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GREENHOUSE GAS EMISSIONS, RESOURCE USE AND ENVIRONMENTAL
EFFICIENCY OF ECONOMIES FROM A LIFE-CYCLE PERSPECTIVE*

Aldo Femia,
Renato Marra Campanale

This paper illustrates the results of two environmentally extended input-output applications based on environmental-economic accounts
concerning the attribution of environmental flows to final demand. First, total (direct and indirect) GHG emissions of the Italian vertically integrated
industries from 1995 to 2008 are presented, including emissions avoided thanks to final and intermediate imports. In this case, the classical 10
domestic technology assumption is conveniently integrated with supplementary data in consideration of the inexistence or non-representativeness
of some primary industries in Italy.

Then, estimates of the Italian material flows in terms of Raw Material Equivalents (RME) for the period 2000-2010 are presented building on
the ongoing Eurostat RME project. RME indicators provide a valuable methodological improvement with respect to the current EW-MFA aggregate
indicators, as they overcome the asymmetry between the heterogeneous parts by which the indicators currently in use are produced (flows from
nature and traded flows).

In order to derive such estimates, the environmental-economic accounting framework is fully exploited: the link between direct and indirect
demand for raw materials on the one hand, and the final use of products on the other hand, is established through Leontief’s inter-industry
interdependence model.

The paper also proposes an in-depth analysis of the possible use of demand-based measures in the derivation of productivity indicators,
Jocussing on resource productivity. In a policy setting where indirect flows are not neglected, raising carbon or resource productivity by transferring
abroad of potential environmental burden is recognised as not being environmentally effective, i.e. as not leading to a reduction of pressures on
a global scale. Moreover, we argue that the indicators used to measure productivity should use figures from National Accounts and from

Environmental Satellite Accounts coherently.
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Introduction. In order to evaluate a product's
sustainability it is always necessary to consider all the
environmental pressures (e.g. materials used or air
emissions) during the whole production process
chain. It does not matter that goods are light and will
eventually create little waste, if in their entire
manufacturing process a lot of residuals (emissions,
waste, etc.) have been produced. We may refer to
this as the life-cycle principle of sustainability (or
dematerialisation). Considering that sustainability is
basically a global long run issue, a corollary of this
principle is that policies must contribute to easing
the burden on the earth as a whole and in a lasting
way. This means that transferring problems from one
country to another does not belong to true
dematerialisation. For example, this happens
whenever delocalisation of production takes place,
and goods formerly produced in country A are
subsequently produced in country B (possibly to be
imported and consumed into country A anyway). So
even if country A does not show waste and emissions

directly deriving from that good's production
anymore, country B does have these waste and
emissions.

Perspectives for addressing environmental pressures
and policy consequences. Environmental pressures
can be analysed following two approaches based on
the Supply and Use tables (SUT) and Input-Output
(I10) tables. In the responsibility of the producer
perspective (direct flows) the pressures are those of
the standard industries, i.e. of the industries defined
as the sets of all statistical units that carry out the same
(main) economic activity. The statistical data on the
environmental pressures by industry made available
by many National Statistical Offices through the
National Accounting Matrix including Environmental
Accounts (NAMEA) framework respond to this
straightforward approach [1].

On the other hand, according to the responsibility
of the final user perspective (total flows) the
environmental pressures are referred to the vertically
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integrated industries, i.e. to the sets of all the
production activities that are directly and indirectly
necessary to obtain the final products [2]. In this case
the focus is, for each industry, on the whole
production chain of its final products only. This is a
broad process involving parts of all the production
system. Therefore, although a vertically integrated
industry takes the name from its final products, it is
in reality something very different from the standard
industry with the same name, being the collection of
very diverse activities. Each of the vertically
integrated activities resulting from the application of
the model is completely autonomous (disjoint) from
the rest of the production system, since it
encompasses all the phases of the production cycle,
from the extraction of natural resources to the final
products, through the production of all intermediate
inputs, including all ancillary activities connected to
commodity transformation and service production.
Its environmental pressures are calculated by
cumulating pressures of all the parts of the standard
industries that contribute to the final result, from the
extraction of the necessary natural resources up to
the delivery of the final product. Indeed, data
responding to the total flows approach may only be
a mathematical artefact, i.e. they are not observable
data but the result of a calculation based on the
NAMEA-like description of the direct pressures,
which is therefore a prerequisite for the calculation
of the total flows through the environmentally
extended Leontievian model, along with the
description of the inter-industry structure provided
by the SUT and IO tables.

In the responsibility of the final user perspective
the total environmental pressures stemming from
national production are merely reclassified according
to their final purposes, the total amount remaining
the same at the domestic economy-wide level.
However, the total flows approach allows to go beyond
the domestic boundaries, since it is possible and
straightforward to extend the application of its logic
to the production of traded products, in order to
focus on all the environmental pressures caused by
final purchases, including the pressures directly
stemming in foreign production systems. In this case
the vertically integrated industries comprise the
pressures embodied in the imported products or
avoided thanks to them.

The choice between the two perspectives mainly
depends on the driving force - production or final
use - one wishes to take as explicit target for policy
and on the scope of the environmental objective.
Under the direct flows approach the environmental
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efficiency of the individual (standard) industries is at
centre of attention and the target is the contribution
at the local level given to the environmental pressures
analysed. On the contrary, under the total flows
approach, the question is how the level and
composition of the final uses should change in order
to achieve a given change in the environmental
pressures at the global level.

Total greenhouse gas emissions embodied in Italian
industries’ final products and in imports (1995-2008).
Total greenhouse gas (GHG) emissions associated
with Italian economic activities including those
avoided thanks to international trade are calculated
by means of an environmentally extended IO model.
The model analyses direct and indirect emissions
necessary for producing the final products of the
Italian industries (including those activated by final
demand through imported intermediate inputs) as well
as the products imported for final uses [3].

The Italian IO tables are ad hoc integrated in order
to overcome the domestic technology assumption.
Indeed, the information on some industries
(extraction of coal, oil and natural gas, non-energy
minerals) provided by the Italian 10 tables is not
representative, as these industries are almost not
present in Italy. For this purpose, the information on
their cost structure is provided by inserting three
virtual industries to the domestic and import matrices,
drawing from other European countries' Eurostat
datasets and representing the missing parts of these
industries.

In order to identify representative and
unrepresentative industries, an analysis of the
imported products has been undertaken for the
period 1995-2008 from the Italian Supply and Use
tables. There are several products - used both as
intermediate consumption for further production
and as final uses - with a large share of imports
from abroad. Within final imports, only five
typologies of products directly used by final users
draw our attention as for their volumes: «Tobacco
products»; «Office machinery and computers»;
«Radio, television and communication equipment
and apparatus»; «Medical, precision and optical
instruments; watches and clocks»; «Motor vehicles,
trailers and semi-trailers». As these products only
integrate Italian production, Italian industries that
produce them are deemed representative of those
production processes. In particular, the structure of
production and the emission intensities of those
industries are representative for those imported
products.




As regards intermediate imports, coal, crude
petroleum, natural gas and metal ores are the most
important products both for their share in total
intermediate products and for the lack of an
equivalent or representative domestic production.
Actually there are other imported products with a
relevant share, but they do not meet the second
criterion: they are produced in Italy, thus they can
be treated according to the domestic technology
assumption.

As regards activities that are not well represented
in the Italian IO tables, the model is integrated by
using data on the structure of intermediate inputs and
on emission intensities of the same activities in
Norway («Extraction of crude petroleum and natural
gas»; «Mining of metal ores») and Germany («Mining
of coal»), which have been selected on the basis of
the relevance of the imports from these countries
and of data availability.

Building on the very meaning of an 10 model, the
three NACE associated with coal, oil, natural gas and
metal ores are split into a domestic and an import
activity - thus adding three rows and columns to our
10 global model - in order to show more clearly
environmental responsibilities. The domestic rows
and columns reflect the information comprised in
the domestic 1O table (Italian domestic intermediate
and final demand matrix), as well as the environmental
data refer to the Italian production in those industries.
As regards the import activities, rows show how the
intermediate and final use of the imports of the three
industries are distributed among the other activities
(Italian import intermediate matrix); columns show
the inputs that the three sectors need for their
production process, their outputs and the air
emissions they produce. In this way the total input
coefficients in these three couples of industries
reflect both the domestic and the foreign technology.

* & *

Domestic emissions (,E) may be written as: total
emissions that would have occurred if all production
steps had been carried out domestically (E) minus
emission avoided thanks to (intermediate and final)
imports ( E)":

E=E- E. )

In the following formulae we use: r for the vector
of GHG emission intensities of output by industry;
A for the matrix of domestic production direct
coefficients; A for the matrix of intermediate import
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direct coefficients; A=A+ A for the direct
coefficient matrix of total intermediate inputs; Y for
the matrix of final uses of domestic products by
delivering industry and by category of final demand;
.Y the matrix final uses of imported products by
delivering industry and by category of final demand;
Y=Y+ Y the matrix of total final uses by delivering
industry and by category of final demand.

The global-oriented 10 model which calculates
the total emissions activated world-wide by the final
demand for Italian and imported products is:

E=<r(I-A">Y. 2

The actual emissions of the Italian production
system, seen from the perspective of activation by
final demand for domestically produced goods and
services, are reallocated to the vertically integrated
industries according to the domestic flows of
intermediate inputs:

E=<rd-A> Y. Q)

The emissions avoided thanks to final imports are
calculated as:

JE=<rd-A"D> Y. @

The emissions activated by final demand through
intermediate imports are calculated as a residual:

mEx= E - dE - mEy
®
=<r[([-Ay'- (- A']> Y.

Results for GHG emissions of the Italian eco-
nomic activities (1995-2008), based on elaborations
on matrices at current prices, are presented in Table
1. Various indicators have been calculated, reflecting
different meanings of the Italian economy.

Italian indicators in Raw Material Equivalents. Eco-
nomy-wide Material Flow Accounts (EW-MFA)
provides a whole family of holistic material throughput
indicators [4]. Each indicator has its own charac-
teristics and properties, and is therefore suited for
representing different concepts. The following
components are currently provided in the European
Union (EU):

- domestic extraction used (DEU);

- imports (IMP) and exports (EXP) in their simple
weight.

The material resources associated to imported
and exported products are therefore explicitly
excluded.

! Matrices are indicated by bold capital letters; vectors by bold lower case letters; scalars by italicized lower case letters. Vectors are rows by definition, so
that column vectors are obtained by transposition, indicated by a prime. A diagonal matrix with the elements of any vector on its main diagonal and all other

entries equal to zero is denoted by angle brackets < >.
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Table 1
Italian GHG emissions ascribable to final demand, 1995-2008
(million tonnes)
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
|Actual emissions of Italian production (a) 440.5 4293 434.1 438.8 439.9 451.0 452.1 451.3 461.7 466.7 465.8 459.8 456.5 4414
\Emissions ascribable to final imports and activated
through interm ediate imports (m) 183.1 161.0 1734 176.0 173.7 201.6 205.1 197.1 199.8 212.3 217.6 233.2 242.0 229.3
of which
Emissions ascribable to final demand for imported
products (m') 38.3 34.6 384 40.9 42.6 49.6 47.9 47.6 49.0 52.4 52.5 54.8 56.0 50.4
Emissions activated through intermediate
imports (m-m-m) 144.7 1264 135.0 135.1 131.1 152.0 157.2 149.6 150.7 159.9 165.1 178.4 186.1 178.8
Total emissions ascribable to all final uses (b=a+m) 623.5 590.3 607.5 614.7 613.6 652.6 657.1 648.5 661.5 679.0 683.4 693.0 698.5 670.7
of which
Total emissions ascribable to Exports (x) 173.9 162.0 169.6 166.7 160.5 187.1 189.1 177.0 177.8 192.0 199.4 211.0 219.5 210.7
GHG footprint of domestic final uses 449.7 428.2 438.0 448.0 453.1 465.5 468.0 471.4 483.6 487.0 484.0 482.0 479.0 459.9
of which
Total emissions ascribable to Final consumption
expenditure 351.2 338.8 345.2 353.9 356.9 361.0 365.6 365.6 378.9 376.7 378.1 369.0 364.0 354.0
Total emissions ascribable to Gross capital
formation 98.4 89.4 92.7 94.1 96.2 104.5 102.4 105.8 104.8 110.2 105.9 113.0 115.1 106.0
Emissions ascribable to the final demand for Italian
products (c=a+m) 585.2 555.6 569.1 573.8 571.0 603.0 609.3 600.9 612.4 626.6 630.9 638.2 642.5 620.2
Balance of emissions embodied in trade (x-m) -9.2 1.0 -3.8 -9.2 -13.2 -14.5 -15.9 -20.1 -21.9 -20.3 -18.2 221 -22.6 -18.5
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In order to derive more comprehensive material
use measures, overcoming the environmental burden
transferring issue, it is necessary to introduce into
the picture the raw materials extracted abroad in
order to satisfy the demand for imported products.
Indicators in Raw Material Equivalents (RME)
express Imports and Exports in terms of the virgin
materials that it is necessary to extract from the natural
environment in order to produce the traded goods
and services. Such indicators do not suffer from the
consequent methodological inconsistency. A
products’ RME indicates the raw materials needed
throughout that product's entire production chain.
The materials required are included in the RME
irrespective of whether they were extracted from
the domestic environment or from the rest of the
world environment. Also, it does not matter where
the materials used to realise an imported product
reach their final state: whether they become waste
or emissions abroad or are incorporated into the
product, they belong to the product and follow it as
it passes from one economy to another. This
approach allows focussing on a much more complete
subset of the potential environmental pressures
associated to a country's final purchases, by including
waste and emission flows generated abroad from used
extraction, to the extent that they are functional to
national Final consumption expenditure, Gross
capital formation and Exports.

k * *

Italian indirect material resource use associated
with Imports, Exports and final domestic uses as well
as EW-MFA indicators in RME, are calculated on
the basis of a model whose ongoing development is
promoted by Eurostat [5].

Eurostat's application has at its core an expanded
hybrid IO model, carried out using conveniently
detailed IO tables of the EU-27, integrated with
physical data. As a matter of fact two main issues were
identified as being crucial: i) the lack of detail
provided by the standard monetary IO tables of the
size 60x60 and ii) the domestic technology
assumption for imported products.

The expansion of the standard IO tables is needed
as most of the product groups comprise too different
products and are not worthy of tracking the flows of
raw materials through the economy. Then a specific
disaggregation of the standard monetary IO table to
the level of 166 products groups was carried out. This
disaggregation especially refers to branches of
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extraction of raw materials (agriculture, and mining
and quarrying), to branches of primary processing
of raw materials (food industry, basic metal
production, production of secondary energy
carriers) and to some manufacturing branches (metal
and chemical industries).

Monetary use structures were replaced by physical
use structures in different units for selected product
groups. As a matter of fact monetary use structures
are less suitable for tracking the flows of products
than physical structures as far as raw products and
some primary processed raw products are
concerned: agricultural crops, forestry and fishery
products, fossil energy carriers, metal ores, non-
metallic minerals and materials which are clearly
dominated by one raw material category.

This product groups are affected by price
differentiation and structural effects. As for the first
issue, a physical use structure is required since
different prices are paid for the same product, i.e.
energy carriers. Structural effects appear where
product groups comprise materials affected by
different uses, i.e. «Other mining and quarrying
products». As a general rule, it has to be assessed
case by case whether physical or monetary use
structures are suitable. When this is the case, physical
use structures should take advantage of all the relevant
information available, leaving the monetary
relationship as the last option.

The Eurostat hybrid IO model combines 10 and
Life Cycle Assessment (LCA) approaches. It extends
the 10 approach for those products which are
produced domestically with a LCA external module
for those products where no - or negligible - domestic
production is given. Raw materials embodied in
selected imported products (energy carriers, metal
ores and basic metals, up to 60 products) were
estimated by an external approach. Imported LCA
products are treated as being produced by domestic
economy: cumulated material requirements
embodied in these products are incorporated into
the matrix of domestic extraction and specific
changes are carried out in the IO tables (rows and
columns are added for LCA products, imports of
LCA products are set to zero). In this way, in
estimating the RME for export products, the import
of products used to produce export products is taken
into account.

Eurostat provides EU RME import and export
coefficients for the period 2000-2010 in a two-
dimensional matrix per material categories based on
the EW-MFA Questionnaire on the most detailed
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level (52 materials) and per 166 product groups.
Therefore the methodology that Eurostat applies not
only improves the EW-MFA indicator of domestic
material consumption from DMC to RMC, but also
establishes an ecological and economic connection.
As a matter of fact RMC originates from an
environmental-economic framework as it is linked
to the underlying driving forces behind the Leontief's
model and to the environmental impacts thanks to
the detail by material.

* * *

In the Italian application, Imports in RME are
calculated by using the average EU coefficients
provided by the model, using the import or export
coefficients from the Eurostat model according to
the affinity between the Italian and the EU trade
patterns. Italian imports are split into their intra-EU
and extra-EU components, and EU level import
coefficients are applied in the RME estimation for
the Italian extra-EU trade, while EU level export
coefficients are applied in the RME estimation for
the Italian intra-EU trade.

Exports and domestic final uses in RME are
estimated by a subsequent modelling application
based on Italian 10 tables (59x59 product groups),
made hybrid on the basis of Eurostat's methodology
which has been conveniently integrated by using
additional data such as physical energy accounts and
Material Flow Accounts. The physical inputs to the
economy are domestic extraction used and imports
in RME. Then the standard Leontief calculation is
integrated by replacing monetary use structures of
the following product groups by physical structures
due to the heterogeneity of highly aggregated product
groups:

* CPA 14 «Other mining and quarrying products»*:
this product group comprises both low (sand and
stone) and high (industrial minerals) priced materials
used in domestic production and exported
respectively. Structural effects arise since the
composition within this group varies widely by users
and the 10 model would apply the average monetary
use structure for the CPA 14, which entails
overestimation of exports in RME. The physical use
structure (in tonnes) of «Other mining and quarrying
products» builds on the domestic extraction, imports
and exports of material flows of «Non-metallic
minerals» of the Italian EW-MFA accounts.
Domestic extraction minus exports of non-metallic
minerals follows the IO monetary domestic
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relationships; imports of non-metallic minerals follow
the IO monetary import relationships;

* CPA 02 «Products of forestry, logging and related
services»: the physical use structure (in tonnes) of
«Products of forestry, logging and related services»
derives from the domestic extraction, imports and
exports of material flows of «<Wood and wood
products» of the Italian EW-MFA accounts.
Domestic extraction minus exports of «Wood and
wood products» follows the IO monetary domestic
relationships; imports of «Wood and wood products»
follow the IO monetary import relationships;

* CPA 05 «Fish and other fishing products; services
incidental to fishing»: the physical use structure (in
tonnes) of «Fish and other fishing products; services
incidental to fishing» derives from the domestic
extraction, imports and exports of material flows of
«Wild fish catch, aquatic plants/animals» of the
Italian EW-MFA accounts. Domestic extraction
minus exports of «Wild fish catch, aquatic plants/
animals» follows the IO monetary domestic
relationships; imports of «Wild fish catch, aquatic
plants/animals» follow the 10 monetary import
relationships;

* CPA 10 «Coal and lignite; peat»: for establishing
the physical use structure (in tonnes of oil equivalent)
of «Coal and lignite; peat» information is derived
from Istat's Energy Use Tables, which provide energy
uses of production activities (by industry) and
households, and from the Italian National Energy
Balances. The latter source is used to input-output,
imports and exports of coal, lignite and peat;

* CPA 11 «Crude petroleum and natural gas; services
incidental to oil and gas extraction excluding surveying»:
the physical use structure (in tonnes of oil equivalent)
of «Crude petroleum and natural gas; services
incidental to oil and gas extraction excluding
surveying» derives from Istat's Energy Use Tables
(energy uses of crude oil and natural gas by industry
and energy uses of households), and from the Italian
National Energy Balances (output, imports and
exports of crude oil and natural gas);

* CPA 23 «Coke, refined petroleum products and
nuclear fuels»: the following energy products are
comprised in the physical use structure which
replaces the monetary use structure of CPA 23: coke,
coke oven gas, blast furnace gas, non-energy coal
products, gas work gas, LPG, refinery gas, naphtha,
motor gasoline, jet fuel, diesel oil, fuel oil, petroleum
coke, other non-energy oil products. The physical

2 CPA 14 comprises: stone, sand and clay, chemical and fertilizer minerals, salt, other mining and quarrying products n.e.c. (bitumen and asphalt,
natural; asphaltites and asphaltic rock; precious and semi-precious stones; pumice stone; emery; natural abrasives; other minerals nec).
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use structure (in tonnes of oil equivalent) of «Coke,
refined petroleum products and nuclear fuels»
derives from Istat's Energy Use Tables (energy uses
by industry and energy uses of households of the
above-mentioned energy products), and from the
Italian National Energy Balances (output, imports
and exports of crude oil and natural gas);

* CPA 40 «Electrical energy, gas, steam and hot
water»: the physical use structure (in tonnes of oil
equivalent) of «Electrical energy, gas, steam and hot
water» derives from Istat's Energy Use Tables (energy
uses of electricity by industry and energy uses of
households), and from Terna - the company that
manages energy transmission in Italy - (output,
imports and exports of electricity).

EW-MFA indicators for the Italian economy,
expressed in RME, are synthetically shown in Table
2, next to the corresponding «traditional» indicators
(including direct flows only). These indicators
describe the material flows associated to different
monetary aggregates.

The indicators are presented within a consistent
and systematic origin-purpose framework, which
allows for consideration of the relationships between
different indicators. We can see in this table's top
and bottom halves, respectively:

- materials used to satisfy Italy's final demand, by
extraction, origin and kind of resources (the
materials supply side). Imports in RME as reported
here are, for each year, the synthesis of a table
stemming from the application of the Eurostat
coefficients. The latter table, not shown here,
includes the requirement of each of 52 materials by
166 distinct product groups (goods and services);

- the same materials, re-attributed to their final
use purpose (the materials «demand» side). Final uses
are classified here only by final demand category
(Final consumption expenditure, Gross capital
formation and Exports) and not by product group.
But the model results' dataset comprises, for each
year, 59 product groups, and for each of these, 52
different materials. Moreover, for each material of
each product group, the data are further split by origin
of the virgin material (domestic or foreign). This side
of the account stems from the reallocation of the
materials in the supply side to final demand by
category and of product, i.e. from the application of
the Italian hybrid Leontievian 10 model.

A focus on Resource Productivity. Resource Pro-
ductivity (RP) points to the efficiency with which
materials are used in production. This normatively
relevant concept currently guides some important
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policy-making processes, especially at the European
level [6, 7, 8] and in Japan where it is used in the
Resource Conservation Policy. The RP concept may
be made operational in a number of ways. It is
defined within the EU Sustainable Development
Strategy as the ratio between Gross Domestic
Product (GDP) and Domestic Material
Consumption (DMC) [9]. This ratio and its changes
through time are meant to provide a clear indication
of economic growth's decoupling from material
resource use.

However the RP indicator adopted by the EU
lacks a great deal in life-cycle perspective: it does
not present the complete picture as this measure does
not account for the raw materials used to produce
traded products. This makes it a doubtful measure
for a country's overall material resource needs.

Indeed, the material resources included in a
country's DMC correspond neither to those
required for generating that country's GDP, nor to
those physically embodied in the products whose
value is measured by that GDP. This is the case for
whichever relevant National Accounting monetary
aggregate one may want to take into account: total
end uses (consumption plus investments plus Exports),
domestic end uses (consumption plus investments),
end uses of domestic production (the part of total
end uses coming from domestic production) or
domestic end uses of domestic production.

Another way to describe this shortcoming is to
say that DMC is not neutral to the localisation of
activities but - due to its components' inherent
asymmetry - it is distorted by the environmental
pressure transfer issue described above. The upstream
indirect material flows of traded products, also
referred to as the «ecological rucksack», are not
included in the picture. As a consequence DMC falls
when - ceteris paribus - a country's activity mix
changes in favour of activities at the production
chain's end. It is no wonder, therefore, that resource-
poor countries, some of which are big importers not
only of raw materials but also of intermediate and
final products, tend to rank high in RP. Symmetrically,
the use of DMC for RP's calculation disadvantages
resource-rich countries in which the initial and most
waste- and pollution-intensive transformation phases
take place.

All this should by no means lead us to refrain from
using DMC, but only from using it uncritically and to
be aware of its limitations as a resource use indicator.
DMC has, on the contrary, an important meaning
which should be acknowledged, and to which
reference should always be made when using it.
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Table 2
Domestic and global resource use associated with Italian production and consumption, by materials origin and type, and
by materials use purpose (final demand). Italy, 2000-2010
(million tonnes)
Aggregates 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Materials’ origin and type
Domestic natural environment (Direct Used Extraction) 699.5 682.8 615.7 528.4 571.7 606.4 598.8 573.6 560.3 510.3 463.4
Biomass 1382 1315 134.3 116.3 138.4 140.2 126.3 1224 124.2 1172 115.2
Metal ores 04 0.2 0.3 0.2 0.0 0.0 0.0 - 0.7 0.3 0.7
Non-metallic minerals 543.8 536.0 465.2 396.4 423.0 4499 458.1 4375 422.7 381.2 334.6
Fossil energy resources 17.1 15.1 15.9 15.5 16.4 16.3 14.4 13.7 12.7 11.6 12.8
Foreign natural environment (Imports in RME) 737.5 745.0 745.3 751.6 756.1 747.1 804.0 833.3 789.5 661.4 765.3
Biomass 117.8 109.8 112.6 1084 108.7 103.8 106.6 113.1 107.8 110.7 119.5
Metal ores 2019 2089 209.0 210.2 217.0 213.5 249.9 2517 242.5 173.2 2233
Non-metallic minerals 93.3 1004 100.7 101.7 96.9 96.7 106.0 117.5 104.9 86.7 105.0
Fossil energy resources 3245 3259 3229 3313 333.5 3332 3414 351.0 334.4 290.9 317.6
Total Input in RME (RMI) 1437 1428 1361 1280 1334 1354 1403 1407 1350 1172 1229
of which direct flows (DMI) 1033.9 1018.3 955.4 877.6 943.8 973 4 980.1 957.3 929.4 822.6 808.2
of which actually embodied in Imports (direct Imports) 3344 3354 339.7 3492 366.0 366.9 3814 3837 369.1 312.4 344.8
Materials’ use purpose (final demand)
Raw Material Consumption (RMC) 975.1 960.3 926.3 868.3 894.0 899.8 911.1 893.2 858.5 738.9% 731.8°
Final consumption expenditure 604.5 605.1 586.1 5604 569.4 575.1 563.3 552.6 543.7
households 547.7 5434 526.0 502.3 510.6 5144 503.8 493.7 484.0
government and non-profit organizations serving households 56.8 61.7 60.1 58.2 58.8 60.8 59.5 58.9 598
Gross capital formation 370.6 3553 340.3 307.8 324.6 3247 347.8 340.6 314.7
Exports in RME 461.9 467.2 4344 411.5 439.7 453.7 4914 5135 491.4 432.8% 496.9®
RMC +EXPgyi = RMI 1437 1428 1361 1280 1334 1354 1403 1407 1350 172% 12299
of which direct flows (DMC) 910.2 890.6 8323 7513 810.1 833.0 836.7 796.7 773.2 689.5 657.2
of which actually embodied in Exports (direct Exports) 123.7 127.7 123.1 1263 133.6 1404 143.4 160.6 156.3 133.1 151.0
Otherindicators:
Physical trade balance 210.7 207.8 216.6 2229 232.4 226.5 2379 223.1 212.9 179.3 193.8
Physical trade balance in RME 275.6 277.8 310.9 340.1 316.4 293 4 312.6 319.8 298.2 228.6® 268.4®

(a) Estimates based on aggregate data.
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First, let us draw a distinction between the
environmental pressures that the human system exerts
at the material input side - i.e. those immediately due
to resources extraction - on the one hand, and those
it exerts at the material output side - i.e. those
immediately connected to the form taken by the
materials at the end of the annual production and
consumption cycles - on the other hand.

If we look at the materials' economic cycle from
the latter perspective, we see that DMC is equal to
the sum of net addition to stocks, emissions and
wastes, products' dissipative uses and dissipative
losses. In other words, DMC comprises all the used
materials that contribute to a country's environmental
pressures on the material output side, regardless of
whether the materials were extracted domestically
or imported. It is important not to be misled, with
regards to DMC's meaning, by the way it is
calculated. This quantity's real meaning, in fact, is
connected to the output side even if it is calculated
as a sum of inputs. This connection of the two sides
is granted by the law of matter conservation. For
these reasons, DMC would be more correctly
interpreted as a holistic potential pressures indicator
than as a resource use indicator, even though the
latter interpretation currently prevails. Using the
GDP/DMC ratio in a sustainability monitoring
context is not at all wrong in itself, but it is not
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appropriate to call it an RP indicator. Rather it should
be called something along the lines of «productivity
of potential pollution».

Table 3 shows three possible alternative
formulations of the RP indicator seen above (the
table referred to the indicators for Carbon
Productivity is provided in the Annex. Mutatis
mutandis, the above RP rationale still holds true for
Carbon Productivity).

They all express an average «value per unit material
flow», but interpret the RP concept in different ways.
The table shows the possible combinations of
numerator and denominator that we deem most
relevant, i.e. the one currently used by the EU
(GDP/DMCQ), its version using RMEs with regards
to the material flows, and two other ones who have
the characteristic that the numerator and the
denominator are formally coherent with each other.
By «formally coherent» we mean that for each value
component of the numerator (GDP, IMP, EXP), a
corresponding physical flow in RME is represented
(with the same sign) in the denominator (DE, Imports
in RME, Exports in RME). The latter ratios express
a relationship between the two ends of the production
chains: the natural resources extracted from the
environment and used, at one end; the net value of
production emerging from the production chain, i.e.
the value of the products delivered to final demand,

Table 3

Current and alternative indicators for Resource Productivity

Denominator
Domestic Material Raw Material Input (RMI) Raw Material Consumption (RMC)
Consumption (DMC)
o Productivity of potential Productivity of Raw Material Consumption, as would
g E pollution: GDP per unit of] result by a simple substitution of DMC with RMC in the
=G} potential pressures on the GDP/DMC formula (no consistency between numerator
| B economy’s output side and denominator): GDP per unit of the used resources that
2 —§ from the direct (domestic) are needed at the global level for the production of the goods
5 & material consumption and services delivered to domestic final uses (Final
consumption + Gross capital formation)
o Productivity of Raw Material
8 |8 B L Input:  economic  resources
E S 9o l}' 3 E available for all uses of final
g § é 3 T:; £ domestic production per unit of]
Z. E § '§ g 8 resource use needed at the global
e & <= level
2 e = , Productivity of Raw Material Consumption (with
g 2.8 & consistent numerator and denominator): Total economic
g g _% o 3 % = resources available for domestic final uses per unit of the
88S%g 382X resources needed at the global level for their production
- 2= g AH g p
£Fz8 ¢
E_.4

at the other end (the reader should keep in mind that
GDP + Imports = Final Consumption +Gross
Capital Formation + Exports). The very reasoning

by vertically integrated sectors that leads to RME
figures for Imports and Exports makes this
coherence something more than just a matter of
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form, as it guarantees that there is a clear functional
relationship between the two ends.

Once RME indicators are considered for
inclusion in the policy-making toolbox, the issue
cannot be reduced to simply substituting DMC in its
current use by its RME version (i.e. RMC). When
going from the current «direct material-flow» type
of indicators to RME indicators, a change of
meaning of the indicators must be explicitly
acknowledged and dealt with.

It should be noted instead that, in the current
debate, the fact that RMC overcomes DMC
components' asymmetry seems to be automatically
considered sufficient to substitute DMC, wherever
it appears, with RMC. However, it is not at all
granted that RMC should replace DMC in all its
uses. The point is that, while DMC has its own
meaning as a holistic potential (domestic) pressure
indicator, RME indicators are comprehensive
resource use indicators for entire national
economies. The latter comprise sectors and
activities which produce for domestic demand as
well as sectors producing for foreign demand.
There is no self-evident reason why the exporting
part of the economy should be excluded, when it
comes to measuring the economy's Resource
requirements and Productivity. Exports value is
indeed included in GDP. Why should Exports RME
be excluded from RP's denominator, then?

Conclusions. The analysis carried out above
highlights some issues in the current understanding of
the policy use of EW-MFA indicators in the RP
context. As a matter of fact a clear distinction between
meanings and roles of different value-per-material-
flow-unit indicators, in relation to different policy
targets is needed.

DMC is a holistic potential pressure indicator. As
such, its most appropriate use is not as a resource
use measure and it does not suffer from the asymmetry
between its components (DE and Imp/Exp). It is per
se a significant sustainability indicator as it addresses,
when related to GDP, the «potential pressure per
GDP», rather than a RP indicator. Moreover,
DMC/GDP is a significant efficiency indicator for
national economies, as it expresses the productivity
of potential pressures.

A value-per-material-flow-unit indicator, genui-
nely expressing Resource Productivity is better
expressed in terms of value per RME unit and is
better referred to the value of the final results of the
production chains, rather than to GDP, since value
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generation chains are intrinsically global and the
resource needs of the value added generated in a
given country cannot be disentangled from the
resource needs of the value added generated in other
countries (double counting will always be unavoidable:
each of the subsequent works carried out on the same
material adds value at all steps). On the contrary, the
«final user perspective» is correctly applied to the
products delivered to final uses, the resource
requirements of which can thus be singled out by kind
of use (and also by kind of product).

DMC's formal analogue in RME terms, i.e. RMC,
is not automatically DMC's best substitute for RP
calculation, since RMC excludes a substantial part
of a nation's material resource requirements, namely
those of its exporting activities.

Interesting candidates as RP indicators are:

+ Final Domestic Uses/RMC (i.e. Consumption
plus Gross Capital Formation per unit of its own
RME), whose numerator deviates from GDP only
by the commercial balance;

 Total Final Uses/RMI (i.e. Consumption plus
Gross Capital Formation plus exports per unit of its
own RME), which reflects also the RP of the
exporting part of the economy.
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Annex
Table A

Indicators for Carbon Productivity

Denominator

Direct emissions Global emissions Footprint
o Production-based
228 Productivity:
5 2 'g 8 GDP per unit of emission on
8 A~ the economy’s output side
o Demand-based
= é JE Productivity:. economic
8 2809 3 E resources available for all
s § 28 ; & uses of final domestic
g s §§ & 8 production per unit of
z|le = = emission needed at the
global level
2 L= . Footprint Productivity: total
Ep8 5 E economic resources available for
5 § 2 287 ?;3 domestic final uses per unit of emission
§ R E m needed at the global level for their
E 2 %g o production
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B cratbe nmpencraBieHbI pe3yabTaThl paCUeTOB ABYX BAPUAHTOB TPUMEHEHUST MOJEITH «3aTPAThI-BBITYCK» , yIUTHIBAIOLIEH 9KOJIOTH-
YEeCKYIO COCTABJISIIOIYIO U OCHOBAaHHOI Ha 9KOJIOTO-3KOHOMUUYECKHX CUETAX, OTPAKAIOIINX BKIIOUEHUE IKOJIOTUUECKUX TOTOKOB B
KOHEUHBIN cripoc. Bo-TiepBbIX, MpecTaBieH 00111t 00beM BHIOPOCOB (KaK MPSIMbIX, TAK U HETIPSIMBIX) TAPHUKOBBIX TA30B BEPTUKAb-
HO UHTETPHUPOBAHHBIX IIPOMBILIEHHBIX oTpacieit Utamiu 3a mepuon ¢ 1995 mo 2008 r., BKiItovast ¥ Te BEIOPOCHI, KOTOPhIE HE ObLTN
MTPOU3BEIEHBI 110 IPUYMHE UMIIOPTA MPOAYKTOB KOHEUHOTO 1 IPOMEXYTOYHOTO UCTIONIb30BaHUsl. B 3TOM cityyae Kiiaccuueckast MOjielb
"3aTpaThl-BBITYCK", MPEIIOIaramlias yueT OTeueCTBEHHOM TEXHOJIOTUM, XOPOILIO MHTErPUPOBAHA C JOMOJTHUTEIbHBIMYU TaHHBIMU,
YUUTHIBAIOLIMMHU (DAaKTHUECKU He CYILIECTBYIOLIME UK He MpeiCcTaBIeHHble B Tainu oTpaciiv MpOMBIIUIEHHOCTH.

Kpowme Toro, maHbI OlIeHKM MaTepHaJIbHBIX IIOTOKOB B MITani, a MUMEHHO CHIPhEeBBIX 9KBMBAJIEHTOB, 3a epuo ¢ 2000 mo 2010 .,
MOCTPOEHHBIE B pAMKAaX pean3alliu TeKyIero mpoekra EBpocrata. Mcrnonb3oBaHue nmokasaresieli ChIpheBbIX 9KBUBAJICHTOB OKa3bIBAET
MOJIOXKUTETbHOE BJIMSIHUE HAa METOIOJIOTHIO pacyeTa arpernpoBaHHBIX MOKa3aTesiell TEKYLIMX CYETOB TOTOKOB MaTepUaioB B MacIIITa-
6ax akoHoMuKH (CITM-MD), Tak Kak Grarofapst UM MpeoaoJIeBaeTCsl ACUMMETPHST MEKIY Pa3HOPOIHBIMU YaCTSIMU, HA OCHOBE KOTO-
DBIX B HACTOSILIEE BPEMSI CTPOSITCSI 3TH arpernpoBaHHbIe MOKa3aTeu (TPUPOAHbIE UCTOUHUKH U TOTOKM TOPTYeMbIX TOBapoB). Jlst
MOJTy4SHUSI TAKOTO POJia OIIEHOK HEOOXOAMMO B IMOJIHO Mepe UCIIOIb30BaTh CUCTEMY SKOJIOTO-3KOHOMMYECKUX CUETOB: CBSI3b MEXKIY
MPSIMBIM Y KOCBEHHBIM CIIPOCOM Ha ChIPbE, C OIHOI CTOPOHBI, 1 KOHEYHBIM UCTIOIb30BAHUEM TOBAPOB - C IPYTOii, yCTAHABIMBAETCS
Yepe3 MoJieJTb MeXXO0TpacieBoro 6anaHca JIeoHTheBa.

B crarbe Takke npeioxXeH yriayoIeHHbI aHAJTM3 BO3MOXHOCTH UCTIOIb30BaHUS U3MEPEHU I Ha OCHOBE CITPOCA JIJIS TOCTPOSHUST
rokasareJieii MPOAYKTUBHOCTH, B YaCTHOCTH TIOKAa3aTes el peCypCHOI MPOLYKTUBHOCTH.

JlenaeTcsi BBIBOJI O TOM, UTO ITOJIUTUKA, B KOTOPOU YYUTBIBAIOTCSI HEMPSIMbIE TOTOKMU, & YIIEPOIHAsI WJIN peCcypCHast MPOIYKTUBHOCTh
TMOBBIILIAETCSI ITYTEM MEPeMEICHHST 3a TPAHMILY TOTEHIIMATBHON KOJIOTMYECKO Harpy3KH, SIBISICTCS 9KOJIOTMUYEeCKH HeahdHEeKTUBHOM,
TaK KaK He MPUBOIMT K CHUXKEHUIO BO3MIEHCTBYS Ha OKPYXKAIOIIYIO Cpely B VIOOATbHOM MaciiTtabe.

ABTOPBI TAKXXE YTBEPXKIAIOT, UTO JJIsI IOKa3aTesieii, PUMEHSIEMbIX ISl U3MEPEeHMsI TPOYKTUBHOCTH, CJIeyeT UCTIONb30BaTh COTJIa-
COBaHHbBIE JAHHBIC U3 HAILIMOHAJTBHBIX CUETOB U CATEJTUTHBIX 9KOJIOTUYECKUX CYETOB.

Kntouesbvie cno6a: 5K0n0rMuecKue cueTa, TOPropiIsi M OKPYXarollas cpenia, pecypcHasi NpoAyKTUBHOCTb, ChIPbEBbIE SKBUBAJICHTHI,
BEPTUKAIbHO MHTETPUPOBAHHBIE IIPOTYKTHI.
JEL: E01, F18, F64, Q56.
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