHORSHG DURXQG VSHFLILF SROLF\ TXHVWLRQV DQG DUH
VFRUHGIRUWKHLUTXDOLW\DQGGDWD

dŚĞZĂǁDĂƚĞƌŝĂůƐ/ŶŝƚŝĂƚŝǀĞŝƐĂŝŶƚĞŐƌĂƚĞĚƐƚƌĂƚĞŐǇŽŶƌĂǁŵĂƚĞƌŝĂůƐ
ǆĂŵƉůĞƐŽĨĐƵƌƌĞŶƚŝŶĚŝĐĂƚŽƌƐƵƐĞĚŝŶƚŚĞĐŽŶƚĞǆƚŽĨƚŚĞZĂǁ
ďĂƐĞĚŽŶƚŚƌĞĞŵĂŝŶƉŝůůĂƌƐ͕ĨŽƌǁŚŝĐŚĂƉƉƌŽƉƌŝĂƚĞŝŶĚŝĐĂƚŽƌƐĂƌĞ
DĂƚĞƌŝĂůƐ/ŶŝƚŝĂƚŝǀĞĂŶĚƚŚĞŵĞĂƐƵƌĞŵĞŶƚŽĨĐƌŝƚŝĐĂůŝƚǇŽĨ
ƌĞƋƵŝƌĞĚ͘dŚĞƐĞŝŶĐůƵĚĞĞŶƐƵƌŝŶŐĂĐĐĞƐƐƚŽƌĂǁŵĂƚĞƌŝĂůƐŽŶǁŽƌůĚ
ŵĂƚĞƌŝĂůƐŝŶĐůƵĚĞŝŶĚŝĐĂƚŽƌƐŽŶƐƵďƐƚŝƚƵƚĂďŝůŝƚǇ͕ŝŵƉŽƌƚ
ŵĂƌŬĞƚƐĂƚƵŶĚŝƐƚŽƌƚĞĚĐŽŶĚŝƚŝŽŶƐ͕ƐƵƉƉŽƌƚŝŶŐƐƵƐƚĂŝŶĂďůĞƐƵƉƉůǇŽĨ
ĚĞƉĞŶĚĞŶĐĞ͕ƌĞƐŽƵƌĐĞƌĞƐĞƌǀĞƐĂŶĚƌĞĐǇĐůŝŶŐƌĂƚĞƐ͘ůƐŽĂůŝƐƚŽĨ
ƌĂǁŵĂƚĞƌŝĂůƐĨƌŽŵƵƌŽƉĞĂŶƐŽƵƌĐĞƐĂŶĚƌĞĚƵĐŝŶŐƚŚĞh͛Ɛ
ĐƌŝƚŝĐĂůƌĂǁŵĂƚĞƌŝĂůƐĨŽƌƚŚĞhŚĂƐďĞĞŶĚĞĨŝŶĞĚ͕ǁŚŝĐŚĂƌĞ
ĐŽŶƐƵŵƉƚŝŽŶŽĨƉƌŝŵĂƌǇƌĂǁŵĂƚĞƌŝĂůƐďǇŝŶĐƌĞĂƐŝŶŐƌĞƐŽƵƌĐĞ
ƐƵďũĞĐƚƚŽĂŚŝŐŚĞƌƌŝƐŬŽĨƐƵƉƉůǇŝŶƚĞƌƌƵƉƚŝŽŶ͘
ĞĨĨŝĐŝĞŶĐǇĂŶĚƉƌŽŵŽƚŝŶŐƌĞĐǇĐůŝŶŐ͘

>ŝŵŝƚĐůŝŵĂƚĞĐŚĂŶŐĞĂŶĚŝŶĐƌĞĂƐĞƚŚĞƵƐĞŽĨĐůĞĂŶĞŶĞƌŐǇ;DĞĞƚƚŚĞ<ǇŽƚŽ
ĐŽŵŵŝƚŵĞŶƚ͖ƚŚĞƌĞĂĨƚĞƌ͕ƌĞĚƵĐĞĂƚŵŽƐƉŚĞƌŝĐŐƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐďǇĂŶ
ĂǀĞƌĂŐĞŽĨϭйƉĞƌǇĞĂƌŽǀĞƌϭϵϵϬůĞǀĞůƐƵƉƚŽϮϬϮϬͿ͘DĂŶĂŐĞ
ŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐŵŽƌĞƌĞƐƉŽŶƐŝďůǇ;ďƌĞĂŬƚŚĞůŝŶŬƐďĞƚǁĞĞŶĞĐŽŶŽŵŝĐŐƌŽǁƚŚ͕ƚŚĞ
ƵƐĞŽĨƌĞƐŽƵƌĐĞƐĂŶĚƚŚĞŐĞŶĞƌĂƚŝŽŶŽĨǁĂƐƚĞͿ

1RVSHFLILFTXDQWLWDWLYHWDUJHWVDUHVXJJHVWHG+RZHYHUWRJHWKHU
6RPHLPSRUWDQWNQRZOHGJHJDSVUHPDLQDQGQHHGWR
WKHVHFRQFHSWVDQGWKHLUDJJUHJDWHVFRULQJRIFULWLFDOPDWHULDOV 
EHDGGUHVVHGZKHQUHYLHZLQJWKHDYDLODEOHLQGLFDWRU
LQWKHODWHVWVWXG\ VKRXOGEHXVHGWRMXGJHWKHXUJHQF\RIUHVRXUFH
VHWV)RULQVWDQFHWKHVSHFLILFLQGLFDWRUVDGGUHVVLQJ
HIILFLHQF\LPSURYHPHQWVDQGDVVXFKVKRXOGEHFRQVLGHUHGD
WKHGULYLQJIRUFHVEHKLQGWKHSULFHVZLQJV
UHOHYDQWVRXUFHRILQIRUPDWLRQWKDWZLOOEHXSGDWHGHYHU\\HDUV

DĂĐƌŽ

ZĂǁDĂƚĞƌŝĂůƐ

DĂĐƌŽ

/ŶƐĞǀĞƌĂůĐŽƵŶƚƌŝĞƐĂŶĚƐƚĂƚŝƐƚŝĐĂůĚĂƚĂƐƵĐŚĂƐŝŶĚŝĐĂƚŽƌƐĂƌĞ
ĐŽůůĞĐƚĞĚĂŶĚĚĞǀĞůŽƉĞĚĐŽŶƚŝŶƵŽƵƐůǇ͘dŚĞ/ŶŶŽǀĂƚŝŽŶhŶŝŽŶ
ƉƌŽǀŝĚĞƐĐŽŶǀĞŶŝĞŶƚĂŶĚƌĞŐƵůĂƌůǇƵƉĚĂƚĞĚƐĞƚŽĨŝŶĚŝĐĂƚŽƌƐĂŶĚ
ĂŶĂůǇƐŝƐƚŽƐƵƉƉŽƌƚZĞƐĞĂƌĐŚΘ/ŶŶŽǀĂƚŝŽŶ;ZΘ/ͿƉŽůŝĐǇŵĂŬŝŶŐĂƚ
ƚŚƌĞĞŵĂŝŶůĞǀĞůƐ͕ŝŶĐůƵĚŝŶŐ;ĂͿ,ĞĂĚůŝŶĞŝŶĚŝĐĂƚŽƌƐĨŽƌƚŚĞŚŝŐŚĞƐƚ
ƉŽůŝƚŝĐĂůůĞǀĞů͕;ďͿƚŚĞ/ŶŶŽǀĂƚŝŽŶhŶŝŽŶ^ĐŽƌĞďŽĂƌĚ;/h^Ϳ
^ƚƌŽŶŐĞƌŝŶƚĞŐƌĂƚŝŽŶŽĨƌĞƐĞĂƌĐŚĂŶĚŝŶŶŽǀĂƚŝŽŶŝŶƚŚĞďƌŽĂĚĞƌ
EŽƐƉĞĐŝĨŝĐƌĞƐŽƵƌĐĞ
ŝŶĚŝĐĂƚŽƌƐĨŽƌŵŝŶŝƐƚĞƌƐĚŝƌĞĐƚůǇƌĞƐƉŽŶƐŝďůĞĨŽƌZĞƐĞĂƌĐŚĂŶĚ;ĐͿ 7KHUH LV VWLOO D FOHDU JDS LQ WKH JURXS RI LQGLFDWRUV
ŶĂƚŝŽŶĂůŝŶĚƵƐƚƌŝĂůĂŶĚĂůƐŽŵĂĐƌŽͲĞĐŽŶŽŵŝĐƉŽůŝĐŝĞƐŝƐĚĞƐŝƌĂďůĞ͘
ĐĂƚĞŐŽƌŝĞƐ
ŽƚŚĞƌĂŶĂůǇƚŝĐĂůƐƚƵĚŝĞƐƉƌĞĚŽŵŝŶĂƚĞůǇĨŽƌĞǆƉĞƌƚƵƐĞ͘dŚĞ
FRQFHUQLQJ WHFKQLFDO HIILFLHQFLHV DQG WKH HIILFLHQF\ LQ
dŚĞ^ŵĂƌƚ^ƉĞĐŝĂůŝƐĂƚŝŽŶWůĂƚĨŽƌŵŝƐŚĞůƉŝŶŐƉƵďůŝĐĂƵƚŚŽƌŝƚŝĞƐĚĞƐŝŐŶ
ĂĚĚƌĞƐƐĞĚ
/ŶŶŽǀĂƚŝŽŶhŶŝŽŶ^ĐŽƌĞďŽĂƌĚϮϬϭϯŵŽŶŝƚŽƌƐŝŶŶŽǀĂƚŝŽŶƚƌĞŶĚƐ UHODWLRQWRQDWXUDOVWRFNVDQGQHHGIXUWKHUDQDO\VLV
ƐƵĐŚƐƚƌĂƚĞŐŝĞƐƚŚƌŽƵŐŚƉĞĞƌƌĞǀŝĞǁƐ͕ŐƵŝĚĞůŝŶĞƐ͕ĂŶĚǁŽƌŬƐŚŽƉƐ͘
ĂŶĚƉƌŽǀŝĚĞƐĂĐŽŵƉĂƌĂƚŝǀĞĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞŝŶŶŽǀĂƚŝŽŶ
ƉĞƌĨŽƌŵĂŶĐĞŽĨƚŚĞDĞŵďĞƌ^ƚĂƚĞƐĂƐǁĞůůĂƐƚŚĞƐƚƌĞŶŐƚŚƐĂŶĚ
ǁĞĂŬŶĞƐƐĞƐŽĨƚŚĞŝƌƌĞƐĞĂƌĐŚĂŶĚŝŶŶŽǀĂƚŝŽŶƐǇƐƚĞŵƐ͘/ƚƐ
ŵĞĂƐƵƌĞŵĞŶƚĨƌĂŵĞǁŽƌŬĚŝƐƚŝŶŐƵŝƐŚĞƐďĞƚǁĞĞŶϯŵĂŝŶƚǇƉĞƐŽĨ
ŝŶĚŝĐĂƚŽƌƐʹŶĂďůĞƌƐ͕&ŝƌŵĂĐƚŝǀŝƚŝĞƐĂŶĚKƵƚƉƵƚƐʹĂŶĚϴ
ŝŶŶŽǀĂƚŝŽŶĚŝŵĞŶƐŝŽŶƐ͕ĐĂƉƚƵƌŝŶŐϮϰĚŝĨĨĞƌĞŶƚŝŶĚŝĐĂƚŽƌƐ͘

7RJHWKHUWKHVHLQGLFDWRUVVKRXOGSURYLGHDQHYLGHQFHEDVHG
RYHUYLHZRISURJUHVVWRZDUGVDUHDFKLQJRIWKH,QQRYDWLRQ8QLRQ
DQGLPSURYHIUDPHZRUNFRQGLWLRQVVXFKDVDFFHVVWRILQDQFHIRU
UHVHDUFKDQGLQQRYDWLRQLQRUGHUWRVWUHQJWKHQWKHLQQRYDWLRQFKDLQ
DQGERRVWOHYHOVRILQYHVWPHQWWKURXJKRXWWKH8QLRQ

/ŶƚĞƌŶĂƚŝŽŶĂůŝŶŝƚŝĂƚŝǀĞƐ

^ƚƌĂƚĞŐŝĐWůĂŶĨŽƌŝŽĚŝǀĞƌƐŝƚǇ
ϮϬϮϬǁŝƚŚĂ
ϮϬϭϭͲϮϬϮϬĂŶĚƚŚĞŝĐŚŝ
/ŶƚĞƌŶĂƚŝŽŶĂů
ǀŝƐŝŽŶĨŽƌϮϬϱϬ
ŝŽĚŝǀĞƌƐŝƚǇdĂƌŐĞƚƐ;
ϮϬϮϬͿ

ŽŶǀĞŶƚŝŽŶŽŶŝŽůŽŐŝĐĂů
ŝǀĞƌƐŝƚǇϮϬϮϬ

K'ƌĞĞŶ'ƌŽǁƚŚ^ƚƌĂƚĞŐǇ

ϮϬϮϬ

/ŶƚĞƌŶĂƚŝŽŶĂů

ϮϬϮϬǁŝƚŚ
/ŶƚĞƌŶĂƚŝŽŶĂů
ǀŝƐŝŽŶƚŽϮϬϱϬ

DĂĐƌŽ

DĂĐƌŽ

DĂĐƌŽ

ŝŽĚŝǀĞƌƐŝƚǇ

ŝŽĚŝǀĞƌƐŝƚǇ

ŽǀĞƌĂůů

ϮϵŝŶĚŝĐĂƚŽƌƐ͘ƐŝŵŝůĂƌƚŽ͕ƐĞĞďĞůŽǁ͘

dŚĞΗsŝƐŝŽŶΗŝƐ͗dŚĞǀŝƐŝŽŶĨŽƌƚŚĞŶĞǁƉůĂŶŝƐ͗Η>ŝǀŝŶŐŝŶ,ĂƌŵŽŶǇǁŝƚŚEĂƚƵƌĞΗǁŚĞƌĞ
ΗǇϮϬϱϬ͕ďŝŽĚŝǀĞƌƐŝƚǇŝƐǀĂůƵĞĚ͕ĐŽŶƐĞƌǀĞĚ͕ƌĞƐƚŽƌĞĚĂŶĚǁŝƐĞůǇƵƐĞĚ͕ŵĂŝŶƚĂŝŶŝŶŐ
ĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐ͕ƐƵƐƚĂŝŶŝŶŐĂŚĞĂůƚŚǇƉůĂŶƚĂŶĚĚĞůŝǀĞƌŝŶŐďĞŶĞĨŝƚƐĞƐƐĞŶƚŝĂůĨŽƌĂůů
ƉĞŽƉůĞ͘Η ΘƚŚĞŐŽĂůƐƚŽĂĐŚŝĞǀĞƚŚŝƐĂƌĞŽƵƚůŝŶĞĚďĞůŽǁ͗
^ƚƌĂƚĞŐŝĐ'ŽĂů͗ĚĚƌĞƐƐƚŚĞƵŶĚĞƌůǇŝŶŐĐĂƵƐĞƐŽĨďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐďǇŵĂŝŶƐƚƌĞĂŵŝŶŐ
dŚĞŝĐŚŝŝŽĚŝǀĞƌƐŝƚǇdĂƌŐĞƚƐĐŽƵůĚĂůƐŽďĞĐŽŶƐŝĚĞƌĞĚĨƌŽŵƚŚĞ ďŝŽĚŝǀĞƌƐŝƚǇĂĐƌŽƐƐŐŽǀĞƌŶŵĞŶƚĂŶĚƐŽĐŝĞƚǇ
dŚĞŝŶĚŝĐĂƚŽƌƐƉƌĞǀŝŽƵƐůǇĂŐƌĞĞĚĨŽƌĂƐƐĞƐƐŝŶŐƉƌŽŐƌĞƐƐƚŽǁĂƌĚƐ
^ƚƌĂƚĞŐŝĐ'ŽĂů͗ZĞĚƵĐĞƚŚĞĚŝƌĞĐƚƉƌĞƐƐƵƌĞƐŽŶďŝŽĚŝǀĞƌƐŝƚǇĂŶĚƉƌŽŵŽƚĞƐƵƐƚĂŝŶĂďůĞ
ƉĞƌƐƉĞĐƚŝǀĞŽĨĂĚƌŝǀĞƌͲƉƌĞƐƐƵƌĞͲƐƚĂƚĞͲŝŵƉĂĐƚͲƌĞƐƉŽŶƐĞ;W^/ZͿ
ƚŚĞϮϬϭϬƚĂƌŐĞƚŽĨĂƐŝŐŶŝĨŝĐĂŶƚƌĞĚƵĐƚŝŽŶŝŶƚŚĞƌĂƚĞŽĨ
ĐŽŵƉĂƚŝďůĞŽƌŐĂŶŝǌĂƚŝŽŶ;ŝŶĚĞĞĚƐƵĐŚǁĂƐŝŶƚĞŶĚĞĚĂƐƉĂƌƚŽĨƚŚĞŝƌƵƐĞ
ďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐ͘ϮϮŝŶĚŝĐĂƚŽƌƐǁŚŝĐŚĐŽǀĞƌƚƌĞŶĚƐĂŶĚĐŚĂŶŐŝŶŐ
^ƚƌĂƚĞŐŝĐ'ŽĂů͗dŽŝŵƉƌŽǀĞƚŚĞƐƚĂƚƵƐŽĨďŝŽĚŝǀĞƌƐŝƚǇďǇƐĂĨĞŐƵĂƌĚŝŶŐĞĐŽƐǇƐƚĞŵƐ͕
ĚĞƐŝŐŶĂƐĂƐĞƚͿ͕ǁŝƚŚƚŚĞĂĚĚŝƚŝŽŶŽĨĂĐĂƚĞŐŽƌǇŽŶďĞŶĞĨŝƚƐƚŽ
ƐƚĂƚƵƐŝŶĞĐŽƐǇƐƚĞŵƐ͕ƚŚƌĞĂƚĞŶĞĚƐƉĞĐŝĞƐ͕ĂďƵŶĚĂŶĐĞƐŽĨƐĞůĞĐƚĞĚ
ƐƉĞĐŝĞƐĂŶĚŐĞŶĞƚŝĐĚŝǀĞƌƐŝƚǇ
ƌĞĨůĞĐƚƚŚĞƉƌŽǀŝƐŝŽŶŽĨĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐĂƐŬĞǇŵĂŶĂŐĞŵĞŶƚ
ƐƉĞĐŝĞƐ͕ĐŽǀĞƌĂŐĞŽĨƉƌŽƚĞĐƚĞĚĂƌĞĂƐ͕ŐĞŶĞƚŝĐĚŝǀĞƌƐŝƚǇ͕ĞĐŽůŽŐŝĐĂů
^ƚƌĂƚĞŐŝĐ'ŽĂů͗ŶŚĂŶĐĞƚŚĞďĞŶĞĨŝƚƐƚŽĂůůĨƌŽŵďŝŽĚŝǀĞƌƐŝƚǇĂŶĚĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐ
ŽďũĞĐƚŝǀĞ͘dŚĞĚ,ŽĐdĞĐŚŶŝĐĂůǆƉĞƌƚ'ƌŽƵƉDĞĞƚŝŶŐŽŶ
ĨŽŽƚƉƌŝŶƚ͕ŝŶǀĂƐŝǀĞƐƉĞĐŝĞƐ͕ǁĂƚĞƌƋƵĂůŝƚǇĞƚĐ͘/ŶĚŝĐĂƚŽƌƐĚŽŶŽƚ
^ƚƌĂƚĞŐŝĐ'ŽĂů͗ŶŚĂŶĐĞŝŵƉůĞŵĞŶƚĂƚŝŽŶƚŚƌŽƵŐŚƉĂƌƚŝĐŝƉĂƚŽƌǇƉůĂŶŶŝŶŐ͕ŬŶŽǁůĞĚŐĞ
/ŶĚŝĐĂƚŽƌƐĨŽƌƚŚĞ^ƚƌĂƚĞŐŝĐWůĂŶĨŽƌŝŽĚŝǀĞƌƐŝƚǇϮϬϭϭͲϮϬϮϬ
ĞǆĐůƵĚĞĂŶǇĞĐŽƐǇƐƚĞŵƐ͘dŚĞǇƐŚŽƵůĚĐŽŶƚŝŶƵĞƚŽďĞĚĞǀĞůŽƉĞĚ
ŵĂŶĂŐĞŵĞŶƚĂŶĚĐĂƉĂĐŝƚǇďƵŝůĚŝŶŐ͘'ŽĂůƐĂƌĞĂůƐŽĞƐƚĂďůŝƐŚĞĚďĞŶĞĂƚŚƚŚĞŚĞĂĚůŝŶĞ
ƐƵŐŐĞƐƚĞĚƚŚĞĨŽůůŽǁŝŶŐŝŶĚŝĐĂƚŽƌƐŽŶƚŚĞ/WǁĞďƐŝƚĞ͗
ĂŶĚƵƐĞĚǁŝƚŚŵŝŶŽƌŵŽĚŝĨŝĐĂƚŝŽŶƐ͘
ƐƚƌĂƚĞŐŝĐŐŽĂůƐ͘
ŚƚƚƉ͗ͬͬǁǁǁ͘ďŝƉŝŶĚŝĐĂƚŽƌƐ͘ŶĞƚͬŝŶĚŝĐĂƚŽƌƐ
ǆĂŵƉůĞƐŽĨƚĂƌŐĞƚƐďǇϮϬϮϬ͗ϭͿƌĂƚĞŽĨůŽƐƐŽĨŶĂƚƵƌĂůŚĂďŝƚĂƚŝƐŚĂůǀĞĚ͘ϮͿϭϳйŽĨ
ƚĞƌƌĞƐƚƌŝĂůĂŶĚϭϬйŽĨŵĂƌŝŶĞĂƌĞĂƐĂƌĞĐŽŶƐĞƌǀĞĚ͘ϯͿƌĞƐƚŽƌĂƚŝŽŶŽĨϭϱйŽĨĚĞŐƌĂĚĞĚ
ĞĐŽƐǇƐƚĞŵƐ͘dũŚĞsŝƐŝŽŶŽĨƚŚĞ^ƚƌĂƚĞŐŝĐWůĂŶŝƐƚŚĂƚďǇϮϬϱϬ͗ΗǇϮϬϱϬ͕ďŝŽĚŝǀĞƌƐŝƚǇŝƐ
ǀĂůƵĞĚ͕ĐŽŶƐĞƌǀĞĚ͕ƌĞƐƚŽƌĞĚĂŶĚǁŝƐĞůǇƵƐĞĚ͕ŵĂŝŶƚĂŝŶŝŶŐĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐ͕
ƐƵƐƚĂŝŶŝŶŐĂŚĞĂůƚŚǇƉůĂŶĞƚĂŶĚĚĞůŝǀĞƌŝŶŐďĞŶĞĨŝƚƐĞƐƐĞŶƚŝĂůĨŽƌĂůůƉĞŽƉůĞ͘Η

dƌĞŶĚƐŝŶĚŝĨĨĞƌĞŶƚĞĐŽƐǇƐƚĞŵƐĂŶĚĨŽƌĚŝĨĨĞƌĞŶƚƐƉĞĐŝĞƐͬĞĐŽƐǇƐƚĞŵ
ƐĞƌǀŝĐĞƐ͘^ĞǀĞƌĂůŝŶĚŝĐĂƚŽƌƐĂƌĞƌĞůĞǀĂŶƚ͕ĂŶĚĂƌĞĞŝƚŚĞƌďĞŝŶŐ
ĚĞǀĞůŽƉĞĚŽƌĂůƌĞĂĚǇŝŶƵƐĞ͕ŝŶĐůƵĚŝŶŐ͗ͻ^ƚĂƚĞŝŶĚŝĐĂƚŽƌƐ͗ŝ͘Ğ͘ƐƚĂƚƵƐ
ŽĨĨĂƵŶĂĂŶĚĨůŽƌĂ͕ƚƌĞŶĚƐŝŶƐƉĞĐŝĞƐ͕ZĞĚ>ŝƐƚƐƉĞĐŝĞƐ͕ĐŚĂŶŐĞƐŝŶůĂŶĚ
ƵƐĞ͕ĞƚĐ͖͘
ͻWƌĞƐƐƵƌĞŝŶĚŝĐĂƚŽƌƐ͗ŝ͘Ğ͘ŝŵƉĂĐƚƐŽĨĂŐƌŝĐƵůƚƵƌĞĂŶĚĂŐƌŝͲ
ĞŶǀŝƌŽŶŵĞŶƚĂůŵĞĂƐƵƌĞƐŽŶƐƉĞĐŝĞƐĂŶĚŚĂďŝƚĂƚƐ͖
ϵϳŽƉĞƌĂƚŝŽŶĂůŝŶĚŝĐĂƚŽƌƐǁŝƚŚϭϮŚĞĂĚůŝŶĞŝŶĚŝĐĂƚŽƌƐ
ͻ/ŵƉĂĐƚŝŶĚŝĐĂƚŽƌƐ͗йŽĨƚŚĞĐŽƵŶƚƌǇĂƌĞĂǁŚĞƌĞĐƌŝƚŝĐĂůůĞǀĞůŽĨ
ƉŽůůƵƚŝŽŶŝƐĞǆĐĞĞĚĞĚ͕ŝŵƉĂĐƚŽĨƐƉĞĐŝĞƐŵĂŶĂŐĞŵĞŶƚƉůĂŶƐ͖
ͻZĞƐƉŽŶƐĞŝŶĚŝĐĂƚŽƌƐ͗ŝ͘Ğ͘ƉƌŽƚĞĐƚĞĚĂƌĞĂƐŽƌŶĂƚƵƌĞŵĂŶĂŐĞŵĞŶƚ
ƐŝƚĞƐ͕ŶŽ͘ƉƌŽũĞĐƚƐĨŽƌƌĞŚĂďŝůŝƚĂƚŝŽŶ͕ƐƉĞĐŝĞƐŵĂŶĂŐĞŵĞŶƚƉůĂŶƐ͖
ĚĞŐƌĞĞŽĨƌĞŚĂďŝůŝƚĂƚŝŽŶŽĨƚŚĞŶĂƚƵƌĂůƐƚƌƵĐƚƵƌĞŽĨǁĂƚĞƌĂŶĚƌŝǀĞƌ
ƐǇƐƚĞŵƐ͘

/ŶĚŝĐĂƚŽƌƐĨŽƌƚŚĞĞǀĂůƵĂƚŝŽŶŽĨŶĂƚƵƌĞƉŽůŝĐŝĞƐĂƌĞĐƵƌƌĞŶƚůǇ
ďĞŝŶŐĚĞǀĞůŽƉĞĚ

dŚĞ'ƌĞĞŶ'ƌŽǁƚŚŝŶŝƚŝĂƚŝǀĞĨƌŽŵƚŚĞKŚĂƐƉƵďůŝƐŚĞĚĂ
ĐŽŶĐĞƉƚƵĂůĨƌĂŵĞǁŽƌŬĂŶĚĂƐĞƚŽĨŝŶĚŝĐĂƚŽƌƐƚŽŚĞůƉ
ŐŽǀĞƌŶŵĞŶƚƐŵŽŶŝƚŽƌƉƌŽŐƌĞƐƐƚŽǁĂƌĚƐŐƌĞĞŶŐƌŽǁƚŚ͘/ŶĚŝĐĂƚŽƌƐ
ĂƌĞŐƌŽƵƉĞĚŝŶƚŽϰŵĂŝŶƚŚĞŵĞƐ͗ͻŶǀŝƌŽŶŵĞŶƚĂůĂŶĚƌĞƐŽƵƌĐĞ
ƉƌŽĚƵĐƚŝǀŝƚǇ͗ͻdŚĞŶĂƚƵƌĂůĂƐƐĞƚďĂƐĞ͗ͻŶǀŝƌŽŶŵĞŶƚĂůƋƵĂůŝƚǇŽĨ
dŚĞĨŽĐƵƐŝƐŽŶƚŚĞĐŽŶƚŝŶƵĂƚŝŽŶŽĨĞĐŽŶŽŵŝĐŐƌŽǁƚŚ͕ǀĂůƵŝŶŐ
ůŝĨĞ͕͗ͻĐŽŶŽŵŝĐŽƉƉŽƌƚƵŶŝƚŝĞƐĂŶĚƉŽůŝĐǇƌĞƐƉŽŶƐĞƐ͘͘dŚĞ'ƌĞĞŶ
/ŶŽƌĚĞƌƚŽŵĂŶĂŐĞƉƌŽŐƌĞƐƐĂŶĚŵĞĂƐƵƌĞƌĞƐƵůƚƐ͕ƉŽůŝĐŝĞƐǁŚŝĐŚƉƌŽŵŽƚĞŐƌĞĞŶ
ůƚŚŽƵŐŚƚŚĞƌĞŝƐĂƐŝŐŶŝĨŝĐĂŶƚĂŵŽƵŶƚŽĨĞĐŽŶŽŵŝĐĂŶĚ
ŶĂƚƵƌĂůĐĂƉŝƚĂůǁŝƚŚŝŶŶŽǀĂƚŝŽŶĂŶĚĐŽŵƉĞƚŝƚŝŽŶŝƐƐƵĞƐǁŝƚŚĂŶ
ŐƌŽǁƚŚŶĞĞĚƚŽďĞĨŽƵŶĚĞĚŽŶŐŽŽĚƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨƚŚĞĚŝĨĨĞƌĞŶƚĨĂĐƚŽƌƐƚŚĂƚĂĨĨĞĐƚ
'ƌŽǁƚŚ^ƚƌĂƚĞŐǇƐƚĂƚĞƐƚŚĂƚƚŚĞƉƌĞƐĞŶƚƐĞƚĐŽŵƉƌŝƐĞƐĂďŽƵƚϮϱ
ĞŶǀŝƌŽŶŵĞŶƚĂůĚĂƚĂ͕ŝƚŝƐŽĨƚĞŶĚŝĨĨŝĐƵůƚƚŽĐŽŵďŝŶĞƚŚĞŵĚƵĞƚŽ
ĞǆƉůŝĐŝƚƌĞĨĞƌĞŶĐĞƚŽǁĞůůͲďĞŝŶŐ͘dƌĂŝŶŝŶŐΘƐŬŝůůĚĞǀĞůŽƉŵĞŶƚ͖
ŝŶĚŝĐĂƚŽƌƐ͕ƚŚŽƵŐŚŶŽƚĂůůŽĨƚŚĞŵŵĞĂƐƵƌĂďůĞƚŽĚĂǇ͘dŚĞĚŽĐ͘
ŐƌĞĞŶŐƌŽǁƚŚ͘KǀĞƌĂƌĐŚŝŶŐŐŽĂůŽĨƚŚĞĨƌĂŵĞǁŽƌŬŝƐƚŽĞƐƚĂďůŝƐŚŝŶĐĞŶƚŝǀĞƐŽƌ
ĚŝĨĨĞƌĞŶĐĞƐŝŶĐůĂƐƐŝĨŝĐĂƚŝŽŶƐ͕ƚĞƌŵŝŶŽůŽŐǇŽƌƚŝŵĞůŝŶĞƐƐ͘&ƵƌƚŚĞƌŶŽƚ
ZĞŐƵůĂƚŝŽŶƐΘŵĂŶĂŐĞŵĞŶƚĂƉƉƌŽĂĐŚĞƐ͘dŚĞ'ƌĞĞŶ'ƌŽǁƚŚ^ƚƌĂƚĞŐǇ
ŝŶƐƚŝƚƵƚŝŽŶƐƚŚĂƚŝŶĐƌĞĂƐĞǁĞůůͲďĞŝŶŐďǇ͗ŝŵƉƌŽǀŝŶŐƌĞƐŽƵƌĐĞŵĂŶĂŐĞŵĞŶƚĂŶĚ
ŽƵƚůŝŶĞƐƚŚĞƉƌŽƉŽƐĞĚŝŶĚŝĐĂƚŽƌŐƌŽƵƉƐǁŚŝĐŚĂƌĞŐƌŽƵƉĞĚĂƐ
ƉƌŽƉŽƐĞƐƚŚĂƚĂƐŵĂůůƐĞƚŽĨ͞ŚĞĂĚůŝŶĞ͟ŝŶĚŝĐĂƚŽƌƐďĞƐĞůĞĐƚĞĚƚŚĂƚ
ĂůůŽĨŝƚƐƚǁĞŶƚǇͲĨŝǀĞŝŶĚŝĐĂƚŽƌƐĂƌĞŵĞĂƐƵƌĂďůĞƚŽĚĂǇ͕ŵĂŝŶůǇ
ďŽŽƐƚŝŶŐƉƌŽĚƵĐƚŝǀŝƚǇ͘WŽǀĞƌƚǇƌĞĚƵĐƚŝŽŶŽďũĞĐƚŝǀĞƐǁŝůůĂůƐŽŶĞĞĚƚŽďĞĂĚĚƌĞƐƐĞĚŝŶ
ĨŽůůŽǁƐ͗ĐŽŶŽŵŝĐŐƌŽǁƚŚ͕ƉƌŽĚƵĐƚŝǀŝƚǇĂŶĚĐŽŵƉĞƚŝƚŝǀĞŶĞƐƐ͖
ďĞĐĂƵƐĞƚŚĞŵƵůƚŝͲĚŝŵĞŶƐŝŽŶĂůŶĂƚƵƌĞŽĨŐƌĞĞŶŐƌŽǁƚŚƌĞƋƵŝƌĞƐĂ
ĂƌĞĂďůĞƚŽƚƌĂĐŬĐĞŶƚƌĂůĞůĞŵĞŶƚƐŽĨƚŚĞŐƌĞĞŶŐƌŽǁƚŚĐŽŶĐĞƉƚĂŶĚ
ĂĚĂƉƚŝŶŐƚŚŝƐĨƌĂŵĞǁŽƌŬƚŽŵĞƌŐŝŶŐĂŶĚĚĞǀĞůŽƉŝŶŐĐŽƵŶƚƌŝĞƐ͕ǁŝƚŚƚŚĞĂŝŵŽĨ
>ĂďŽƵƌŵĂƌŬĞƚƐ͕ĞĚƵĐĂƚŝŽŶĂŶĚŝŶĐŽŵĞ͖ĂƌďŽŶĂŶĚĞŶĞƌŐǇ
ƚŚĂƚĂƌĞƌĞƉƌĞƐĞŶƚĂƚŝǀĞŽĨĂďƌŽĂĚĞƌƐĞƚŽĨŐƌĞĞŶŐƌŽǁƚŚŝƐƐƵĞƐ͘dŚŝƐ
ƐƵĨĨŝĐŝĞŶƚŶƵŵďĞƌŽĨŝŶĚŝĐĂƚŽƌƐ͘
ŝĚĞŶƚŝĨǇŝŶŐƐǇŶĞƌŐŝĞƐǁŝƚŚŐƌĞĞŶŐƌŽǁƚŚŽďũĞĐƚŝǀĞƐ͘
ƉƌŽĚƵĐƚŝǀŝƚǇ͖ZĞƐŽƵƌĐĞƉƌŽĚƵĐƚŝǀŝƚǇ͖DƵůƚŝͲĨĂĐƚŽƌƉƌŽĚƵĐƚŝǀŝƚǇ͖
ŝƐĂǁŽƌŬŝŶƉƌŽŐƌĞƐƐ͘
ZĞŶĞǁĂďůĞƐƚŽĐŬƐ͖EŽŶͲƌĞŶĞǁĂďůĞƐƚŽĐŬƐ͖ŝŽĚŝǀĞƌƐŝƚǇĂŶĚ
ĞĐŽƐǇƐƚĞŵƐ͖ŶǀŝƌŽŶŵĞŶƚĂůŚĞĂůƚŚĂŶĚƌŝƐŬƐ͖ŶǀŝƌŽŶŵĞŶƚĂů
ƐĞƌǀŝĐĞƐĂŶĚŵĂŶŝƚŝĞƐ͖dĞĐŚŶŽůŽŐǇĂŶĚŝŶŶŽǀĂƚŝŽŶ͖
ŶǀŝƌŽŶŵĞŶƚĂůŐŽŽĚƐĂŶĚƐĞƌǀŝĐĞƐ͖/ŶƚĞƌŶĂƚŝŽŶĂůĨŝŶĂŶĐŝĂůĨůŽǁƐ͖
WƌŝĐĞƐĂŶĚƚƌĂŶƐĨĞƌƐ͖

hEW'ƌĞĞŶĐŽŶŽŵǇ
/ŶŝƚŝĂƚŝǀĞ

ϮϬϮϬǁŝƚŚ
/ŶƚĞƌŶĂƚŝŽŶĂů
ǀŝƐŝŽŶƚŽϮϬϱϬ

DĂĐƌŽ

ŽǀĞƌĂůů

hE/K'ƌĞĞŶ/ŶĚƵƐƚƌǇ
/ŶŝƚŝĂƚŝǀĞ

ϮϬϮϬǁŝƚŚ
/ŶƚĞƌŶĂƚŝŽŶĂů
ǀŝƐŝŽŶƚŽϮϬϱϬ

DĞƐŽ;/ŶĚƵƐƚƌǇͿ

DĂƚĞƌŝĂůƐ͕tĂƚĞƌ͕
ůŝŵĂƚĞ͕ŶĞƌŐǇ

dŚĞ'ƌĞĞŶĐŽŶŽŵǇ/ŶŝƚŝĂƚŝǀĞĐŽǀĞƌƐĂǁŝĚĞƌĂŶŐĞŽĨĂƌĞĂƐƚŚĂƚ
ŝŵƉĂĐƚŽŶƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂŶĚŚƵŵĂŶĚĞǀĞůŽƉŵĞŶƚΘĚŽĞƐŶŽƚ
ƉƌĞƐĐƌŝďĞƚŚĞĂƌĞĂƐǁŚŝĐŚŝƚƐŚŽƵůĚĐŽǀĞƌ͕ŶŽƚŝŶŐƚŚĂƚŝƐƵƉƚŽ
ŝŶĚŝǀŝĚƵĂůĐŽƵŶƚƌŝĞƐƚŽĚĞǀĞůŽƉƚŚĞŝƌŐƌĞĞŶĞĐŽŶŽŵǇŝŶŝƚŝĂƚŝǀĞƐ
ďĂƐĞĚŽŶƚŚĞŝƌƉĂƌƚŝĐƵůĂƌŶĞĞĚƐ͘ƐhEWΖƐŵĂŶĚĂƚĞŝƐƚŚĞ
dŚĞ'ƌĞĞŶĐŽŶŽŵǇ/ŶŝƚŝĂƚŝǀĞŝƐƉƌŽǀŝĚŝŶŐĂŶĂůǇƐŝƐĂŶĚŐƵŝĚĂŶĐĞ
ĞŶǀŝƌŽŶŵĞŶƚ͕ŝƚŝůůƵƐƚƌĂƚĞƐƐŽŵĞŽĨƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůŝƐƐƵĞƐƚŚĂƚƚŚĞ
ƚŽĐŽƵŶƚƌŝĞƐŽŶƉŽůŝĐǇƌĞĨŽƌŵƐĂŶĚŝŶǀĞƐƚŵĞŶƚƐƚŽĂĐŚŝĞǀĞĂ
ŐƌĞĞŶĞĐŽŶŽŵǇĐŽƵůĚĂƐƐĞƐƐ;ĂůƐŽŽƵƚůŝŶĞƐƚŚĞŝŶĚŝĐĂƚŽƌƐƵƐĞĚͿ͗ϭ͘
ŐƌĞĞŶĞĐŽŶŽŵǇ͘dŚĞĨƌĂŵĞǁŽƌŬĂŶĚŝƚƐŝŶĚŝĐĂƚŽƌƐĨŽƌŐƌĞĞŶ
ůŝŵĂƚĞĐŚĂŶŐĞϮ͘ĐŽƐǇƐƚĞŵŵĂŶĂŐĞŵĞŶƚ͗ϯ͘ZĞƐŽƵƌĐĞĞĨĨŝĐŝĞŶĐǇ͗
ĞĐŽŶŽŵǇŵĂŝŶůǇƚĂƌŐĞƚƚŚĞ'ƌĞĞŶƚƌĂŶƐĨŽƌŵĂƚŝŽŶŽĨŬĞǇƐĞĐƚŽƌƐ
ϰ͗ŚĞŵŝĐĂůƐĂŶĚǁĂƐƚĞŵĂŶĂŐĞŵĞŶƚ͘;DĞĂƐƵƌŝŶŐWƌŽŐƌĞƐƐdŽǁĂƌĚƐ
ĂŶĚƚŚĞĞĐŽŶŽŵǇ͕ĞĐŽƵƉůŝŶŐĂŶĚĨĨŝĐŝĞŶĐǇĂŶĚĂŐŐƌĞŐĂƚŝŶŐ
Ă'ƌĞĞŶĐŽŶŽŵǇͿ͘/ƚĚŽĞƐŶŽƚĞŚŽǁĞǀĞƌƚŚĂƚĐŽŶǀĞŶƚŝŽŶĂů
ŝŶĚŝĐĂƚŽƌƐŽĨƉƌŽŐƌĞƐƐĂŶĚǁĞůůͲďĞŝŶŐ͘
ĞĐŽŶŽŵŝĐŝŶĚŝĐĂƚŽƌƐŽŵŵŽŶůǇͲǇĞŝƚŚĞƌĚĞƉůĞƚŝŶŐŶĂƚƵƌĂů
ƌĞƐŽƵƌĐĞƐ͕ŽƌĚĞŐƌĂĚŝŶŐƚŚĞĂďŝůŝƚǇŽĨĞĐŽƐǇƐƚĞŵƐƚŽĚĞůŝǀĞƌ
ĞĐŽŶŽŵŝĐďĞŶĞĨŝƚƐ͕ŝŶƚĞƌŵƐŽĨƉƌŽǀŝƐŝŽŶŝŶŐ͕ƌĞŐƵůĂƚŝŶŐŽƌĐƵůƚƵƌĂů
ƐĞƌǀŝĐĞƐ͕ĞĐŽŶŽŵŝĐĂĐƚŝǀŝƚǇŝƐŽĨƚĞŶďĂƐĞĚŽŶƚŚĞĚĞƉƌĞĐŝĂƚŝŽŶŽĨ
ŶĂƚƵƌĂůĐĂƉŝƚĂů͘

dŚĞ'ƌĞĞŶ/ŶĚƵƐƚƌǇ/ŶŝƚŝĂƚŝǀĞŚĂƐďĞĞŶĚĞǀĞůŽƉĞĚ͕ƚŽƉƌŽǀŝĚĞƚŚĞ
ŝŶƚĞƌŶĂƚŝŽŶĂůĐŽŵŵƵŶŝƚǇ͕ŶĂƚŝŽŶĂůŐŽǀĞƌŶŵĞŶƚƐĂŶĚƚŚĞƉƌŝǀĂƚĞ
EŽƐƚĂŶĚĂƌĚŝƐĞĚƐĞƚŽĨΗŐƌĞĞŶŝŶĚƵƐƚƌǇΗŝŶĚŝĐĂƚŽƌƐĞǆƐŝƚƐŽĨĂƌ͘
ƐĞĐƚŽƌĂŶĚƚŽƐƵƉƉŽƌƚƚŚĞƉŽƐŝƚŝǀĞƌŽůĞŽĨŝŶĚƵƐƚƌǇŝŶŽƌĚĞƌƚŽ
/ŶĚŝĐĂƚŽƌƐƵƐĞĚŝŶǀĂƌŝŽƵƐŐƌĞĞŶŝŶĚƵƐƚƌǇƐƚƵĚŝĞƐĐŽǀĞƌŝƐƐƵĞƐ
ĂĐŚŝĞǀĞƐƵƐƚĂŝŶĂďůĞĚĞǀĞůŽƉŵĞŶƚ͘'WΦĂƐĂŵĞĂƐƵƌĞŽĨ
ƐƵĐŚĂƐŵĂƚĞƌŝĂůƵƐĞ͕ĞŶĞƌŐǇƵƐĞ͕','ĞŵŝƐƐŝŽŶƐĂŶĚǁĂƚĞƌƵƐĞ͘
ĞĐŽŶŽŵŝĐŐƌŽǁƚŚ͕ďƵƚŝƚŵƵƐƚďĞĂĚũƵƐƚĞĚ͘dŚĞƌĞŝƐĂŶĞĞĚĨŽƌďĞƚƚĞƌ

ΗDĞĂƐƵƌŝŶŐWƌŽŐƌĞƐƐƚŽǁĂƌĚƐĂ'ƌĞĞŶĐŽŶŽŵǇ͘ΗŝůůƵƐƚƌĂƚĞƐƚŚĞ
ĨŽůůŽǁŝŶŐŝŶĚŝĐĂƚŽƌĨƌĂŵĞǁŽƌŬƐƚŚĂƚĂƌĞďĞŝŶŐĂƉƉůŝĞĚŝŶƐŽŵĞ
ŝŶƐƚĂŶĐĞƐƚŽŵĞĂƐƵƌĞĂƐƉĞĐƚƐŽĨƚŚĞŐƌĞĞŶĞĐŽŶŽŵǇ͘dŚĞD'
ŝŶĚŝĐĂƚŽƌƐ͗ƚŚĞƐĞƚŽĨ^ƵƐƚĂŝŶĂďůĞĞǀĞůŽƉŵĞŶƚ/ŶĚŝĐĂƚŽƌƐ͗ƚŚĞ
,ƵŵĂŶĞǀĞůŽƉŵĞŶƚ/ŶĚĞǆ͗ďŝŽƉŚǇƐŝĐĂůĐĂƉĂĐŝƚǇ͕ĞĐŽůŽŐŝĐĂů
ĨŽŽƚƉƌŝŶƚƐĞƚĐ͘hŶŝƚĞĚEĂƚŝŽŶƐ^ǇƐƚĞŵŽĨŶǀŝƌŽŶŵĞŶƚĂůͲĐŽŶŽŵŝĐ
ĐĐŽƵŶƚŝŶŐ;^Ϳ͖ƚŚĞƌŝǀŝŶŐĨŽƌĐĞͲWƌĞƐƐƵƌĞͲ^ƚĂƚĞͲ/ŵƉĂĐƚͲ
ZĞƐƉŽŶƐĞ;W^/ZͿĨƌĂŵĞǁŽƌŬ

dŽǁĂƌĚƐĂ'ƌĞĞŶĐŽŶŽŵǇŝƐĂŵŽŶŐhEWΖƐŬĞǇĐŽŶƚƌŝďƵƚŝŽŶƐƚŽƚŚĞZŝŽнϮϬƉƌŽĐĞƐƐ
ĂŶĚƚŚĞŽǀĞƌĂůůŐŽĂůŽĨĂĚĚƌĞƐƐŝŶŐƉŽǀĞƌƚǇĂŶĚĚĞůŝǀĞƌŝŶŐĂƐƵƐƚĂŝŶĂďůĞϮϭƐƚĐĞŶƚƵƌǇ͘
dŚĞŬĞǇĂŝŵŝƐƚŽĞŶĂďůĞĞĐŽŶŽŵŝĐŐƌŽǁƚŚĂŶĚŝŶǀĞƐƚŵĞŶƚǁŚŝůĞŝŶĐƌĞĂƐŝŶŐ
ĞŶǀƌŝŽŶŵĞŶƚĂůƋƵĂůŝƚǇĂŶĚƐŽĐŝĂůŝŶĐůƵƐŝǀĞŶĞƐƐ͘dŚĞĐŽƵŶƚƌŝĞƐĐĂŶƉƌŝŽƌŝƚŝƐĞĚŝĨĨĞƌĞŶƚ
ƐĞƚƐŽĨŝŶĚŝĐĂƚŽƌƐ͕ĚĞƉĞŶĚŝŶŐŽŶƚŚĞŝƌůĞǀĞůŽĨĞĐŽŶŽŵŝĐĚĞǀĞůŽƉŵĞŶƚĂŶĚŶĂƚƵƌĂů
ƌĞƐŽƵƌĐĞƵƐĞ͘

EŽƐƉĞĐŝĨŝĐƚĂƌŐĞƚƐ͕Ğ͘Ő͘ŽŶƐĞĐƚŽƌĂůĞŶǀŝƌŽŶĞŵŶƚĂůŝŵƉƌŽǀĞŵĞŶƚƐ͕ŚĂǀĞƐŽĨĂƌďĞĞŶ
ĂŐƌĞĞĚŝŶƚŚĞĐŽŶƚĞǆƚŽĨƚŚĞ'ƌĞĞŶ/ŶĚƵƐƚƌǇ/ŶŝƚŝĂƚŝǀĞ͘ŵĂũŽƌŐƌĞĞŶŝŶĚƵƐƚƌǇŐŽĂůŝƐƚŽ
ƐƵƉƉůǇĚŽŵĞƐƚŝĐŶĞĞĚƐǁŝƚŚŐƌĞĞŶƚĞĐŚŶŽůŽŐŝĞƐĂƐǁĞůůĂƐƐĞƌǀŝĐŝŶŐŝŶƚĞƌŶĂƚŝŽŶĂů
ŵĂƌŬĞƚƐ͘

ŝŶĚŝĐĂƚŽƌƐ͘

EĂƚŝŽŶĂůWƌŽŐƌĂŵŵĞƐ

'ĞƌŵĂŶWƌŽŐƌĂŵŵĞĨŽƌ
ZĞƐŽƵƌĐĞĨĨŝĐŝĞŶĐǇ;WƌŽŐZĞƐƐͿ

ϮϬϮϬ

'ĞƌŵĂŶǇ

DĂĐƌŽ

DĂƚĞƌŝĂůƐ

ZĂǁŵĂƚĞƌŝĂůƐƉƌŽĚƵĐƚŝǀŝƚǇ;'WΦͬD/ƚͿ͖dDƚ͕&ƵƌƚŚĞƌŵŽƌĞ͕ ZĞƐŽƵƌĐĞƉƌŽĚƵĐƚŝǀŝƚǇ͕ŝ͘Ğ͘ƚŚĞƌĂƚŝŽŽĨ'WƚŽŵĂƚĞƌŝĂůŝŶƉƵƚ͕ŝƐ
/ƚŝƐƐƵŐŐĞƐƚĞĚƚŽĚĞǀĞůŽƉdŽƚĂůDĂƚĞƌŝĂůŽŶƐƵŵƉƚŝŽŶ;dDͿĂƐĂ
ƚŚĞWƌŽŐƌĂŵŵĞŶŽƚĞƐƚŚĂƚƚŚĂƚΗŝƚŝƐŶĞĐĞƐƐĂƌǇƚŽƚĂŬĞĂĐĐŽƵŶƚŽĨ ƵƐĞĚƚŽŵĞĂƐƵƌĞƌĞƐŽƵƌĐĞĞĨĨŝĐŝĞŶĐǇ͘ŽŵĞƐƚŝĐDĂƚĞƌŝĂů
ĐŽŵƉƌĞŚĞŶƐŝǀĞŝŶĚŝĐĂƚŽƌĨŽƌŵĞĂƐƵƌŝŶŐŵĂƚĞƌŝĂůƌĞƋƵŝƌĞŵĞŶƚƐ
ŽƵďůĞƌĂǁŵĂƚĞƌŝĂůƉƌŽĚƵĐƚŝǀŝƚǇƵŶƚŝůϮϬϮϬ;ĐŽŵƉĂƌĞĚƚŽϭϵϵϰͿ
ĂƐƉĞĐƚƐƐƵĐŚĂƐĂǀĂŝůĂďŝůŝƚǇ͕ĞĐŽůŽŐŝĐĂůƌĞůĞǀĂŶĐĞĂŶĚŽƉƉŽƌƚƵŶŝƚŝĞƐ ŽŶƐƵŵƉƚŝŽŶ;DͿĂŶĚƚŚĞZĂǁDĂƚĞƌŝĂůƋƵŝǀĂůĞŶƚƐ
ĨŽƌĐůŽƐĞĚͲĐǇĐůĞŵĂŶĂŐĞŵĞŶƚΗ;ƉĂŐĞϯϲͿ͘ΗŝŶƉƵƚŝŶĚŝĐĂƚŽƌƐĂƌĞŶŽƚ ĂƐƐŽĐŝĂƚĞĚǁŝƚŚŝŵƉŽƌƚƐĂŶĚĞǆƉŽƌƚƐ;DͺZDͿĂƌĞĂůƐŽďĞŝŶŐ ĂƐƐŽĐŝĂƚĞĚǁŝƚŚ'ĞƌŵĂŶĐŽŶƐƵŵƉƚŝŽŶ͘
ĂƉƉůŝĞĚ͘
ƐƵŝƚĂďůĞĨŽƌŝŶƚĞƌͲĐŽƵŶƚƌǇĐŽŵƉĂƌŝƐŽŶƐΗ;ƉĂŐĞϯϴͿ

EĂƚƵƌĂůZĞƐŽƵƌĐĞ^ƚƌĂƚĞŐǇ͕&/

ϮϬϯϬ

&ŝŶůĂŶĚ

DĂĐƌŽ

DĂƚĞƌŝĂůƐ;ŶĂƚƵƌĂů
ƌĞƐŽƵƌĐĞƐͿ

EŽŝŶĚŝĐĂƚŽƌƐĂƌĞŵĞŶƚŝŽŶĞĚ

ZĞƐŽƵƌĐĞĨĨŝĐŝĞŶĐǇĐƚŝŽŶ
WůĂŶ;ZWͿ͕d

ϮϬϱϬ

ƵƐƚƌŝĂ

DĂĐƌŽ

DĂƚĞƌŝĂůƐ

'WΦ͖ƚ͖D/ƚĂŶĚDƚ

ZĞƐŽƵƌĐĞĐŽŶƐƵŵƉƚŝŽŶƐŚŽƵůĚĚĞĐƌĞĂƐĞĂďƐŽůƵƚĞůǇĂŶĚƌĞƐŽƵƌĐĞƉƌŽĚƵĐƚŝǀŝƚǇƐŚŽƵůĚ
ŝŶĐƌĞĂƐĞďǇĨĂĐƚŽƌϰͲϭϬƵŶƚŝůϮϬϱϬ

WƌĞƐƐƵƌĞŝŶĚŝĐĂƚŽƌWĂĐŬĂŐŝŶŐƚ͖ZĞĐǇĐůŝŶŐƌĂƚĞƐŽĨƉĂĐŬĂŐŝŶŐй

EĞǁƚĂƌŐĞƚƐĨŽƌϮϬϭϮ͗ͲƚŽƌĞĚƵĐĞƚŚĞǁĞŝŐƚ͕ŝŶĐƌĞĂƐĞƌĞǇĐůŝŶŐƌĂƚĞƐĂŶĚŝŶĐƌĞĂƐĞƚŚĞ
ƌĞĐǇĐůĞĚĐŽŶƚĞŶƚŽĨĂůůŐƌŽĐĞƌǇƉĂĐŬĂŐŝŶŐ͕ĂƐĂƉƉƌŽƉƌŝĂƚĞ͘dŚƌŽƵŐŚƚŚĞƐĞŵĞĂƐƵƌĞƐ
ƚŚĞĂŝŵŝƐƚŽƌĞĚƵĐĞƚŚĞĐĂƌďŽŶŝŵƉĂĐƚŽĨƚŚŝƐŐƌŽĐĞƌǇƉĂĐŬĂŐŝŶŐďǇϭϬйͲƚŽƌĞĚƵĐĞ
h<ŚŽƵƐĞŚŽůĚĨŽŽĚĂŶĚĚƌŝŶŬǁĂƐƚĞďǇϰйͲƚŽƌĞĚƵĐĞƚƌĂĚƚŝƚŝŽŶĂůŐƌŽĐĞƌǇƉƌŽĚƵĐƚ
ĂŶĚƉĂĐŬĂŐŝŶŐǁĂƐƚĞŝŶƚŚĞŐƌŽĐĞƌǇƐƵƉƉůǇĐŚĂŝŶďǇϱйͲŝŶůĐƵĚŝŶŐďŽƚŚƐŽůŝĚĂŶĚ
ůŝƋƵŝĚǁĂƐƚĞƐ͘

/ŶĚŝĐĂƚŽƌƐŚĂǀĞďĞĞŶƐĞůĞĐƚĞĚĨŽƌĂŐƌŝĐƵůƚƵƌĞ͕ĨŽƌĞƐƚƌǇ͕ĨŝƐŚĞƌŝĞƐ͕
ƌĞŝŶĚĞĞƌŚƵƐďĂŶĚƌǇ͕ŐĂŵĞŵĂŶĂŐĞŵĞŶƚ͕ǁĂƚĞƌƌĞƐŽƵƌĐĞƐĂŶĚ
ƚŚĞƌŽůĞŽĨŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐŝŶƌƵƌĂůĚĞǀĞůŽƉŵĞŶƚ͘

&ŝŶůĂŶĚŚĂƐĂƚŚƌŝǀŝŶŐďŝŽĞĐŽŶŽŵǇŐĞŶĞƌĂƚŝŶŐŚŝŐŚĂĚĚĞĚǀĂůƵĞ͘&ŝŶůĂŶĚ
ƵƚŝůŝƐĞƐĂŶĚƌĞĐǇĐůĞƐŵĂƚĞƌŝĂůĨůŽǁƐĞĨĨĞĐƚŝǀĞůǇ͘ZĞŐŝŽŶĂůƌĞƐŽƵƌĐĞƐ
ŐĞŶĞƌĂƚĞďŽƚŚŶĂƚŝŽŶĂůĂĚĚĞĚǀĂůƵĞĂŶĚůŽĐĂůǁĞůůͲďĞŝŶŐ͘&ŝŶůĂŶĚƚĂŬĞƐŝŶŝƚŝĂƚŝǀĞƐĂŶĚ
ůĞĂĚƐƚŚĞǁĂǇŽŶŶĂƚƵƌĂůƌĞƐŽƵƌĐĞŝƐƐƵĞƐ͘

tĂƐƚĞΘZĞƐŽƵƌĐĞƐĐƚŝŽŶ
WƌŽŐƌĂŵŵĞ;tZWͿ͕h<

ϮϬϭϮ

h<

DĂĐƌŽͬDĞƐŽ

DĂƚĞƌŝĂůƐ͖ĂƌďŽŶ
/ŵƉĂĐƚ

ĐŽůŽŐŝĐĂůƵĚŐĞƚ͕h<

ϮϬϱϬ

h<

DĂĐƌŽ

DĂƚĞƌŝĂůƐ͖&ŝĞůĚƐŽĨ
D/ƚ͕Dƚ͕ĐŽůŽŐŝĐĂů&ŽŽƚƉƌŝŶƚŐůŽďĂůŚĂ͕KϮĞŵŝƐƐŝŽŶƐ
ƚŚĞĐŽůŽŐŝĐĂů
;ŝŶĐůƵĚĞƐĞŵŝƐƐŝŽŶƐĞŵďŽĚŝĞĚŝŶŝŵƉŽƌƚƐͿ
&ŽŽƚƉƌŝŶƚ

ϳϱйƌĞĚƵĐƚŝŽŶŝŶƌĞƐŽƵƌĐĞĨůŽǁƐĂŶĚƚŚĞĐŽůŽŐŝĐĂů&ŽŽƚƉƌŝŶƚďǇϮϬϱϬ;ĨĂĐƚŽƌĨŽƵƌ
ƌĞĚƵĐƚŝŽŶͿ

^ƚƌĂƚĞŐǇĨŽƌ^ƵƐƚĂŝŶĂďůĞ
ŽŶƐƚƌƵĐƚŝŽŶ͕h<

ϮϬϭϮ

h<

DĞƐŽ
;ŽŶƐƚƌƵĐƚŝŽŶ
ƐĞĐƚŽƌͿ

DĂƚĞƌŝĂůƐ

ǇϮϬϭϮ͕ϮϱйŽĨƉƌŽĚƵĐƚƐƵƐĞĚŝŶĐŽŶƐƚƌƵĐƚŝŽŶƉƌŽũĞĐƚƐƚŽďĞĨƌŽŵƐĐŚĞŵĞƐ
ƌĞĐŽŐŶŝǌĞĚĨŽƌƌĞƐƉŽŶƐŝďůĞƐŽƵƌĐŝŶŐ

EŽƐƉĞĐŝĨŝĐŝŶĨŽƌŵĂƚŝŽŶŽŶƌĞƋƵŝƌĞĚŝŶĚŝĐĂƚŽƌƐƉƌŽǀŝĚĞĚ

EĂƚŝŽŶĂůWƌŽŐƌĂŵŵĞŽŶ
EĂƚƵƌĂůZĞƐŽƵƌĐĞƐ͕E>

ϮϬϱϬ

EĞƚŚĞƌůĂŶĚƐ

ůůƌĞƐŽƵĐĞƐƚŚĂƚ
DĞƐŽ;WƌŽĚƵĐƚŝŽŶ ŵŝŐŚƚďĞ
ĞŶĚĂŶŐĞƌĞĚďǇ
ƐĞĐƚŽƌͿ
ƉƌŽĚƵĐƚŝŽŶ

ϰƚŚEĂƚŝŽŶĂůŶǀŝƌŽŶŵĞŶƚĂů
WŽůŝĐǇWƌŽŐƌĂŵŵĞ͕E>

ϮϬϯϬ

EĞƚŚĞƌůĂŶĚƐ

DĂĐƌŽ

DĂƚĞƌŝĂůƐ

ƐƐŽĐŝĂƚĞĚŝŶĚŝĐĂƚŽƌƐďĞŝŶŐĚĞǀĞůŽƉĞĚ͕Ğ͘Ő͘D

ĐŚŝĞǀŝŶŐĚĞŵĂƚĞƌŝĂůŝƐĂƚŝŽŶǁŝƚŚĂĨĂĐƚŽƌϮƚŽϰďǇϮϬϯϬ

ϮϬϱϬ;ƐƵďͲ
ŶǀŝƌŽŶŵĞŶƚĂůĐƚŝŽŶWůĂŶĨŽƌ ŽƌĚŝŶĂƚĞƚĂƌŐĞƚƐ
/ƚĂůǇ
ĨŽƌϮϬϭϬĂŶĚ
ƐƵƐƚĂŝŶĂďůĞĚĞǀĞůŽƉŵĞŶƚ
ϮϬϯϬͿ

DĂĐƌŽ

DĂƚĞƌŝĂůƐ

dŽƚĂůDĂƚĞƌŝĂůZĞƋƵŝƌĞŵĞŶƚ;dDZͿƚĞĐŽůŽŐŝĐĂů
ĨŽŽƚƉƌŝŶƚŵϮDĂƚĞƌŝĂů/ŶƉƵƚ
WĞƌhŶŝƚ^ĞƌǀŝĐĞ;D/W^Ϳ

ĐŚŝĞǀĞĂƌĞĚƵĐƚŝŽŶŽĨƚŚĞƚŽƚĂůŵĂƚĞƌŝĂůƌĞƋƵŝƌĞŵĞŶƚ;dDZͿŽĨϮϱйďǇϮϬϭϬ͕ϳϱйďǇ
ϮϬϯϬĂŶĚϵϬйďǇϮϬϱϬ

^ĞĐŽŶĚEĂƚŝŽŶĂů
ŶǀƌŝŽŶŵĞŶƚĂůWŽůŝĐǇ

DĞƐŽ;WƌŽĚƵĐƚŝŽŶ
DĂƚĞƌŝĂůƐ͕tĂƚĞƌ
ƐĞĐƚŽƌͿ

EŽƐƉĞĐŝĨŝĐŝŶĚŝĐĂƚŽƌƐǁĞƌĞŐŝǀĞŶ

ZĞĚƵĐĞƚŚĞǁĂƚĞƌĐŽŶƐƵŵƉƚŝŽŶ͕ŵĂƚĞƌŝĂůŝŶƚĞŶƐŝƚǇĂŶĚǁĂƐƚĞŐĞŶĞƌĂƚŝŽŶŝŶƚŚĞ
ƉƌŽĚƵĐƚŝŽŶƐĞĐƚŽƌďǇϱϬйďĞƚǁĞĞŶϭϵϵϬĂŶĚϮϬϭϬ

DĂĐƌŽ

/ŶĚŝĐĂƚŽƌƐĂƌĞŶŽƚǇĞƚƉƌŽǀŝĚĞĚ͕ĂƐƚŚĞŝƌĚĞĨŝŶŝƚŝŽŶŝƐƉĂƌƚŽĨƚŚĞ
ƉƌŽŐƌĂŵŵĞƐŽďũĞĐƚŝǀĞ͘

/ŶƚŝŵĞ;ϮϬϭϮͲϮϬϮϬͿƉƌŽĚƵĐƚƐƐŚŽƵůĚŚĂǀĞĂŵŝŶŝŵĂůĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚ͕ďĂƐĞĚŽŶ
ĐůĂƐŝĨŝĐĂƚŝŽŶďǇ>ͲƚǇƉĞΖƉĞƌĨŽƌŵĂŶĐĞŝŶĚŝĐĂƚŽƌƐΖ

dŚĞ&ĞĚĞƌĂůWƌŽĚƵĐƚƐWůĂŶ
;ϮϬϬϵͲϮϬϭϮͿ

ϭϵϵϬͲϮϬϭϬ

WŽůĂŶĚ

ϮϬϭϮ
;ŝŵƉůĞŵĞŶͲ
ĞůŐŝƵŵ
ƚĂƚŝŽŶͿ͕ϮϬϮϬ
;ŐŽĂůƐͿ

WƌŽĚƵĐƚƐ

dŚĞŐĞŶĞƌĂůŽďũĞĐƚŝǀĞŝƐƚŚĞŝŶƚĞŐƌĂůƌĞĚƵĐƚŝŽŶŽĨƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůƉƌŽĚƵĐƚŝŽŶ
ƚŚƌŽƵŐŚŽƵƚƚŚĞǁŚŽůĞǀĂůƵĞĐŚĂŝŶ͘

Annex 2 overview of indicator sets on resource efficiency in Europe

Unit

Env. Cat.

kg/cap
kg/cap
kt
ktonnes
ktonnes
kg/cap
kg/cap
ktonnes
Tonnes of ODS eq.
kg/cap
kg/cap
% exceedance
tonnes
%
# OR % of total
INDEXed trends
# (millions)
% overfished
INDEX (2000=100)
Mt (CO2 eq.)
tonne CO2/capita
tonnes of CO2
kg/cap
tonnes of CO2-eq.
degrees (Celcius)
kg/cap
ppm CO2 eq.
gigagrammes
kg/cap
US$ per kg of CO2
tonnes CO2 eq.
kg/capita/yr
kg/capita/yr
kcal/cap/day
tonnes OR tonnes/km shoreline
%
# OR stock in kW
billion €
% area at risk OR Acidifying eq.
% area at risk OR Eutrophication eq.
% of ecosystem area at risk
hectares or % protected
% of sites
Avg. non-fragmented parcel size (km3)
m2 growth or fellings as % of growth
TOE (tonnes of oil eq.)
TOE (tonnes of oil eq.)
TOE (tonnes of oil eq.)
% of total OR GWh

Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Atmosphere
Biodiversity
Biodiversity
Biodiversity
Biodiversity
Biodiversity
Biodiversity
Climate
Climate
Climate
Climate
Climate
Climate
Climate
Climate
Climate
Climate
Climate
Climate
Consumption
Consumption
Consumption
Consumption
Consumption
Consumption
Consumption
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Energy
Energy
Energy
Energy

-C

X

-S
CP
Eu
ro
st
at
SD
EU
I
20
20
UN
EP
YB
OE
CD

Indicator
acidifying emissions per capita
emission of ground ozone precursors per capita
Emissions of air pollutants
Emissions of ozone precursors
Emissions of acidifying substances
acidifying emissions per capita
emission of ground ozone precursors per capita
Emissions of particulate matter
ozone depleting substance use
acidifying emissions per capita
emission of ground ozone precursors per capita
Exceedance of air quality limit values in urban areas
air polluting emissions per sector
catch outside safe biological limits
Species of European interest
Species diversity (Distribution & abundance)
Species trade (global)
Status of marine fish stocks
Common bird index
Greenhouse gas emissions
carbon footprint
CO2 emissions
GHG emissions per capita
GHG emission target progress
Global & European temperature
GHG emissions per capita
Atmospheric greenhouse gas concentrations
HFCs emissions
GHG emissions per capita
CO2 based productivity
Greenhouse gas emissions by sector
Consumption of certain foodstuffs
meat, milk and dairy products consumption
calorie intake per capita
Aquaculture production
share of expenditure on COICOP categories
ownership rates of appliances
imports from developing countries
Exposure of ecosystems to acidification
Exposure of ecosystems to eutrophication
Exposure of ecosystems to ozone
Designated areas
Sufficiency of habitat sites
Fragmentation of ecosystems
Forest increment and fellings
Primary energy consumption by fuel
Gross inland energy consumption, by fuel
Primary energy consumption
Renewable electricity consumption

EE
A

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

EE
A

#

ED
CN

RP

SI

Table A.1 Overview of indicators in 7 resource efficiency indicator sets. For details, please see section 3.1.1 of the report. The table is sorted by environmental theme. An Asterisk * indicates that the values (in the DPSIR and indicator type column) where based on the
authors judgement. Some indicators are only defined for a certain economic sector, indicated in the right column. Trends are either concerning (red), seemingly detrimental (orange), no or unclear trend (yellow), seemingly advantageous (light-green), positive (green) or unknown (grey).

DPSIR

X
X
X

Pressure*
Pressure*
Pressure*
Pressure
Pressure
Pressure*
Pressure*
Pressure
Drivingforce
Pressure*
Pressure*
State
Pressure*
Pressure*
State
State
Pressure*
State
State*
Pressure
Pressure*
Pressure*
Pressure*
Pressure
State
Pressure*
State
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Pressure
DrivingForce*
DrivingForce*
DrivingForce*
State
State
State
Response
State*
Pressure*
Pressure*
Drivingforce
Drivingforce*
Drivingforce*
Response

X
X
X
X
X
X

X
X
X

X
X
X

X
X

X
X

X
X

X
X
X

X
X

X
X
X
X

X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X

X
X
X
X
X
X
X
X

X
X
X
X

X
X

X
X
X
X

X

X

Type
C
C
B*
B
B
C
C
B
D
C
C
A
C
B*
A
A
A*
A
A*
B
B
B
C
A
B
C
A
B*
C
C*
B*
A
A
A
A
A
C
A
B
B
B
A
A*
A
B*
A
A*
A*
B

Robustness

Trend Sector
Housing & infra
Housing & infra

B
Food & Drink
Food & Drink

Transport
Transport
All
C
B

C
A
C
A
A

Housing & infra

Food & Drink

Transport
All

Residential
Residential
A

A
B-C
C
A
A
A

Transport (roads as a cause)

SI

-S
CP
Eu
ro
st
at
SD
EU
I
20
20
UN
EP
YB
OE
CD

Env. Cat.
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Finance
Finance
Finance
Finance
Finance
Finance
Finance
Finance
Finance
Finance
Land
Land
Land
Land
Land
Land
Land
Land
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Mobility
Mobility
Mobility
Mobility
Mobility
Mobility
Mobility

EE
A

Unit
%
ktoe/euro
TOE per capita
% improvement
GJ/m2
TOE
%
TOE (tonnes of oil eq.)
%
TOE (tonnes of oil eq.)
€ OR % of total tax OR % of GDP
% of GDP
% of GDP
% of GDP OR million EUR
% of GNI
million €
# OR €
several indices
%
% of GDP
m2 per capita
% of total agricultural land in use
hectares
kg N / hectare (/yr)
%
# of sites
hectares
km2
€/tonne
US$/kg
US$/kg
tons or Raw Material Eqs. (RME)
%
tons
kg/yr
kg per capita OR percentage
EUR per kg
tonnes
tonnes
tonnes
tonnes
tonnes
tonnes
%
kg/cap
kg/cap
kg/cap
kg/capita/yr
INDEX (2000=100)
# of cars/1000cap
ton km (per $ GDP)
%
%
TOE/€
tonnes of CO2 eq.

EE
A

Indicator
Renewable primary energy consumption
primary energy intensity
primary energy per capita
efficiency of cars and household appliances
Energy consumption per m2 for space heating
total energy consumption for space heating
Share of renewables in gross inland energy consumption
Final energy consumption by sector
Energy dependency
Electricity consumption of households
Environmental taxing
Environmental Expenditures
Investment by institutional sectors
General government gross debt
Official development assistance
Total EU financing for developing countries
number & capitalisation of green, social and ethical funds
Sustainable companies performance
Shares of labour taxes in total tax
expenditure on R&D
Ecological Footprint
Agricultural land use by purpose
Forestry land use
gross nutrient balance
Area under organic farming
Progress in management of contaminated sites
Ecological footprint of food consumption
Artificial land or built-up area
GDP/DMC
Biotic material productivity
Abiotic material productivity
Domestic material consumption
The share of mineral imports in consumption
Overall mine production of metals
Municipal waste collection
Generation and recycling of packaging waste
Resource productivity
production of toxic chemicals
Direct material resource use (DMI or DEU)
DMC for non-renewable minerals and fossil fuels
biomass DE, DMC and DMI
DMI per sector
Total recycling amounts for selected matarials
recycling rates for municipal and packaging
global material use per capita
global material use per capita
global material use per capita
Municipal waste generation
passenger transport volume relative to GDP
Motorisation grade
Volume of freight transport relative to GDP
Modal split of passenger transport
Modal split of freight transport
Energy consumption of transport relative to GDP
Greenhouse gas emissions by transport mode

-C

RP
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

ED
CN

#

DPSIR

X
X

X
X
X
X
X
X

X
X
X
X
X
X

X
X

X

X
X

X

X

X
X
X

X

X
X
X
X
X
X
X
X
X

X
X
X

X

X

X
X
X
X
X
X

X

X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X

X
X

X

X
X
X
X

Response
Response
Pressure*
Response*
Drivingforce*
Drivingforce*
Response*
Drivingforce
other
Drivingforce*
Response*
Response*
Response*
other
Response*
Response*
Response*
Response*
other
Response*
Pressure*
Pressure*
Pressure*
Pressure
Response
Response
Pressure*
Pressure
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Pressure
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Pressure*
Response*
Response*
Pressure*
Pressure*
Pressure*
Pressure
DrivingForce*
DrivingForce*
Drivingforce
DrivingForce*
DrivingForce*
Pressure*
Pressure*

Type
B
B
B
C
C
C
B*
A
B*
A*
B*
B*
B*
A*
B*
B*
C
A*
A*
C
B
A*
A*
A
A
A
A
A
C
C*
C*
A*
B*
A*
A*
A
C*
A*
C
A
C
C
A
B
C
C
C
A
A*
A*
A
A
A
C*
B*

Robustness

Trend Sector

A
A
Transport, Residential
Residential
Residential
A
A
A
B

Residential

A
A
B/C
C

A
A-B

B-C

Food & Drink
B

A
B

A
All

Transport
Housing & infra
Food & Drink
B
A

B
A
A

Transport
Transport
Transport
Transport
Transport
Transport
Transport

SI

-S
CP
Eu
ro
st
at
SD
EU
I
20
20
UN
EP
YB
OE
CD

Env. Cat.
Mobility
Mobility
Mobility
Mobility
Mobility
Mobility
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Social structure
Quality of life
Quality of life
Quality of life
Quality of life
Quality of life
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

EE
A

Unit
# of people
km driven / ownership rate
km/L
€/km
person km (per $ GDP)
% of fuel use
#
cap/household
#
# op people/km2
vessels #, power (kW),tonnage (GT)
GDP (€) (per capita) (in PPP)
Euro per hour worked
%
% and # of persons
% and # of persons
% and # of persons
% and # of persons
% and # of persons
% and # of persons
%
%
#
% of voting pop
%
INDEX (aggregate)
Gini INDEX
# of companies
# of companies
%
# of awards
#
# of (or Index)
% of total PTC
% of total PTC
% of total PTC
% of total PTC
% of total PTC
% of total PTC
# number of cities
m2 (per capita)
% of total pop.
Years
yrs
Per 100 000 persons
m3/capita or % of total
m3/capita
%
m3/capita
m3/capita
%
% compliance
microgram /L
g/L OR microMol/l
g/L OR microMol/l
BOD (in mg O2/l) OR [NH4+] (in mg N/L)

EE
A

Indicator
People killed in road accidents
private car use
fuel efficiency for average car
sustainable transport price by mode
Passenger transport demand by mode relative GDP
alternative fuel use
Environmental management systems
Household sizes
Household numbers
population density
Fishing fleet capacity
prosperity
Labour productivity per hour worked
Total employment rate
Risk-of-poverty or social exclusion
People at-risk-of-poverty, after social transfers
Severely materially deprived people
People living in households with very low work intensity
Early leavers from education and training
Tertiary educational attainment
Employment rate of older workers
Aggregate replacement ratio
New infringement cases
Voter turnout parliamentary elections
Population in developing countries living under the poverty line
Human Development Index
Income Equality
commitment to UN Global Compact
Environmental publishing according to GRI
share of organisations responding to the Carbon Disclosure Project
Number of eco-label awards
# of Parties to Multilateral Environmental Agreements
Green patents
Electric and hybrid vehicle Patents
Patents on energy efficiency in buildings and lightning
Patents on renewable energy
Patents on air pollution
Patents on water pollution
Patents on waste management
Cities signing the Alborg Commitments
growth in m2 of living space per capita
Population connected to sewerage
Life expectancy at age 65
Healthy life years and life expectancy
Death rate due to chronic diseases
Surface and groundwater abstraction
Available freshwater resources
Water exploitation index
Total BLUE water footprint
Total GREEN water footprint
Urban waste water treatment
Bathing water quality
Chlorophyll in transitional, coastal and marine waters
Nutrients in open waters
Nutrients in freshwaters
Oxygen consuming substances in rivers

-C

RP
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

ED
CN

#

DPSIR

X

X
X
X
X
X

X
X

X
X
X
X
X
X

X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X

X
X
X
X

X
X

X
X
X
X
X
X
X
X
X

X

Pressure*
DrivingForce*
Response*
Response*
Drivingforce
Response
Response*
DrivingForce*
DrivingForce*
DrivingForce*
Pressure
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
DrivingForce*
other
other
DrivingForce*
DrivingForce*
DrivingForce*
Response*
Response*
Response*
Response*
Response*
Response*
Response*
Response*
Response*
Response*
Response*
Response*
Response*
Pressure*
Pressure*
State*
State*
State*
Pressure*
State*
Pressure
Pressure*
Pressure*
Response
State
State
State
State
State

Type
A*
C
C
B
A
B
A
A*
A*
A*
A
A*
C*
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
B*
A*
A*
A*
A*
A*
A*
A*
A
C
A*
A
A
A
A
B*
A
B*
B*
A
B
A
A
A
A

Robustness

B
A
A

Trend Sector
Transport
Transport
Transport
Transport
Transport
Transport
Residential
Residential
Commercial

B
B
A
A
A
B
A
C
A
A
B
B
B

B-C
B-C
B-C
B-C
B-C
B-C
B-C

Transport
Residential
Electricity

Residential
A
B
A
C
B
B
B

Annex 3: Indicators of the seven indicator sets aggregated around representative exemplary indicators. numbers in brackets indicate the quantity of indicators related to the item, grey indicators in square brackets
are taken as possible examples from the BIO IS et al. study; Red colored fields indicate that the number of indicators in the specific is zero; Orange fields: 1 to 4 indicators; bright green: 5-10 indicators; forest green:
10 to 19 indicators; neon green: 60 indicators are dedicated to further indicators in Social & Political; grey fields illustrate that it was not possible to assign any indicator to the respective module. GHGE = greenhouse
gas emissions; DMC = domestic material consumption; RMC = raw material consumption; EMC = environmentally-weighted consumption. Capitals DPSIR illustrate driver, pressure, state, impact and response related
to the DPSIR-framework. Small letters refer to metrics as follows: a = absolute number; e = efficiency; s = share; i = index; p = per capita.

Material Use

Social & Political
Driving force & Response
domestic / global

GHGE target progress (1)

P

a

Energy Use

1

Fuel efficiency for average
car (6)

D, S,
R

a, e, s

R

s

S, R

a, s

P, R
D,
P, R
P
R
R
D, R

a, s
a, e, s,
i, p
a
a, s, i
a, s
a, s, i

D, P

a, e, s,
p
a, s

Further Indicators

Land Use

Water
use

6
Urban waste water
treatment (1)
1
Sufficiency of habitat sites
(4)
4
Species trade (global) (2)
Motorisation grade (9)
Fishing fleet capacity (1)
Green patents (7)
Environmental taxing (2)
Investment by
institutional sectors (8)
Household sizes (4)

Environment / society-nature interaction
pressure- /resource use-oriented
environmental Impacts related to resource use
domestic
global
domestic
global
a, e, s,
material use (DMC) (12) (12)
P
p
global material use
a,
Emissions of air
a, s, [Environmentall
Biomass DE (1)
P
a
P
P
(RMC) (5)
p
pollutants (12)
p
y weighted
I i
Production of toxic chemicals
Status of marine fish
P,
a, s, consumption
D, P a
(EMC)]
(3)
stocks (4)
S
p
Recycling rates (3)
P, R a, s, p
19
5
16
0
Primary energy consumption D,
a, s, p
(7)
P, R
Renewable electricity
Greenhouse gas
a, e, Carbon
R
s
P
P p
[Animal products in
consumption (3)
emissions (11)
p
footprint (1)
P s
nutritional energy]
Calorie intake per capita (1)
P
p
Electricity consumption of
D
a, e
households (3)
Energy consumption of
P
e
transport relative to GDP (1)
15
0
11
1
Surface and groundwater
Total BLUE water
Water exploitation
P
p
P p
P
i
Water footprint P a
abstraction (1)
footprint (2)
index (1)
1
2
1
0
[Domestic land demand
demand]
0

Tertiary educational
attainment (2)
Total employment rate (6)
Prosperity (11)

D

New infringement cases
(8)
60

D, R

D
D, S

no clear assigment possible

Ecological Footprint
(1)

P

1
no clear assigment possible

p

Forestry land use (6)

P,
S

6
no clear assigment possible

a, e,
s

LEAC,
eHANPP?

P

mis
c.

Natural state
State
domestic / global

[Maximum sustainable
yield]

0

[raw oil stocks]

0
Available freshwater
resources (6)
6

S

a, s,
p

Species of European
interest (2)

S

a, s,
i

0
no clear assigment
possible

2
Global & European
temperature (6)

S

e, s, i
a, s, i,
p
a, e, s
0

0

0

0

s

6

a, s, i

