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Executive Summary
Resource-efficiency indicator results give information on the overall environmental
impact, but are not able to capture the driving forces behind resource-efficiency indicator
scores. This leaves policy makers with knowledge of how well a socio-economic system is
performing, but with little (quantitative) knowledge of why the system is performing as
observed. Unravelling the mechanisms that drive performance is considered essential in
designing effective policy to attempt to influence future impact.
Drivers of impact can be seen from a number of perspectives – firstly, the temporal
aspect where drivers of change in indicator are identified such that impact is analysed
over time, and with respect to different socio-economic variables. Secondly, the life-cycle
or supply chain perspective, where key actors in the supply chain of a good or service are
identified that drive impact. An example here is the understanding of construction
requirements used within the provision of services by the services sector. If we shift to a
service based society, how dependent do we remain on bricks and mortar? Systematic
analysis of indicator results based on the EEIO model is possible using structural path
analysis – where impact pathways are analysed and ranked based on contribution to
overall impact (Defourny and Thorbecke 1984). Finally, a combination of the temporal
and structural aspects can be integrated into a single analysis by breaking down change
into several key parameters of policy interest. Here factors such as population growth,
population affluence, trade, changing consumption patterns, changing industrial
production, and changing resource efficiency can be explored.
Globally, environmental impacts are growing. Resource efficiency indicators, however,
show different trajectories depending on the perspective taken. Production based
resource efficiency indicators (the impact in a certain region) generally show resource
efficiency improvements for developed countries, and from a decoupling perspective, we
thus see decoupling occurring for production based impacts. From a consumption
perspective (the impact embodied in final demand in a certain region, utilising supplychain analysis) we see a very different picture. Whilst the main regions (EU, US, China)
are still generally decoupling, the rate of decoupling is greatly reduced, and turns
negative in some cases. At the country level, especially for wealthy countries and most
evident in the EU, we see a much greater rate of negative decoupling (that consumption
based impacts are outpacing economic growth). When we look at what is driving this
upward growth in resource use, we consistently see the impact of population (small
steady upward driver), of affluence (strong usually upward driver), and the impact of
trade (moderate upward driver) – both to intermediates and final consumers. In terms of
products and supply chains that are driving this growth, we see the effect of the
construction activity as being one of the key sectors, particularly across material and
greenhouse gas indicators. Downward drivers include both impact intensity (the ratio of
impact per unit output) – where we see that this has had a strong downward effect on
indicator scores over time; and final demand mix – which has had a weak negative
impact on indicator scores over time.
Looking at the drivers of this increased consumption based impacts relative to GDP, we
can conclude the following strong trends: 1) there is little evidence of the increased
impact being due to changing types of products consumed; 2) construction is the only
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main exception in terms of product mix – it is also the most relevant activity in terms of
a number of environmental impact and has seen the greatest change over time; 3) trade
has shifted strongly from developed to developing countries; 4) the overall impact
embodied in trade has greatly increased, in line with the increased volume of, but also
due to increased impact per unit trade – trade has shifted to less efficient producers.
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Introduction

The ultimate goal of an environmental sustainable economy is to allow for better quality
of life with lower environmental impact. Translated into a green growth policy this
becomes a question of decoupling – how can we decouple our economic growth from our
environmental impact. Further to this question, the issue of population control is a
politically-sensitive issue, so it can be useful to divide the impact of population growth,
from the impacts our affluence has on environmental impact.
There is a long history of research on decoupling, from the work of Elrich and colleages
on the relationship between impact, population, affluence and technology (the IPAT
equation) (Ehrlich and Holdren 1971). Significant research since has been concluded on
looking at the rate of decoupling (United Nations Environment 2011). Most work that has
come out, however, has not taken a consumption based approach to decoupling
indicators. Thus from a global environmental perspective, they are not able to capture
the driving forces along the supply-chain behind resource-efficiency indicator scores. This
leaves policy makers with knowledge of how well a socio-economic system is performing,
but with little (quantitative) knowledge of why the system is performing as observed
(Wood and Lenzen 2009). Unravelling the mechanisms that drive performance is
considered essential in designing effective policy to attempt to influence future impact.
Such analysis of structural mechanisms in resource-efficiency indicators has a strong
background in energy systems analysis (Greening et al. 1997; Lenzen 2003).
Drivers of impact can be seen from two perspectives – the life-cycle or supply chain
perspective, where key actors in the supply chain of a good or service are identified that
drive impact. An example here is the understanding of construction requirements used
within the provision of services by the services sector. If we shift to a service based
society, how dependent do we remain on bricks and mortar? Systematic analysis of
indicator results based on the EEIO model is possible using structural path analysis –
where impact pathways are analysed and ranked based on contribution to overall impact
(Defourny and Thorbecke 1984).
The second perspective to be explored in this task is the temporal aspect, where supplychain drivers of change in indicator are aggregated to a level of several key parameters
of policy interest. Here factors such as population growth, population affluence, changing
consumption patterns, changing industrial production, and changing resource efficiency
can be explored.
We expect to get a global agreement on curtailment on greenhouse gas emissions, but
we have a long way to go to get global agreements on other environmental impacts. As
such, it is essential to complement our work on analysis of territorial decoupling, which
has largely occurred, with that of the supply chain perspective of a consumption base.
We thus focus on the following research questions:
 What is the level of decoupling occurring in different regions and across different
indicators?
 How much is the relative consumption based decoupling in individual countries
and for individual indicators?
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Have changing structure of supply chains or types of consumption had a large
impact on decoupling, and related to this, has international trade increased or
decreased relative decoupling?
We propose to test the following hypothesis
 Most countries have seen strong decoupling in greenhouse gas and material
indicators, but the opposite has occurred in water and land indicators.
 Trade has had a relatively benign effect on the overall rate of decoupling, and the
absolute level of consumption is more influential than where goods are produced.
We cover the literature in section 2, the methods in section 3, the results in section 4
before discussing and concluding in section 5.
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Literature

One of the key publications on decoupling in recent years is that of the United Nations
Environment Programme, in explaining the link between well-being, GDP, resource use
and environmental impact (United Nations Environment 2011). In DESIRE, the ambition
has been to replicate such frameworks, and fill the quantitative needs of the framework.
This deliverable focuses on such needs, but is not able to cover the link to human wellbeing, which is a quantitative difficult link to make from economic activity (see
deliverables from WP8 where the state of the art in such research has been pushed
forward).

Figure 1 UNEP description of decoupling (United Nations Environment 2011)

An example of how this has actually occurred in recent history at a large scale is that
through the link between acidificiation causing emissions and energy use, where we have
seen a strong decoupling from environmentally damaging NOx and SOx emissions from
energy use Figure 2.

Figure 2 Decoupling of NOx and SOx emissions from fossil fuels (Weizsäcker et al. 2014)
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Steinberger and colleagues (Steinberger and Roberts 2010) further investigated the
relationship between development as measured by the Human Development Index (HDI)
and energy and carbon, with clear levelling off occurring in the HDI, principally due to the
underlying properties of parameters under the HDI.

Figure 3 Relationships between energy/emissions and human development (Steinberger and
Roberts 2010)

Wiedmann et al (2013) looked at the material footprint – investigating resource use in
terms of decoupling from a consumption based perspective for the first time at a global
level. They showed that for many of the developed world, there was a clearly opposite
trend between domestic material consumption (ignoring material supply chains in foreign
countries) and material footprints (including all embodied material).

Figure 4 Decoupling of domestic material consumption (DMC) vs material footprint (MF) (2013)

Feng and colleagues (Feng et al. 2015) apply decomposition analysis, as performed in
this analysis, in order to breakdown multiple drivers of CO 2 emissions to individual
drivers. They embody a consumption perspective in their work, and are able to
investigate the actual drivers between in consumption based impacts, but not, per-se
able to capture the effect trade has had.
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Figure 5 Decomposition of carbon footprints into drivers (Feng et al. 2015)

Arto and Dietzenbacher (Arto and Dietzenbacher 2014) produced one of the first global
studies that was able to accomplish such analysis, breaking down carbon footprints into
drivers that explicitly included trade relationships. Whilst finding a relatively benign
impact of trade, technology and consumption per-capita are much larger drivers.
However, there analysis was based on a relatively aggregated database (World Input
Output Database with 35 sectors/40 countries).conclusions.

Figure 6 Decomposition of carbon footprints into drivers including affect of imports (global level)
(Arto and Dietzenbacher 2014)

It is from this series of work that we embark: We look at decoupling not just from
greenhouse gas emissions, but also from four resource efficiency indicators, and
investigate the drivers behind the level of decoupling – the role of consumers, trade, and
producers in achieving or abating our progress towards reduced environmental impact.

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

Page 11 of 45

3 Methods
3.1

Data

We use EXIOBASE version 3 developed in the DESIRE project. EXIOBASE is an
environmentally-extended MRIO database that was created for use in analysis relevant to
EU policy. It provides harmonised economic and environmental accounts on regional
detail for 28 EU member states as well as 16 non-EU countries and five rest of world
regions from 1995 to 2011. Each country is represented by 163 industries and 200
product sectors as well as 9 subcategories of value added and seven categories of final
demand. In addition, the database contains environmental extensions consisting of 172
water extensions, 189 energy products, 222 used and non-used extractions, 13 types of
land 14 categories of labour accounts, 26 combustion air emissions, 14 non-combustion
air emissions, and releases of N and P to water. EXIOBASE has its major strength in
providing a greater and consistent sector detail compared to any other MRIO database. It
also includes by far the greatest amount of environmental data in a format consistent
with the sector classification. This makes it most relevant for resource efficiency analysis.
We use version 3.3.0, with a slight update from the economic data available in the
database 3.2.3 made available in January 2016.
In principle we look at four main resource efficiency pressures – greenhouse gases
(including non-CO2 emissions and process emissions, but excluding those from land use
land use change and forestry); material extraction used only; water use (blue water
consumption) and land use (for productive purposes only). For some analysis, we
complement these indicators with employment and GDP based indicators.

3.2

Methods for production based indicators

Production based pressure are simply extracted from the EXIOBASE v3 database. We
denote production based pressures as F for those related to industry and f_hh for those
related to households directly (e.g. household water use, emissions from driving a car).
Total pressures (f) are thus:
𝐟 = 𝐅𝐢 + 𝐟_𝐡𝐡

Eq 1

Indicators are derived relative to GDP in 2011 purchaser power parities from the World
Bank (http://data.worldbank.org/indicator/NY.GDP.PCAP.PP.KD) and for population from the

World Development Indicators (World Bank 2015).

3.3

Methods for consumption based indicators
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For the consumption based approach to calculation of resource efficiency indicators, we
use multi-regional input-output analysis (MRIOA).
MRIOA is an economic approach, constructed from observed data from a particular
region, which considers inter-industry flows between economic sectors. Social and
environmental impacts can be calculated in this framework by using an environmentally
extended input-output table, attributing requirements and impacts to each of the
industries or products. However, the original national model does not account for
technological and productivity differences among countries, which gains significance in
the current moment, when economies are shifting from local to global production chains.
MRIOA can account for offshore impacts and requirements, allowing the evaluation of a
region’s social and environmental impact to be calculated from its consumption, rather
than its production. MRIOA has been vastly described in detail elsewhere (see, for
example, Miller and Blair, 2009; Peters and Hertwich, 2004), and thus, this section will
provide only a brief summary of the background for the analysis.
The starting point for a MRIOA is the economic input output table, which present the total
output from a region r, given by the sum of the inter-industry demand and final demand:
𝐱 𝑟 = 𝐀𝑟 𝐱 𝑟 + 𝐲 𝑟 + 𝐞𝑟 − 𝐦𝑟

Eq 2

In the above equation, x is the vector for total output in each sector; A is the coefficient
matrix, which shows the relation between the output from each sector being used as
input for production; y is the final demand vector, representing all final consumption,
such as households and government expenditures, capital, and stock variation; e is the
vector for total exports; and m is the vector for total imports. Both exports and imports
relate to international trade to total demand, both for inter-industry requirements, Z, and
to final consumption. Exports from region r to region s would then be expressed as:
𝐞𝑟 = ∑(𝐙 𝑟𝑠 + 𝐲 𝑟𝑠 ) = ∑(𝐀𝑟𝑠 𝐱 𝑠 + 𝐲 𝑟𝑠 )
𝑠≠𝑟

Eq 3

𝑠≠𝑟

By symmetry, the vector for imports is:
𝐦𝑟 = ∑ 𝐞𝑠𝑟
𝑠≠𝑟

A multiregional model, comprising n regions, can be expressed as:

Eq 4
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Eq 5

Social and environmental impacts of production and consumption can be calculated from
each sector’s factors of production (F, as per production based accounts). Factors of
production are requirements and impacts associated to the economic output of each
industry. They can be economic parameters, such as employment and capital; use of
natural resources, such as water or fuels; and environmental burdens, such as GHG
emissions and waste. A corresponding matrix S containing direct production factor
coefficients (input per unit output) for each industry is derived as:
𝐒 = 𝐅 (𝐱̂)−1

Eq 6

Where the hat denotes diagonalization of x.
Footprints of consumption for region r can be calculated as:

𝐐𝑟 = 𝐒 (𝐈 − 𝐀)−1 𝐘 𝑟 + 𝐅𝒚𝒓

Eq 7

Where, Qr is a matrix representing the footprint of consumption of various pressures
taking place in r (yr).
The impact per product can be obtained by diagonalising 𝐘, taken one indicator (k) at a
time
̂𝑟 + 𝐅𝒚𝒓
𝐐𝒓𝒌 = 𝐒𝒌 (𝐈 − 𝐀)−1 𝐘

3.4

Eq 8

Methods for decoupling analysis

Decoupling, following a definition by the OECD, can be defined as breaking the link
between “environmental bads and economic goods” (United Nations Environment 2011).
To measure the amount of decoupling, various metrics have been developed (Bithas and
Kalimeris 2013, Beça and Santos 2014, Wang et al. 2015). Here we adopt a methodology
which quantifies decoupling as the level of change in the driving force (e.g. economic
growth – change in GDP) versus the level of change in the corresponding pressure (e.g.
Greenhouse Gas Emissions) (Gupta 2015). Formally, the decoupling factor (in percent) is
given by:
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Pressure (end of period)
Driving force (end of period)
𝐷𝑒𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔 𝐹𝑎𝑐𝑡𝑜𝑟 = 100 ∗ (1 −
Pressure (start of period)
Driving force (start of period)

The interpretation of the Pressure and Driving Force in that definition correspond directly
to the Driving Force – Pressure – State – Impact – Response (DPSIR) framework (Gupta
2015). For the analysis, we considered all pressures occurring along the supply chain
(consumption based accounting) and contrasted these results with Decoupling Factors
derived from only considering domestically occurring pressures (production based
accounting). The driving force in both case was the amount GDP in the specific year.

3.5

Aggregation scheme

The aggregation scheme is included in the annex to this report.

3.6

Methods for structural path analysis

The impact in individual supply chains can be calculated by taking the Taylor series
expansion ((𝐈 − 𝐀)−1 = 𝐈 + 𝐀 + 𝐀𝟐 + 𝐀𝟑 + ⋯)

0th-tier

𝐐𝒓𝒌,𝒋 = 𝐒𝒌,𝒋 𝐘𝒋𝒓

1st –tier

𝐐𝒓𝒌,𝒊,𝒋 = 𝐒𝒌,𝒊 ∗ 𝐀𝒊,𝒋 ∗ 𝐘𝒋𝒓

Eq 10

2nd-tier

𝐐𝒓𝒌,𝒊,𝒋,𝒍 = 𝐒𝒌,𝒊 ∗ 𝐀𝒊,𝒋 ∗ 𝐀𝒋,𝒍 ∗ 𝐘𝒍𝒓

Eq 11

3rd-tier

𝒓
𝐐𝒓𝒌,𝒊,𝒋,𝒍 = 𝐒𝒌,𝒊 ∗ 𝐀𝒊,𝒋 ∗ 𝐀𝒋,𝒍 ∗ 𝐀𝒍,𝒎 ∗ 𝐘𝒎

Eq 12

Eq 9
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Methods for structural decomposition analysis

In this section, we outline the form of decomposition taken in this work. We start with
the relationship from Equation 8 (only focussing on industrial emissions):
̂𝑟
𝐐𝒓𝒌 = 𝐒𝒌 (𝐈 − 𝐀)−1 𝐘

Eq 13

Y can be broken down into product mix 𝐮𝑟 , 𝑦 𝑟 affluence (total final consumption per
capita) and population 𝑝𝑟 , and using L to represent the Leontief inverse (𝐈 − 𝐀)−1 :
𝐐𝒓𝒌 = 𝐒𝒌 𝐋𝐮𝑟 𝑦 𝑟 𝑝𝑟

Eq 14

We can further diagonalise S and/or u to keep resolution of source of emission (S)
or destination of products (u):
̂𝒓 𝑦 𝑟 𝑝𝑟
𝐐 = 𝐒̂𝐋𝐮

Eq 15

Analysing change via discrete time intervals, we represent the decomposition as:
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐒̂∆𝐋𝐮
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐒̂𝐋∆𝐮
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐒̂𝐋𝐮
̂𝒓 ∆𝑦 𝑟 𝑝𝑟
∆𝐐 = ∆(𝐒̂) ∗ 𝐋𝐮
𝑟
𝑟
̂𝒓 𝑦 ∆𝑝
+ 𝐒̂𝐋𝐮

Eq 16

All terms with a delta represent the difference between year 1 and year 2, and all
terms without a delta take the value along the time-period dependent on the index
chosen (section 2.2).
Further, L can be decomposed into (Equation 10, Hoekstra 2003):
∆𝐋 = 𝐋∆𝐀𝐋

Eq 17

Hence
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐒̂𝐋∆𝐀𝐋𝐮
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐒̂𝐋∆𝐮
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐒̂𝐋𝐮
̂𝒓 ∆𝑦 𝑟 𝑝𝑟
∆𝐐 = ∆(𝐒̂) ∗ 𝐋𝐮
̂𝒓 𝑦 𝑟 ∆𝑝𝑟
+ 𝐒̂𝐋𝐮

Eq 18

Finally, as we want to decompose A into T and H (product technology and trade
effects) we write (where ⨂ is the hadamard or element by element multiplication):
𝐀 = 𝐓⨂𝐇 = 𝑓(𝐓, 𝐇)
𝑑𝐀 =

𝜕𝐀
𝜕𝐓

∗ 𝑑𝐓 +

𝜕𝐀
𝜕𝐇

∗ 𝑑𝐇

𝑑𝐀 = 𝐇 ∗ 𝑑𝐓 + 𝐓 ∗ 𝑑𝐇
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Final demand mix 𝐮 (which is specified over products and regions) can also be
decomposed into equivalent trade 𝐲𝒕 and product mix effects 𝐲𝑯 :
𝐮 = 𝐲𝒕 ⨂𝐲𝑯 = 𝑓(𝐲𝒕 , 𝐲𝑯 )
𝑑𝐮 =

𝜕𝐮
𝜕𝐲𝒕

∗ 𝑑𝐲𝒕 +

𝜕𝐮

∗ 𝑑𝐲𝑯

𝜕𝐲𝑯

𝑑𝐮 = 𝐲𝑯 ∗ 𝑑𝐲𝒕 + 𝐲𝒕 ∗ 𝑑𝐲𝑯
Again, approximating via discrete time intervals:
∆𝐀 = 𝐇 ∗ ∆𝐓 + 𝐓 ∗ ∆𝐇, ∆𝐮 = 𝐲𝑯 ∗ ∆𝐲𝒕 + 𝐲𝒕 ∗ ∆𝐲𝑯
We can then substitute in ∆𝐀 and ∆𝐮 in the earlier equation, we get:
̂ 𝐋∆𝐇⨂𝐓𝐋𝐮
̂ 𝐋𝐇⨂∆𝐓𝐋𝐮
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐜𝐒
̂𝒓 𝑦 𝑟 𝑝𝑟 + 𝐜𝐒
̂𝒓 𝑦 𝑟 𝑝𝑟
∆𝐐 = ∆(𝐒̂) ∗ 𝐋𝐮
𝑟 𝑟
𝑟 𝑟
̂ 𝐋∆𝐲𝒕 ⨂𝐲̂𝑦
̂ 𝐋𝐲𝒕 ⨂∆𝐲̂𝑦
̂ 𝐋𝐮
̂𝒓 ∆𝑦 𝑟 𝑝𝑟
+ 𝐜𝐒
𝑝 + 𝐜𝐒
𝑝 + 𝐜𝐒
𝑯
𝑯
𝑟
𝑟
𝒓
̂ 𝐋𝐮
̂ 𝑦 ∆𝑝
+ 𝐜𝐒

Eq 19

For the definition of the value taken for the non-delta terms, the index of nondelta terms are chosen depending on the weights applied (example for ∆𝐀 given):
e.g. Laspeyeres: ∆𝐀 = 𝐇𝟎 ∗ ∆𝐓 + 𝐓𝟎 ∗ ∆𝐇
e.g.ME: ∆𝐀 =

(𝐇𝟎 +𝐇𝟏 )
𝟐

∗ ∆𝐓 +

(𝐓𝟎 +𝐓𝟏 )
𝟐

∗ ∆𝐇

e.g. Paasche: ∆𝐀 = 𝐇𝟏 ∗ ∆𝐓 + 𝐓𝟏 ∗ ∆𝐇
or the LMDI approach (using logarithmic mean for the path

∆𝐴

)

∆(𝑙𝑛𝐴)

𝐀𝟏

∆𝐀 = ∫𝐀𝟎 𝐝𝐀
𝐓𝟏

𝐇𝟏

∆𝐀 = ∫𝐓𝟎 𝐇 ∗ 𝐝𝐓 + ∫𝐇𝟎 𝐓 ∗ 𝐝𝐇
𝐓𝟏

∆𝐀 = ∫𝐓𝟎 𝐀 ∗
∆𝐀 =

∆𝐀
∆(𝐥𝐧𝐀)

𝐝𝐓
𝐓

𝐇𝟏

+ ∫𝐇𝟎 𝐀 ∗

𝐓𝟏

∆𝐀

𝐓𝟎

∆(𝐥𝐧𝐀)

𝐥𝐧( ) +

𝐝𝐇
𝐇
𝐇

𝐥𝐧( 𝟏)
𝐇𝟎

Which can then be re-substituted above.
A list of variables is given below:
Variable

Description

Dimension

𝑟

Country index

index

𝑞

Total impact

scalar

𝐒

Stressor matrix

Number of stressors x
number of IO sectors

𝐋

Leontief matrix

Number of IO sectors x
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number of IO sectors

3.8

𝐮

Product mix matrix
(product demand/GDP)

number of IO sectors

𝑦

Affluence = GDP/capita

scalar

𝑝

Population

scalar

𝐐

Total impact

Number of IO sectors x
number of IO sectors

𝐀

Coefficient matrix

Number of IO sectors x
number of IO sectors

𝐓

Technology matrix

Number of IO sectors x
number of IO sectors

𝐇

Trade matrix

Number of IO sectors x
number of IO sectors

Deflation procedure and the relevant data sources

To implement structural decomposition analysis (SDA), input-output data must be
expressed in consistent (constant) pricing. We utilised pair-wise comparison of years,
thus deflating the later year to the previous years pricing (chaining the decomposition).
Product level deflators were derived as per below. In order to obtain the input-output
tables in consistent pricing, we use the double deflation method as discussed in United
Nations (1999). This simply applies product level deflators to the respective product in
the IO table, and value added in consistent pricing is taken as the residual.
Data reported in current (or “nominal”) prices is shown at the prices ruling at the time of
reporting, i.e. at the value of the currency on the reporting year. Data reported in
constant prices, however, show the value of each year expressed in the value of a chosen
year, referred to as base year. The difference between the two approaches is that for
current prices, inflation is not taken into account, whereas for constant prices, price
inflation is adjusted for. Hence, constant prices show the real growth of prices and
current prices show the inflated growth. Constant prices are important in e.g. identifying
changes in structural (technological) change in the economy (Miller and Blair 2009).
Miller and Blair illustrate the fallacy of using current prices rather than constant prices
when assessing changes in structural change. Suppose that 𝑧𝑖𝑗 (𝑡0 ) = $40, 𝑥𝑗 (𝑡0 ) =
$1000, 𝑧𝑖𝑗 = $160 and 𝑥𝑗 (𝑡1 ) = $2000, where 𝑧𝑖𝑗 (𝑡0 ) is inter-industry requirement coefficient at
year 0 and 𝑥𝑗 (𝑡0 ) the industry output at year 0. The input coefficients from sector i to
sector j are then 𝑎𝑖𝑗 (𝑡0 ) = 0,04 and 𝑎𝑖𝑗 (𝑡1 ) = 0,08. Since these coefficients are per unit
output, the doubling could be interpreted as a doubling of the requirement of product i to
sector j, reflecting a very important change in structural requirement. However, if the
price of product i has increased as well, then the actual requirement increase will be less
than originally thought. In the extreme case where the price has doubled as well, the
physical requirement of product i to sector j is actually the same from year 𝑡1 to year 𝑡2 .
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It is therefore necessary to adjust the prices in the input output (IO) table so that they
are expressed in constant prices.
To calculate constant prices from current prices, we need to calculate price deflators, i.e.
price indices that reflect how much of the price difference between two years is due to
price inflation (or deflation). By subtracting the effect of inflation from the time series in
current prices, we obtain time series in constant prices. Rather than using an average
inflation value across all sectors, we have combined different data sources to compile
product and country specific deflator values. The product specific inflation between year
𝑦0 and 𝑦1 is obtained by dividing the increase of the value of a certain product by the
increase in actual physical output (the real increase) e.g. (𝑝1 − 𝑝0 )/(𝑞1 − 𝑞0 ). In order to be
able to compare deflator values of different products, we also choose a base year in
which all deflators are equal to 100. That is, we set 𝑝0 /𝑞0 = 100.
We use four different data sources for our deflator calculations: the International Energy
Agency (IEA) (2016), the Food and Agricultural Organisation of the United Nations (FAO)
(2016), national accounts (SUT) and the World Input Output Database (WIOD) (2016).
This implies that the deflator series for different products in one country may stem from
different sources. However, sources have not been mixed within each product categories
of each country but can vary across countries: For instance, price indices for product a
and b for country Y may stem from FAO, whereas price indices for product a in country Z
are derived from WIOD and for product b from FAO. Price indices for a specific product
within one country are always based on one and only one data source. From hereon in, a
“deflator series” refers to a product and country specific list of deflator values across
several years, e.g. the list of price indices of product a in country Y between the years
1995 to 2011.
The IEA and FAO provide disaggregated data on specific products (energy-related
products and agricultural products, respectively) that have been reclassified to follow the
same product classification as EXIOBASEv3. Therefore, deflators for the corresponding
products have been compiled first. The IEA already provides nominal and real price
indices, and the deflators were hence obtained by taking the ratios of the two and
readjusting the results to the base year. The FAO provides monetary values in current
prices as well as physical values, and the deflators were therefore calculated as explained
above.
The national accounts data was then used to fill in remaining deflator values for the 37
EXIOBASEv3 countries for which national account data was available. This process
included conversion from various national accounts classifications to EXIOBASEV3 using
relevant concordance matrices and proxies based on EXIOBASEv3 output data. Finally,
the WIOD database was used to fill deflators values that were still empty. Since price
indices are already available in WIOD, the only calculation step needed was to convert it
to EXIOBASEv3 classification following a similar procedure as for the SUT data {Wood,
2015 #8729}, with a specific concordance matrix and an EXIOBASEv3 product output
proxy.
The next step of the process was to run several error-checking procedures for the
obtained deflator values, which implied removing values that were deemed incoherent.
The process of determining these values is not uniquely defined and involves several
subjective choices. We defined a deflator value that changed more than 100% from year
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j to year j+1 as an extreme value. When such a value was found, we compared the
values of year j and j+2. If that change was less than 70%, the value of year j+1 was
removed and that of year j+2 was kept. If not, the procedure was iterated with year j+3.
When the increase (or decrease) was consistent for more than three years in a row, it
was kept. However, changes over 400% were considered extreme values
notwithstanding the continuity and were therefore always removed.
Once extreme values had been removed, we began the process of computing remaining
values. Missing values within deflator series were interpolated linearly. For missing values
at the start and end of a deflator series, several approaches were tested, and the final
extrapolation method chosen was linear least-squares fitting based on selected deflator
values. The slope coefficient of the linear extrapolation of the start of the deflator series
was calculated based on least-squares fitting of the values corresponding to years below
the base year. Likewise, for the slope coefficient of the extrapolation at the end of the
series, deflator values corresponding to years above the base year were used. The
interpolation and extrapolation procedures were only performed if there were at least six
deflator values available in the deflator series (including the base year).
Upon obtaining complete series of deflators, we ran another error checking procedure
consisting in identifying improbable deflator series. These were defined as containing
deflator values of less than 10 and more than 1000, i.e. corresponding in tenfold price
inflation (or deflation) in less than 10 years (since 2005 is used as base year). Such
values were removed.
The last step of the deflator compilation consisted in filling in the empty values. As
mentioned above, in order to keep source consistency, each product-specific and
country-specific deflator series is based on one data source only. This implies that the
single deflator values that were removed in the last error-checking procedure cannot be
replaced with single values stemming from another source. Hence, before starting the
process of filling in missing deflators, all incomplete deflator series were removed
entirely. For instance, if product a from country B had no deflator values for the years
1995 and 1996, but had entries for the years 1997 to 2016, the whole series from 1995
to 2016 was deleted. Hence, the remaining table of deflators contained either full series
or empty series. The empty series were then filled with numeric averages of the productspecific deflators from all available countries. Out of the 9800 (200 products * 49
countries) different product and country specific deflator series, about 17% were
obtained using averages, out of which 55% correspond to the Rest of the World (RoW)
regions of EXIOBASEv3.
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4 Results
In this section we look at evolution of footprints over time for the EXIOBASEv3 (DESIRE)
database.
We look at overall production and consumption based impacts, supply chain impacts, and
move onto an assessment of the drivers of the consumption based impacts.

4.1

Macro-results - decoupling

Firstly, we look at macro-level trends in main indicator results, both from a production
perspective (Figure 7) and a consumption perspective (Figure 10). We focus here on EU
results.

Figure 7 Trends in macro-indicators over time, production perspective.

From a production perspective, we do see a decoupling across all indicators, with GDP
(constant 2011 PPP) increasing faster than all resource use. However, if we start
including the impacts embodied in imports (Figure 8) we see that there is an opposite
trend – impacts per unit GDP are growing for imports in contrast to domestic.
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Figure 8 Embodied impacts in domestic production vs imports.

The role of trade here is central (Figure 9). If we look at the relationship of where the
impacts of EU consumption actually occur, we see a marked shift across all indicators
away from OECD countries to non-OECD countries.
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Greenhouse gases (GWP100)
1995

Domestic Extraction
1995

Value Added
1995

Employment
1995

5%
26%
36%
48%

52%
64%
74%
95%

Greenhouse gases (GWP100)
2011

Domestic Extraction
2011

Value Added
2011

Employment
2011

12%
40%

43%

46%
54%

57%

60%

88%

OECD origin

Non-OECD origin

Figure 9 Changing trade origins, EU consumption, OECD vs non-OECD.

Hence if we look from a consumption perspective, we see a very different picture in
terms of decoupling – with most environmental indicators growing at a rate closer to GDP
growth. Material extraction, Land use and water use some of the biggest changes.
Relatively, there has been more decoupling on greenhouse emissions. The impact of the
financial crisis is very visible, with some indicators being affected much more rapidly
(changed consumption habits) than others.
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Figure 10 Trends in macro-indicators over time, consumption perspective.

Looking at this perspective from a different angle, we can investigate how much
decoupling has occurred across the different indicators for the EU over the full time series
(mean annual decoupling rate - Figure 11). Here it becomes clear that at the level of the
EU we are seeing positive signs of decoupling for both production and consumption
approaches for greenhouse gases, whilst the strong decoupling of material and water
consumption in the production approach is almost nullified when looking at consumption
approaches – there is only a weak decoupling. Land use is absolute land area used for
economic production, which globally is quite a stable amount of resource, so the change
from production to consumption shows that the EU is sourcing more and more land based
products from overseas. Employment must be interpreted differently to the other
indicators – being a positive indicator (i.e. more employment is generally seen as good,
in opposition to use of resources). The decoupling rate of employment can be seen as
labour productivity improvements – we can grow our affluence (GDP) without needing
more labour. The change from production to consumption shows that roughly half of this
productivity improvement is simply because the labour has been off-shored.

Figure 11 Decoupling factor, production vs consumption, EU-27

This decoupling (Figure 11) is only shown at the level of the aggregate EU. Compared to
other regions, we see higher rates of decoupling (Figure 12).
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Figure 12 Decoupling factor, consumption perspective, multiple regions.

Going further to disaggregate to the country level (Figure 13, countries ordered by
affluence – GDP per capita), a much more dramatic picture emerges. The production
perspective is generally positive (left side, Figure 13) – almost all countries are showing
signs of decoupling (shown green) – that is, GDP is growing faster than resource usage.
From a consumption perspective (right side, Figure 13) the picture is very different. Note
that these figures are not additive – the negative decoupling shown on the right does not
imply that another country is decoupling faster. They show the relative change in impact
to relative change in GDP of each country. When looked at from the consumption
perspective, we are seeing that most countries, especially the high income countries are
seeing negative decoupling – consumption based impacts are growing faster than GDP.
These countries are sourcing more and more environmentally goods and services to
satisfy consumption.
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Lowest GDP (PPP) per capita…………………Highest GDP (PP) per capita

Highest decoupling………………Zero decoup…………Env impact > GDP growth

Figure 13 Decoupling factor, production and consumption perspectives, each region

4.2

Structural results

4.2.1

Product results

Firstly, we can investigate the changing impact by product group. Figure 14 shows the
impact by 17 product groups of final consumption in both 1995 and 2011 for the EU for
the four resource indicators of greenhouse gas emissions, material extraction, water use
and land use. Surprisingly little has changed in the structure of impacts embodied in
different groups. Construction is an outlier – with large changes in both greenhouse gas
and material extraction impacts in the sector due to the reduction in investment following
the financial crisis. There has been a slight increase in the share of electrical machinery,
and a slight decrease in the share of processed food (Table 1).
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Figure 14 Share of overall impact, by product group, 1995 & 2011, EU-28 consumption
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Agriculture
Mining
Food production
Textiles
Wood & paper
Non-metallic and
refining
Metal & metal
products
Electrical &
machinery
Transport
equipment
Manufacturing
other
Electricity, water
Construction
Trade
Hospitality
Transport
Business services
Public services

1995
2011
1995
2011
1995
2011
1995
2011
GHG
GHG
Materials Materials Water
Water
Land
Land
2%
2%
9%
8%
35%
34%
21%
21%
1%
2%
4%
4%
0%
0%
0%
0%
10%
7%
19%
15%
30%
28%
35%
30%
3%
3%
2%
2%
2%
2%
2%
2%
1%
1%
1%
1%
1%
1%
4%
4%
10%

11%

7%

10%

3%

4%

3%

5%

2%

1%

1%

1%

0%

0%

0%

0%

6%

7%

4%

6%

2%

3%

2%

3%

5%

5%

3%

4%

2%

1%

1%

2%

2%
10%
15%
2%
4%
1%
6%
20%

3%
10%
12%
2%
5%
1%
6%
20%

1%
3%
23%
3%
1%
0%
4%
15%

2%
3%
17%
2%
1%
0%
4%
16%

1%
1%
2%
5%
1%
0%
3%
13%

1%
1%
2%
5%
1%
0%
3%
13%

3%
1%
5%
5%
1%
0%
3%
13%

3%
1%
6%
5%
1%
0%
3%
15%

Table 1 Share of overall impact, by product group, 1995 & 2011, EU-28 consumption
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Structural path results

Structural path analysis (SPA) results are included in this section. Results are shown for
1995 and 2011, showing the 15 most important (top15) paths, for each of the 4 resource
indicators explored above. Country codes are listed in the appendix. The tables must be
read as, left column, value of impact in absolute terms; second column: % of EU
footprint; 3rd column – source of the impact (sector where impact occurs); 4 th-7th
columns – any further processing that occurs before it reaches the consumer. In the 8 th12th columns, the region of impact, processing, and consumption are shown (impact on
left, processing in middle, consumption on right). Care must be taken with interpretation
of results, as results are shown based on the aggregation of the database (EXIOBASE3).
We focus here on greenhouse gas emissions and material extraction, as detailed results
on supply-chains of land and water are still preliminary.
The results highlight the importance of the electricity sector and the construction sector
for greenhouse gases (Table 2). Since results are in absolute terms, large European
economies such as Great Britain and Germany dominate the picture. However, smaller
economies with a particular GHG intensive energy sectors, as for example Poland with a
mainly coal based electricity supply also rank high in the list. Of note is the change from
1995 to 2011 where real estate services were an intermediary in early years, as opposed
to direct sales to consumers in later years. Greenhouse gas emissions embodied in
construction work was much more dominate in early years, but since the financial crisis
and the following Euro crisis, this has tapered off in most EU countries.
When analysing material extraction (Table 3), the direct impacts of construction work,
and the embodied dimension stone and sand use in construction become most important.
Almost all supply chains are intra-EU. Some exceptions require further investigation of
the data – such as material impacts embodied in natural gas and chemicals.
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1995
2011
PercentageProduct_1Product_2 Product_3Product_4 Country_1Country_2Country_3Country_4
Value
PercentageProduct_1Product_2Product_3 Product_4Country_1Country_2Country_3Country_4
Source…………………………………...DestinationSource…………………………………...Destination
Source…………………………………...DestinationSource…………………………………...Destination
5.08E+10
1.2% Electricity by coal
GB
GB
3.84E+10
0.8% Electricity by coal
PL
PL
4.46E+10
1.0% Electricity by coal
DE
DE
3.26E+10
0.7% Electricity by coal
GB
GB
3.92E+10
0.9% Cement, lime
Construction
and plaster
work (45)
DE
DE
DE
2.86E+10
0.6% Electricity by coal
DE
DE
3.73E+10
0.9% Cement, lime
Construction
and plaster
work (45)
ES
ES
ES
2.55E+10
0.5% Construction work (45)
DE
DE
3.05E+10
0.7% Cement, lime
Construction
and plaster
work (45)
IT
IT
IT
2.22E+10
0.5% Natural gas and services related to naturalWA
gas extraction,
DE excluding surveying
2.39E+10
0.6% Electricity by coal
ES
ES
2.13E+10
0.5% Electricity by gas
GB
GB
2.38E+10
0.6% Construction work (45)
DE
DE
1.95E+10
0.4% Electricity by gas
IT
IT
2.26E+10
0.5% Cement, lime
Construction
and plaster
work (45)
FR
FR
FR
1.86E+10
0.4% Other transport equipment (35)
GR
GR
2.26E+10
0.5% Electricity by
Real
coal
estate services (70)
PL
PL
PL
1.8E+10
0.4% Cement, lime
Construction
and plaster
work (45)
DE
DE
DE
1.76E+10
0.4% Cement, lime
Construction
and plaster
work (45)
GR
GR
GR
1.69E+10
0.4% Cement, lime
Construction
and plaster
work (45)
IT
IT
IT
1.45E+10
0.3% Electricity by petroleum and other oil derivatives
IT
IT
1.6E+10
0.3% Cement, lime
Construction
and plaster
work (45)
ES
ES
ES
1.42E+10
0.3% Crude petroleum
Gas/Diesel
and Oil
services related to crude
WM oil extraction,
WM
excluding
DE
surveying
1.52E+10
0.3% Electricity by coal
BG
BG
1.21E+10
0.3% Collected and purified water, distributionDE
services ofDE
water (41)
1.52E+10
0.3% Cement, lime
Construction
and plaster
work (45)
FR
FR
FR
1.14E+10
0.3% Air transport services (62)
GB
GB
1.4E+10
0.3% Natural gas and services related to naturalCN
gas extraction,
AT excluding surveying
1.02E+10
0.2% Cement, lime
Construction
and plaster
work (45)
PL
PL
PL
1.36E+10
0.3% Air transport services (62)
GB
GB
1.02E+10
0.2% Cement, lime
Construction
and plaster
work (45)
PT
PT
PT
1.34E+10
0.3% Electricity by coal
GR
GR
Table 2 Structural path analysis, greenhouse gas emissions (kg CO2-eq), 1995 & 2011, EU-28 countries
1995
2011
Value
PercentageProduct_1Product_2 Product_3Product_4Country_1Country_2Country_3Country_4
Value
PercentageProduct_1 Product_2Product_3Product_4 Country_1Country_2Country_3Country_4
Source…………………………………...DestinationSource…………………………………...Destination
Source…………………………………...DestinationSource…………………………………...Destination
169,173
1.8% Sand and clay
Construction work (45)
DE
DE
DE
74,819
0.6% Sand and clay
Construction work (45)
PL
PL
PL
97,000
1.0% Sand and clay
Cement, lime
Construction
and plaster
work (45)
DE
DE
DE
DE
71,132
0.6% Stone
Construction work (45)
DE
DE
DE
84,148
0.9% Stone
Construction work (45)
FR
FR
FR
66,540
0.6% Stone
Construction work (45)
FR
FR
FR
81,809
0.9% Sand and clay
Cement, lime
Construction
and plaster
work (45)
IT
IT
IT
IT
53,305
0.4% Stone
Construction work (45)
ES
ES
ES
68,768
0.7% Sand and clay
Construction work (45)
IT
IT
IT
46,543
0.4% Natural gas and services related to naturalWA
gas extraction,
DE excluding surveying
61,257
0.7% Stone
Construction work (45)
ES
ES
ES
44,353
0.4% Sand and clay
Public administration and defence
DE services;
DEcompulsory
DE social security services (75)
58,539
0.6% Stone
Construction work (45)
DE
DE
DE
41,209
0.3% Sand and clay
Chemicals nec
CN
CN
DE
51,407
0.5% Sand and clay
Public administration and defence
DE services;
DEcompulsory
DE social security services (75)
38,969
0.3% Cattle
Products of meat cattle
FR
FR
FR
48,751
0.5% Sand and clay
IT
IT
38,523
0.3% Other Bituminous Coal
PL
PL
48,227
0.5% Sand and clay
Construction work (45)
GB
GB
GB
36,436
0.3% Sand and clay
Construction work (45)
DE
DE
DE
42,456
0.5% Cattle
Products of meat cattle
CN
CN
IT
30,322
0.3% Sand and clay
RO
RO
39,985
0.4% Sand and clay
Cement, lime
Construction
and plaster
work (45)
ES
ES
ES
ES
27,224
0.2% Sand and clay
Cement, lime
Construction
and plaster
work (45)
DE
DE
DE
DE
37,910
0.4% Sand and clay
Cement, lime
Construction
and plaster
work (45)
FR
FR
FR
FR
27,004
0.2% Vegetables, fruit, nuts
IT
IT
37,344
0.4% Sand and clay
Construction work (45)
FR
FR
FR
23,927
0.2% Sand and clay
Cement, lime
Construction
and plaster
work (45)
IT
IT
IT
IT
36,051
0.4% Cattle
Products of meat cattle
FR
FR
FR
23,750
0.2% Lignite/Brown Coal
RO
RO
29,014
0.3% Cattle
Food products nec
GB
GB
GB
22,829
0.2% Stone
Construction work (45)
IT
IT
IT
Table 3 Structural path analysis, material extraction (kt), 1995 & 2011, EU-28 countries
Value
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Structural decomposition results

As discussed in the methods, overall consumption-based results can be broken down into
various drivers along the supply chain using structural decomposition analysis. Here,
overall impacts are broken down into seven drivers – impact efficiency (the impact per
constant price Euro of output), trade effects in intermediate goods, production structure
effects (technology effects), trade effects in goods to final demand, final demand
structure (mix of products consumed), affluence (total final demand per capita), and
population.
We present the time-series of results for the four indicators before drawing some
analysis, and further looking at period-wise changes.

Drivers of ghg footprint, EU-28
0,06
0,04

% change

0,02
0
19951996199719981999200020012002200320042005200620072008200920102011
-0,02
-0,04
-0,06
-0,08
-0,1
Impact efficiency

Trade - supply chain

Production structure

Trade to final demand

Final demand mix

Affluence

Population
Figure 15 Structural decomposition results between 1995 and 2011, for EU-28, greenhouse gases

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

Page 31 of 45

Drivers of material footprint, EU-28
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% change
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0
19951996199719981999200020012002200320042005200620072008200920102011
-0,02
-0,04
-0,06
-0,08
-0,1
Impact efficiency

Trade - supply chain

Production structure

Trade to final demand

Final demand mix

Affluence

Population
Figure 16 Structural decomposition results between 1995 and 2011, for EU-28, material extraction

Drivers of water footprint, EU-28
0,08
0,06
0,04

% change

0,02
0
-0,02

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

-0,04
-0,06
-0,08
-0,1
-0,12
Impact efficiency

Trade - supply chain

Production structure

Trade to final demand

Final demand mix

Affluence

Population
Figure 17 Structural decomposition results between 1995 and 2011, for EU-28, water use
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Drivers of land footprint, EU-28
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Trade to final demand

Final demand mix

Affluence

Population
Figure 18 Structural decomposition results between 1995 and 2011, for EU-28, land use

In general, the “impact efficiency” across all indicators has been improving over time –
we see around a 5-10% cumulative decrease in overall impact due to efficiency
improvements. This is almost directly offset by the roughly 5% cumulative increase in
impacts due to growth in affluence, and the 1% cumulative impact due to growth in
population. Greenhouse gas footprints have had a reasonably constant upward driving of
production structure – that is, the inputs to production are changing to more and more
greenhouse intensive products – e.g. by substituting energy for labour. Similar occurs for
water footprints in early years, but this reduces in later years – much the same as land,
except production structure effects go negative in later years (move to less resource
intensive inputs). Material footprints show a small upward drive of production structure
over the time series. Trade related effects are shown through red (intermediate) and
purple (final demand) lines. Across all indicators, for almost all years, this has been in
the positive – that is, trade has increased the impacts in footprints, thus implying that
overseas production has a more resource intensive impact than domestic production.
Generally, trade to final demand has had a larger effect than trade to intermediates,
except for in the case of greenhouse gas emissions.
Final demand mix has had a relatively benign impact on the greenhouse gas indicator,
but it is more pronounced in the material, water and land indicators. The financial crisis is
clearly seen in the material impact indicator, where the shift to government financed
infrastructure investment sees a jump from the earlier reductions.

4.3.1

Period-wise decomposition

In order to capture the effects of the different periods of economic growth, we can break
down the time series into four blocks, and analyse period-by-period, with the financial
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crisis giving a significant shock to the time series results. Looking at structural changes in
the EU, we see fairly stable influences of most drivers prior to the financial crisis.
Emissions from efficiency changes (GHG intensity) has by and large had a significant
positive effect over time, although since the financial crisis, some of these gains were
lost. The effect of trade, both to intermediates in the supply chain and to final demand
has had a worsening effect, signifying that off-shoring of production has resulted in
dirtier industry supplying the goods and services consumed in the EU. Production
structure (the relative amount of “dirty” versus “clean” inputs used in production),
shifted over the pre-financial crisis times to more and more dirty inputs – likely as more
and more processes become reliant on energy and associated emission inputs. Affluence
has a strong upward pressure, whilst population has had a small but steady upward
pressure (Figure 19). The post-financial crisis years showed a reversing of major trends –
efficiency decreased (shown as a positive impact on GHG footprint); trade and production
shifted away from the emissions intensive supply chain, and, of course, affluence
decreased.

Figure 19 Structural decomposition results between 1995 and 2009, for EU-28, greenhouse gases

For material extraction (Figure 20), a similar picture emerges – but with a number of
notable exceptions. Material intensity actually increased in the mid-2000’s – in the rapid
increase in private construction activity before the crisis, methods of material extraction
became less efficient in kg/€ terms. Final demand structure shifted towards lower
material intensive goods as a whole, with the opposite occurring post-financial crisis
(when governments started increasing expenditure on material intensive infrastructure).
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Figure 20 Structural decomposition results between 1995 and 2009, for EU-28, material extraction

For water use (Figure 21), we see larger effects due to final demand structure in the mid2000’s, as consumers adopted relatively more benign products. The overall structure
follows the material footprint decomposition, but with stronger trade and production
related effects. Trade having a small negative impact in early years, followed by an
increasing effect around the turn of the century, and a large negative impact in the mid2000’s.

Figure 21 Structural decomposition results between 1995 and 2009, for EU-28, water use

For land use, production structure saw a reduction in impacts in the mid-two periods, but
an increase in the first and last. The role of final demand mix would be expected to be
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more important in the land and water indicators because of the large role consumers
have in directing preference for water and land intensive products (e.g. meat based). We
see that in particular in the years prior to the financial crisis, that relative expenditure on
these resource intensive products decreased. Land intensity showed strong downward
drivers in early and later years.

Figure 22 Structural decomposition results between 1995 and 2009, for EU-28, land use
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5 Conclusion
Resource-efficiency indicator results give information on the overall environmental
impact, but are not able to capture the driving forces behind resource-efficiency indicator
scores. This work is targeted at informing policy makers on the quantitative reasons why
the system is performing as observed. Drivers of impact can be seen from two
perspectives. Firstly - the life-cycle or supply chain perspective, where key actors in the
supply chain of a good or service are identified that drive impact. An example here is the
understanding of construction requirements used within the provision of services by the
services sector. If we shift to a service based society, how dependent do we remain on
bricks and mortar? Systematic analysis of indicator results based on the EEIO model is
possible using structural path analysis – where impact pathways are analysed and ranked
based on contribution to overall impact (Defourny and Thorbecke 1984).
The second perspective is the temporal aspect, which drivers of change are the most
important in achieving the results we observe – is it the action of consumers, producers,
traders? In this work indicators were broken down into the factors population growth,
population affluence, changing consumption patterns, changing industrial production,
changing trade relationships and changing resource efficiency were explored.
Globally, environmental impacts are growing. Resource efficiency indicators, however,
show different trajectories depending on the perspective taken. Production based
resource efficiency indicators (the impact in a certain region) generally show resource
efficiency improvements for developed countries, and from a decoupling perspective, we
thus see decoupling occurring for production based impacts. From a consumption
perspective (the impact embodied in final demand in a certain region, utilising supplychain analysis) we see a very different picture. Whilst the main regions (EU, US, China)
are still generally decoupling, the rate of decoupling is greatly reduced, and turns
negative in some cases. At the country level, especially for wealthy countries and most
evident in the EU, we see a much greater rate of negative decoupling (that consumption
based impacts are outpacing economic growth). When we look at what is driving this
upward growth in resource use, we consistently see the impact of population (small
steady upward driver), of affluence (strong usually upward driver), and the impact of
trade (moderate upward driver) – both to intermediates and final consumers. In terms of
products and supply chains that are driving this growth, we see the effect of the
construction activity as being one of the key sectors, particularly across material and
greenhouse gas indicators. Downward drivers include both impact intensity (the ratio of
impact per unit output) – where we see that this has had a strong downward effect on
indicator scores over time; and final demand mix – which has had a weak negative
impact on indicator scores over time.
Looking at the drivers of this increased consumption based impacts relative to GDP, we
can conclude the following strong trends: 1) there is little evidence of the increased
impact being due to changing types of products consumed; 2) construction is the only
main exception in terms of product mix – it is also the most relevant activity in terms of
a number of environmental impact and has seen the greatest change over time; 3) trade
has shifted strongly from developed to developing countries; 4) the overall impact
embodied in trade has greatly increased, in line with the increased volume of, but also
due to increased impact per unit trade – trade has shifted to less efficient producers.
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Annex I - Country list
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

DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country
DESIRE country

AT
BE
BG
CY
CZ
DE
DK
EE
ES
FI
FR
GR
HR
HU
IE
IT
LT
LU
LV
MT
NL
PL
PT
RO
SE
SI
SK
GB
US
JP
CN
CA
KR
BR
IN
MX
RU
AU
CH
TR
TW
NO

Austria
Belgium
Bulgaria
Cyprus
Czech Republic
Germany
Denmark
Estonia
Spain
Finland
France
Greece
Croatia
Hungary
Ireland
Italy
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
United Kingdom
United States
Japan
China
Canada
South Korea
Brazil
India
Mexico
Russia
Australia
Switzerland
Turkey
Taiwan
Norway

AUT
BEL
BGR
CYP
CZE
DEU
DNK
EST
ESP
FIN
FRA
GRC
HRV
HUN
IRL
ITA
LTU
LUX
LVA
MLT
NLD
POL
PRT
ROM
SWE
SVN
SVK
GBR
USA
JPN
CHN
CAN
KOR
BRA
IND
MEX
RUS
AUS
CHE
TUR
TWN
NOR

Europe
Europe
Europe
Asia
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
America
Asia
Asia
America
Asia
America
Asia
America
Europe
Oceania
Europe
Asia
Asia
Europe
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43 DESIRE country
44 DESIRE country
Rest of the
45 World
Rest of the
46 World
Rest of the
47 World
Rest of the
48 World
Rest of the
49 World

ID
ZA

Page 39 of 45

IDN
ZAF

WA

Indonesia
South Africa
RoW Asia and
Pacific

WWA

Asia
Africa
Asia, Oceania,
Antarctica

WL

RoW America

WWL

America

WE

RoW Europe

WWE

Europe

WF

RoW Africa

WWF

Africa

WM

RoW Middle East

WWM

Asia, Africa
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Annex II - Aggregation scheme
Paddy rice

p01.a

Agriculture, hunting, forestry & fishing

Wheat

p01.b

Agriculture, hunting, forestry & fishing

Cereal grains nec

p01.c

Agriculture, hunting, forestry & fishing

Vegetables, fruit, nuts

p01.d

Agriculture, hunting, forestry & fishing

Oil seeds

p01.e

Agriculture, hunting, forestry & fishing

Sugar cane, sugar beet

p01.f

Agriculture, hunting, forestry & fishing

Plant-based fibers

p01.g

Agriculture, hunting, forestry & fishing

Crops nec

p01.h

Agriculture, hunting, forestry & fishing

Cattle

p01.i

Agriculture, hunting, forestry & fishing

Pigs

p01.j

Agriculture, hunting, forestry & fishing

Poultry

p01.k

Agriculture, hunting, forestry & fishing

Meat animals nec

p01.l

Agriculture, hunting, forestry & fishing

Animal products nec

p01.m

Agriculture, hunting, forestry & fishing

Raw milk

p01.n

Agriculture, hunting, forestry & fishing

Wool, silk-worm cocoons

p01.o

Agriculture, hunting, forestry & fishing

Manure (conventional treatment)

p01.w.1

Agriculture, hunting, forestry & fishing

Manure (biogas treatment)

p01.w.2

Agriculture, hunting, forestry & fishing

Products of forestry, logging and related services (02)

p02

Agriculture, hunting, forestry & fishing

Fish and other fishing products; services incidental of fishing (05)

p05

Agriculture, hunting, forestry & fishing

Anthracite

p10.a

Mining & quarrying

Coking Coal

p10.b

Mining & quarrying

Other Bituminous Coal

p10.c

Mining & quarrying

Sub-Bituminous Coal

p10.d

Mining & quarrying

Patent Fuel

p10.e

Mining & quarrying

Lignite/Brown Coal

p10.f

Mining & quarrying

BKB/Peat Briquettes

p10.g

Mining & quarrying

Peat
Crude petroleum and services related to crude oil extraction, excluding
surveying
Natural gas and services related to natural gas extraction, excluding
surveying

p10.h

Mining & quarrying

p11.a

Mining & quarrying

p11.b

Mining & quarrying

Natural Gas Liquids

p11.b.1

Mining & quarrying

Other Hydrocarbons

p11.c

Mining & quarrying

Uranium and thorium ores (12)

p12

Mining & quarrying

Iron ores

p13.1

Mining & quarrying

Copper ores and concentrates

p13.20.11

Mining & quarrying

Nickel ores and concentrates

p13.20.12

Mining & quarrying

Aluminium ores and concentrates

p13.20.13

Mining & quarrying

Precious metal ores and concentrates

p13.20.14

Mining & quarrying

Lead, zinc and tin ores and concentrates

p13.20.15

Mining & quarrying

Other non-ferrous metal ores and concentrates

p13.20.16

Mining & quarrying

Stone

p14.1

Mining & quarrying

Sand and clay

p14.2

Mining & quarrying
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Chemical and fertilizer minerals, salt and other mining and quarrying
products n.e.c.

p14.3

Mining & quarrying

Products of meat cattle

p15.a

Food production, beverages & tobacco

Products of meat pigs

p15.b

Food production, beverages & tobacco

Products of meat poultry

p15.c

Food production, beverages & tobacco

Meat products nec

p15.d

Food production, beverages & tobacco

products of Vegetable oils and fats

p15.e

Food production, beverages & tobacco

Dairy products

p15.f

Food production, beverages & tobacco

Processed rice

p15.g

Food production, beverages & tobacco

Sugar

p15.h

Food production, beverages & tobacco

Food products nec

p15.i

Food production, beverages & tobacco

Beverages

p15.j

Food production, beverages & tobacco

Fish products

p15.k

Food production, beverages & tobacco

Tobacco products (16)

p16

Food production, beverages & tobacco

Textiles (17)

p17

Textiles, leather & wearing apparel

Wearing apparel; furs (18)

p18

Textiles, leather & wearing apparel

Leather and leather products (19)
Wood and products of wood and cork (except furniture); articles of
straw and plaiting materials (20)

p19

Textiles, leather & wearing apparel

p20

Wood, paper & publishing

Wood waste to recycling

p20.w

Wood, paper & publishing

Pulp

p21.1

Wood, paper & publishing

Paper waste to recycling

p21.w.1

Wood, paper & publishing

Paper and paper products

p21.2

Wood, paper & publishing

Printed matter and recorded media (22)

p22

Coke Oven Coke

p23.1.a

Gas Coke

p23.1.b

Coal Tar

p23.1.c

Motor Gasoline

p23.20.a

Aviation Gasoline

p23.20.b

Gasoline Type Jet Fuel

p23.20.c

Kerosene Type Jet Fuel

p23.20.d

Kerosene

p23.20.e

Gas/Diesel Oil

p23.20.f

Heavy Fuel Oil

p23.20.g

Refinery Gas

p23.20.h

Liquefied Petroleum Gases (LPG)

p23.20.i

Refinery Feedstocks

p23.20.j

Ethane

p23.20.k

Naphtha

p23.20.l

White Spirit & SBP

p23.20.m

Wood, paper & publishing
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
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Lubricants

p23.20.n

Bitumen

p23.20.o

Paraffin Waxes

p23.20.p

Petroleum Coke

p23.20.q

Non-specified Petroleum Products

p23.20.r

Nuclear fuel

p23.3

Plastics, basic

p24.1

Recycled waste plastic

p24.1.w

N-fertiliser

p24.2

P- and other fertiliser

p24.3

Chemicals nec

p24.4

Charcoal

p24.5

Additives/Blending Components

p24.6

Biogasoline

p24.7

Biodiesels

p24.8

Other Liquid Biofuels

p24.9

Rubber and plastic products (25)

p25

Glass and glass products

p26.a

Recycled glass waste

p26.w.1

Ceramic goods

p26.b

Bricks, tiles and construction products, in baked clay

p26.c

Cement, lime and plaster

p26.d

Recycled ash

p26.d.w

Other non-metallic mineral products

p26.e

Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products
Petroleum, chemicals & non-metallic
mineral products

Basic iron and steel and of ferro-alloys and first products thereof

p27.a

Metal & metal products

Recycled steel scrap

p27.a.w

Metal & metal products

Precious metals

p27.41

Metal & metal products

Recycled pecious metals waste

p27.41.w

Metal & metal products

Aluminium and aluminium products

p27.42

Metal & metal products

Recycled aluminium waste

p27.42.w

Metal & metal products

Lead, zinc and tin and products thereof

p27.43

Metal & metal products

Recycled lead, zinc and tin waste

p27.43.w

Metal & metal products

Copper products

p27.44

Metal & metal products

Recycled copper waste

p27.44.w

Metal & metal products

Other non-ferrous metal products

p27.45

Metal & metal products
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Recycled other non-ferrous metals waste

p27.45.w

Metal & metal products

Foundry work services

p27.5

Metal & metal products

Fabricated metal products, except machinery and equipment (28)

p28

Metal & metal products

Machinery and equipment n.e.c. (29)

p29

Electrical & machinery

Office machinery and computers (30)

p30

Electrical & machinery

Electrical machinery and apparatus n.e.c. (31)

p31

Electrical & machinery

Radio, television and communication equipment and apparatus (32)

p32

Electrical & machinery

Medical, precision and optical instruments, watches and clocks (33)

p33

Electrical & machinery

Motor vehicles, trailers and semi-trailers (34)

p34

Transport equipment

Other transport equipment (35)

p35

Transport equipment

Furniture; other manufactured goods n.e.c. (36)

p36

Manufacturing & recycling

Secondary raw materials

p37

Manufacturing & recycling

Glass bottles directly reused

p37.w.1

Manufacturing & recycling

Electricity by coal

p40.11.a

Electricity, gas & water

Electricity by gas

p40.11.b

Electricity, gas & water

Electricity by nuclear

p40.11.c

Electricity, gas & water

Electricity by hydro

p40.11.d

Electricity, gas & water

Electricity by wind

p40.11.e

Electricity, gas & water

Electricity by petroleum and other oil derivatives

p40.11.f

Electricity, gas & water

Electricity by biomass and waste

p40.11.g

Electricity, gas & water

Electricity by solar photovoltaic

p40.11.h

Electricity, gas & water

Electricity by solar thermal

p40.11.i

Electricity, gas & water

Electricity by tide, wave, ocean

p40.11.j

Electricity, gas & water

Electricity by Geothermal

p40.11.k

Electricity, gas & water

Electricity nec

p40.11.l

Electricity, gas & water

Transmission services of electricity

p40.12

Electricity, gas & water

Distribution and trade services of electricity

p40.13

Electricity, gas & water

Coke oven gas

p40.2.a

Electricity, gas & water

Blast Furnace Gas

p40.2.b

Electricity, gas & water

Oxygen Steel Furnace Gas

p40.2.c

Electricity, gas & water

Gas Works Gas

p40.2.d

Electricity, gas & water

Biogas

p40.2.e

Electricity, gas & water

Distribution services of gaseous fuels through mains

p40.2.1

Electricity, gas & water

Steam and hot water supply services

p40.3

Electricity, gas & water

Collected and purified water, distribution services of water (41)

p41

Electricity, gas & water

Construction work (45)

p45

Construction

Construction waste to recycling
Sale, maintenance, repair of motor vehicles, motor vehicles parts,
motorcycles, motor cycles parts and accessoiries

p45.w

Retail trade services of motor fuel
Wholesale trade and commission trade services, except of motor
vehicles and motorcycles (51)
Retail trade services, except of motor vehicles and motorcycles; repair
services of personal and household goods (52)

p50.b

Hotel and restaurant services (55)

p55

Construction
Sale, maintenance & repair of vehicles;
fuel; trade; hotels & restaurants
Sale, maintenance & repair of vehicles;
fuel; trade; hotels & restaurants
Sale, maintenance & repair of vehicles;
fuel; trade; hotels & restaurants
Sale, maintenance & repair of vehicles;
fuel; trade; hotels & restaurants
Sale, maintenance & repair of vehicles;
fuel; trade; hotels & restaurants

Railway transportation services

p60.1

Transport

Other land transportation services

p60.2

Transport

p50.a

p51
p52
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Transportation services via pipelines

p60.3

Transport

Sea and coastal water transportation services

p61.1

Transport

Inland water transportation services

p61.2

Transport

Air transport services (62)

p62

Transport

Supporting and auxiliary transport services; travel agency services (63)

p63

Transport

Post and telecommunication services (64)
Financial intermediation services, except insurance and pension funding
services (65)
Insurance and pension funding services, except compulsory social
security services (66)

p64

Services auxiliary to financial intermediation (67)

p67

Real estate services (70)
Renting services of machinery and equipment without operator and of
personal and household goods (71)

p70

Computer and related services (72)

p72

Research and development services (73)

p73

Other business services (74)
Public administration and defence services; compulsory social security
services (75)

p74

Education services (80)

p80

Health and social work services (85)

p85

Food waste to incineration

p90.1.a

Paper waste to incineration

p90.1.b

Plastic waste to incineration

p90.1.c

Inert/metal waste to incineration

p90.1.d

Textiles waste to incineration

p90.1.e

Wood waste to incineration

p90.1.f

Oil/hazardous waste to incineration

p90.1.g

Food waste to biogas treatment

p90.2.a

Paper waste to biogas treatment

p90.2.b

Sewage sludge to biogas treatment

p90.2.c

Food waste to composting

p90.3.a

Paper and wood to composting

p90.3.b

Food waste to waste water treatment

p90.4.a

Other waste to waste water treatment

p90.4.b

Food waste to Landfill

p90.5.a

Paper waste to Landfill

p90.5.b

Post & telecommunications
Financial intermediation & business
activity
Financial intermediation & business
activity
Financial intermediation & business
activity
Financial intermediation & business
activity
Financial intermediation & business
activity
Financial intermediation & business
activity
Financial intermediation & business
activity
Financial intermediation & business
activity
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services

Plastic waste to Landfill

p90.5.c

Public administration; education; health;

p65
p66

p71

p75
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recreation; other services
Inert/metal/hazardous waste to Landfill

p90.5.d

Textiles waste to Landfill

p90.5.e

Wood waste to Landfill

p90.5.f

Membership organisation services n.e.c. (91)

p91

Recreational, cultural and sporting services (92)

p92

Other services (93)

p93

Private households with employed persons (95)

p95

Extra-territorial organizations and bodies

p99

Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services
Public administration; education; health;
recreation; other services

