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Multiregional input-output analysis (MRIO) is increasingly used to analyse the environmental
implications of consumption, be it for greenhouse gas emissions, land use, and water use.
Input-output tables display the interconnection between different sectors of production and
allow for a tracing of the production and consumption in an economy. Traditionally, input-
output tables are constructed for national economies; however, production is increasingly
global. Already in 2001, 22% of global CO2 emissions were associated with the production for
goods traded internationally. Hence, multi-regional input-output tables - including the trade
between different countries ~have become attractive for representing the global aspects of our
consumption (Andrew et al. 2009; Druckman and Jackson 2009; Lenzen et al. 2010;
Wiedmann 2009a, 2009b; Wiedmann et al. 2010; Wilting and Vringer 2009; Hertwich and
Peters 2009; Weber and Matthews 2008; Peters 2008).

The unique feature of a MRIO is that it allows the tracing of the production of a “typical
product” of economic sectors, quantifying the contributions to the value of the product from
different economic sectors in various countries represented in the model. It hence offers a
description of the global supply chains of products consumed. If the specific use of land,
energy, and water, and emissions of the industry sectors in each country are known, the total
land, carbon and water footprints of the products can be quantified.

In the OPEN:EU project, a MRIO is used to assess the environmental footprints of products,
supplemented by more specific accounting methods for the production of agricultural products
which are particularly important for land and water use. This report is written to document the
MRIO modeling methods used in the OPEN:EU project. It also provides a short discussion of
the choice of a particular data set (GTAP vs. EXIOPOL) and some comments on the GTAP7
model. It is targeted at scientists who would like to understand the underlying methods and
data considerations used to construct the footprint analysis for OPEN:EU. It also serves as
introduction and documentation for those who will maintain and update the EUREPA tool that
will be build in the project.

Consumption causes environmental impacts in two different ways. Direct environmental
impacts result from consumption when consumers directly burn fossil fuels; for instance, from
the petrol used for personal transportation or wood used for space heating. Significant
environmental impacts also occur indirectly in the production of consumable goods. When
production occurs in the same country as consumption, then government policy can be used to
regulate environmental impacts. However, increasing competition from imported products has
led to a large share of production occurring in a different country to consumption. Regulating
the resulting pollution embodied in trade is becoming critical to stem global pollution levels.
Due to increased globalization of production networks, there is increasing interest in the effects
of trade on the environment (c.f. Jayadevappa and Chhatre, 2000; Copeland and Taylor,
2003).

With the increased interest in trade and the environment research activity is focusing on
methods of accurately calculating the pollution embodied in traded products. Early studies in
this area assumed that imports were produced with the same technology as the domestic
economy (e.g. Wyckoff and Roop, 1994; Lenzen, 1998; Kondo et al., 1998; Battjes et al.,
1998; Machado et al., 2001), however, using this assumption large errors may result when the
countries have diverging technology and energy mixes (Lenzen et al., 2004; Peters and
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Hertwich, 2006a,c)’. This stimulated research in the use of multi-regional input-output (MRIO)
models. While MRIO models have been applied to regional economics since the 1950's (Miller
and Blair, 1985), applications to environmental problems has only recently emerged (Chung
and Rhee, 2001; Ahmad and Wyckoff, 2003; Lenzen et al., 2004; Nijdam et al., 2005; Peters
and Hertwich, 2006a,b; Guan and Hubacek, 2006; Wiedmann, T. 2009b). These studies are
finding large portions of pollution embodied in trade. For instance, Ahmad and Wyckoff, 2003
found that the emissions embodied in trade was on average 14% in OECD countries and over
50% in some OECD countries; they included data covering 80% of global emissions and use
“conservative” assumptions to obtain a lower bound. Further, Ahmad and Wyckoff, 2003 found
that “emissions embodied in international trade are important, growing, and likely to continue
to grow”.

Full multi-region models endogenously combine domestic technical coefficient matrices with
import matrices from multiple countries or regions into one large coefficient matrix, thus
capturing trade supply chains between all trading partners as well as feedback effects. The
latter 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.

In this report we discuss the theory behind MRIO models for applications in footprint
calculations (Section 2) and discuss common modeling assumptions (Section 3). MRIO models
require a considerable amount of data and we discuss many of the practical data issues that
are encountered in MRIO modeling (Section 4). In Section 5 we briefly review important
applications of MRIO in environmental policy making. In Section 6 we finally discuss the
potential for increased use of MRIO models to indicate the type of policy questions the
OPEN:EU model could be used to answer (section 6).

! Similar conclusions are found in the economic literature on factors (labor and capital) embodied in trade (Hakura,
2001).
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Using IOA the total output of the domestic economy is given by?

X=AX+Yy )
where A is the total inter-industry requirements and y is the total net demand on the
economy,

y=y'+y*-m vy
where yd are the products produced and consumed domestically, Y

ex

are the products

produced domestically, but consumed in foreign regions (exports), and m are the products
consumed domestically for both final and intermediate consumption, but produced in foreign
regions (total imports). In this form, (1) is not suitable for applying arbitrary demands since
imports are embedded in both A and y (Dietzenbacher et al., 2005).

It is possible to separate the domestic and imported components in A and y to obtain

X=(A" + AM)X+y* +y*+y™—m 3)
where A" is the industry requirements of domestically produced products per unit output, A™
is the industry requirements of imported products per unit output, and yim is the final demand
of imports (United Nations, 1999). A balance must hold for the total imports,

m=A"x+y" 4
and thus (1) can be reduced to domestic activity only,

X=AX+y" +y* = Alx+y! (5)
Using the linearity assumption of IOA, it follows that the output of the domestic economy for
an arbitrary demand is

X =(1-A)"y ®)
where y* could represent household demand, government demand, a unit demand on a
particular sector, and so on. Given the domestic output, the requirement of imports by
industry to produce y* are given by A™x*. This import may instigate a series of feedbacks
through trade flows and is discussed further below.

Using the direct multiplier for environmental impacts® per unit output, F, the environmental
impacts embodied in domestic consumption are,

f =F(-A")"y @)
This equation does not include the environmental impacts that may occur in foreign regions
due to imports.

Particularly for environmental impacts with global implications, such as global warming, it is
important to calculate the global environmental impacts for production and consumption.
Imports are generally produced in countries with different production technologies and energy
mixes compared to the domestic economy. This suggests that a multi-regional model is
required to correctly evaluate the pollution embodied in traded products. When trade is

2 This section and selected parts of this document are based on Peters and Hertwich, 2009.
3 The same equation applies for the standard economic factors of production such as labor and capital.
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allowed between two or more countries trade feedbacks may occur so that production in one
country, may require some of its own production via feedback loops (see Figure 1a). This type
of interaction can be analyzed using MRIO.

Table 1. The notation used for the MRIO model.

Name Description
X; Output of region i
yii Final demand for goods produced and consumed in i
yij Final demand from region | to region J .
ex m ) .
yi = Zj=1,j¢i yij Total final demand exports from region | .
A“ Interindustry requirements on domestic production in region I .
Aij Interindustry requirements from region I to j .
A = Zi Aj Total interindustry requirements in region | .
mij = ijj + yij Total trade from region | to region ] .
F- Direct factor requirements in region | .

An MRIO model extends the standard IO matrix to a larger system where each industry in each
country has a separate row and column. If there are M regions then the extended 10 matrix
becomes*

X, Ay A, Ay o Ay | X Yo+ Yr
X Ay Ay Ay o Ay || X Yor
X =4y Ay Ay o Ay || % [T Ya1 (C))

Xm Aml Amz Ams o Amm Xm yml

The notation is described in Table 1. We have simplified the system by centering the model on
the domestic economy, i =1. Due to symmetry, any region can be considered as the domestic
economy by re-labeling it as region 1. The block matrices of the extended IO table represent
the global technology. The diagonal block matrices represent domestic interindustry
requirements and the off-diagonal elements represent the interindustry requirements of traded
products.

For some it may be easier to understand the MRIO model with separate equations. The output
in the domestic economy is

X1=A11X1+Y11+Z(A1,-X,-+ylj] fori=1 9)
j#1
exports

where the export terms are all exports from region 1 to interindustry and final demand in all
other regions. The outputs in the other regions are,

4 Peters and Hertwich, 2004 build the MRIO equations from a 2-region system and is useful for those that may require
a more detailed description of how the equations are derived.
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