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1 Introduction

1.1 Background
Issues related to environmental consequences of intensifying international trade have gained significant
importance in European Union (EU) and worldwide policies in the past few years. This is emphasised, for
example, in the revised EU Sustainable Development Strategy , the Thematic Strategy on the Sustainable Use
of Natural Resources and in the upcoming EU Action Plan on Sustainable Consumption and Production .

Products are increasingly produced in one part of the world, taken into another country and then redistributed
to their final country of consumption. In order to promote and understand sustainable consumption and
production, there is a need to capture the whole life cycle costs of products and services (in terms of
emissions, water use, material flows, etc) in order to be able to fully quantify the environmental impacts of
consumption and trade. However, there is an absence of an accepted approach towards quantifying and
assessing the trans-national impacts of consumption. Many existing methodologies such as life-cycle
assessment (LCA), resource flow and material flow analysis rely on average data and do not easily allow for
local impacts of production and consumption, or infrastructure associated with production, use and disposal.
This is especially important when assessing products and services whose production-consumption chain spans
across several national boundaries.

The SKEP network wishes to develop a suitable methodology to assess such trans-national environmental
impacts and is funding the EIPOT Project ("environmental impacts of trade"). This project aims to bring
together existing knowledge and ongoing research for the assessment of global environmental impacts of
traded goods and services. It will review past and current accounting methodologies and then identify, specify
and develop a suitable integrated approach, which can be applied by SKEP member states and other countries.

1.2 Aim of the project
The main objective of the EIPOT Project is to develop and specify an environmental accounting methodology
which allows quantifying and assessing the trans-national environmental impacts of traded goods and services.

More specifically, this project aims to:

• Review and comparatively evaluate a large number of existing environmental accounting techniques that
allow to illustrate trans-national impacts of traded goods and services,
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on the results of the assessment during the workshop a ranked short list of suitable methodologies will be
compiled from which the most suitable will be selected for further development in WP 4.

2 Short Description of Methodologies

2.1 LCA (Life cycle assessment and Life cycle impact assessment)
An LCA is a method to determine environmental impacts of products and services, taking into account the
whole life cycle. All inputs and outputs of relevant processes are taken into account. The method can be
regarded as formalisation of common sense. In the 90’s it was often used to compare several products more
or less fulfilling the same function (e.g disposable vs washable coffee cups, reusable vs recyclable milk
packaging etc.) The scope of LCA has broadened to many applications, such as product development, policy
support in IPP (e.g criteria setting for ecolabels), green procurement, waste policies, etc.

In 1992 CML (University of Leiden) published a guideline that became an important standard in LCA
methodology. Later on ISO guidelines on LCA were published (ISO 14040 series). The CML guideline was
updated in 2001.

In an LCA inputs and outputs of processes are usually expressed in physical terms. Typical inputs are raw
materials, energy, land occupation and semi-manufactures. Typical outputs are products, emissions to air and
water, semi-manufactures and by-products. The result of all in- and outputs for a given functional unit (e.g. a
kg of steel) is called the life cycle inventory (LCI). A distinction can be made between foreground data (the
most relevant primary processes) and background data (general processes, such as fuel production and
transport processes). The setting of the system boundaries determines which parts of the total impacts are
neglected. Capital goods, services and office overhead are often not taken into account.

There are large public databases with LCI/LCA data, for example the ELCD data (compiled by the JRC of the EU,
containing mostly data from EU-industrial associations). Also a lot of databases, like the Eco-invent database or
the Franklin database, can be bought for modest prices. Differences between the data can be large, depending
on
- geographical coverage,
- time coverage, and
- technology coverage.

The databases usually cover a wide range of fuels, transport modes, metals, plastics, packagings and building
materials. Chemicals, agro-commodities and foodstuffs are generally speaking less represented. Most data are
averages from several producers and represent modern western technology in the 90’s. Commonly reported
in- and outputs are raw materials, greenhouse gasses and main toxic releases. Land use is still often missing.

The inventoried in- and outputs can then be aggregated and classified into several impact categories (e.g total
energy use, acidification, GWP etc). There are several methods available. Some methods also include a
following aggregation step, aggregating the impacts into damage-indicators or even a single environmental
indicator (e.g. the eco-indicator).

There are many software programs available to conduct LCA’s with.

Relevant literature: see "LCA" under Methodology in the table of references (Section 6.1 References on page
85)
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2.2 MFA-LCA (MIPS - Material Input Per Service unit)
The methodological approach to calculate indirect material flows required in the life-cycle of a product was
developed at the Wuppertal Institute in Germany. The so-called Material Intensity Analysis (MAIA) (Schmidt-
Bleek et al. 1998) is the practical application of the MIPS-concept and as such an analytical tool to assess the
material inputs along the whole life-cycle, including direct material inputs and the so-called „ecological
rucksack“ (Ritthof et al. 2002) (Schmidt-Bleek 1992) (Schmidt-Bleek 1994). MIPS can therefore be regarded as
a simplified life-cycle analysis of products, which focuses on the material dimension in each of the production
stages. Five main types of material inputs are considered in the MIPS concept: abiotic resources, biotic
resources, movement of soil, water and air (the latter for combustion processes).

MIPS stands for Material Input Per Service unit and serves as an indicator of precautionary environmental
protection (Ritthof et al. 2002). MIPS thereby relates the values for environmental pressures (material inputs in
the different categories) to a specific service provided by a product (e.g. transportation of one person for 100
km; washing of 5 kg of laundry, etc.). Based on the MIPS assessment, different options can be comparatively
assessed.

This MIPS calculation methodology is mainly suitable for the calculation of indirect flows associated to biotic
and abiotic raw materials and products with a low level of processing. To calculate indirect flows for semi-
manufactured and finished products by applying this methodology requires the collection of large amounts of
data for every product under consideration. Therefore, MIPS values have so far been calculated for a very
limited number of higher-processed products.

However, as (Weisz 2006a) notes, it is not only the fact that the number of required rucksack factors is by far
too large to provide a comprehensive data set. LCA-oriented approaches in general also lack appropriate
standards to guarantee consistency and comparability of material flow accounts, as LCA factors do not account
for so-called second and third round effects of the intermediate use and supply chains within industrial
production systems. These intermediate flows are, however, of increasing importance in highly industrialised
economies (see Ayres et al., 2004 for a US example). A combination of MIPS with other approaches, in
particular, input-output analysis is therefore required.

Relevant literature: see "MFA-LCA" under Methodology in the table of references (Section 6.1 on page 85).

2.3 NFA (National Ecological Footprint Accounts and variant methods)
The National Footprint Accounts (NFA) by Global Footprint Network (GFN) calculate trade embodied Ecological
Footprints by multiplying yield and embodied energy factors with mass volumes of traded goods. Using data
from the United Nations Food and Agriculture Organization on domestic production, imports, exports and
yields for a number of primary and secondary products from agriculture, forestry and fisheries, the NFA
estimate the apparent net consumption of a nation and the associated appropriation of land. The trade of
manufactured products is tracked in the NFA through data from the UN Comtrade database and primarily used
for calculations of embodied energy in traded goods.

A considerable share of the Footprint consists of the notional forest area that would be required to absorb
carbon dioxide emitted from the combustion of fossil fuels. The domestic national energy Footprint is
calculated via CO2 emissions data from IEA1. For the trade balance of manufactured products, embodied
energy data from disparate sources are used to convert their quantities into energy equivalents. Most of the
embodied energy data go back to the year 1996 and are specific to the Dutch economy of that year. The rest
comes from disparate sources and coefficients for product categories not covered with original data sources
are roughly estimated by Global Footprint Network based on known coefficients for similar categories. The

1 International Energy Agency, Paris, France.
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calculated embodied energies of traded manufactured goods are then assigned CO2 equivalents and
subsequently energy Footprints.

The embodied impacts of services are not modelled at all in the NFA method. In particular, the trade in
services is omitted in the GFN-NFA method, resulting in zero embodied energy Footprints for trade of the
whole tertiary sector. This includes international transportation which leads to a severe underestimation of
trade embodied. Built-up land area is also assumed not to be 'traded'

There are several variants of the GFN-NFA. Hong et al. (Hong et al. 2007) present a similar method of
calculating energy Footprints from the embodied energy content of Chinese traded goods. In contrast to the
GFN-NFA method however, the embodied energy intensities are specifically derived by using input-output
analysis and national input-output tables from the Chinese economy. (Venetoulis and Talberth 2008) propose
several methodological and theoretical refinements. Their approach includes the entire surface of the Earth in
biocapacity, allocates space for other species, changes the basis for equivalence factors to net primary
productivity (NPP)2, reallocates the carbon budget, and reports carbon sequestration biocapacity. Another
modification was introduced by (Lenzen and Murray 2001) (Lenzen and Murray 2003) who measure the
current and projected future land disturbed because of human consumption of biotic and abiotic resources
(food, timber, minerals etc), and emissions of all greenhouse gases from all sources. Land disturbance is
expressed in “disturbed hectares”, calculated from actual areas by weighting with factors describing the
deviation of the biodiversity of vascular plants from a pristine condition (see also Lenzen et al. 2007a). Several
authors base EF calculations on emergy evaluations or make comparisons to this indicator (Cuadra and
Bjorklund 2007), (Liu et al. 2008), (Pizzigallo et al. in press), (Siche et al. 2008), (Zhao et al. 2005).

Numerous authors now employ a single-region input-output model to allocate impacts to final consumption.
This approach has become more and more widespread over the last ten years and will be evaluated separately
under the SRIO method (see RACER evaluation there).

In our RACER evaluation we take the GFN-NFA approach as a basis and report if a (non IO-based) variant
method would lead to a different scoring.

Relevant literature: see "EF" and "EF-SRIO" under Methodology in the table of references (Section 6.1 on page
85).

2.4 Water Footprint (LCA – Water)
The Water Footprint (WF) shows the extent of water use related to the consumption of people. The water
footprint of a country is defined as the volume of water needed for the production of the goods and services
consumed by the inhabitants of a country (Hoekstra and Chapagain, 2007).

The concept of the water footprint is closely linked to the virtual water concept. Virtual water, introduced by
Allan in the early 1990s (Allan, 1993, 1994) is defined as the total volume of water required in all production
processes to produce a commodity or service. The idea behind the concept is that pressure on the scarcely
available domestic water resources could be released by using virtual water import (associated with food
imports). Virtual water import thus becomes an alternative water source.

The water footprint concept highlights sectors of high water use, which serves as the starting point for political
action. Moreover, different studies have revealed that many water scarce countries are acting against the
economic principle of the “comparative advantage”, as they export very water intensive goods, while
importing goods which require less water during their production. Consequently, instead of releasing the
pressure, water scarcity is even aggravated.

2 See also (Haberl et al. 2004) who compare the bioproductivity-based with an NPP-based approach.
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However, the quantity of water use is only one aspect of environmental impact; water quality is addressed
only partly, as it is only mirrored in the inclusion of the amount of waste water produced. No other qualitative
information (such as the degree of pollution) is given.

While in the agricultural sector the water footprint concept covers all levels – specific crop, agricultural sector,
nation, and the world, concerning the industrial and domestic sector, only the sectoral, national and
international level are covered.

The WF concept is an indicator of water use in relation to the consumption volume and pattern of the people,
and as such it is the most prominent quantitative indicator of water consumption. Despite methodological
constrictions it is hence a valuable tool to quantify this specific environmental pressure – water consumption.

Relevant literature: see "WF" under Methodology in the table of references (Section 6.1 on page 85).

2.5 SRIO (Single-Region Input-Output) analysis of emissions, energy, land use, and
Ecological Footprint)

Input-output analysis (IOA) is a macro-economic top-down technique that uses input-output tables, which
describe the monetary transactions between sectors, in order to determine the life-cycle impacts of certain
final demand categories like domestic consumption and exports. It does so by linking sectoral emissions, land
use, water use or Ecological Footprint accounts with primary and intermediate economic inputs in a national
economic system, including imports, that describes all transactions throughout an economy.

IOA has its origins in economics, but Leontief (1936), who did a lot of pioneering work in the development of
IOA, already intended to incorporate social and physical facets in analyses. The use of IO analysis for life-cycle
applications is very common, first in the energy field and later on in environmental applications.

For several countries, studies were carried out, mostly at the single-country level. In studies on consumption,
which include total environmental pressure over the whole supply chain of products, it was often assumed
that imported goods and services were produced with the same technology as the domestic technology in the
same sector. So, production all over the world is produced with the same technology, namely the technology
and efficiency of the region under consideration. Such an IO model is often referred to as a single-region
input-output, or SRIO, model.

SRIO models have often been used to estimate GHG and other environmental impacts of household
consumption, exports, and ‘footprints’ of commodity groups. Many applications have been described in the
literature (see below), often with the purpose to estimate a trade balance of embodied environmental
impacts.

The IO-framework is already widely accepted for environmental accounting with relation to environmental
impacts of production and trade. The United Nations handbook for integrated environmental and economic
accounting (UN 2003 et al.) presents environmental Input-Output-Analysis as one of its tools. Several statistical
offices – e.g. in Denmark, Netherlands, Germany and Sweden – have also used this methodology. The method
is transparent and replicable, widely used and well documented. Yet, although basic IO and trade data is
available at national statistical offices, the tables do not always exist for the same year or in the same
classification. Researchers do not always have direct connection to these offices in other countries.

The SRIO approach does not enable a regional breakdown of the environmental impacts of goods and services.
In general, imports to one country come from a number of different countries and world regions with different
production technologies. Each of these regions also places import demands on foreign economies. Thus,
embodied production factors may continue far upstream in an international supply chain in the same way that
inter-industry demands continue far upstream on the domestic level. These differences in production and
supply paths cannot be modelled with a single-region model. Single-region models are also not able to capture
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feedback effects, which are changes in production in one region that result from changes in intermediate
demand in another region, which are in turn brought about by demand changes in the first region. For the
purpose of differentiating production technologies/efficiencies in different trading partners a multi-region
input-output, or MRIO, model is necessary.

This RACER evaluation looks at the capability of SRIO models to quantify embodied emissions, land use,
energy, water and Ecological Footprints in trade. A separate column for the EF-SRIO was used in the evaluation
table below.

Relevant literature: see "SRIO" under Methodology in the table of references (Section 6.1 on page 85).

2.6 SRIO (Single-Region Input-Output) analysis of materials
Within the large family of approaches for accounting and modelling material flows (for an overview see Femia
and Moll, 2005), methods of environmental input-output analysis (IOA) play a central role for performing
policy-related MFA studies. In particular, IOA enables opening up the “black box” of economy-wide MFAs and
thus providing information on branch and product-specific developments of resource flows and resource
productivity. Thereby, environmentally important sectors and products (“hot spots”) can be identified and
ranked. It further allows analysing implications for natural resource use of structural changes of the economy,
as well as of changes in technology, trade, investments and consumption and lifestyles.

Three basic IOA approaches for constructing material flow models can be distinguished (Schoer 2006). IO-
based material flow models can use a monetary IO table (MIOT) extended by additional vectors of natural
resource inputs in physical units. IOA models can be based on a physical IO table (PIOT), reflecting all economic
transactions in mass units (Giljum and Hubacek, 2008). Or intermediate forms of hybrid IO tables (HIOT) can be
applied including both monetary and physical information in the interindustry flow table, with the most
material intensive sectors being represented in physical units (see (Weisz and Duchin 2006) (Weisz 2006a).

Data availability with regard to PIOTs is still very limited and PIOTs have only been compiled for a very small
number of countries (see Giljum and Hubacek, 2008; Mäenpää, 2008; Weisz, 2006). Furthermore, the debate
on how to apply IO analysis based on PIOT models is still ongoing (Dietzenbacher, 2005).

It is also important to note that, by using a MIOT as the core matrix, one can illustrate the economic
responsibilities, which agents hold for inducing material extraction. A MIOT approach thus follows economic
causalities, whereas a PIOT approach follows physical causalities (see Rodrigues and Giljum, 2005). Allocating
material inputs with a MIOT, a PIOT or a hybrid model delivers significantly different results, in particular with
regard to the calculation of trade balances (for example, Hubacek and Giljum, 2003). While in a PIOT and a
hybrid model, large amounts of raw materials are allocated to the most material intensive sectors of the
domestic economy, in particular the construction sector, the MIOT-based model allocates a larger share to
those sectors with high values of economic output; therefore, service sectors of the domestic economy receive
more environmental responsibility in the MIOT than in the PIOT model. If exports of a country have a higher
value per weight ratio than production for final domestic consumption, the MIOT model allocates a higher
share of raw material inputs to exports than a PIOT or a hybrid model (see Weisz, 2006).

It is important to note that the following RACER evaluation refers to single-nation (or single region)
applications of IOA (then called SRIO) in contrast to the multi-regional IO models (MRIO) evaluated in other
chapters.

Relevant literature: see "SRIO" under Methodology and "Materials" under Environmental Category in the table
of references (Section 6.1 on page 85).
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regions it is assumed that their imports are produced with their domestic technologies. In this approach
several single-region models are linked, but this uni-directional approach lacks indirect international linkages.

The uni-directional approach does not enable a complete regional and sectoral breakdown of the
environmental impacts of goods and services. For this purpose, and for the required insights in where
production takes place along supply chains, a full MRIO analysis is required in which all trade flows between
regions are covered. The use of a full MRIO method enables a full exploration and unravelling of supply chains.

Relevant literature: see "MRIO" under Methodology in the table of references (Section 6.1 on page 85).

2.9 EF-MRIO (Ecological Footprint accounting based on Multi-Region Input-Output
analysis)

The Ecological Footprint measures human demand on bioproductivity by assessing how much biologically
productive land and sea area is necessary to maintain the consumption of a given human population. In an EF-
MRIO model the accounting of production volumes of biological resources and the associated land
appropriation is combined with an international IO calculus that allocates the impacts to final demand (and
therefore consumption) categories.

Given that the focus of the Ecological Footprint is to capture the total (direct plus indirect) resource use
embodied in final consumption in an economy, input-output based models seem to be the ideal accounting
framework. Input-output analysis is based around a set of sectorally disaggregated economic accounts, where
inputs to each industrial sector, and the subsequent uses of the output of those sectors, are separately
identified. The primary function of input-output analysis is to quantify the interdependence of different
activities within the economy. It uses straightforward mathematical routines to track all direct, indirect and,
where appropriate, induced, resource use embodied within consumption.

Applying the input-output method to an Ecological Footprint basically involves populating a matrix of
biological resource use and yield coefficients for each economic sector in each country/region, for example by
disaggregating an existing Ecological Footprint account for the production in a country. Then a multi-region
input-output calculation is used to estimate the EF of final consumption categories in all countries/regions
covered by the model. No full EF-MRIO has been empirically tested yet, although partial EF-MRIOs and quasi
EF-MRIO, e.g. for sub-national models, have been described.

Relevant literature: see "EF-MRIO" under Methodology in the table of references (Section 6.1 on page 85).

2.10 Hybrid LCA (hybrid method of IOA and Process LCA)
For a description of the process-based LCA and IO methodology please refer to sections 2.1 and 2.5,
respectively.

Hybrid life cycle assessment (Hybrid LCA) is carried out through the combination of process-based (Process
LCA) and sectoral input-output and environmental accounts data (IO-LCA). The methodological framework has
its roots in energy-economic modelling of the 1970s (Bullard et al. 1978). In these studies, IO modelling
supplied information for sector typical products or processes, while all remaining processes were modelled
using process data (Suh et al. 2004a). Such a hybrid approach for a full life cycle assessment was first used by
Moriguchi (Moriguchi et al. 1993b; Moriguchi et al. 1993a). Over time three interrelated ways of conducting a
Hybrid LCA have developed (Suh 2004; Suh and Huppes 2005):

Tiered hybrid analysis utilises process-based analysis for the use and disposal phase as well as for several
important upstream processes, while the remaining input requirements are calculated separately with IO-
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based LCA. Tiered hybrid analysis can be performed simply by adding IO-based life cycle inventories to
process-based data.

IO-based hybrid analysis is carried out by selectively disaggregating industry sectors in the IO table, thus
expanding the technical coefficient matrix by using process and trading information. The use phase and end-
of-life phase (reuse, remanufacturing, recycling or disposal) of a product can be treated as a hypthetical
industry sector that draws inputs from the existing sectors and has some associated environmental burden.

Integrated hybrid analysis is the most sophisticated from of combination: The IO table (in monetary units) is
fully interconnected with the matrix representation of the physical product (or process) system in physical
units, thus forming one consistent computational structure. The interconnection is located at upstream and
downstream cut-off points where process data are not available. Note that, computationally, integrated
Hybrid LCA is a functional generalisation of input-output analysis and tiered Hybrid LCA.

Compared to Process LCA, the main differences of hybrid life cycle methods is that they can overcome system
boundary problems by using sectoral data from environmental input-output analysis as an additional source of
secondary data, where no primary or secondary process level data is available. This way data gaps in the LCA
system can be filled with much less effort than it would require to obtain specific process data. The advantages
of IO (ready available, complete and consistent data) are combined with those of Process LCA (precise and
process specific data).

Consider for example a hybrid LCA of a new car: The material composition is known and cost calculations are
available. For the major materials, (e.g. steel, plastics and glass) and the main assembly Process LCA data are
available and used in the analysis. For some minor materials, assembly processes (e.g. electric components),
capital goods, trade storage, etc LCA data are missing. Because the costs of these items are known, and the
industrial sectors that deliver them are known, these data can be obtained from environmental IO databases
(SRIO or MRIO).

Hybrid LCA can be used to estimate the embodied impacts of traded goods and services. While national, SRIO
hybrid LCA studies have been desribed in the literature, no trade specific analysis has yet been published.
However, it is conceivable that process-based analyses of international supply chains can be combined with
data from MRIO models. Such a method would especially be suited for complex commodities.

Relevant literature: see "Hybrid-LCA" under Methodology in the table of references (Section 6.1 on page 85)

2.11 Econometric models
Econometric models (EM) are used to elaborate policy strategies and actions that aim at simulating the effects
of different political measures and their future outcomes. Extending these models by environmental (and
social) data makes EM a useful tool to identify strategies to reconcile long-term economic development and
environmental protection. The strength of econometric models, in comparison to other methodolgies, is its
capacity to simulate scenarios of possible future situations, due to their dynamic character.

EM have the potential of covering any environmental category of interest, as environmental data can be
attached as an extra model and as such included in the calculations and simulations. Thereby, EM cover the
meso and macro level. Economic information is introduced by IO-tables where existent. Models as, for
instance, the Global Interindustry Forecasting System (GINFORS, developed by the Institute for Economic
Structures Research) – a multisector/multicountry model – combine econometric-statistical analysis with
input–output analysis embedded in a complete macroeconomic framework.

EM have already been endorsed by SKEP stake holders. F.e. the German model PANTA RHEI (also developed
byGWS) was policy determining in an energy/climate project for the German government.
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Two very prominent examples for EMs applied to environmental issues in Europe are GINFORS and the Energy-
Environment-Economy Model of Europe (E3ME, developed by Cambridge Econometrics). Applications of these
models have been published in various peer-reviewed articles.

In the EU-FP5-project MOSUS project (www-mosus.net), GINFORS was already used as a simulation tool, with
the focus laid on global material extraction and economic development in the EU induced by environmental
policy of the EU. Different scenarios were examined, and clear results for a mix of policy measures to achieve
decoupling of economic growth from environmental pressures were derived.

Relevant literature: see "EM" under Methodology in the table of references (Section 6.1 on page 85)

2.12 DEF (Dynamic Ecological Footprint)
The Ecological Footprint is meant to indicate a possible overuse of natural biological resources (called
"overshoot") by human consumption (Wackernagel and Rees 1996). However, in its standard form it merely
accounts for human demand on global bioproductivity but does not include actual impacts on ecosystems,
linkages along causal chains or any temporal aspects.

There is, however, substantial evidence that in the long term, diminished ecosystem functioning will
deteriorate the services humans are able to derive from natural and artificial landscapes, for example
agricultural bioproductivity. Ecosystem functioning, in turn, is influenced by a multitude of impact pathways,
amongst which the perhaps more prominent involve land use and conversion, and climate change.

(Lenzen et al. 2007b) have presented a profoundly different concept of a dynamic Ecological Footprint method
for forecasting and policy analysis that could become a complementary tool to the existing method. The
approach links causal pathways from human consumption to bioproductivity and is anchored in ecology by
incorporating biodiversity variables. It allows for a temporal analysis of country-level consumption, production,
land use, greenhouse gas emissions, species diversity, and bioproductivity up to 2050. In this view, human
consumption exerts the pressure, acting via land use and greenhouse gas emissions to biodiversity and
ecosystem functioning, with bioproductivity being the end-point of impacts, or state. To close the loop,
available bioproductivity (biocapacity) will in turn limit what humans can consume.

The Dynamic EF model is based on a multi-region input-output analysis of 239 countries, albeit assuming 1-
sector economies. Embodied impacts of trade that can be quantified and modelled include Ecological
Footprint by land type, biodiversity (numbers of threatened species) and GHG emissions. DEF is very similar to
the climate impact models used in the IPCC framework where GHG emission scenarios are translated into
global temperature change.

The tentative 'blueprint' methodology of (Lenzen et al. 2007b) is the first presentation of such a Dynamic EF.
While the report shows actual results for individual nations and the world as a whole, the findings have not
been published in the peer-reviewed literature or applied by policy makers yet.

The preliminary analysis by (Lenzen et al. 2007b) demonstrates the potential capability of a dynamic approach,
by collating a wide range of global country-level data, and applying state-of-the-art analytical techniques such
as multi-region input-output analysis, multiple regression of spatial lag models, temporal climate modeling,
Monte-Carlo simulation, Structural Decomposition Analysis, and Structural Path Analysis. The new approach is
meant to be complementary to the existing, static Ecological Footprint method in that it is aimed at answering
the question of how today’s human activities contribute, through their particular land use and emission
patterns, via habitat and biodiversity loss, and impaired ecosystem functioning, to future bioproductivity
decline. A dynamic, causal method thus opens up new policy areas amenable to Ecological Footprint analysis,
such as the investigation of agricultural practices, land disturbance, or species threats. The static, end-point
method is not sensitive towards these pressures.
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3 RACER analyses

3.1 Racer analysis of the LCA and MIPS methodology
0 = criterion is not achieved, 1 = criterion is partly achieved, 2 = criterion is fully achieved.

Assessment
category Assessment criterion Analysis LCA MIPS

Relevant 1.38 1.38
LINKAGE TO THE
PROJECT’S AIM

Support of project's
objectives

A complete LCA of a given commodity quantifies almost all impacts, (at micro- or sectoral level), and
provides insight into trade flows.

The method for material intensity analysis (MAIA) has been used to better include environmental
considerations into national accounts and for monitoring overall progress toward sustainability as
well as for sectoral input–output studies. The method can be applied for micro as well as macro
levels.

MIPS is the material flow methodology focusing on the level of products and technologies. It can be
applied to the issue of international trade, as so-called rucksack factors can be calculated for
traded products.

2 2

POLICY SUPPORT,
IDENTIFICATION OF
TARGETS AND GAPS

Support of policy design
and implementation

LCA is related to several EU policy concerns (http://lca.jrc.ec.europa.eu/lcainfohub/index.vm)
Life cycle thinking is regarded as an important cornerstone of EU environmental policies. It can provide

guidance in monitoring, strategic policy making and target setting.
Dematerialisation is one of the core objectives of EU’s sustainable development and resource policies

(see e.g. Thematic Strategy on the Sustainable Use of Natural Resources, European Commission,
2005). The MIPS concept is a tool which allows monitoring of this process, and for the
identification of “hot spots” – points in the production chain or in the economy where optimising
action would have the biggest impact. Insofar, it does provide guidance in monitoring, strategic
policy making and/or target setting.

Quantification of gaps between the current situation and specified targets (e.g. increases of resource
productivity by a Factor 4 or 10), as well as a reaction to short-term changes that can show
whether policies are having an effect or not, is in principle no problem – but it depends on the
timeliness of the actualisation of the material input factors used in the calculations, which are
changed due to political incentives.

2 2

IDENTIFICATION OF
TRENDS

Availability of time series Time series data are rarely available in LCA databases. Databases are often a patchwork of data: time,
technology and geography may differ strongly. Most data lag behind more than five years.

1 1
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Assessment
category Assessment criterion Analysis LCA MIPS

The same holds true for the MIPS concept. The availability of “rucksack factors” is mostly restricted to
one year.

FORECASTING AND
MODELLING

Application in
mathematical models

LCA Methodology is a static account of the past or status-quo at best, relying on ex-post data.
LCA results can be used in prognosis models.
To use the MIPS methodology in a predictive sense to forecast future environmental impacts from

trade of goods and services, assumptions concerning the development of trade structures and
technology would have to be made.

More sophisticated modelling where the impact of different potential policies or of technology
progress and/or change of consumption or trading patterns can be simulated – e.g. with an
econometric model – can be combined with the MIPS concept.

If fixed coefficients for unused extraction are used in time series analysis (which is the case in most
MIPS studies), the results may be deteriorated, because in reality these ratios change over time, in
accordance with changing of ore grades, technologies and production sides (Weisz, 2006).

1 1

COVERAGE OF ONE OR
SEVERAL
ENVIRONMENTAL
CATEGORIES

Environmental impact
categories: global
warming, acidification,
etc.

Most LCAs cover several environmental impacts, like climate change, acidification, eutrophication,
summer smog, human toxicity and eco-toxicity. Land use, which is a very important factor in
damage to ecosystems, is often not covered.

The MIPS method allows considering two environmental categories, namely resource consumption
(biotic and abiotic) as well as water use; nonetheless, adaptation to the other categories could be
feasible – but with considerable effort.

1 1

DPSIR COVERAGE D - P - S - I - R The LCI covers D and P, LCA the I. The S and R are taken into account in the setting of equivalence
factors, used to aggregate pressures to impacts. These ususally are not region-specific: the
calculated impact can therefore be regarded as an impact potential or hypothetic impact.

D and P are covered by the MIPS methodology.

1 1

SCALE/LEVEL OF
ECONOMIC ACTIVITY

Micro / meso / macro A complete LCA of a given commodity quantifies impacts at micro- or sectoral level, and provides
insight into trade flows. So the method is suitable for region-specific imports, but this requires a
lot of data collection.

As MIPS allows measuring the resource productivity of products, it can serve as a resource
management rule for the business and technology agents on the level of products and
technologies.

However, it can be applied for micro as well as meso levels. It has been used to include environmental
considerations into national accounts and for monitoring overall progress toward sustainability as
well as for sectoral input–output studies (Hinterberger and Schmidt-Bleek, 1999). These studies

1 1



ERA-NET SKEP Project EIPOT (www.eipot.eu)
“Development of a methodology for the assessment of global environmental impacts of traded goods and services”

17

Assessment
category Assessment criterion Analysis LCA MIPS

require linking the MIPS concept of the macro-concept of material flow accounting and analysis.

GEOGRAPHICAL SCOPE Applicability to European
trade

The LCA method is in principle applicable to all (European) countries or regions.
The MIPS methodology is applicable to European trade.

2 2

Accepted 1.33 1.00
STAKEHOLDER
ACCEPTANCE

Accepted by SKEP
stakeholders (and
beyond)

The basic concept of LCA is widely accepted, and has been standardised in ISO- guidelines.
Despite the guidelines, however, specific subjective assumptions often have to be made in an LCA.
In the guidelines no choice is made regarding the impact assessment method (classification,

aggregation and normalisation of pressures). Several methods are used.
Trade agents and statistical offices may find data collection and interpretation difficult.
The MIPS method has been recognised by some SKEP stakeholders. The underlying rationale and

meaning of the methodology can be easily understood and accepted by different stakeholder
groups. However, there has been controversy about the application of the concept – EUROSTAT,
for instance, focuses on the concept of “Raw Material Equivalents” of traded products, which is a
more complex estimation including imported and exported goods.

1 1

ACCEPTANCE IN
ACADEMIA

Published in peer-
reviewed journals

The LCA methodology has been described in theoretical terms and published in ISO-standards.
Numerous journal articles on LCA have been published.

The MIPS concept and derivatives have been published in various peer-reviewed journals in recent
years.

2 2

ACCEPTANCE IN POLICY
MAKING

Results of application of
method

LCA is related to several EU policy concerns (http://lca.jrc.ec.europa.eu/lcainfohub/index.vm)
Life cycle thinking is regarded an important cornerstone of EU environmental policies. It can provide

guidance in monitoring, strategic policy making and target setting.
The MIPS method focuses on the micro level and has been applied in a number of companies, in order

to assess resource use and identify potentials for increasing resource productivity. However, MIPS-
based evaluations have not played an important part in product-related policy making (e.g. IPP).

1 0

Credible 1.50 1.00
UNAMBIGUOUS Clear

results/recommendations
Due to subjective assumptions and choices, the outcomes of LCA’s are rarely completely objective.

Especially of LCA’s with a comparative nature, results are sometimes publicly scrutinised.
Clear conclusions to guide (political) actions can be derived from MIPS especially by comparing the

environmental impact of different products, and along their production and use chain,
respectively. On the one hand, particularly resource intensive process steps of a special product
are identified; on the other hand, especially resource intensive economic sectors can be

1 1
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Assessment
category Assessment criterion Analysis LCA MIPS

recognised.
Policy recommendations cannot be directly derived, but can be elaborated based on MIPS results.

REPEATABILITY The more credible the
more often it can (has
been?) repeated
independently.

Due to subjective assumptions and choices, the outcomes of similar LCA’s may differ strongly,
depending on the inputs. If all inputs are the same, calculations give the same outcomes.

The MIPS methodology has been and is being applied in a number of cases and delivers reasonable and
comparable results.

One obstacle for broad repeatability is the fact that not all MIPS factors (rucksack factors) are available
for the public (see next point).

1 1

TRANSPARENCY OF THE
METHOD

Peer reviewed and width
of understanding

A well documented LCA that meets ISO standards can be regarded transparent.
The complete MIPS method has been published in peer-reviewed papers and related technical reports

(see e.g. Ritthof et al., 2002) and picked up by other researchers.
However, the Wuppertal Institute in Germany as the main developer of the method has not published

all the “rucksack factors”, which they apply in their calculations. This reduces the transparency of
the MIPS method.

Further, criticism of this kind of “rucksack”-approach has been formulated. It is not only the fact that
the number of required rucksack factors is by far too large, in order to produce MIPS numbers for
all products. LCA approaches in general also lack appropriate standards to guarantee consistency
and comparability of material flow accounts, as LCA factors do not account for so-called second
and third round effects of the intermediate use and supply chains within industrial production
systems (see Weisz, 2006). These intermediate flows are, however, of increasing importance in
highly industrialised economies.

2 1

DOCUMENTATION OF
ASSUMPTIONS AND
LIMITATIONS

Documentation of
assumptions and
limitations

A well documented LCA that meets ISO standards can be regarded compliant with this issue.
The underlying data, calculation methods and assumptions are fully disclosed, interpretable and

reproducible for MIPS. However, uniform application in all SKEP / EU member states might be
challenged due to the lack of LCA standards and fully transparent MIPS factors (see above).

2 1

Easy 1.67 1.67
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Assessment
category Assessment criterion Analysis LCA MIPS

consistency of flow data can be ensured. Possible Software would be GaBi (University Stuttgart,
and PE Product Engineering GmbH) or Umberto® from ifeu (Heidelberg) and ifu (Hamburg) (see
Ritthof et al., 2002).

Hence, the methodology can be regarded as simple enough to be carried out using software and
expertise appropriate to the scale of application and the typical capabilities of the institution doing
the calculations. According to practitioners, the acquisition of special software and training efforts
are rewarded by better results.

INTEGRATION Combination of methods Already hybrid methods have been developed, mostly LCA systems complemented with Input-Output
data to fill in data gaps and thus allow for broader system boundaries in an LCA (see RACER form
hybrid LCA).

From an IO perspective, LCA data can complement an MRIO-system to increase resolution of multiple
output sectors where environmental impacts are not proportionally linked to monetary flows, e.g
glass horticulture vs regular horticulture, or premium products vs bulk products (see RACER form
hybrid IO).

Combination of MIPS with other methods of process analysis is possible, as MIPS can be regarded as a
simplified form of LCA. MIPS data can also be linked to other accounting frameworks on the meso
and macro levels (NAMEA, SEEA) and input-output analysis.

2 2

Robust 1.00 1.17

DEFENSIBLE THEORY Robustness (credible &
reliable)

A well documented LCA that meets ISO standards can be regarded as robust, and depending on the
quality of assumptions also credible and reliable.

There is no double counting in case of parallel effect. In case of serial effect double counting is allowed.
Omissions may occur as system boundaries are set. This is one of the major shortcomings of a pure

process-based LCA. It takes experience to know what processes are truly negligible. IO data may
reduce data gaps.

The MIPS methodology is based on a sound theory. Double counting or omissions of resources used is
avoided by defining accurately the process chain of a product, showing the individual steps of a
process and their relation to each other. Generally the issue of uniform units of measure is a very
important one, as conversions from one unit into another are a great source of error.

Assumptions made are clearly stated and reasonable.
However, it must be emphasised that the links between weights (of material inputs) and negative

environmental impacts is neither conceptualised nor analysed in sufficient detail so far, as
indicators on the environmental impacts related to resource use are currently only in the stage of

1 1
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Assessment
category Assessment criterion Analysis LCA MIPS

development.

SENSITIVITY Uncertainty of modelled
data

A well documented LCA that meets ISO standards should include a sensitivity analysis, but often
uncertainties in data are unknown.

As stated earlier, possible data sources for MIPS can be direct measurements, interviews, or literature
references. Often remaining data gaps have to be filled with “qualified estimations” by using
knowledge of similar processes. The general approach is to carry out a minimum and a maximum
estimation, in order to provide a complete range of results.

Plausibility checks can be made when having various sources. This is important as miscalculations
cannot be ruled out – be it due to data gathering mistakes, measurement errors, or inadequate
information.

Summerising, an error estimation or calculation procedure is not an integral part of the method,
neither is there an explicit sensitivity testing approach provided; the uncertainty of the produced
data is only described in general terms.

1 1

DATA QUALITY Real or modelled data Ideally actual measurement data are used, but often data are modelled or estimated. This is especially
the case for production processes in non-OECD countries.

There are continuous efforts to improve data quality, e.g. through the ELCD and LCA-net.
For the MIPS calculations data from direct measurements, interviews, or literature references are

used. Gaps have to be filled with “qualified estimations”. A disadvantage is that LCA approaches
lack appropriate standards to guarantee the consistency and comparability of the accounts, in
particular when aggregated to larger scales (Weisz, 2006).

1 1

RELIABILITY Reliable The majority of LCA data will come from industry associations, individual companies, or research
institutions. The databases are a patchwork of data, differing in time, technology and geography.

The lack of uniformity and possible bias of data are serious disadvantages.
The Wuppertal Institute holds a freely accessible, regularly updated and expanded database on

material input factors. Also the ECOINVENT LCA database comprehends this kind of data, but
access is charged. Factors for special process chains, not included in the database or available from
other official sources have to be calculated separately.

1 1

CONSISTENCY Consistent with UN SEEA LCA data is usually micro-data, derived bottom up, and therefore not comparable but partly linkable to
macro data systems such as the UN System of integrated Environmental and Economic Accounts
(SEEA).

MIPS as an approach focussing on the mirco level of products and technologies is only partly linkable to

0 0
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Assessment
category Assessment criterion Analysis LCA MIPS

the SEEA system, for example, MIPS can add information on the indirect material requirements of
traded products (with direct physical trade flows being recorded in the core SEEA system).

With other established
methods/studies

The used LCA data may often be collected in the framework of national PRTR systems (pollutant
release and transfer register) such as the US-TRI (toxic release inventory) or the Dutch ER
(emissieregistratie).

Concerning the MIPS methodology, the applied material input categories (abiotic raw materials, biotic
raw materials, earth movements in agriculture and silviculture, water, air) are increasingly used by
national and international statistics for the accounting of material flows. Consequently,
information systems fit together on the macro- as well as on the micro-level.

However, on the macro level, water is mostly excluded from the core material flow accounts.

1 2

With standard
classifications

Substances reported often conform to the standard chemical classifications of CAS (chemical abstract
registry).

MIPS employs an own classification system, oriented at the “eco-balance” approach of products.

1 1

Comparability with other
results

The (bottom-up) results from LCA can be compared to (top-down) results from IO analysis or to results
from hybrid systems.

As mentioned before, the MIPS methodology is mainly suitable for the calculation of indirect flows
associated to biotic and abiotic raw materials and products with a low level of processing. As the
calculation of indirect flows for semi-manufactured and finished products by applying this
methodology requires the collection of large amounts of data for every product under
consideration, indirect flows have so far been calculated for a very limited number of processed
biotic and abiotic products. Comparability is, consequently, not given for this type of products.
EUROSTAT, for instance, is favouring the so called raw material equivalent approach to illustrate
resource consumption of internationally traded products.

2 1COMPARABILITY

Method can be
standardised to provide
fully comparable results

The standardisation in LCA could be complemented with a clear choice regarding the impact
assessment method.

Also further work on a reference dataset could improve standardisation. Collecting data and
maintaining such a dataset would require a lot of effort.

MIPS: As stated before, Weisz (2006) notes that LCA approaches in general lack appropriate standards
to guarantee consistency and comparability of material flow accounts, as LCA factors do not
account for so-called second and third round effects of the intermediate use and supply chains
within industrial production systems.

However, standardisation of LCA is ongoing and advancing, e.g. within the framework of the

1 1
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Assessment
category Assessment criterion Analysis LCA MIPS

UNEP/SETAC initiative on life-cycle assessments. MIPS, as a sub-set of LCA, could be adapted to
newly developed standards with relatively little effort.

Clearly defined No, each LCA has its own system boundaries.
In the MIPS concept the system boundary is drawn between the “ecosphere” and the “technosphere”.

The technosphere is part of the ecosphere. Flows from the eco- into the technosphere are inputs,
flows from the techno- into the ecosphere outputs (overburden, waste, emissions, waste and
water). All movements of materials from the ecosphere into the technosphere must be accounted
for.

To deliminate work, so-called cut-off criteria are necessary. It is differentiated between the examined
product cycle and the rest of the technosphere – process chains which are not relevant to the
ecological evaluation of the investigated product are ignored.

This boundary definition is LCA-standard (see also ISO norm 14064 on life-cycle assessment), however,
discussions exist, whether all relevant effects are actually covered by this standard (see above).

1 2

Comparisons If common sense is used, system boundaries are comparable in LCA, rendering results to be
comparable as well. However sometimes this is not the case.

Regarding MIPS, results of material requirements in a certain process step can be compared with other
calculations, as universal standards concerning quantities and units are being followed.

1 2

BOUNDARIES

Coverage of indirect
impacts

A well performed LCA that meets ISO standards should cover most indirect impacts caused by
upstream production. The same is true for the MIPS methodology.

However, a well know problem of process-based analysis is the truncation problem, i.e. it is unknown
how much higher upstream impacts are cut off when setting a system boundary. Especially capital
goods or services are often not included.

1 1

Additional
comments
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3.2 Racer analysis of NFA, variant EF methods and water footprint
0 = criterion is not achieved, 1 = criterion is partly achieved, 2 = criterion is fully achieved.

Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint

Relevant 1.25 1.13 1.13
LINKAGE TO THE
PROJECT’S AIM

Support of project's
objectives

EF Methodologies track trans-national impacts of traded goods at a detailed sectoral level
but not services. It omits the trade in all services, including the transportation sector. It
does not account for embodied impacts of traded fossil fuels (e.g. from refining
processes).

The WF methodology tracks trans-national impacts of traded goods and services (at a
sectoral level). With regard to the special environmental impact “water use” it enables
SKEP member states to quantify and assess environmental impacts of international
trade.

1 1 2

POLICY SUPPORT,
IDENTIFICATION OF
TARGETS AND GAPS

Support of policy
design and
implementation

Relevant for policy concerns about over-consumption of global biological resources.
A comparison between the EF of consumption and available biocapacity can hint at problem

of 'overshoot'. It can be used to set reduction targets (adopted by some local and
regional governments).

In principle the EF can identify gaps, help target setting and therefore support certain areas
of policy making. However, in the specific area of trade, the NFA fail to provide a
complete picture of trade embodiments because of the omission of trade in services.

The WF tool/methodology is partly related to existing SKEP member country or EU-specific
policy objectives. The concept highlights sectors of high water use. However, quantity of
water use is only one environmental impact related to water, and quality aspects are
addressed in a very limited way, as it is only mirrored in the inclusion of the amount of
waste water produced.

Short-term changes cannot be reacted to, as time series on an annual basis are not
available.

The quantification of gaps between the current situation and specified targets is in principle
possible; yet, targets are difficult to be specified.

1 1 1
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint
IDENTIFICATION OF
TRENDS

Availability of time
series

Long-term trend data for bioproductivity are available from FAO statistics and are annually
compiled in the National Footprint Accounts by the Global Footprint Network. Time
series data is available data and long- as well as short-term trends can be identified.

Some variations of the EF concept might require data that are not continuously available,
but most alternative data like NPP or land disturbance are available in time series or can
be derived from time series of land cover and remote sensing data.

WF: Trends can clearly be identified. However, the FAO data on crop water requirement do
only exist on a five-year basis, which requires interpolation. For socio-economic data
time series are available.

2 2 2

FORECASTING AND
MODELLING

Application in
mathematical
models

Methodology is a static account of the past or status-quo at best, relying on ex-post data.
National EF accounts have been used for basic scenario analyses on a global or regional

level, but not for the impacts of trade.
The EF is an early warning tool in the sense that it indicates a potential overexploitation of

biological resources through 'overshoot' (when consumption of biological resources
exceeds biocapacity). In its static form it cannot, however, be used to predict future
changes.

The WF concept can be used in modelling and forecasting. However, technological
advancement in the area of water consumption is covered only partly. The yield of
different crops in a specific country is directly affecting the countries water footprint;
hence, technological changes brought about by e.g. improved fertilizers or genetic
engineering are directly reflected in the results. On the contrary, the methodology uses
the basic assumption that a plant’s water requirement is always satisfied –
independently from the source, rain or irrigation. Hence, irrigation efficiency is not
tackled by this approach. Consequently, assumptions of improvements are not reflected
sufficiently.

1 1 1
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint
COVERAGE OF ONE OR
SEVERAL ENVIRONMENTAL
CATEGORIES

Environmental
impact categories:
global warming,
acidification, etc.

The EF covers parts of global warming (CO2) and parts of resource consumption (agricultural
productivity). Both are translated into a land area normalised to world-average
bioproductivity ('global hectares'), via yield, sequestration and equivalence factors and
consumption volumes. It does not cover actual land use.

Variants of the standard NFA may include other GHGs, pollutants or actual land use or land
disturbance, but would not cover more than half of the suggested impact categories.

The WF methodology covers only the category of water use – as a specific case of resource
consumption; water pollution is covered only partly (by including waste water discharge
from industry and domestic use). The expansion of this concept to other environmental
categories appears to be difficult if not impossible.

1 1 0

DPSIR COVERAGE D - P - S - I - R The 'traditional' NFA (as defined by Global Footprint Network) only covers 'pressures'
(namely CO2 emissions and consumption of biological resources). It is expandable with
some efforts, see Dynamic EF method.

The land disturbance variant includes a link between P and the biodiversity of vascular
plants which is an I indicator.

WF: Covers only P

0 1 0

SCALE/LEVEL OF
ECONOMIC ACTIVITY

Micro / meso /
macro

NFA use bottom-up data for bioproductivity (production volumes and yields) in great detail.
The bilateral trade data from UN Comtrade are handled at the SITC 4-digit level which

comprise more than 600 products (not services)
Micro bottom-up data are aggregated to the macro-level, e.g. for the national total EF. The

meso level is not well represented but can partly be filled by micro data.
Variant methods in most cases bypass micro data by using more aggregated data sets (NPP,

energy, etc.)
WF: In the agricultural sector it covers all levels – specific crop, agricultural sector, nation,

and world; water requirements are traced back to a specific crop on the one hand and
to water consumption along the whole production chain of secondary or tertiary
products, on the other hand.

However, in the industrial and domestic sector, only the sectoral, national and international
levels are covered. The assumption is that these sector account only for a very small
share in the total water consumption of a country, so that inaccuracies can be neglected
as long as no better data exists. Here, additional data might be available in the future,
resulting in a full coverage of all levels.

2 1 1
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint
GEOGRAPHICAL SCOPE Applicability to

European trade
Method covers more than 150 nations and trade between them.
Variant methods differ in coverage but are all in principle applicable to European countries.
The WF method has been applied to all countries in the world and more detailed for some

specific countries – for example comparing the WFs of Morocco and The Netherlands.

2 1 2

ACCEPTED 1.67 1.00 1.00
STAKEHOLDER
ACCEPTANCE

Accepted by SKEP
stakeholders (and
beyond)

The Government of Wales has officially adopted the EF from the NFA as an indicator for
environmental sustainability. Other local and regional governments and agencies (e.g.
EPA Victoria) have also recognised the indicator.

The land disturbance variant method is recognised by Australian stakeholders.
So far, the WF method has not been officially endorsed; however, the method is gaining

more and more reputation. Generally, the underlying rationale and meaning of the
methodology can be easily understood by different stakeholder groups. Yet,
stakeholders such as trade agents or statistical offices would have to agree on the value
of the concept despite the simplifying assumptions which are made (e.g. on irrigation,
etc; see above). The EU will start a FP-7-project in 2009, where the EF, the carbon
footprint and the water footprint shall be linked to an MRIO model.

2 1 1

ACCEPTANCE IN
ACADEMIA

Published in peer-
reviewed journals

There are many publications of the EF methodology and its numerous variations.
Various publications: Water footprint: Hoekstra and Hung (2002, 2005), Chapagain and

Hoekstra (2003), Hoekstra and Chapagain (2007), Liu and Savenije (2008). Although the
majority of the studies has been carried out with contribution of Chapagain or Hoekstra,
the underlying concept of virtual water has been picked up by various researchers for
environmental IO-analyses.

2 2 2

ACCEPTANCE IN POLICY
MAKING

Results of
application of
method

Results of national and sub-national EF accounts (based on GFN-NFA) have partly been used
in policy evaluation, but most studies for this purpose are now based on EF-SRIO or EF-
MRIO (see there).

So far, the results of the WF method elaborated in a specific study have not been applied in
the development or assessment of national/regional policies. Nonetheless, it has been
applied for specific countries leading to specific (and applicable) recommendations.

1 0 0
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint

CREDIBLE 2.0 2.0 2.0
UNAMBIGUOUS Clear results /

recommendations
EF results are generally clear and 'easy' to interpret. The comparison of Ecological Footprint

and biocapacity provides an indication of potential overuse of biological resources.
Unambiguous recommendations can be drawn within the limitations of the EF indicator.
WF results are generally clear and 'easy' to interpret. However, used data would have to be

more disaggregated as to give specific recommendations.
Furthermore, for interpreting the results it has to be clear that deductions - as, f.e., that

water-poor countries should aim for an increased import of water-intensive products
instead of producing them by themselves – have to be seen from a holistic point of
view, in terms of, f.e., self-sufficiency or dependency of countries.

2 2 2

REPEATABILITY The more credible
the more often it
can (has been?)
repeated
independently.

All separate components of the calculations for the EF have been independently repeated by
other researchers.

Many variant methods have been developed with the aim to improve the original
methodology.

WF: It poses no problem to apply the methodology to the same case by other researchers.
Calculations have already been repeated by other researchers in Europe, the Middle East,

and China.

2 2 2

TRANSPARENCY OF THE
METHOD

Peer reviewed and
width of
understanding

The theoretical framework of the NFA and the variant methods has been published in peer-
reviewed articles and several research reports.

The full WF methodology has been published in academic (peer reviewed) journals and
related technical reports. Additionally, all papers and reports are freely available at
www.waterfootprint.org.

2 2 2

DOCUMENTATION OF
ASSUMPTIONS AND
LIMITATIONS

Documentation of
assumptions and
limitations

Assumptions and limitations of both NFA and variant methods are generally well
documented.

All the assumptions made by the developers of the WF concept are published in working or
conference papers and technical reports. These documents also discuss the limitations
of the approach.

Consequently, the underlying data, calculation methods and assumptions are fully disclosed,
interpretable and reproducible, and insofar a uniform application in all SKEP / EU
member states is ensured.

2 2 2
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint

ROBUST 0.83 0.75 1.42
DEFENSIBLE THEORY Robustness

(credible & reliable)
The Ecological Footprint concept has been criticised many times in the literature and

numerous modifications have been suggested.
Serious limitations, if not flaws, include the use of inadequate conversion factors for

secondary products and embodied energies and the omission of service activities and
trade in services. These issues are only partly addressed in alternative methods.

Especially for Footprints embodied in trade, the concept is not defensible.
The underlying theory of WF is generally sound. As said before, the aggregation of the

industrial and domestic sector, as well as the assumptions concerning crop water supply
are still points of further development.

In the latter case, one assumption is that the crop water requirement is supposed to be
satisfied, either by rain or by irrigation – which in case of drought might not be the case.
So, the water consumption is over-estimated. The other assumption is that, in case
irrigation of irrigation, irrigation losses are not accounted for – this leads to under-
estimation. For both cases theoretical solutions might be possible, but data availability
is restricted.

0 0 1

SENSITIVITY Uncertainty of
modelled data

There is no mention of data uncertainty or reliability in EF accounting.
The WF study describes in general terms the uncertainty of used data (e.g. treatment of

data gaps).
F.e. “As the processing water is only a small part of the virtual water content of a crop or a

livestock product, it will not affect the end results of the study if we assume one
constant value for a specific product across the globe” (Chapagain and Hoekstra, 2004).

0 0 1
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint
With standard
classifications

NFA data are mainly based on FAO, IEA and UN Comtrade data which follow international
classifications. The accounts themselves, however, follow their own classification of
categories.

WF: Input data follow international classifications.

1 1 2

Comparability with
other results

NFA are compiled in a standardised way that allows comparisons between results for
countries, but not with results from other methods.

Comparability with results from other methods is limited as different factors and
assumptions are used.

WF method designed to provide comparable results. Generally, the comprised concept of
virtual water is the first real approach to tackle water use and trade. Due to the
assumptions made (fulfilment of crop water requirement, ignoring irrigation losses)
water use data will differ from irrigation use results. Nonetheless, water used for
irrigation is not the only water used in agriculture, as the plant is also absorbing
groundwater, being part of the renewable water sources. If the irrigation losses as well
as the real share of water requirement fulfilment could be included, the concept would
be the most comprehensive.

1 1 1COMPARABILITY

Method can be
standardised to
provide fully
comparable results

The calculation of EF of nations and sub-national entities has been standardised to
guarantee comparability with GFN-NFA.

Further standardisation efforts for organisations and products are under way, with an open
outcome.

For variant method an extra standardisation process would be required.
WF: It is possible to standardise the methodology without major difficulties (<1 year work).

The methodology is clearly described and reproducible, ensuring that different people
apply it in the same way.

2 1 2
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint
Clearly defined Boundaries in the NFA are not clearly defined. The transformation of primary biological

resources into secondary (daughter) products is covered on a rudimentary basis. Non-
biological resources and service activities are not included. However, boundaries are
'defined and consistently followed'

National borders are the boundaries of the WF calculations. While the internal water
footprint of a nation is defined as the volume of water used from domestic water
resources to produce the goods and services consumed by the inhabitants of the
country, the definition of the external water footprint of a country is the volume of
water used in other countries to produce goods and services imported and consumed
by the inhabitants of the country. The latter is calculated as the difference of the so-
called virtual water import into the country minus virtual water exports to other
countries as a result of re-export of imported products.

1 1 2

Comparisons Comparisons are only partly possible and/or require recalculations. For example, see
(Wiedmann in press) for a first empirical comparison of energy footprints embodied in
trade. Other land type footprints cannot easily be compared to other methods.

WF: Boundaries allow comparisons with results from different studies or methods.
Especially the analysis of water scarcity, water self-sufficiency and water import
dependency of a nation gives insights in the apparent strategy (need) of a country in
terms of water management.

1 1 2

BOUNDARIES

Coverage of indirect
impacts

Indirect impacts are only partly covered (primary-secondary product mechanism). Not all
possible upstream impacts are covered.

The WF approach partly covers indirect missions/impacts. In the agricultural sector, also the
use of water in the production of secondary products is accounted for. In the industrial
and domestic sector this information is missing.

1 1 1
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Assessment
category

Assessment
criterion Analysis GFN-NFA NFA

variants
Water

footprint
Additional comments The EF (as calculated by NFA or variant methods) has been successfully used as an indicator

for the impacts of consumption. Scientifically, it remains under criticism though and the
pressure for further methodological improvements remains.

The WF concept is an indicator of water use in relation to consumption volumes and
patterns of people, and as such it is the most prominent quantitative indicator of water
consumption.

Nonetheless, it has important shortcomings:
The use of crop water requirement instead of real crop water use, due to a lack of data.

- irrigation losses are not accounted for, mainly due to the lack of crop specific irrigation
data.

- no product-specific information in the industrial sector; estimation procedure quite
crude.

- no detailed information in the domestic sector.
The methodology is valuable, as other water use quantification methodologies are scarce.

However, in order to deliver really representative data further development seems to
be necessary.
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3.3 Racer analysis of the SRIO methodology
Environmental impact categories: Emissions, Energy, Land use, Materials, Water and Ecological Footprint.

0 = criterion is not achieved, 1 = criterion is partly achieved, 2 = criterion is fully achieved.

Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

RELEVANT 1.25 1.25 1.25 1.38
LINKAGE TO THE
PROJECT’S AIM

Support of
project's
objectives

The SRIO methodology tracks impacts of traded goods and services (at a sectoral
level) under the strong assumption that productions of imported goods and
services takes place with domestic technologies; there is no regional allocation
of impacts.

Environmental input-output analysis (IOA materials and water) is able to provide
information on branch and product-specific developments of resource flows and
resource productivity. Thereby, environmentally important sectors and products
(“hot spots”) can be identified and ranked. It further allows analysing
implications for natural resource or water use of structural changes of the
economy, as well as of changes in trade, technology, investments and
consumption and lifestyles.

National IOA studies do include the trade dimension, as imports and exports are
considered. However, various limitations can be identified, which limit the
applicability of the IOA approach to the issue of international trade (see below
for details).

1 1 1 1
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

POLICY SUPPORT,
IDENTIFICATION OF
TARGETS AND GAPS

Support of policy
design and
implementation

At the moment there are no targets for consumer related environmental impacts,
but in the future this may change. SRIO analysis could provide support for the
definition of targets and after that it can quantify gaps between the current
situation and specified targets.

SRIO method may be used for calculating the effect of short-term changes, e.g. the
effect of changes in energy supply or carbon taxes.

Due to its limitation on domestic technology, results from SRIO models are likely to
be not robust enough for setting binding targets.

IO-analysis definitively is related to existing SKEP member country or EU-specific
policy objectives. It is able to provide guidance in monitoring, strategic policy
making and target setting (compare “hot spot” identification; compare (Acosta-
Fernández 2007) as a part of the programme “Increasing resource productivity
as a core strategy of a sustainable development” of the German Federal Ministry
of Education and Research). As a quantification tool gaps between the current
situation and specified targets are identifiable. However, short-term reaction to
changes can only partly be considered, as IO-tables are not produced regularly
for all EU countries.

The IOA-water concept highlights specific sectors of high water use (= starting point
for political action). However, water use is only one aspect of environmental
impact and quality is addressed only partly, as it is only mirrored in the inclusion
of the amount of waste water produced.

One key strength of the IOA-water approach is that the model provides the users
with indicators and matrices which can be used as tools for economic planning,
and which take into account not only productive variables but also
environmental factors.

1 1 1 1
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

IDENTIFICATION OF
TRENDS

Availability of
time series

Both national and international Statistical Offices and organisations publish time
series data for most input data at regular times; the frequency might differ per
country. Long-term trends for the Ecological Footprint are based on FAO
statistics and are available, for example, from the Global Footprint Network.

For several countries, land use and water data is not available in the desired sectoral
disaggregation.

The methodology/indicator has limited potential to be used to track changes
through time; especially because IO-tables are produced irregularly. Data
availability with regard to PIOTs is still very limited and PIOTs have only been
compiled for a very small number of countries and in most cases only for one
single year. A number of MIOTs already exist, and EUROSTAT is starting to set
them up for European countries on a regular basis. HIOTs are still in the stage of
development (compare (Mäenpää 2008).

The calculation of time series is a problem. Symmetric/Analytical IO tables are only
produced irregularly and with a time gap of several years. Supply and Use tables
are published more regularly but provide inferior information. Detailed and
sector specific water use data are sometimes difficult to find.

1 1 1 1
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

FORECASTING AND
MODELLING

Application in
mathematical
models

SRIO methodology is basically for static analyses of the past relying on ex-post data.
SRIO calculation scheme is simple and could be extended to forecasting and

modelling applications in exploring ‘what-if’ questions. These dynamic
applications require assumptions on final demand, technological change and
changing ratios concerning domestic and foreign production (competitiveness).

The ability of the methodology/indicator to be used in a predictive sense to forecast
future environmental impacts from trade of goods and services or for more
sophisticated modelling might be enhanced by combining it with e.g. an
econometric model, delivering projections for the future structure and trade
patterns of an economy, as an IO-table only provides information about one
certain point in time. Hence, its early warning capacity is limited.

Generally, it could be extended to forecasting and modelling applications. As in the
case of MRIO, these applications require a lot of assumptions on e.g. changes in
efficiencies (depicted in the IO coefficients and water use interrelationships) and
trade patterns. Information on changes in trade patterns may be derived from
econometric models – f.e. GINFORS, E3ME.

The model can be used to reduce global environmental impacts by changing trade
patterns.

1 1 1 1

COVERAGE OF ONE OR
SEVERAL ENVIRONMENTAL
CATEGORIES

Environmental
impact categories:
global warming,
acidification, etc.

The SRIO method considered in this evaluation has the emissions, energy, land use,
water and Ecological Footprint as environmental extensions and thus covers or
has the potential to cover more than half of the environmental impact
categories.

The EF covers parts of global warming (CO2) and parts of resource consumption
(agricultural productivity). It does not cover actual land use.

So far, the main applications of the IOA have been in the areas of resource
consumption (incl. water), energy use, global warming, land use and waste.
Other applications focusing on other impact categories seem feasible, but will
highly depend on data availability.

Covers only the category of water use; water pollution is covered through its
quantification but without any qualitative interpretation

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

DPSIR COVERAGE D - P - S - I - R Covers D (final demand) and P (all emissions and resource uses etc).
IOA of material flows covers P
Covers D and P (water)

1 1 1 1

SCALE/LEVEL OF
ECONOMIC ACTIVITY

Micro / meso /
macro

Provides information at the sectoral and macro level, not at the level of individual
products. It delivers no spatial information in the form of a breakdown of
imports and impacts in different regions.

Combining EF and SRIO adds micro level data.
IOA-Materials covers the meso and the macro level. Due to the high level of

aggregation of economic sectors in the IO tables the analysis of specific
materials (such as single metals or single agricultural products) is impeded.

Therefore, current EU projects (EXIOPOL) aim at further disaggregation of input-
output tables to better cover specific sectors of high relevance for material
flows (e.g. mining sectors, etc.).

However, the method avoids imprecise definitions of system boundaries, as the
entire economic system is the scope for the analysis.

IOA-Water covers the meso and the macro level. Due to the high level of aggregation
of economic sectors in the IO tables the analysis of water use in the production
of specific goods in the industrial sector or specific uses in the domestic sector is
impeded. Even though for agricultural products a higher level of disaggregation
would exist, this is not mirrored in the IOA.

1 1 1 2

GEOGRAPHICAL SCOPE Applicability to
European trade

Method has been applied to several European countries; application for a specific
country depends on data availability, but the method is in principle applicable to
all (European) countries.

EF-SRIO at least applied to UK and Sweden.
The methodology (materials) is applicable, and already has been applied to European

trade issues.
The method (water) has been applied to some European countries/regions,

Australia, and China; application for a specific country depends on data
availability.

2 2 2 2

ACCEPTED 2.00 1.67 1.33 2.00
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

STAKEHOLDER
ACCEPTANCE

Accepted by SKEP
stakeholders (and
beyond)

The concept of IO analysis in general is quite simple and straightforward, and it is
recognized as a useful tool by stakeholders.

There is sporadic official acceptance (endorsement), e.g. for the carbon footprint of
household consumption by Defra (UK) or through the use of various energy
analyses using IO.

The EF-SRIO model in the UK is being used by numerous decision/policy makers in
local and regional governments (official endorsement in Wales). In Australia,
results from EF-SRIO are being used and endorsed by EPA Victoria, Queensland
and others.

The application of IOA has been endorsed/recognised by SKEP stakeholders
(compare (Acosta-Fernández 2007) as a part of the programme “Increasing
resource productivity as a core strategy of a sustainable development” of the
German Federal Ministry of Education and Research). The
theoretical/mathematical foundation of IOA can be seen as expert’s knowledge,
however, the underlying rationale and meaning of a methodology, if clearly
elaborated, can be easily understood and accepted by different stakeholder
groups. The methodology resonates with widely held values and concerns.
Stakeholders such as trade agents or statistical offices already provide data
(input-output tables) and interpretations of the meaning of the methodology
are accepted.

The United Nations handbook for integrated environmental and economic
accounting (United Nations 2003) presents environmental Input-Output-Analysis
as one of its tools. Several statistical offices – e.g. in Denmark, Netherlands,
Germany and Sweden – have also used this methodology. The method is
transparent and replicable, widely used and well documented.

So far, the method has not been officially endorsed. However, the method’s
recognition is advancing.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

ACCEPTANCE IN
ACADEMIA

Published in peer-
reviewed journals

The SRIO concept has been described in theoretical terms and published in peer-
reviewed journals and books.

The SRIO approach has been applied in energy applications since the 1970s and in
land-use and EF applications in recent years resulting in several articles.

All the three different methodologies, PIOT, MIOT, and HIOT have been elaborated
and widely discussed in academia. Among the most recent publications are
(Weisz and Duchin 2006), undertaking a comparison of input-output approaches
in physical, monetary, and mixed units, (Acosta-Fernández 2007), using MIOTs
combining them with monetary and physical import tables and with TMR-tables.
Giljum and Hubacek (2008), providing conceptual foundations and applications
of PIOTs, and Mäenpää (2008), providing a comparison of environmental
multipliers of monetary and physical Leontief inverse.

In a similar way, international flows of pollutants – such as carbon dioxide (CO2),
sulphur dioxide (SO2), and nitrous oxide (NOx) emissions – and natural
resources have been extensively investigated. The IO framework appears to be a
very useful framework as the interdependent nature of production is taken into
full.

Combining R/IO? and water use has already been picked up in various studies, f.e. in
Spain, England, Australia, and China.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

ACCEPTANCE IN POLICY
MAKING

Results of
application of
method

There exist countless numbers of applications of the SRIO method with regard to
energy issues; the actual use in policies is unclear.

Results from CF/EF-SRIO in the UK model have been widely used by numerous
decision/policy makers in local and regional governments (official endorsement
in Wales).

The IOA-materials method has been applied to specific questions, in order to provide
possibilities how general conditions of economic actions could be designed, in
order to achieve a higher level of resource productivity. (Acosta-Fernández
2007), for instance, identified those economic activities which, due to their
absolute quantity of direct and indirect effects on the global material
consumption, could be candidates for tapping their abatement potential.
Hereby, the overall aim was to increase macroeconomic resource productivity
through a reduction of resource consumption. Dietzenbacher and Velazquez
(2007) examined regional policy aspects by analysing Andalusian virtual water
trade in an input–output framework.

Yet, so far the application of the results for concrete political action has not taken
place, so experiences still have to be made.

So far, the results of the IOA-water method elaborated in a specific study have not
been applied in the development or assessment of national/regional policies.
Nonetheless, it has been applied for specific countries leading to specific (and
applicable) recommendations.

2 1 0 2

CREDIBLE 2.00 2.00 2.00 1.75
UNAMBIGUOUS Clear results/

recommendations
Outcomes are unambiguous, and should lead to clear policy recommendations,

provided that the uncertainties of results are taken into account. However,
policy implications depend on interpretation and valuation; although the results
might identify concrete points of action (“hot spots”), they do not directly lead
to clear policy recommendations.

Outcomes may be less robust (see ROBUST)
Outcomes such as the impacts of certain economic sectors, also connected to

indirect impacts in the exporting country, can be easily understood and do not
lead to misinterpretation by the general public. The same holds for the impacts
of consumption on other countries.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

REPEATABILITY The more credible
the more often it
can (has been?)
repeated
independently.

It is no problem to apply the SRIO and IOA methods to the same case by other
researchers. Calculations depend rather on the data availability.

For several countries, calculations were repeated and it is in principle possible to
compare the outcomes. For water, e.g., calculations have already been repeated
by other researchers in Europe, Australia, and China.

For EF-SRIO methods differ more and have not individually been repeated (only in
principle).

Results are reasonable, but the discussion about which of the three approaches
(PIOT/MIOT/HIOT) to use or how to combine them shows that this is still work in
progress.

2 2 2 1

TRANSPARENCY OF THE
METHOD

Peer reviewed
and width of
understanding

The basic principles of the SRIO method are published in peer-reviewed papers and
are very transparent. SRIO analysis is used by several research groups. Same for
EF-SRIO.

The complete method(s) has been published in peer-reviewed papers and related
technical reports and picked up by other researchers.

The integration of material accounts in physical units into economic input-output
models has a long tradition: it was first explored by Leontief et al. (1982), in
order to forecast trends in the use of non-fuel minerals in the US. In several
studies for the case of the German economy, monetary IO models were linked
with material flow accounts on the economy-wide level to estimate direct and
indirect material inputs to satisfy final demand (for example, (Acosta-Fernández
2007); Moll et al., 2004). Bailey and colleagues (2004) performed an analysis of
material flows within an ecological IO framework to analyse material flow paths
and cycles in the industrial system of selected production branches (such as the
aluminium industry).

The term ‘virtual water’ was first proposed in 1994 by J. Anthony Allan (1994). One
of the first studies to pick up this concept to use it in IO analysis was (Lenzen and
Foran 2001) who used it for an IO analysis of the Australian water usage.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

DOCUMENTATION OF
ASSUMPTIONS AND
LIMITATIONS

Documentation of
assumptions and
limitations

Assumptions made by researchers are often published in working or conference
papers and technical reports. These documents also discuss several limitations
of the SRIO approaches in general.

The underlying data, calculation methods and assumptions of SRIO analysis are fully
disclosed. Same for EF-SRIO.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

EASY 1.67 1.67 1.33 1.67

DATA AVAILABILITY Available years
and possibility of
updating

The data requirements of the SRIO method are low compared with other methods;
basic IO data and energy, land use and water data may be available at the same
source, e.g. a national statistical office.

IO tables often have more detail in their sectoral breakdown than energy, land use,
water and EF statistics; in this case calculations have to be carried out at a
higher level of aggregation.

Basic IO and trade data is available at national statistical offices as well as from
international organisations (such as the OECD or GTAP), but not always for the
same year or in the same classification. Environmental data is often not
available at the desired level of sectoral detail. Researchers do not always have
the right entries to these offices in other countries.

International offices or institutions, e.g. EuroStat may facilitate in collecting and
processing data in order to overcome problems in classification and valuation.
The GTAP consortium, e.g. delivers data at a global scale, but there exist
criticism about the uncertainties in these data.

Data collection is underway in an EU project (EXIOPOL) aimed at MRIO analyses for
EU member states. Data concerning the year 2000 (with extrapolations to 2005)
is expected to be available in 2010.

Regarding materials, physical data on domestic extraction and on international trade
is available from EUROSTAT.

IOA requires economic IO data, trade data and water use data at a regional and
sectoral level. Water use data is often not available at the desired level of
sectoral detail.

IO tables are only produced irregularly and with a time gap of several years.
Updating might be a problem.

2 2 1 2

TECHNICAL FEASIBILITY Necessary
equipment

SRIO and IOA calculations are straightforward in case the researchers have basic
knowledge of matrix algebra. The use of the input data is well-defined generally.

In case of a very detailed sectoral breakdown standard software like Excel cannot
carry out the matrix inversion of large matrices. Then some special add-ins or
(mathematical) software is required, e.g. MatLab.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

INTEGRATION Combination of
methods

SRIO analysis is mainly aimed at the environmental impacts of aggregated product
groups or sectors where LCA is mainly directed at individual products.
Integration is possible but needs to be further developed and tested.

Hybrid IO energy models partly consist of energy data instead of economic data, e.g.
in the rows of the energy sectors in order to account for differences in energy
prices between sectors.

There are some examples of single-region hybrid IO models, but their use is not
widespread. Application with regard to trade is unknown.

The static SRIO framework can be extended to dynamic SRIO or econometric models.
Hybrid IO models partly consist of physical (LCA) data instead of economic data. Until

now there are only some examples of single-region hybrid IO models, but an
application in MRIO models is potential.

1 1 1 1

ROBUST 1.58 1.58 1.58 1.42
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

DEFENSIBLE THEORY Robustness
(credible &
reliable)

SRIO in itself is a methodology applied widely in economics and other sciences.
Leontief received the Nobel prize for his pioneering efforts in developing the
concept. There exist an international IO association in which IO analysts are
united and which has a journal.

However, regarding the trade issue there are several examples that the SRIO method
does not estimate correctly emissions, energy or land use for imports due to the
domestic technology assumption.

In case the agricultural sector is not disaggregated in subsectors, land use may not
be allocated correctly to product groups; the level of sector aggregation has
significant impacts on the results.

The outcomes (impacts of imports) cannot be checked by using certain macro totals.
In case an SRIO analysis with regard to imports is carried out for all countries,
total emissions, energy and land use may be different from the global totals. The
same applies to EF-SRIO.

There are no doubts about the soundness of the theory that lies behind IOA. There is
no double counting and there are no boundary problems; the impacts in
complete supply chains of products are considered. Material use is assigned to
products and sectors of final demand. Assumptions are clearly stated and
reasonable.

For specific policy questions, e.g. the calculation of the effect of short-term changes
like changes in trade barriers, IOA may be not appropriate enough since it
cannot deal with the effect of e.g. price changes on the behaviour of producers
and consumers.

0 0 0 0

SENSITIVITY Uncertainty of
modelled data

SRIO outcomes are sensitive to changes and uncertainties in input variables.
There exist sensitivity and uncertainty studies of SRIO modelling, e.g. for energy use.

But not in combination with water use. Uncertainty analysis is not a standard
procedure of the method.

1 1 1 1
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

DATA QUALITY Real or modelled
data

In general all data are available at (national) statistical offices, although not always at
the same level of detail; no estimation procedures are required.

Data in different countries may have different classifications; energy and
environmental statistics are often not as detailed as IO tables so aggregation is
required.

EF data are mostly based on FAO statistics with quality varying from country to
country.

Monetary IO tables are produced (irregularly) using real data. The approximation to
use the monetary table for the sector allocation of water use is justifiable –
especially as long no sector-specific water use data exist.

In order to bring data from different countries together aggregation and
standardisation, e.g. valuation, has to be applied. These procedural steps are
sometimes executed by international institutions, but the procedures are not
always transparent. The outcomes of these procedures may be inconsistent with
data at the national level.

A disadvantage lies in the high level of aggregation of economic sectors in the IO
tables, which impede analysis of a larger number of specific materials (such as
single metals or single agricultural products) and lead to problems of
inhomogeneities within (theoretically homogeneous) sectors.

It is also important to note that, by using a MIOT as the core matrix, one can
illustrate the economic responsibilities, which agents hold for inducing material
extraction. A MIOT approach thus follows economic causalities, whereas a PIOT
approach follows physical causalities (see Rodrigues and Giljum 2005).

Allocating material inputs with a MIOT, a PIOT or a hybrid model delivers
significantly different results, in particular with regard to the calculation of trade
balances (for example, Hubacek and Giljum 2003). While in a PIOT and a hybrid
model, large amounts of raw materials are allocated to the most material
intensive sectors of the domestic economy, in particular the construction sector,
the MIOT-based model allocates a larger share to those sectors with high values
of economic output; therefore, service sectors of the domestic economy receive
more environmental responsibility in the MIOT than in the PIOT model. If
exports of a country have a higher value per weight ratio than production for
final domestic consumption, the MIOT model allocates a higher share of raw
material inputs to exports than a PIOT or a hybrid model (see Weisz 2006b).

In most studies at the national level carried out so far, imports were either included
only as direct material flows (without considering up-stream indirect
requirements) or indirect material requirements were estimated applying the
assumption of an identical production technology of imported products and the
domestic economy (for example, Moll et al. 2004; Weisz 2006c). However,

2 1 1 1
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

RELIABILITY Reliable IO data are retrieved from National Accounts of statistical offices, emissions and
energy data are available at national statistics or international energy statistics,
land use data is available at national statistics and other trustworthy sources.

EF data are mostly based on FAO statistics with quality varying from country to
country.

IO tables are compiled by national or international (EUROSTAT, OECD, etc) statistical
offices. These sources are trustworthy, but data collection and table setup takes
time, thus IO tables are only published irregularly.

With regard to material input data, a large and increasing number of material flow
studies are available from national and international statistical offices,
environmental agencies and research institutions. The first global dataset in a
time series of 1980 to 2002 was compiled in the framework of the EU-FP5-
project “MOSUS” (see Behrens et al. 2007). The updated data (270 commodities,
1980-2005, 200 countries) is presented by SERI on a separate website
(www.materialflows.net).

Water use data originate from official sources (AQUASTAT, national statistical
bureaus, etc). These data are collected on a regular basis – but only for periods
of five years.

2 2 2 1

Consistent with
UN SEEA

SRIO analysis is mainly based on methods and data consistent with the UN System of
integrated Environmental and Economic Accounts (SEEA).

IOA is based on methods and data consistent with and elaborated in the UN System
of integrated Environmental and Economic Accounts (SEEA).

Consistent with the UN SEEA framework (UN SEEA Water is more extensive now)

2 2 2 2CONSISTENCY

With other
established
methods/studies

SRIO analysis is consistent with generalised input-output theory and models.
There is an increasing amount of approaches, which combine input-output analysis

and process approaches (LCA).
IOA is also compatible with MRIO approaches.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

With standard
classifications

SRIO analysis employs internationally standardised classification systems or own
systems that are related to standard classifications.

Energy use and land use data may be based on different classifications. EF data
mostly follow own classification.

IOA employs internationally standardised classification system or systems that are
related to standard classifications, both regarding the economic data as well as
the environmental extensions (e.g. in the form of NAMEA data).

1 2 2 1

COMPARABILITY Comparability
with other results

The outcomes of SRIO applications are comparable with outcomes of MRIO studies;
outcomes are less comparable with outcomes of LCA studies.

However, it is assumed that MRIO outcomes are an improvement of SRIO outcomes.
Several IO-based MFA studies (Weisz and Duchin 2006) highlighted the differences in

results for indirect material flows of traded products, when different types of IO
models are applied. A model of the type with an economic core of monetary IO
tables and monetary trade data applies economic causalities for allocating raw
material extraction to different categories of (domestic and foreign) final
demand.

If the physical causalities shall be investigated, for example, in order to assess the
actual contents of metals in final products (see Nakamura and Nakajima 2005),
the use of additional physical information is indispensable, in order to construct
hybrid IO tables (HIOTs) containing both monetary and physical units. This is in
particular the case, as the underlying assumption of MIOT-based models that
the aggregated monetary output structures adequately represent the physical
use structures of different materials, does in general not hold true, in particular
with regard to the first steps of the production chain (Schoer 2006).

The method is designed to provide comparable results. However, depending on the
use of PIOT, MIOT or HIOT, the results might differ – similar to the analysis of
material consumption, where the underlying assumption of MIOT-based models
that the aggregated monetary output structures adequately represent the
physical use structures of different materials, does in general not hold true, in
particular with regard to the first steps of the production chain (Schoer 2006).

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

Method can be
standardised to
provide fully
comparable
results

It is possible to standardise the SRIO method without major difficulties. Amongst the
issues that would require standardisation are: numbers and types of sectors,
treatment of non-competitive imports, industry or activity tables, capital
investment etc.

There exist IO-tables of different structure. Different sector classifications, for
example, can lead to very different results on a sector basis. So, a
standardisation would be necessary, in order to receive comparable results.
Efforts for this kind of standardisation are remarkable but feasible.

2 2 2 2

BOUNDARIES Clearly defined SRIO models of a country have the whole of the national economy as boundary with
imports and exports relating to the rest of the world, also a clearly defined
boundary (i.e. global economy).

Trade cannot be specified to a particular country or region) but nevertheless, the
boundaries are very clearly defined.

One major advantage of the IO approach compared with LCA-oriented approaches is
that it avoids imprecise definitions of system boundaries, as the entire economic
system is the scope for the analysis. Furthermore, it allows estimating total
resource inputs for all types of products with less effort than the LCA-based
method, as only material inputs of those economic sectors have to be assessed,
which are extracting raw materials (mainly agriculture, forestry and fisheries for
biotic materials, and mining and construction for abiotic materials).

Similar to the general MRIO, in most studies, imports concern imports for domestic
consumption only (imports from the consumer perspective). Imports that are
used in production for exports or that are exported directly (re-exports) are not
considered.

One major advantage of the IO approach is that it avoids imprecise definitions of
system boundaries, as the entire economic system is the scope for the analysis.
Furthermore, it allows estimating total water use for all types of products.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

Comparisons Although the boundaries (national economy embedded in global economy assumed
to have the same economy structure/technology) alone would allow
comparisons with results from different studies or methods, the domestic
technology assumption limits the comparability of results. Work would be
required to relax this assumption.

Boundaries allow comparisons with results from different studies or methods.

1 1 1 1

Coverage of
indirect impacts

Due to the global economy being the ultimate boundary, the (single-gregion) IO
methodology automatically covers all indirect impacts caused by upstream
production.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

Em,
Energy
and LU

Materials Water EF

Additional comments The SRIO approach does not distinguish production technologies between countries
or regions. Empirical comparisons show that in case of open economies there
are significant differences in outcomes between SRIO and MRIO methods.

SRIO analysis is not able to allocate impact to separate countries or regions.
IOA seems to be a very promising approach to track the environmental impact of

international trade of goods and services and calculate the resource use directly
and indirectly required to satisfy final demand. While MIOTs and PIOTs tend to
give “biased” results, HIOTs could be the most promising way forward, through
combining the advantages of both approaches.

(Schoer 2006) distinguishes two types of hybrid IO MFA models. (1) Simple HIOTs,
where the first stages of interindustry deliveries, i.e. from the extraction sector
to the sector processing raw materials, are represented in physical units.
Already in this simple case, specific HIOTs should be constructed for each type of
raw material, in order to reflect the specific physical supply and use structure of
certain materials for the first step of the production chain. (2) In the expanded
HIOT model, the particular physical use structures of certain raw materials are
also integrated for the second (or even more) steps of the production chain,
requiring an even more detailed disaggregation of the relevant production
processes.

Physical information can in the best case be extracted directly from physical IO
tables (PIOTs), following the same classification as the monetary table. However,
as PIOTs only exist for a very limited number of countries (see Giljum and
Hubacek, forthcoming), (Schoer 2006) remarks that required information on the
physical use structures could also be approximated by extracting detailed
information from the supply and use tables underlying the monetary IO table.
For example, in the German case, the use table includes information for about
1500 products.

The water input-output model is a useful instrument to explore the relationships of
which economic sectors consume the greatest water, both directly and
indirectly.It appears to be a very useful framework because it takes the
interdependent nature of production into full account.

In some studies it is also accounted for waste water flows and distinguished between
rainfed and irrigated agriculture, which is of special significance with regards to
water use. But one of the major shortcomings is the homogenous treatment of
very different qualities of water inputs and wastewater categories.
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3.4 Racer analysis of the MRIO methodology; partial and full
Environmental impact categories: Emissions, energy and land use (EELU), and EF; for scores Materials see SRIO.

0 = criterion is not achieved, 1 = criterion is partly achieved, 2 = criterion is fully achieved.

Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

RELEVANT 1.25 1.00 1.50 1.25
LINKAGE TO THE
PROJECT’S AIM

Support of
project's
objectives

The (EF)-MRIO methodology tracks trans-national impacts of traded goods and services
(at a sectoral level).

The MRIO method can handle both imports for domestic consumption only (imports
from the consumer perspective) as imports at a macro-level. However most studies
do not consider imports that are used in production for exports or that are
exported directly (re-exports).

A full (EF)-MRIO provides more detail on exports and allows for the quantification of
international supply chain impacts across several countries. A partial MRIO only
allows for a uni-directional analysis and was therefore rated lower.

1 1 2 2

POLICY SUPPORT,
IDENTIFICATION OF
TARGETS AND GAPS

Support of policy
design and
implementation

Important for policy on two levels: equity concerns over local- and regional-scale
pollution and global policy effectiveness concerns for global-scale pollution.

MRIO analysis might be used for exploring the environmental implications of trade with
different countries. Furthermore, it gives insights in the environmental
consequences of relocation of industries in foreign countries.

At the moment there are no targets for consumer related environmental impacts, but
in the future this may change. MRIO could provide support for the definition of
targets and after that it can quantify gaps between the current situation and
specified targets.

MRIO may be used for calculating the effect of short-term changes, e.g. the effect of
energy or carbon taxes.

EF: Relevant for policy concerns about over-consumption of global biological resources.
A comparison between the EF of consumption and available biocapacity can hint at

problem of 'overshoot'. It can be used to set reduction targets (adopted by some
local and regional governments).

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

Despite concerns over robustness (see below) and its limitation to certain aspects of
resource use, the EF is in principle well suited to identify gaps, set targets and
therefore support certain areas of policy making. There is evidence that the
combination of EF and IO methods has already increased the usefulness of the EF
indicator for policy makers and the wider public.

IDENTIFICATION OF
TRENDS

Availability of time
series

There are time series data available for most input data; some of them are updated
regularly, but not every year, others are updated at an irregular basis (e.g. GTAP
database, environmental data).

Further analysis of underlying factors is necessary in order to explain trends in
environmental impacts of trade.

Time series data is available for both IO and bioproductivity data and long- as well as
short-term trends can be identified.

While the data situation is excellent for bioproductivity data, time series for IO data is
more patchy and lag behind for more than five years.

1 1 1 1

FORECASTING AND
MODELLING

Application in
mathematical
models

Methodology is basically for static analyses of the past relying on ex-post data.
MRIO calculation scheme is relatively simple and could be extended to forecasting and

modelling applications. These applications require a lot of assumptions on e.g.
changes in efficiencies (depicted in the IO coefficients and impact factors) and
trade patterns. Information on changes in trade patterns may be derived from
economic models, like CGE models.

MRIO is not an early warning tool. There are no targets on impacts of trade; total global
emissions are already input of the model.

In some sense the model can be used as an optimizing tool in order to reduce global
environmental impacts by changing trade patterns.

EF: Methodology is a static account of the past or status-quo at best, relying on ex-post
data.

EF-MRIO calculus could be extended to forecasting and modelling applications and
could be used as a basis for dynamic CGE models. Such applications require many
assumptions on changes in prices, efficiencies, factor inputs etc.

EF-MRIO is an early warning tool in the sense that is indicates a potential
overexploitation of biological resources through 'overshoot' (when consumption of
biological resources exceeds biocapacity). In its static form it cannot, however, be

1 1 1 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

used to predict future changes.

COVERAGE OF ONE OR
SEVERAL
ENVIRONMENTAL
CATEGORIES

Environmental
impact categories:
global warming,
acidification, etc.

It covers more than one impact category; the emission related impact categories,
energy use and actual land use.

Potential for covering all categories, but this depends on sectoral aggregation: when
there is only one agricultural sector some categories, e.g. eutrophication or land
use may not be allocated correctly to product groups.

EF: Covers CO2 emissions and the use of biological resources (not actual land use). Both
are translated into a land area normalised to world-average bioproductivity ('global
hectares'), via yield, sequestration and equivalence factors and consumption
volumes.

EF-MRIO is expandable to include other environmental impacts. However, this depends
on the sectoral aggregation of available data. Generally, the model should be able
to distinguish different practices in all primary sectors related to biological
resources, i.e. agriculture, fisheries and forestry.

1 1 1 1

DPSIR COVERAGE D - P - S - I - R Covers D, P and I
The 'traditional' EF (as defined by Global Footprint Network) only covers 'pressures'

(namely CO2 emissions and consumption of biological resources). It is expandable
with some efforts, see Dynamic EF method.

1 0 1 0

SCALE/LEVEL OF
ECONOMIC ACTIVITY

Micro / meso /
macro

Provides information at the sectoral and macro level. Furthermore a full MRIO model
provides more information at the spatial level, e.g. sector/region combinations in
supply chains of specific product groups.

At a global scale, emissions and land use at the meso-level sum up to macro totals.
Global totals are completely disaggregated by MRIO.

No difference between e.g. organic farming versus conventional farming.
EF-MRIO combines bottom-up/micro data on the use of biological resources (e.g.

wheat) with top-down/meso IO data. It therefore has the potential (it has not been
realised yet) to cover all economic levels.

At a global scale, emissions and natural resource use at the micro- and meso-level sum
up to macro totals. Global totals are completely disaggregated by MRIO.

A full EF-MRIO model provides more information at the spatial level, e.g. sector/region
combinations in supply chains of specific product groups.

1 1 2 2

GEOGRAPHICAL Applicability to Method has been applied to some European countries; application for a specific 2 1 2 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

SCOPE European trade country depends on data availability, but the method is in principle applicable to all
(European) countries.

Method is in principle applicable to all (European) countries. One first paper analysing
Energy Footprints in UK trade using a partial EF-MRIO model has been accepted for
publication.

ACCEPTED 1.33 1.33 1.33 1.33
STAKEHOLDER
ACCEPTANCE

Accepted by SKEP
stakeholders (and
beyond)

The concept of MRIO is quite simple and straightforward.
Calculation of (EF)-MRIO is rather complex with several assumptions.
The interest of stakeholders in the concepts of trade and consumer related

environmental impacts is rising. Particularly in international negotiations for a post-
2012 climate policy agreement, consumption-based GHG ("carbon footprint")
accounting and questions over responsibility for mitigation are high up on the
agenda.

The basic concept of EF-MRIO is as straightforward and intuitive as the Ecological
Footprint concept itself.

Whilst the EF concept has been recognised and even endorsed by some political
stakeholders, the EF-MRIO concept has only been recognised and promoted by
WWF-UK. The project EXIOPOL, funded by the European Commission will, once
completed, allow setting up a European EF-MRIO model.

1 1 1 1

ACCEPTANCE IN
ACADEMIA

Published in peer-
reviewed journals

The MRIO concept has been described in theoretical terms and published in peer-
reviewed journals and books.

Both the partial as full-MRIO approach has been applied in environmental issues in
recent years resulting in several articles.

There are special sessions on MRIO at IO conferences.
The basic EF-MRIO concept has been described in theoretical terms and published in a

peer-reviewed journal.
No fully-fledged EF-MRIO study has been undertaken (and therefore published) yet.

One first paper analysing Energy Footprints in UK trade using a partial EF-MRIO
model has been accepted for publication.

Both EF and environmental MRIO on their own are well established in the academic
arena, with numerous journal articles and special sessions at conferences.

2 1 2 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

ACCEPTANCE IN
POLICY MAKING

Results of
application of
method

Stakeholders are interested in the supply chain impacts of specific products or product
groups (outcomes do not have specifically based on MRIO).

In the UK, EF and carbon footprint results from a unidirectional, two-region IO model
are being widely used by numerous decision/policy makers in local and regional
governments. The model distinguishes domestic and foreign production
technologies.

In Australia, results from a full sub-national EF-MRIO have been used in State of the
Environment reports and a web-based Consumption Atlas.

1 2 1 2

CREDIBLE 2.00 1.50 2.00 1.50
UNAMBIGUOUS Clear results/

recommendations
Outcomes are unambiguous, but do not directly lead to clear policy recommendations.

Policy implications depend on interpretation and valuation.
Basic outcomes such as the impacts of consumption on other countries can be easily

understood and do not lead to misinterpretation by the general public.
EF results are generally clear and 'easy' to interpret. The comparison of Ecological

Footprint and biocapacity provides an indication of potential overuse of biological
resources.

Unambiguous recommendations can be drawn within the limitations of the EF
indicator.

2 2 2 2

REPEATABILITY The more credible
the more often it
can (has been?)
repeated
independently.

It is no problem to apply the MRIO methods to the same case by other researchers.
For several countries, calculations were repeated and it is in principle possible to

compare the outcomes of the full- and partial-MRIO approach.
All separate components of the calculations for the EF and the MRIO method have

already been independently repeated many times by other researchers. The
combination of EF and MRIO in a hybrid EF-MRIO model can in principle be
repeated by a number of researchers.

2 1 2 1

TRANSPARENCY OF
THE METHOD

Peer reviewed and
width of
understanding

The basic principles of MRIO are published in peer-reviewed papers. MRIO is used by
several research groups.

Researchers use different assumptions concerning several issues, like the construction
of the complete MRIO table, valuation, currency exchange and the treatment of
international transport. Debates on these topics have started in an open and
transparent way.

2 2 2 2
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

The theoretical framework of EF-MRIO and some first empirical results have been
published in peer-reviewed articles and several research reports.

Several issues, such as the construction of a consistent EF-MRIO system, valuation,
currency exchange and the treatment of international transport are not solved yet.
However, these issues are generally well understood and the debates are
conducted in an open and transparent way.

DOCUMENTATION OF
ASSUMPTIONS AND
LIMITATIONS

Documentation of
assumptions and
limitations

Assumptions made by researchers are often published in working or conference papers
and technical reports. These documents also discuss several limitations of the
approach.

Generally MRIO is quite well documented.
Assumptions and limitations of both EF and MRIO separately are generally well

documented. For an EF-MRIO method this is still pretty much limited to the
theoretical description and practical issues have only partly been documented so
far.

2 1 2 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

EASY 1.00 1.00 1.00 1.00

DATA AVAILABILITY Available years
and possibility of
updating

MRIO requires huge amounts of data; economic IO and trade data as well as data on
energy, emissions and land use at a regional and sectoral level.

International offices or institutions may facilitate in collecting and processing data in
order to overcome problems in classification and valuation. The GTAP consortium,
e.g. delivers data at a global scale, but there exist criticism about the uncertainties
in these data.

Part of the data, viz. the bilateral trade flows at the sectoral level, is not available and
has to be derived from trade data at the national level by using imputation
techniques. The partial-MRIO method requires significantly lower amounts of
bilateral trade data.

Data collection is underway in an EU project (EXIOPOL) aimed at MRIO analyses for EU
member states. Data concerning the year 2000 is expected to be available in 2010.

Regarding the huge data requirements updating is not an easy operation.
EF-MRIO requires large amounts of data; economic IO and trade data as well as data on

biological resources and CO2 emissions at a regional and sectoral level.
Basic IO, trade and environmental data is available at national statistical offices, but not

always for the same year or in the same classification. Researchers do not always
have the right to access data in the required detail.

Data on the production and consumption of biological resources is available from FAO
and other statistics.

International offices or institutions may facilitate in collecting and processing data in
order to overcome problems in classification and valuation. The GTAP consortium,
e.g. delivers data at a global scale, but there exist criticism about the uncertainties
in these data.

Some of the data is not available at the desired level of sectoral detail or for the desired
years and has to be derived by using imputation techniques which increases
uncertainty. Updating is not an easy operation.

1 1 1 1

TECHNICAL
FEASIBILITY

Necessary
equipment

MRIO calculations are straightforward in case the researchers have basic knowledge of
matrix algebra. The use of the input data is well-defined generally.

Standard software like Excel cannot carry out inversions of large matrices and therefore
some special (mathematical) software is required, e.g. MatLab.

1 1 1 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

EF and MRIO calculations – and therefore the combination in a hybrid EF-MRIO model –
are in principle straightforward if the researchers have basic knowledge of matrix
algebra.

Standard PC software like Excel cannot carry out inversions of large matrices and
therefore some special (mathematical) software is required, e.g. MatLab. Some
data (e.g. GTAP) also requires special software for viewing or handling.

A medium sized EF-MRIO model (e.g. 87 countries/regions and 57 sectors) can still be
run on a PC. Larger models for >100 countries and >100 sectors will lead to systems
with over 1 billion variables and will require the use of supercomputers.

INTEGRATION Combination of
methods

MRIO is mainly aimed at the environmental impacts of aggregated product groups
where LCA is mainly directed at individual products. Integration is possible but
needs to be further developed and tested.

Hybrid IO models partly consist of physical (LCA) data instead of economic data. Until
now there are only some examples of single-region hybrid IO models, but an
application in MRIO models is potential.

The static MRIO framework can be extended to dynamic MRIO or econometric models.
These models may require the same type of data, viz. MRIO tables. So efforts in
order to compile these data may be combined.

There is all potential to further integrate and amalgamate EF-MRIO with similar hybrid
methods such as MRIO for emissions, land use, water and material flows. Data
collection, storage, analysis and reporting would be streamlined when combined
with these methods. Method and data can be well integrated in existing
data/model structures in national and other statistics. This would justify a score of
2.

However, it is somewhat more difficult to combine the method with process based /
LCA methods that are aimed at the micro level. EF-MRIO is mainly aimed at the
environmental impacts of aggregated product groups where LCA is mainly directed
at individual products. Integration is possible but needs to be further developed
and tested. Therefore a score of 1 was chosen.

1 1 1 1

ROBUST 1.42 1.08 1.58 1.25

DEFENSIBLE THEORY Robustness
(credible &

MRIO is a special case of IO analysis for which Leontief received the Nobel prize. There
are no doubts about the soundness of the theory that lies behind.

2 1 2 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

reliable) There is no double counting and there are no boundary problems; the impacts in
complete supply chains of products are considered without the need to create cut-
off points.. There is no question of pruning of supply chains. All global energy use,
environmental pressures and land use are assigned to products and sectors.

The outcomes are clear and at the level of individual pressures; aggregation to certain
impact categories, e.g. from land use type to impact on biodiversity, is possible, but
lies beyond the methodology.

For specific policy questions, e.g. the calculation of the effect of short-term changes like
changes in trade barriers, MRIO may be not appropriate enough since it cannot
deal with the effect of e.g. price changes on the behaviour of producers and
consumers.

For the Ecological Footprint, the aggregation of different impact categories into one
numeraire (global hectares) is problematic (see RACER of the EF concept).

The score is an average of 2 for MRIO and 1 for EF.

SENSITIVITY Uncertainty of
modelled data

MRIO outcomes are sensitive to changes in input variables.
There exist sensitivity and uncertainty studies for single-region IO modelling, and in less

extent for MRIO modelling; uncertainty analysis is not a standard procedure of the
method.

Although sensitivity and uncertainty has been described or even quantified for both EF
and MRIO separately, no empirical investigation of a hybrid EF-MRIO has taken
place so far.

1 0 1 0

DATA QUALITY Real or modelled
data

In order to bring data from different countries together aggregation and
standardization, e.g. valuation, has to be applied. These procedural steps are
sometimes executed by international institutions, but the procedures are not
always transparent. The outcomes of these procedures may be inconsistent with
data at the national level.

Estimation procedure is required for the determination of the non-diagonal parts of a
MRIO table; further investigation is needed to qualify the robustness of this
procedure.

In some MRIO studies, the IO structure for a region is estimated on the basis of IO
structures of other regions. This might significantly affect the results of the
calculations.

1 1 1 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

There are continuous efforts to improve data quality, e.g. through the European project
EXIOPOL.

EF: In order to bring data from different countries together, data from disparate
sources need to be manipulated or imputed, especially when more sector detail is
required. These procedures, even when carried out by international institutions or
statistical offices are not always transparent. Data from different data sources may
therefore be inconsistent. This is especially the case for trade data.

RELIABILITY Reliable Data are retrieved from IO tables, and energy, environmental and land use statistics
(from official statistical offices) with different classifications; energy and
environmental statistics are often not as detailed as IO tables so aggregation is
required.

In case of the full MRIO method, more data might be taken from other sources than
statistical offices like GTAP where researchers are encouraged to deliver data for
countries that are not in the database. Data are brought in line with the other data
in the database.

When energy and emission data come from different sources there may be
inconsistencies between e.g. energy use and CO2 emissions.

The level of sector aggregation has significant impacts on the results.
EF: The majority of data will come from official statistics such as national economic and

environmental accounts and from the FAO.
For the MRIO part some data might have to be taken from other sources, such as GTAP,

where researchers can submit data which are then further aligned with other
statistics.

1 1 1 1

Consistent with
UN SEEA

MRIO is mainly based on methods and data consistent with the UN System of
integrated Environmental and Economic Accounts (SEEA).

EF: MRIO and most environmental extensions to MRIO are based on methods and data
which are by and large consistent with the UN System of integrated Environmental
and Economic Accounts (SEEA).

The EF part is mostly consistent with FAO databases but has to be reworked to be
aligned with SEEA.

2 1 2 1CONSISTENCY

With other
established

MRIO is consistent with generalised input-output theory and models.
The EF part of an EF-MRIO is partly consistent with the National Footprint Accounts

2 1 2 1
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

methods/studies from the Global Footprint Network but cannot be fully in line with these accounts
as the trade balance in embodied footprints is calculated by using a very different
approach.

With standard
classifications

MRIO employs internationally standardised classification system or own systems that
are related to standard classifications.

Energy use, emissions and land use data may be based on different classifications.
EF-MRIO employs a mix of internationally standardised classification system and own

classifications (e.g. the land types in the EF part) that relate to standard
classifications.

1 1 1 1

Comparability with
other results

Some studies compare the outcomes for partial- and full-MRIO for the same case.
Outcomes of MRIO calculations are different from single-region IO calculations; it is

assumed that MRIO outcomes are an improvement of single-region outcomes.
EF-MRIO designed to provide comparable results with other MRIO models, e.g. with the

CO2 component of an emissions model.

2 2 2 2COMPARABILITY

Method can be
standardised to
provide fully
comparable
results

Difficult for the MRIO method because of the differences in how the models can be
assembled. Different sector classifications, for example, can lead to very different
results on a sector basis. Amongst the issues that would require standardisation
are: numbers & types of sectors, currency exchange, estimation of imports and
exports matrices, balancing procedures, valuation, Supply & Use versus symmetric
tables etc.

Whilst it should be possible to standardise the EF in less then a year's work, this is
probably more difficult for the MRIO part because of the differences in how the
models can be assembled. Different sector classifications, for example, can lead to
very different results on a sector basis. Amongst the issues that would require
standardisation are: numbers & types of sectors, currency exchange, estimation of
imports and exports matrices, balancing procedures, valuation, Supply & Use vs
symmetric tables etc.

1 1 1 1

BOUNDARIES Clearly defined A full (EF)-MRIO with global coverage means that the world economy is the economic
boundary and that the global biosphere, hydrosphere and atmosphere form the
environmental boundary.

A uni-directional MRIO does not cover all trade between the regions and therefore
cannot consider certain international supply chains spanning across several

1 1 2 2
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Assessment
category

Assessment
criterion Analysis

EELU
partial

EF
partial

EELU
full

EF
full

regions/countries. The economic boundary in a model with global coverage can still
clearly be defined as the world economy but the system has fewer interlinkages.

Comparisons For a full (EF)-MRIO there is good comparability due to system completeness (see
above).

A partial (EF)-MRIO would still allow the comparison with other models that examine
the impacts of bilateral trade flows.

2 2 2 2

Coverage of
indirect impacts

A full MRIO methodology with global coverage covers all indirect impacts caused by
upstream production.

A partial MRIO does not cover all trade between the regions and therefore cannot
consider impacts form certain higher-order international supply chains spanning
across several regions/countries.

EF-MRIO models have only been described theoretically so far. First empirical results
from a partial EF-MRIO have only just been reported.

Because of this lack of empirical studies and applicable results the method scores low in
the 'Accepted' category.

1 1 2 2

Additional
comments

Both the partial and full MRIO method distinguish production technologies between
countries or regions. Empirical comparisons show that the differences in outcomes
are small at the sectoral level. However, for a complete life-chain analysis a full
MRIO method is required.

The outcome of the scoring in the category "Acceptance by stakeholders" is the effect
of the relative popularity of the EF concept and not the use of the IO methodology.
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3.5 Racer analysis of Hybrid LCA
0 = criterion is not achieved, 1 = criterion is partly achieved, 2 = criterion is fully achieved.

Assessment category Assessment criterion Analysis Hybrid LCA

Relevant 1.63
LINKAGE TO THE PROJECT’S AIM Support of project's

objectives
A complete LCA of a given commodity quantifies almost all impacts, (at micro- or sectoral

level), and provides insight into trade flows.
2

POLICY SUPPORT,
IDENTIFICATION OF TARGETS
AND GAPS

Support of policy
design and
implementation

LCA is related to several EU policy concerns
(http://lca.jrc.ec.europa.eu/lcainfohub/index.vm)

Life cycle thinking is regarded as an important cornerstone of EU environmental policies.
It can provide guidance in monitoring, strategic policy making and target setting.

2

IDENTIFICATION OF TRENDS Availability of time
series

Time series data are rarely available in LCA databases. Databases are often a patchwork
of data: time, technology and geography may differ strongly. Most data lag behind
more than five years.

1

FORECASTING AND MODELLING Application in
mathematical models

Methodology is a static account of the past or status-quo at best, relying on ex-post data.
LCA results can be used in prognosis models.

1

COVERAGE OF ONE OR SEVERAL
ENVIRONMENTAL CATEGORIES

Environmental impact
categories: global
warming, acidification,
etc.

Most LCA’s cover several environmental impacts, like climate change, acidification,
eutrophication, summer smog, human toxicity and eco-toxicity. Land use, which is a
very important factor in damage to ecosystems, is often not covered.

2

DPSIR COVERAGE D - P - S - I – R The LCI covers D and P, LCA the I. The S and R are taken into account in the setting of
equivalence factors, used to aggregate pressures to impacts. These ususally are not
region-specific: the calculated impact can therefore be regarded as an impact
potential or hypothetic impact.

1

SCALE/LEVEL OF ECONOMIC
ACTIVITY

Micro / meso / macro A complete hybrid LCA of a given commodity quantifies impacts at micro- or sectoral
level, and provides insight into trade flows. The Hybrid LCA-MRIO method is suitable
for region-specific imports, and requires less data collection than full LCA.

2

GEOGRAPHICAL SCOPE Applicability to
European trade

The method is in principle applicable to all (European) countries or regions. 2
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Assessment category Assessment criterion Analysis Hybrid LCA

ACCEPTED 1.33
STAKEHOLDER ACCEPTANCE Accepted by SKEP

stakeholders (and
beyond)

The use of IO data in LCA is widely accepted within the LCA community. LCA guidelines
are applicable. Despite the guidelines however, specific subjective assumptions often
have to be made in a hybrid LCA. In the guidelines no choice is made in impact
assessment method (classification, aggregation and normalisation of pressures).
Several methods are used.

There is not much practical experience with integrated hybrid LCA.
Trade agents and statistical offices may find data collection and interpretation difficult.

1

ACCEPTANCE IN ACADEMIA Published in peer-
reviewed journals

The LCA methodology has been described in theoretical terms and published in ISO-
standards. Journal articles on hybrid LCA have been published.

2

ACCEPTANCE IN POLICY MAKING Results of application
of method

LCA is related to several EU policy concerns
(http://lca.jrc.ec.europa.eu/lcainfohub/index.vm)

Life cycle thinking is regarded an important cornerstone of EU environmental policies. It
can provide guidance in monitoring, strategic policy making and target setting.

As Hybrid LCA has not widely been applied, however, results could not have been used.

1

CREDIBLE 1.50
UNAMBIGUOUS Clear results /

recommendations
Due to subjective assumptions and choices, the outcomes of LCA’s are rarely completely

objective. Especially of LCA’s with a comparative nature, results are sometimes
publicly scrutinised.

1

REPEATABILITY The more credible the
more often it can (has
been?) repeated
independently.

Due to subjective assumptions and choices, the outcomes of LCA’s may differ strongly,
depending on these inputs. If all inputs are the same, calculations give the same
outcomes.

A full integrated hybrid LCA has not been conducted often.

1

TRANSPARENCY OF THE METHOD Peer reviewed and
width of understanding

A well documented LCA that meets standards can be regarded transparent. 2

DOCUMENTATION OF
ASSUMPTIONS AND LIMITATIONS

Documentation of
assumptions and
limitations

A well documented LCA that meets standards can be regarded compliant with this issue. 2
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Assessment category Assessment criterion Analysis Hybrid LCA

EASY 1.33
DATA AVAILABILITY Available years and

possibility of updating
Performing a hybrid LCA for each specific traded commodity still requires a large amount

of data compilation; physical and cost structure data on many goods, environmental
data on many production processes, trade data as well as data on waste treatment
at a regional and sectoral level.

LCA data for many materials and processes are available from several databases.
(ecoinvent, ELCD, etc), but not uniform in time, region and technology coverage.

IO data for many industrial sectors are available for many regions.
Some data may not be available at the desired level of sectoral detail or for the desired

years and have to be collected from industry and local governments. Updating is a
labourious operation.

1

TECHNICAL FEASIBILITY Necessary equipment Hybrid LCA calculations are in principle straightforward. Standard PC software like Excel
can carry out limited Hybrid-LCA calculations. However, integrated Hybrid-LCA is
more complex

Integrated hybrid software tools are being developed. Existing tools can handle
calculation loops and be complemented with available LCA and IO databases An
overview of tools can be found on:

http://lca.jrc.ec.europa.eu/lcainfohub/toolList.vm

1

INTEGRATION Combination of
methods

Can integrate approaches from both process and IO analysis 2

ROBUST 1.42
DEFENSIBLE THEORY Robustness (credible &

reliable)
A well documented LCA that meets ISO standards can be regarded as robust, and

depending on the quality of assumptions also credible and reliable.
There is no double counting in case of parallel effect. In case of serial effect double

counting is allowed.
The Hybrid LCA has less data gaps than pure LCA. Integrated hybrid LCA is the non-plus-

ultra with respect to accuracy and precision.

2

SENSITIVITY Uncertainty of
modelled data

A well documented hybrid LCA that meets ISO standards should include a sensitivity
analysis, but often uncertainties in data are unknown.

1
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Assessment category Assessment criterion Analysis Hybrid LCA
DATA QUALITY Real or modelled data Ideally actual measurement data are used, but often data are modelled or estimated.

This is especially the case for production processes in non-oecd countries.
There are continuous efforts to improve LCA data quality, e.g. through the ELCD and LCA-

net as well as IO data (e.g. EXIOPOL)

1

RELIABILITY Reliable The majority of data will come from industry associations, individual companies, or
research institutions. The databases are a patchwork of data, differing in time,
technology and geography.

The lack of uniformity and possible bias of data are serious disadvantages.

1

Consistent with UN
SEEA

LCA data usually micro-data, derived bottom up, and therefore not comparable to macro
data systems such as the UN System of integrated Environmental and Economic
Accounts (SEEA). The IO components may be consistent with UN SEEA.

1

With other established
methods/studies

The used data (both LCA and IO) may often be collected in the framework of national
PRTR systems (pollutant release and transfer register) such as the US-TRI (toxic
release inventory) or the Dutch ER (emissieregistratie).

1

CONSISTENCY

With standard
classifications

Substances reported often conform to the standard chemical classifications of CAS
(chemical abstract registry).

1

Comparability with
other results

The results from hybrid LCA can be compared to pure LCA results or pure IO results. 2COMPARABILITY

Method can be
standardised to provide
fully comparable
results

The LCA standardisation could be complemented with a clear choice regarding the
impact assessment method.

Also further work on a reference LCA dataset and MRIO database could improve
standardisation. Collecting data and maintaining such datasets would require a lot of
effort.

1

Clearly defined Yes, hybrid LCA has has either the national economy or the whole world as system
boundaries.

2

Comparisons If well performed, system boundaries are comparable, rendering results to be
comparable as well.

2

BOUNDARIES

Coverage of indirect
impacts

A well performed hybrid LCA should cover nearly all indirect impacts caused by upstream
production.

2

Additional comments Integrated Hybrid-LCA still under development. Not many international applications yet.
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3.6 Racer analysis of econometric and dynamic models
(EM = Econometric models on emissions, energy and land use; DEF = Dynamic Ecological Footprint)

0 = criterion is not achieved, 1 = criterion is partly achieved, 2 = criterion is fully achieved.

Assessment category Assessment criterion Analysis
Score for

EM
Score for

DEF
Relevant 1.75 1.63
LINKAGE TO THE PROJECT’S
AIM

Support of project's
objectives

The EM methodology tracks trans-national impacts of traded goods and services (at a sectoral
level). Within the centre of an EM (for example GINFORS), there is a trade model. For
commodities as well as the service trade, bilateral trade matrices for all included countries
are provided. Via this trade context, both quantities and prices are properly allocated to the
countries.

Although the underlying MRIO model of the DEF concept is based on one-sector economies, it is
fully capable of tracking environmental impacts of international trade. It allows for the
quantification of impacts (e.g. numbers of threatened species) along international trade
supply chains (from country to country, but not from sector to sector across countries).

2 2

POLICY SUPPORT,
IDENTIFICATION OF TARGETS
AND GAPS

Support of policy
design and
implementation

Econometric models are used to elaborate policy strategies and actions that reconcile long-term
economic development, international trade and environmental protection.

The DEF method is relevant for policy concerns about over-consumption of and impacts on global
biological resources, including biodiversity.

It is designed to quantify the gap between available biocapacity and actual Ecological Footprint,
hint at problems of resource constraints and ecosystem failure. It can be used to set
reduction targets.

It is able to pick up changes in policies by reflecting mid- to long-term trends in GHG emissions,
land use change and management and use of biological resources.

2 2



ERA-NET SKEP Project EIPOT (www.eipot.eu)
“Development of a methodology for the assessment of global environmental impacts of traded goods and services”

71

Assessment category Assessment criterion Analysis
Score for

EM
Score for

DEF
IDENTIFICATION OF TRENDS Availability of time

series
Econometric models use empiric statistics and time series, in order to elaborate scenarios.
Since there is at the moment only one observation of the IO structures, input-coefficients cannot

be endogenised, and are treated generally as exogenous variables. An exemption is given
with the energy inputs, because the time series information of the energy balances allows
for the endogenisation of sectoral energy inputs.

Furthermore, time series are available for the labour input in employees as well as in currency
units within the OECD statistics. These data, however, are not as deeply structured as in the
input–output tables, varying between respective countries. Therefore, these factors are
displayed by six combined sectors.

Time series data is available for all input variables of the DEF model such as GDP, population,
international trade, GHG emissions, bioproductivity, threatened species, etc.

The DEF model is designed to reproduce long-term historical trends to evaluate scenarios into
the long-term future.

2 2

FORECASTING AND
MODELLING

Application in
mathematical models

The strength of econometric models is its capacity to calculate scenarios, due to their dynamic
character.

The DEF model has explicitly been designed as a 'future scenarios' tool, allowing projections of
possible pathways into the future. Trade between nations can explicitly be modelled.

The basic DEF model is very similar to the emissions scenarios used by IPCC to translate
anticipated emission levels into change in atmospheric temperate.

DEF can be used as an early warning tool as it allows comparing future availability of biological
resources with actual anticipated levels of consumption.

2 2

COVERAGE OF ONE OR
SEVERAL ENVIRONMENTAL
CATEGORIES

Environmental impact
categories: global
warming,
acidification, etc.

EM have the potential of covering any environmental category of interest, as environmental data
can be attached as an extra model and as such included in the calculations and simulations.

DEF covers global warming, agricultural (bio) productivity (part of resource consumption), land
use change, land degradation, effects on eco-systems & biodiversity.

2 1

DPSIR COVERAGE D - P - S - I - R EM covers D (including forecasting the development of D) and P
The DEF concept is built on a network of causal links, starting with D (population, affluence), P

(emissions, land use), S (ecosystem health, productivity) and I (temperature change,
biodiversity change, land degradation etc). R is modelled through feedback loops and explicit
policy scenarios (e.g. biofuels).

1 2
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Assessment category Assessment criterion Analysis
Score for

EM
Score for

DEF
SCALE/LEVEL OF ECONOMIC
ACTIVITY

Micro / meso / macro EM cover the meso and macro level. Economic information is introduced by IO-tables where
existent.

Models as, for instance, GINFORS – a multisector/multicountry model – combine econometric-
statistical analysis with input–output analysis embedded in a complete macroeconomic
framework.

DEF works mainly on a macro level as all parameters are modelled on by nations. National
economies are (currently) not broken down by sector.

Spatial disaggregation is possible, e.g. for land cover/use or biodiversity data.

1 0

GEOGRAPHICAL SCOPE Applicability to
European trade

EMs are applicable to EU trade as being part of the macroeconomic system. EMs enable to
forecast trade structure developments.

Method covers all 239 countries of the world and trade between them.

2 2

ACCEPTED 2.00 0.67
STAKEHOLDER ACCEPTANCE Accepted by SKEP

stakeholders (and
beyond)

EMs have already been endorsed by SKEP stake holders. F.e. the model PANTA RHEI (developed
by the Institute for Economic Structures Research, GWS) was policy determining in an
energy/climate project for the German government.

The DEF model is a preliminary blueprint and has not been used or recognised by stakeholders or
policy-makers yet.

The development of DEF is being funded by the NSW state department (and other funders) and
WWF are interested in potential applications of the model.

2 1

ACCEPTANCE IN ACADEMIA Published in peer-
reviewed journals

Two very prominent examples for EMs applied to environmental issues in Europe are GINFORS
(also developed by GWS) and E3ME (developed by Cambridge Econometrics). Applications of
these models have been published in various peer-reviewed articles.

One peer-reviewd publication (van Vuuren and Bouwman 2005) on DEF and one report has been
published so far. Several papers submissions are in preparation.

2 1

ACCEPTANCE IN POLICY
MAKING

Results of application
of method

For EM, see stakeholder acceptance
Results of the DEF model have not been used in policy or decision making yet.

2 0
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Assessment category Assessment criterion Analysis
Score for

EM
Score for

DEF
CREDIBLE 1.50 1.25
UNAMBIGUOUS Clear results /

recommendations
EMs have a complex structure with a high level of interdepencies. However, the results are are

clear and recommendations easily derivable.
In the EU-FP5-project MOSUS project (www-mosus.net), the EM GINFORS was already used as a

simulation tool, with the focus laid on global material extraction and economic development
in the EU induced by environmental policy of the EU. Different scenarios were examined,
and clear results derived.

DEF results are generally clear and 'easy' to interpret. The comparison of Ecological Footprint and
bioproductivity provides an indication of potential overuse of biological resources.

As the model is still in a blueprint status, only preliminary conclusions and recommendations can
be derived.

2 1

REPEATABILITY The more credible the
more often it can (has
been?) repeated
independently.

The EM calculations can in principle be repeated by other researchers. Yet, a high level of expert
knowledge is needed to understand the structure of the model and be able to interpret
system-internal effects.

The DEF method is very new and has not been repeated by other researchers yet. In principle, all
calculations can fairly easily be repeated by other researchers.

In a sense, the DEF model is a repetition of IPCC GHG emission scenarios.

1 1

TRANSPARENCY OF THE
METHOD

Peer reviewed and
width of
understanding

The EM method has been documented in peer-reviewed articles. There are ongoing efforts to
communicate the very complex structure to the public.

The DEF method is completely elaborated and described and has been published in one peer-
reviewed publication (van Vuuren and Bouwman 2005).

A first review process has taken place for two first paper submissions.

1 1

DOCUMENTATION OF
ASSUMPTIONS AND
LIMITATIONS

Documentation of
assumptions and
limitations

Assumptions and limitations of EM are well documented.
All assumptions and limitations of the DEF model are well documented in great detail.

2 2
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Assessment category Assessment criterion Analysis
Score for

EM
Score for

DEF
EASY 1.33 1.67
DATA AVAILABILITY Available years and

possibility of updating
EMs use, if available, IO-tables (static) and time series of f.e. environmental data. Hence, data

update is largely possible.
All basic economic and environmental data required for DEF is available from various statistical

offices.
Data on the production and consumption of biological resources is available from FAO and other

statistics. GHG emissions data is available from IEA and other data sources.
Data are already collected and designed to be updated.

2 2

TECHNICAL FEASIBILITY Necessary equipment EM requires huge infrastructure.
Special (mathematical) software is required for DEF, e.g. MatLab. This allows for the use of

specific mathematical toolboxes.

0 1

INTEGRATION Combination of
methods

Integration of EM with other methods possible and promising, especially as the method gives
information on future scenarios.

DEF is already partly based on climate models and there is full potential to further integrate and
amalgamate various other scenario models on all levels.

For example, DEF can be extended to a full scale MRIO model (with sectoral breakdown) or can
be linked to GIS models.

2 2

ROBUST 1.67 1.42
DEFENSIBLE THEORY Robustness (credible

& reliable)
The EM methodology is based on a sound theory. It relies on assumptions that are clearly stated

and reasonable.
The DEF concept is generally based on a robust theory, similar to the methods used in climate

change models (global temperature predictions based on emissions scenarios).
However, as the method is still in its infancy there are some serious limitations which need

further research. In terms of trade embodiments the approach is rather coarse as it does not
have a sectoral disaggregation of national economies.

2 0
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Assessment category Assessment criterion Analysis
Score for

EM
Score for

DEF
SENSITIVITY Uncertainty of

modelled data
The uncertainty of the data produced is described in general terms.
In GINFORS the quality of simulations is checked at the actual boundary, and verious simulations

are used to test model properties.
Concerning the econometric estimations, attention is paid not only to economic plausibility but

also to statistical measures (t-statistics, Durbin-Watson, auto-correlation, etc).
Monte-Carlo simulations are an intrinsic part of the DEF model with the aim to quantify the

uncertainty associated with scenario analyses.

1 2

DATA QUALITY Real or modelled data EMs are using statistics of real data for the forecast of future scenarios.
All data for DEF come from UN statistics (FAO and others), IPCC, IEA or other reputable

international agencies or databases.
Future data are modelled based on correlations and assumptions derived from literature studies.

2 1

RELIABILITY Reliable EM only uses official statistics from national or international institutions (OECD, IEA, IMF, …)
Taking the example of the GINFORS model, the main data sources are OECD, the
International Monetary Fund (IMF), Eurostat, the COMTRADE database of the UN, the
International Energy Agency (IEA)

DEF uses official government statistics and/or unofficial data of good quality from trustworthy
sources

2 1

Consistent with UN
SEEA

Consistent with UN SEEA as economic accounts are starting point. Environmental data is very
well attachable.

DEF uses GDP, imports and exports data and environmental data which are consistent with the
UN SEEA.

2 2

With other
established
methods/studies

EM is consistent with IO and MRIO (e.g. same data basis)
DEF method adopts IPCC emission scenarios and parameters. It also uses the Brazilian proposal

to account for historic GHG emissions.

2 2

CONSISTENCY

With standard
classifications

EM method employs internationally standardised classification system
The DEF method is not directly related to standard classifications and mostly follows its own

system.

2 0
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Assessment category Assessment criterion Analysis
Score for

EM
Score for

DEF
Comparability with
other results

Work is required to make EM results comparable to and usable together with existing data sets.
Currently, efforts are underway to validate the DEF model system with historic trends for

temperature, bioproductivity, biodiversity and NFA-based Ecological Footprint.
Results from the DEF model are comparable to the results from other climate change models.

1 1COMPARABILITY

Method can be
standardised to
provide fully
comparable results

EM: only with a considerable amount of work – as e.g. according on the equation structures, etc.
DEF: the validation with standard/official input data will provide comparable results to other

climate change models.

1 2

Clearly defined In EMs boundaries are clearly defined as the economies of every single country within the
macroeconomic structure. GINFORS contains all EU25 countries, all OECD countries and all
major trade partners of the OECD explicitly. The group Rest of the World consists of
economies in Central and South America, in Asia, in Africa and very few in Europe that play a
minor role concerning GDP, trade and environmental pressure. The model is open to be
extended by further countries.

The boundaries of the DEF model are clearly defined: global economy, global terrestrial
biosphere and global atmosphere.

2 2

Comparisons EM boundaries allow for comparison.
Due to the global boundaries, comparisons with other global model, e.g. climate change models,

are possible for DEF.

2 2

BOUNDARIES

Coverage of indirect
impacts

All indirect impacts are covered by the EM methodology. Nonetheless, assigning them to
particular upstream-production processes would require additional work steps.

Due to the MRIO nature of the DEF model all indirect impacts caused by upstream production are
covered.

1 2

Additional comments The Dynamic EF concept is a very new development which has so far only been described in a
published and a 'blueprint' paper. No applications have been described yet, but a validation
of the model is currently under way.
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4 Overall Results

4.1 Synopsis of evaluation by method
R A C E R

Life-cycle analysis / process analysis

Emissions, land use, energy 1.38 1.33 1.50 1.67 1.00

MFA-LCA (MIPS) 1.38 1.00 1.00 1.67 1.17

Water Footprint 1.13 1.00 2.00 1.67 1.42

Ecological Footprint (NFA) 1.25 1.67 2.00 1.67 0.83

Variant EF methods 1.13 1.00 2.00 1.67 0.75

Single Region IO

Emissions, land use, energy 1.25 2.00 2.00 1.67 1.58

Materials 1.25 1.67 2.00 1.67 1.58

Virtual water 1.25 1.33 2.00 1.33 1.58

Ecological Footprint 1.38 2.00 1.75 1.67 1.42

Partial MRIO

Emissions, land use, energy, water 1.25 1.33 2.00 1.00 1.42

Ecological Footprint 1.00 1.33 1.50 1.00 1.08

Full MRIO

Emissions, land use, energy, water 1.50 1.33 2.00 1.00 1.58

Ecological Footprint 1.25 1.33 1.50 1.00 1.25

Hybrid models

LCA hybrid 1.63 1.33 1.50 1.33 1.42

Econometric models

Emissions, land use, energy 1.75 2.00 1.50 1.33 1.67

Dynamic Ecological Footprint (DEF) 1.63 0.67 1.25 1.67 1.42
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4.2 Synopsis of evaluation by environmental impact / indicator

R A C E R
Emissions, land use, energy

LCA/Process Analysis 1.38 1.33 1.50 1.67 1.00

SRIO 1.25 2.00 2.00 1.67 1.58

Partial MRIO 1.25 1.33 2.00 1.00 1.42

Full MRIO 1.50 1.33 2.00 1.00 1.58

Hybrid LCA 1.63 1.33 1.50 1.33 1.42

Econometric models 1.75 2.00 1.50 1.33 1.67

Materials

MFA/MIPS 1.38 1.00 1.00 1.67 1.17

SRIO 1.25 1.67 2.00 1.67 1.58

Water

Water Footprint 1.13 1.00 2.00 1.67 1.42

SRIO / Virtual water 1.25 1.33 2.00 1.33 1.58

Partial MRIO 1.25 1.33 2.00 1.00 1.42

Full MRIO 1.50 1.33 2.00 1.00 1.58

Ecological Footprint

Ecological Footprint (NFA) 1.25 1.67 2.00 1.67 0.83

Variant EF methods 1.13 1.00 2.00 1.67 0.75

SRIO 1.38 2.00 1.75 1.67 1.42

Partial MRIO 1.00 1.33 1.50 1.00 1.08

Full MRIO 1.25 1.33 1.50 1.00 1.25

Dynamic Ecological Footprint (DEF) 1.63 0.67 1.25 1.67 1.42
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5 Conclusions and Recommendations

For the assessment of the environmental impacts of products and resource use, a great variety of
approaches and related indicators has been developed. Among them are life cycle assessment of
products (Process LCA), economy-wide material flow analysis (MFA), environmentally extended input
output analyses (IOA) and Ecological Footprint accounts. In order to comprehensively calculate the
environmental impacts brought about by the trade of materials, products and services, the most
promising way forward seems to be to combine various methods and to synthesise best-suited
elements from different existing approaches. The RACER analysis of the different existing methods
carried out in this project is an effective way to identify these best-suited elements. The main
findings concerning the key advantages and disadvantages of different methods are summarised in
the following.
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Method Key Advantages Key Disadvantages
Possible complementary
contributions from other
methods

LCA

Life cycle thinking is regarded as an important
cornerstone of EU environmental policies ;
complete LCA of a given commodity quantifies
almost all impacts on a detailed level (micro- or
sectoral level) and provides insight into trade
flows.

Static account of the past or status-quo at best ;
lack of appropriate standards to guarantee
consistency and comparability of underlying
physical accounts of production inputs and
outputs; due to subjective assumptions and
choices, the outcomes of similar LCA’s may
differ strongly; performing an LCA for each
specific traded commodity requires an
enormous amount of data.

IO-oriented method could
complement LCA for those
products for which no LCA
factors exist (due to high
data collection efforts).
Hybrid LCA seen as best, if
laborious, combination.

MFA-LCA (MIPS)

Suitable for the calculation of indirect material
flows associated to biotic and abiotic raw
materials and products with a relatively low
level of processing.

Requires the collection of large amounts of
data; lack of appropriate standards to
guarantee consistency and comparability.

Water Footprint

Indicator of water use in relation to the
consumption volume and pattern ; highlights
sectors of high water use => starting point for
political action; combination with
environmental accounting or IO feasible.

Water quality is addressed only partly;
concerning the industrial and domestic sector,
only the sectoral, national and international
level are covered; missing time series of data.

Combination with MRIO
modelling would be a useful
extension.
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National Footprint
Accounts

Long-term trend data; recognised by some
policy makers; only environmental indicators
that puts human demand of biocapacity in
relation to supply of biocapacity by global
ecosystems; combination with environmental
accounting or IO feasible and tested.

Embodied impacts of services are not modelled
at all; built-up land area is also assumed not to
be 'traded'; especially for Footprints embodied
in trade, the concept is not defensible; indirect
impacts are only partly covered due to data
restrictions.

Combination with MRIO
modelling would be a useful
extension.
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Method Key Advantages Key Disadvantages
Possible complementary
contributions from other
methods

SRIO

IO-framework widely accepted for
environmental accounting with relation to
environmental impacts of production and trade;
SRIO calculation scheme simple and extendable
to forecasting and modelling applications in
exploring ‘what-if’ questions; has the potential
to cover more than half of the environmental
impact categories; outcomes of SRIO
applications are comparable with outcomes of
MRIO studies; allows analysing implications for
natural resource use of structural changes of
the economy, as well as of changes in
technology, trade, investments and
consumption and lifestyles; provides the users
with indicators and matrices which can be used
as tools for economic planning.

Does not enable a regional breakdown of the
environmental impacts of goods and services;
differences in production and supply paths
cannot be modelled with a single-region model;
not able to capture feedback effects; provides
information at the sectoral and macro level, not
at the level of individual products.

Requires extension to a
multi-regional model, in
order to reflect technological
differences and differences
in output mix.

SRIO-material

IOA enables opening up the “black box” of
economy-wide MFAs and thus providing
information on branch and product-specific
developments of resource flows and resource
productivity

PIOTs have only been compiled for a very small
number of countries; allocating material inputs
with a MIOT, a PIOT or a hybrid model delivers
significantly different results, in particular with
regard to the calculation of trade balances;
regarding the huge data requirements updating
is not an easy operation for materialsIn
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SRIO-water Water use data is often not available at the
desired level of sectoral detail.

Consistent water use
accounting in NAMEA style
would help with data
availability/consistency.
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Method Key Advantages Key Disadvantages
Possible complementary
contributions from other
methods

MRIO-general

Can analyse the environmental implications of
trade with different countries; gives insights in
the environmental consequences of relocation
of industries in foreign countries; could be
extended to forecasting and modelling
applications and could be used as a basis for
econometric or dynamic CGE models; More
comprehensive data collection is underway in
an EU projects aimed at MRIO analyses for EU
member states; integration of MRIO and LCA is
possible; good comparability due to system
completeness

Updated regularly, but not every year, others
are updated at an irregular basis; basically for
static analyses of the past relying on ex-post
data; MRIO requires huge amounts of data;
lareg time gap for some IO data, i.e. detailed
MRIO data concerning the year 2000/2005 is
expected to be available only in 2010.

MRIO models in general
have a high level of
aggregation regarding
sectors and product groups.
A combination with LCA
could provide more detailed
data for single products with
high environmental impacts.

MRIO-partial

Only allows for a uni-directional analysis; does
not cover all trade between the regions and
therefore cannot consider impacts from certain
higher-order international supply chains
spanning across several regions/countries.

MRIO-full

Provides more detail on exports and allows for
the quantification of international supply chain
impacts across several countries; covers all
indirect impacts caused by upstream
production.

Higher data requirements than for partial MRIO.
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Method Key Advantages Key Disadvantages
Possible complementary
contributions from other
methods
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Hybrid LCA

Hybrid methods have already been developed;
advantages of LCA (accurate and specific data)
are combined with those of IO (ready available,
complete and consistent data); less data gaps
than pure LCA; results from hybrid LCA can be
compared to pure LCA results or pure IO results.

Performing a Hybrid LCA for each specific
traded commodity still requires a large amount
of data compilation.

Econometric
models

Capacity to design and quantify (policy-
oriented) scenarios; potential of covering any
environmental category of interest; endorsed
by SKEP stakeholders; use empiric statistics and
time series; integration of EM with other
methods possible and promising.

EM require huge infrastructure; high level of
expert knowledge is needed to understand the
structure of the model and be able to interpret
system-internal effects; assigning indirect
impacts to particular upstream-production
processes would require additional work steps.
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Dynamic EF

Allows for a temporal analysis of country-level
consumption, production, land use, greenhouse
gas emissions, species diversity, and
bioproductivity up to 2050; for policy concerns
about over-consumption of and impacts on
global biological resources, including
biodiversity; designed to reproduce long-term
historical trends; DEF can be extended to a full
scale MRIO model (with sectoral breakdown) or
can be linked to GIS models

in terms of trade embodiments the approach is
rather coarse as it does not have a sectoral
disaggregation of national economies; not used
or recognised by stakeholders or policy-makers
yet

A combination of DEF with a
MRIO modelling framework
would allow for more
accurate analyses of trade
flows.
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Obviously, each of the investigated methodologies has its strengths, but also weaknesses. There is no single
methodology which could be described as “ideal” for tracing environmental imapcts of traded goods and
services. Consequently, the combination of two (or more) methods seems to be the most promising way to
achieve an indicator/method of this capability. Official statistical data on emissions (e.g. NAMEA), material
consumption (e.g. Eurostat or www.materialflows.net), energy use (IEA), water use (UN) should – to the extent
possible – be the data bases for an effective calculation of environmental impacts of traded goods and
services. MRIOs have a comprehensive geographical coverage and trace intersectoral and interregional
interlinkages, but have generally a high level of aggregation and still lack regularly updated data. Process LCA is
providing detailed information on the ecological intensity of goods, but services are generally not taken into
account and data requirements are huge, in particular for a larger number of products, which are produced in
international production networks. Econometric models are be a valuable extension, in order to convert the
methodology into an early warning and forecasting tool.

As mentioned above, a workshop will be held where the work plan for the second half of the EIPOT project will
be discussed. Until then the research team will prepare a proposal related to the choice which methodologies
to further develop, integrate, etc. This proposal in connection with the present evaluation of the specific
methods will be the basis for the workshop.
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6 Appendix

6.1 References for methodologies

Reference
Metho-
dology

Environmental
Category

Lenzen et al. (2007). Forecasting the Ecological Footprint of Nations: a blueprint for a
dynamic approach. The University of Sydney, Stockholm Environment Institute,
University of York. http://www.isa.org.usyd.edu.au/publications/DEF.pdf.

DEF
EF-MRIO

Ecological footprint,
threatened species,
etc.

van Vuuren and Bouwman (2005). Exploring past and future changes in the ecological
footprint for world regions. Ecological Economics, 52: 43.
http://dx.doi.org/10.1016/j.ecolecon.2004.06.009.

DEF Ecological footprint

Andersson and Lindroth (2001). Ecologically unsustainable trade. Ecological Economics,
37: 113-122. http://www.sciencedirect.com/science/article/B6VDY-42P525V-
B/1/1fb1eca62388a799cc59b0d4933c31b9.

EF Ecological Footprint

Cuadra and Bjorklund (2007). Assessment of economic and ecological carrying capacity
of agricultural crops in Nicaragua. Ecological Indicators, 7: 133.
http://www.sciencedirect.com/science/article/B6W87-4HYN561-
1/2/f6fda7d124de4b6a1cf6cb980f21df1d .

EF Ecological Footprint

Kitzes et al. (2007). Current Method for Calculating National Ecological Footprint
Accounts. Science for Environment & Sustainable Society, 4: 1-9. Research Center for
Sustainability and Environment. http://www.footprintnetwork.org/download.php?id=4.

EF Ecological Footprint

Lammers et al. (2008). Ireland's footprint: A time series for 1983-2001. Land Use Policy,
25: 53. http://dx.doi.org/10.1016/j.landusepol.2007.02.004.

EF Ecological Footprint

Liu et al. (2008). A Modified Model of Ecological Footprint Accounting and Its Application
to Cropland in Jiangsu, China. Pedosphere, 18: 154-162.
http://dx.doi.org/10.1016/S1002-0160(08)60003-X.

EF Ecological Footprint

Monfreda et al. (2004). Establishing national natural capital accounts based on detailed
Ecological Footprint and biological capacity assessments. Land Use Policy, 21: 231.
http://www.sciencedirect.com/science/article/B6VB0-4BNVWBB-
1/2/e5a72c38dc783550ac0b0a6fd625ad4e .

EF Ecological Footprint

Moran et al. (2007). Trading Spaces: Calculating Embodied Ecological Footprints in
International Trade Using A Product Land Use Matrix (PLUM). International Ecological
Footprint Conference. ESRC BRASS Research Centre, Cardiff University.
http://www.brass.cf.ac.uk/uploads.

EF Ecological Footprint

Pizzigallo et al. (in press). The joint use of LCA and emergy evaluation for the analysis of
two Italian wine farms. Journal of Environmental Management, In Press, Corrected Proof.
http://dx.doi.org/10.1016/j.jenvman.2006.04.020.

EF Ecological Footprint

RPA (2007). A review of recent developments in, and the practical use of, ecological
footprinting methodologies. A report to the Department for Environment, Food and Rural
Affairs by Risk & Policy Analysts Ltd.
http://www2.defra.gov.uk/research/project_data/More.asp?I=EV02024&SCOPE=0&M=C
FO&V=RPA.

EF Ecological Footprint
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Reference
Metho-
dology

Environmental
Category

Siche et al. (2008). Sustainability of nations by indices: Comparative study between
environmental sustainability index, ecological footprint and the emergy performance
indices. Ecological Economics, 66: 628-637.
http://dx.doi.org/10.1016/j.ecolecon.2007.10.023.

EF Ecological Footprint

Venetoulis and Talberth (2008). Refining the Ecological Footprint. Environment,
Development and Sustainability, 10: 441-469. http://dx.doi.org/10.1007/s10668-006-
9074-z .

EF Ecological Footprint

Wackernagel and Rees (1996). Our Ecological Footprint - Reducing Human Impact on
the Earth. The New Catalyst Bioregional Series. New Society Publishers. .

EF Ecological Footprint

Wackernagel et al. (2005). National Footprint and Biocapacity Accounts 2005: The
underlying calculation method. Global Footprint Network. http://www.footprintnetwork.org
.

EF Ecological footprint

Wiedmann and Lenzen (2007). On the conversion between local and global hectares in
Ecological Footprint analysis Ecological Economics, 60: 673.
http://dx.doi.org/10.1016/j.ecolecon.2006.10.018.

EF Ecological Footprint

WWF et al. (2006). Living Planet Report 2006. World-Wide Fund for Nature International
(WWF). http://www.panda.org/livingplanet .

EF Ecological footprint

Zhao et al. (2005). A modified method of ecological footprint calculation and its
application. Ecological Modelling, 185: 65.
http://www.sciencedirect.com/science/article/B6VBS-4F6F697-
1/2/3ae04f500ee85f916a9c238a2e25dcef .

EF Ecological footprint

Wiedmann (in press). A first empirical comparison of energy Footprints embodied in
trade - MRIO versus PLUM. Ecological Economics, In Press, Corrected Proof.
http://dx.doi.org/10.1016/j.ecolecon.2008.06.023.

EF
EF-MRIO

Energy footprint

Turner et al. (2007). Examining the Global Environmental Impact of Regional
Consumption Activities - Part 1: A Technical Note on Combining Input-Output and
Ecological Footprint Analysis. Ecological Economics, 62 37.
http://dx.doi.org/10.1016/j.ecolecon.2006.12.002 .

EF-MRIO Ecological footprint

Wiedmann et al. (2007). Multiregional input-output modelling opens new opportunities for
the estimation of Ecological Footprints embedded in international trade. International
Ecological Footprint Conference. BRASS Research Centre, Cardiff University.
http://www.brass.cf.ac.uk/uploads/Wiedmann_et_al_M37.pdf .

EF-MRIO Ecological footprint

Bagliani et al. (2002). Ecological footprint and input-output methodology: the analysis of
the environmental sustainability of the economic sectors of Piedmont Region (Italy). 14th
International Conference on Input-Output Techniques. Internet site
http://www.io2002conference.uqam.ca/abstracts.pdf. .

EF-SRIO Ecological footprint

Bicknell et al. (1998). New methodology for the ecological footprint with an application to
the New Zealand economy. Ecological Economics, 27: 149-160.
http://dx.doi.org/10.1016/S0921-8009(97)00136-5.

EF-SRIO Ecological footprint

Ferng (2001). Using composition of land multiplier to estimate ecological footprints
associated with production activity. Ecological Economics, 37: 159-172.
http://dx.doi.org/10.1016/S0921-8009(00)00292-5.

EF-SRIO Ecological footprint
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Reference
Metho-
dology

Environmental
Category

Hubacek and Giljum (2003). Applying physical input-output analysis to estimate land
appropriation (ecological footprints) of international trade activities. Ecological
Economics, 44: 137-151. http://dx.doi.org/S0921-8009(02)00257-4.

EF-SRIO Ecological footprint

Lenzen and Murray (2001). A modified ecological footprint method and its application to
Australia. Ecological Economics, 37: 229-255.
http://www.sciencedirect.com/science/article/B6VDY-42Y7F3H-
6/2/ab410250680e8ad3baae263a3d7b4823 .

EF-SRIO Ecological footprint

Lenzen et al. (2007). On the bioproductivity and land-disturbance metrics of the
Ecological Footprint. Ecological Economics, 61: 6.
http://dx.doi.org/10.1016/j.ecolecon.2006.11.010 .

EF-SRIO Ecological footprint

McDonald and Patterson (2004). Ecological Footprints and interdependencies of New
Zealand regions. Ecological Economics, 50: 49.
http://dx.doi.org/10.1016/j.ecolecon.2004.02.008.

EF-SRIO Ecological footprint

McDonald and Patterson (2004). Ecological Footprints and interdependencies of New
Zealand regions. Ecological Economics, 50: 49.
http://dx.doi.org/10.1016/j.ecolecon.2004.02.008.

EF-SRIO Ecological footprint

Wiedmann et al. (2006). Allocating ecological footprints to final consumption categories
with input-output analysis. Ecological Economics, 56: 28-48.
http://dx.doi.org/10.1016/j.ecolecon.2005.05.012.

EF-SRIO Ecological footprint

Chung and Rhee (2001). Carbon Dioxide Emissions of Korea and Japan and its
Transmission via International Trade International Economic Journal, 15: 117.
http://www.uwm.edu/Dept/iej/Archive/vol15/no4/vol15_no4_paper8.htm .

Chung (2005). Balance of CO2 Emissions Embodied in International Trade: Can Korean
Carbon Tax on its Imported Fossil Fuels Make Any Difference in BEET? EcoMod2005 -
International Conference on Policy Modeling. EcoMod2005 - International Conference on
Policy Modeling. .

EM CO2

Kainuma et al. (2000). Estimation of embodied CO2 emissions by general equilibrium
model. European Journal of Operational Research, 122: 392-404. .

EM CO2

Nijkamp et al. (2005). Modeling the impacts of international climate change policies in a
CGE context: The use of the GTAP-E model. Economic Modelling, 22: 955.
http://www.sciencedirect.com/science/article/B6VB1-4H68NW1-
1/2/a18b7dde238a88e5c5bab899b41ac070 .

EM

Barker (2004). Economic theory and the transition to sustainability: a comparison of
general-equilibrium and space-time-economics approaches. Tyndall Centre for Climate
Change Research. .

EM Energy, GHG, MFA

Meyer et al. (2008). The Global Multisector/Multicountry 3-E Model GINFORS. A
Description of the Model and a Baseline Forecast for Global Energy Demand and CO2
Emissions. International Journal of Global Environmental Issues, In Press. .

EM Energy, GHG, MFA

Giljum et al. (2008). Modelling scenarios towards a sustainable use of natural resources
in Europe. Environmental Science & Policy, 11: 204-216
http://dx.doi.org/10.1016/j.envsci.2007.07.005.

EM Energy, GHG, MFA


