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Chapter 1  

Introduction 

1.1 International production structures on the rise 

Outsourcing, offshoring, slicing up the value chain, each of these buzzwords 
represents activities that signify an increasing specialization of production. Decreasing 
trade cost and communication costs have stimulated the redesign of production 
processes. Borders between countries seem to have lost their role as impediments to 
cross-border production sharing. As a result, productive systems have become 
increasingly intertwined over the last few decades. Production processes nowadays 
can be truly international endeavors.1 So-called global value chains span multiple 
countries and result in complex production networks. Basic parts and components are 
often sourced from different countries and assembly takes place in yet another 
location. The final goods are distributed to consumers across the world. The 
organization of production processes in fragments scattered over multiple countries 
has induced increased international trade, and especially trade in intermediate inputs 
(Miroudot et al., 2009). 

 To assess the environmental impact of internationally produced consumption 
goods, it is fundamental to consider all interdependencies in their production 
networks. In addition to establishing the pressure on the environment by domestic 
production, a complete picture requires including the environmental impacts caused 
by all suppliers of intermediate inputs along all of the international production chain.  
A first step in tracing the intricate structure of international production is tracking all 
trade in intermediate inputs. Using trade statistics for this purpose only offers a partial 
picture, because their focus is not on representing production processes. Traded 
products can be classified according to usage of the product (e.g. intended for final 
                                                             
1 An early example is given in Donaghu and Barff (1990), who highlighted the international production 
system of Nike. 
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consumption, semi-manufactured, to be processed), but most products can fulfill 
demand by final consumers as well as by businesses. In addition, trade statistics 
provide information on the origin and destination countries of trade flows, but it is 
impossible to link trade in intermediates as belonging to one production chain across 
multiple countries. For example, rubber shipped from Vietnam to China is not linked 
to a car tire shipped from China to Japan, nor to the car shipped from Japan to Europe.  

 Tables that record transactions of goods and services between industries provide a 
natural representation of industrial interdependencies. These interindustry tables are 
known as input–output tables (IOTs), or the closely related supply and use tables 
(SUTs). For each industry, its direct inputs are recorded, as well as all the industries 
and consumers to which it delivers its products. The interindustry framework 
provides a conceptual basis for the compilation of the national accounts (Stone, 1961). 
In addition, the consistent integration of data from different statistical sources is 
facilitated by several crosschecks inherent to a double-entry framework.  

 Interindustry tables can also be used for a range of analytical purposes. They 
allow tracing back all inputs used in production of a final good, covering upstream, i.e. 
backward, stages of the production process, including the inputs to the inputs. This 
information is essential in all studies looking into the impacts of consumption and 
production that need to consider the complete production chain. The presence of 
supplementary data extends the research possibilities manifold. Integrated 
information on socio-economic variables, on resources, or on environmental pollution 
allows the estimation of related impacts at all stages of the international production 
process. 

 In this PhD thesis the construction of a database is described which represents all 
international production linkages. Incorporating these linkages as interindustry flows 
is a prerequisite for analyzing production processes that span multiple countries. Due 
to the data intensity of this type of database, various simplifying assumptions have 
been used in the past to allow estimating impacts of total production. In one chapter of 
the thesis, the effects of these shortcuts are meticulously documented to show the 
value of an international interindustry table. Another chapter offers a detailed 
decomposition of the differences in estimation results when international linkages are 
not correctly represented in the interindustry table of choice. To hint at the potential 
applications that can be undertaken based on an international interindustry table, the 
final chapter employs the strengths of the database by analyzing international 
dependency.  

 This introductory chapter starts out by describing the basics of representing 
interindustry data, including a short history of its development. Then additional data 
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coverage is discussed by paying attention to the intercountry dimension, which is 
particularly important when studying global production chains. Next, the focus shifts 
to introducing the environment in these types of databases. The specifics of the final 
database are documented, followed by an extensive overview of recent comparable 
developments. The chapter concludes with a bird’s-eye view of the rest of the thesis. 

1.2 The world of input–output 

1.2.1 The structure of an input–output table 

An IOT serves as an accounting framework that allows a succinct representation of 
intermediate transactions, final deliveries, and factors used in production. An IOT 
covers all economic relations of the unit of focus, which can be a firm, a region, a 
country, or multiple firms, regions or countries. Coupled with behavioral assumptions, 
i.e. input–output modeling, this framework can provide insights in the effects of 
demand shocks. It also allows for a broad range of inquiries in structural issues. 

 The different parts of a basic IOT representing a single country are described 
below and are shown in Figure 1.1. An IOT can represent deliveries of industries to 
industries, but also deliveries of products that are inputs in the production of other 
products. Hence, the intermediate transaction matrix of an IOT represents either of 
industry-by-industry relations, or of product-by-product relations. For now, we focus 
the discussion on IOTs with industry-by-industry relations.2  

 The main body of the table, representing the intermediate transactions, is denoted 
by Z. The rows of Z show, by industry, to which domestic industry the output is 
delivered. A row of Z, as depicted in Figure 1.1, represents both the domestic industry 
as well as the foreign versions of the same industry. The columns of the table show, by 
industry, which industries’ output is used as inputs in production. The matrix W 
contains the monetary compensation of primary factors of production per industry. It 
usually shows the input of labor and capital into the different industries. The overall 
total value of W amounts to a country’s gross domestic product Y. The matrix F 
represents the deliveries to final demand of households (C), the government (G) and 
capital formation (I). Exports, which are also part of final demand, are indicated 
separately by the vector e, of which the total equals E. Imports are recorded (with a 
negative sign) in the vector m, of which the total equals M. The column totals and the 
row totals are equal and are denoted by x. From an IOT the macro-economic totals can 
be derived that form the well-known equation Y = C+I+G+E-M. 

                                                             
2 In the remainder of this paragraph, we will describe a table with industry-by-industry intermediate 
transactions. Where we write ‘industry’, the alternative, ‘product’, can also be read. 
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Figure 1.1: A national input–output table 

 

 The representation of inputs produced abroad, i.e. imports of intermediates, can 
take two forms. As above, all domestic and imported inputs can be taken together in 
matrix Z to show the total structure of the inputs required. This kind of IOT represents 
the production technologies used by industries straightforwardly. This is represented 
in Figure 1.1 by the black dot (•), which indicates an aggregation over all countries 
that supply goods to country S. Alternatively, deliveries by domestic industries and 
foreign industries, or deliveries of domestic products and foreign products can be 
represented separately. This allows for immediately distinguishing between the 
origins of the inputs. Eurostat (2008) gives an excellent overview of the different types 
of tables.   

1.2.2 Input–output tables and their role in national accounting 

The first IOT was constructed by Wassily Leontief, a Nobel Prize winning economist 
who lived from 1905 to 1999. In 1932, he obtained funding to build empirical IOTs 
representing the United States for the years 1919 and 1929. After the research project, 
he continued to work on IOTs for the Bureau of Labor Statistics by constructing a table 
for 1939 (Polenske, 2004). His efforts were aided by the developments in computing; in 
1935 he used a large-scale mechanical computer and in 1943 he switched to the first 
large-scale electronic computer called Harvard Mark I (Leontief, 1973). This early 
adoption of computing force allowed him to undertake his analysis of 
interdependence between all parts of the national economic system. His aim was first 
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and foremost to create an empirical implementation of a general equilibrium model 
(Leontief, 1936). 

 Around the same time in the early 1930s, the economic depression called for a 
policy response, which caused a stronger demand for national statistics. In addition, 
empirical research related to the work of Keynes also required data on national 
aggregates. In the United Kingdom, Sweden, Denmark and the Netherlands 
statisticians experimented with national accounting schemes based on double-entry 
bookkeeping. Commodity-flow accounting was invented to calculate the inputs into 
industries by assessing the production accounts and deliveries of all industries (Bos, 
2009). In the Netherlands, the Nobel Prize winning Jan Tinbergen set up an 
econometric model that required more elaborate national data of better quality. A 
Dutch IOT for 1938 was compiled in order to calculate value added for 25 industries 
by subtracting intermediate consumption from gross production (den Bakker, 1992).  

 In 1939, the League of Nations requested a report describing guiding principles in 
the statistical measurement of national income, in order to secure greater international 
comparability of national accounting figures. Due to the war, it took until 1947 for the 
report to be published (United Nations, 1947). The document consists for a large part 
of an appendix written by Richard Stone.3 It gives a very detailed description of the 
proposed framework for national accounts. Stone explicitly notes the advantages of a 
system in which the registration of the transactions between broadly defined sectors, 
such as productive enterprises, financial intermediaries, and final consumers, plays a 
central role. His framework provides a meeting point for practical measurement and 
economic theory; it aids estimation and forecasting, and facilitate international 
comparisons. Consistency, efficiency and reliability further characterize the proposed 
interrelated systematic framework. 

 Richard Stone viewed the IOT as a logical extension of the information contained 
in the national accounts. He asserted that any attempt to keep them apart would tend 
to result in confusion and waste due to their intimate relationship (Stone, 1961). He 
claimed that an IOT is not just a supplementary table, but that it serves as a bridge 
between collectable statistics of the productive process and the requirements of 
applied economic analysis. In addition, he stressed the importance of subdividing the 
accounts by arguing that difficulties usually arise in specific parts of the productive 

                                                             
3 Subsequently, Richard Stone was appointed chair of the committee of experts instigated to compile 
the first System of National Accounts (SNA) in the late 1940s under auspices of the United Nations 
(Stone, 1984). He received the Nobel Prize in Economic Sciences in 1984 for his fundamental 
contributions to the development of systems of national accounts. 
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system. These therefore need to be considered at a disaggregate level, as most of the 
issues cannot be meaningfully investigated at the level of total production. 

 The first three versions of the official United Nations System of National Accounts 
(SNA) guidelines focused primarily on getting the backbones of the system set and 
only caught up slowly with the experiences of the forerunners. In 1959, Chenery and 
Clark (1959) reported that 19 countries had prepared basic IOTs, providing the 
groundwork for including the IO framework into the SNA. Only from the 1968 edition 
onwards, the IO framework is represented as a mature branch within the SNA (United 
Nations, 1968). In that edition, a complete chapter is dedicated to showing how the 
SNA can be used as basis for IO analysis. It reflects the continuous development of 
more detailed and disaggregated economic models for analytic and policy purposes. 
Although the SNA report indicates that it is impossible to prescribe an IOT ideal for all 
purposes in every country, it does provide some guidelines. For most purposes, in 
most countries, the following setting would be preferable: medium size (30 branches), 
in basic price valuation, and consisting of a supply table and a use tables, where each 
table includes an industry and a product dimension. In case a symmetric IOT is 
constructed, it is indicated that a product-by-product table is preferred over an 
industry-by-industry table.   

 In the 1993 SNA, the IO framework continues to play a major role. In this version, 
the interindustry tables are described as being part of the central framework, 
particularly as basis for balancing supply and demand (European Commission - 
Eurostat et al., 1993). In addition, Social Accounting matrices are introduced, which are 
extended IOTs that include transactions between industries and households to show 
the entire circular flow of income at an industry level. By 1999 over 90 countries had 
constructed one or more tables belonging to the IO family of tables (United Nations, 
1999).  

 To aid statisticians in the compilation of the tables, Eurostat published the 
Eurostat Manual of Supply, Use and Input–Output Tables (Eurostat, 2008). This 
manual was born out of the experience build up by constructing the first tables that 
were delivered to Eurostat following the European System of National Accounts (ESA) 
1995 transmission program (European Commission, 1996). After validating the 
transmitted national SUT and IOT, Eurostat publishes the tables on their website, 
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publicly available to everyone.4 The Eurostat SUTs and IOTs database is the main data 
source for the international interindustry table presented in this thesis.5 

1.2.3 Supply and use tables versus input–output tables 

Representing data in separate supply and use tables (SUTs) instead of one IOT allows 
a more natural representation of product flows to and from industries. A supply table 
represents the supply of products by industries. A use table shows the use of products 
(intermediate inputs) by industries. Within a supply and use framework two equalities 
are represented; total input equals total output by industry, and total supply equals 
total demand of products, whereas an industry-by-industry IOT only represents the 
first equality, and a product-by-product IOT only represents the second equality. 
Because of their product-by-industry dimensions, SUTs may have a rectangular shape 
(although this is not necessarily the case), whereas IOTs are always square tables. 

 The proposed structure of the SNA matrix in the 1968 version already included 
transaction tables that would nowadays be referred to as SUTs.6 The rectangular set up 
of the tables was a natural choice, because industrial statistics usually distinguish and 
record more commodities than industries. The 1968 SNA notes that some information 
is needlessly suppressed by aggregating commodities and thereby introduces the 
advantage of constructing rectangular tables (United Nations, 1968). More recently, 
Eurostat (2008) observed that basic economic data can be more easily integrated in a 
framework that matches the structure in which the basic data is surveyed and 
observed. Industries are generally better informed about the type of products they use 
and produce, than about the industries that supply these inputs or purchase their 
products. 

 SUTs are now central to national accounting. The European version of the SNA 
(ESA 95) recommends SUTs as ‘the best framework to compile reliable and consistent 
national accounts data’ (Eurostat, 2008, page 31). In the 2008 revision of the System of 
National Accounts, it is stated even more strongly: ‘only supply and use tables provide 
a sufficiently rigorous framework to eliminate discrepancies in the measured flows of 

                                                             
4 http://epp.eurostat.ec.europa.eu/portal/page/portal/esa95_supply_use_input_tables/introduction, last 
accessed 15-Oct-2012. 
5 The OECD website also publishes a large number of SUT and IOT at one online location: 
http://www.oecd.org/trade/input-outputtables.htm, last accessed 15-Oct-2012. However, this dataset 
does not cover all European countries. 
6 This is clearly shown in Table 2.1 in the SNA 1968: An illustration of the complete system. Entries are 
recorded in the submatrices representing commodities produced by industries, and commodities used 
by industries, producers of government services, and household goods and services (United Nations, 
1968). 

http://epp.eurostat.ec.europa.eu/portal/page/portal/esa95_supply_use_input_tables/introduction
http://www.oecd.org/trade/input-outputtables.htm
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goods and services throughout the economy to ensure the alternative measures of 
GDP converge to the same value’ (European Commission et al., 2009, page 272). SUTs 
are specifically recommended for compiling production accounts, because they 
improve data accuracy by the inherent balancing of supply and demand. Constructing 
SUTs efficiently identifies gaps in the primary data at a detailed commodity level 
(Eurostat 2002).7 SUTs allow for a consistently representation of different value 
concepts and offer the best framework for calculating constant prices. Finally, SUTs 
have linkages to symmetric IOT, but also to preliminary and quarterly accounts 
systems, and all kinds of satellite systems. 

 Modelers and analysts usually focus on IOTs, because they can be directly used 
for analytical purposes. The analytical IOTs are discussed separately from the 
statistical SUTs in the 2008 version of the SNA. However, an IOT is usually derived 
from a SUT; ‘IOTs cannot be compiled without passing through the supply and use 
stage, except under very restrictive assumptions’ (European Commission et al., 2009, 
page 507). IOTs are analytical constructs that inevitable involve some degree of 
modeling in their compilation.  

 The construction of IOTs from SUTs is also already described in the SNA 1968 
(United Nations, 1968, Chapter III). It discusses the transfer of inputs and outputs 
between industries or products in order to construct a square matrix. Subsidiary 
products, by-products and joint products are separately discussed while highlighting 
that care should be taken to represent the production of these secondary products as 
realistically as possible. When specific information on the method of production is 
unavailable, mechanical means can be used to make the transfers. National Statistical 
Institutes (NSIs) use a mix of additional information and mechanical methods to 
establish the production technology of secondary products. Outside NSIs, constructors 
of IOTs usually do not have additional information at their disposal.  

 The simplest method of constructing IOTs is following one of the standard 
assumptions and applying this to all secondary products.8 These general assumptions 
are known as the industry technology assumption and the commodity technology 
assumption. The industry technology assumption effectively associates all secondary 
products of an industry with the technology with which the primary product of the 
industry is produced. It entails the complimentary assumption that each industry has a 

                                                             
7 Discrepancies arising between supply and use by product may be the result of underreporting, over-
allocation, misclassification, or improper valuation and timing of production of intermediate 
consumption, final uses, gross capital formation, exports and imports (United Nations, 1999). 
8 For the mathematical representation of these assumptions, see Section 2.6 and Box 2.1 in Chapter 2 of 
this thesis, Eurostat (2008) or Miller and Blair (2009). 



Introduction 9 

 

fixed share in the production of a given product. Assuming a commodity technology 
implies that all secondary products are produced with the technology with which 
comparable products are produced. The complementary assumption for this 
technology choice is that each industry supplies products according to fixed shares. In 
addition to making a decision on which of these assumptions are deemed more likely, 
an IOT constructor also has to decide whether to construct a product-by-product table 
or an industry-by-industry table.9  

 There is no definite answer to the question which of the assumptions is 
conceptually and practically the best. From an axiomatic point of view, the commodity 
technology assumption is preferred (Kop Jansen and ten Raa, 1990; ten Raa and 
Rueda-Cantuche, 2003). However, this assumption can result in negative values, which 
is conceptually invalid (Steenge, 1990; Eurostat, 2008). Some IOT constructors therefore 
prefer the industry technology assumption (Rueda-Cantuche and ten Raa, 2009). After 
choosing one of the assumptions, the construction of an input–output model is 
relatively straightforward. Alternatively, the assumption can be made during the 
process of modeling, which allows analyses to be done directly from SUT without 
explicitly constructing a symmetric IOT (Schinnar, 1978; ten Raa, 2004; ten Raa and 
Rueda-Cantuche, 2007, Lenzen and Rueda-Cantuche, 2012).  

1.2.4 Multi-regional, interregional and international tables 

At statistical institutes, IOT and SUT are constructed at the national level, due to their 
role in the compilation of the national accounts. For analytical purposes, this standard 
focus on the national level was quickly broadened. In principle, regional economies 
can be analyzed by using the technology coefficient matrix derived from the national 
table and combining it with regional import coefficients under the assumption that 
regional technologies equal national technologies. However, the use of region-specific 
technology matrices was soon deemed superior compared to the use of a national 
technology matrix. Hence, from the early development of the IO field, the 
regionalization of input–output tables has received a fair share of attention, including 
the construction of tables that represent multiple, interlinked regions. 

  Isard (1951) developed a conceptually ideal table, which contains data for all 
intermediate transactions 𝑧𝑖𝑗𝑟𝑠, where r and s represent the regions of origin and 
destination, and i and j represent the industry of origin and destination. This set-up 
requires each transaction to be recorded along all four of these dimensions. Isard 

                                                             
9 Eurostat (2008) offers a very detailed and practical exposition of IOT construction. Eurostat (2008) 
actually only refers to the technology assumptions in relation to product-by-product tables. For 
industry-by-industry tables the assumptions are referred to as sales structure assumptions. 
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himself was the first to note the scarcity of this type of data and suggested several 
estimation methods pending the development in the supply of publicly available data. 
Chenery (1953) and Moses (1955) independently recognized that data required for this 
type of ideal table would not be available soon and formulated a model to fit the 
available information. The elements of this table are derived by taking the product of a 
regional technology coefficients matrix and trade coefficients, which capture the 
different origins of inputs as shares in total use. The trade coefficients are defined by 
commodity, but it is assumed that are equal for each industry that uses that 
commodity as input. In contrast, in the Isard table the trade coefficients also vary with 
the industry using the commodity. To be able to differentiate between these two types 
of tables with multiple regions the Isard table is referred to as an interregional IOT, 
whereas the Chenery-Moses table is referred to as a multiregional IOT. 

 Whereas the developments in constructing tables with multiple regions had an 
early start and were prolific (Polenske, 1980; Hewings and Jensen, 1987; Boomsma and 
Oosterhaven, 1992), the construction of tables with multiple countries has been a 
relatively recent endeavor. For a long time, national tables represented domestic and 
import data in one combined matrix. Although this set up allows for a straightforward 
derivation of technical input coefficients, it does not differentiate between the origins 
of the inputs. In this setting, the foreign impacts of domestic demand shocks can only 
be calculated by assuming that imported products are produced according to the local 
technology. This assumption has been coined the domestic technology assumption (DTA). 
As long as economies are structurally alike, this assumption will result in reasonable 
estimates. However, for countries featuring different technologies this may result in 
significant under- or overestimations of the impacts under consideration.  

 Using the DTA is invalidated by the rise of global production chains. The 
tremendous increase in international trade represents a shift from using domestic 
intermediate inputs to imported ones. The larger the share of imported inputs in total 
inputs, the larger the total effect from a deviation in technologies across countries. In 
addition, the fragmentation of production allows countries to specialize more towards 
activities in which they have a comparative or competitive advantage. This implies 
that even more distinct production processes will evolve across countries. 

 A start was made in addressing the limitations of the DTA by researchers who 
constructed trade-linked input–output databases that include at least the main trade 
partners of the country (or countries) in focus. A first, very ambitious attempt to build 
a multiregional world model was undertaken by Leontief et al. (1977). The first 
database that has reached a more or less a global coverage is the GTAP database 
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(Narayanan et al., 2012), of which the eighth version became available recently.10 
Multi-country databases with a limited set of countries included are the European 
Union intercountry input–output tables (Schilderinck, 1984; van der Linden and 
Oosterhaven, 1995; van der Linden, 1998) and the Asian-Pacific international input–
output tables (Inomata and Okamoto, 2006).11 All of these intercountry tables are based 
on symmetric IOTs.  

 Interregional tables generally also have a symmetric set-up, even though tables 
with asymmetric dimensions have been described in the literature. For interregional 
models, Hoffman and Kent (1976) propose a mathematical structure to construct a 
commodity-by-industry interregional model. Oosterhaven (1984) presents a family of 
square and rectangular tables and shows that rectangular tables have important 
advantages over symmetric tables in interregional accounting frameworks. Practical 
considerations of the construction of rectangular tables in regional and interregional 
accounting are given in Eding et al. (1999). 

1.2.5 IO modeling 

Economic analysis can be undertaken by adding behavioral assumptions to the data, 
transforming the IO accounting framework into a model. A strong assumption in this 
analysis is that the input coefficients do not change regardless of output, final demand, 
or other relevant changes. The production structure of the economy is taken to be 
constant, at least in the short term. Hence, it is important to have accounting schemes 
and construction methods that result in economically sensible input coefficients. 

 A technology coefficient matrix can be obtained from an IOT by dividing the 
values in the cells column wise by their related column sum. It shows how much of 
each input is required to produce one unit of output per industry, which is a 
representation of the technology used by the industry. Taking the inverse of the 
technology coefficient matrix subtracted from the identity matrix produces the so-
called Leontief inverse matrix. The Leontief inverse is instrumental in most IO 
analyses as it can be used to see how much extra production is needed in each industry 
to fulfill one extra unit of final demand for a certain product (Miller and Blair, 2009). In 
order to invert a matrix it needs to abide certain conditions, one of which is symmetry 

                                                             
10 Information on GTAP can be found on https://www.gtap.agecon.purdue.edu/, last accessed 5-Nov-
2012. 
11 This database is published by IDE-JETRO, see 
http://www.ide.go.jp/English/Research/Topics/Eco/Io/index.html, last accessed 5-Nov-2012. 
An overview of the tables published by IDE-JETRO can be found at 
http://www.ide.go.jp/English/Publish/Books/Sds/material.html, last accessed 5-Nov-2012. 

https://www.gtap.agecon.purdue.edu/
http://www.ide.go.jp/English/Research/Topics/Eco/Io/index.html
http://www.ide.go.jp/English/Publish/Books/Sds/material.html
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in terms of a homogeneous representation of products or industries along both rows 
and columns, as is provided by an IOT. 

 The Leontief inverse represents all feedback and spillover effects among the 
industries and regions included in the model. The total production effects can be 
translated into a host of additional indicators, as long as information about additional 
requirements of production is available. This can be in terms of socio-economic 
extensions, like labor input in full time equivalents, or environmental impacts, such as 
emissions. Like technology matrices, socio-economic and environmental extension 
matrices also reflect differences in production technologies.  

 When calculating the impacts of additional demand, it is important to assign the 
production of goods to the correct countries and industries that actually produce these 
goods. For example, additional demand for a specific consumption good can be 
satisfied by both local supply and import supply. The extra demand will induce 
additional greenhouse gas emissions, both in the country itself as well as abroad.  
However, technological differences reflected in country-specific technology and 
emission coefficients can result in significantly different impact estimates. In order to 
calculate the total amount of any impulse, information about the sector and location of 
production of all inputs is required. In our globalized world, the feedback and 
spillover effects effectuated through international trade should also be included. This 
implies building an IOT or SUT that includes all these international links. 

 Using the Leontief inverse to calculate the impact of a demand shock implies 
assuming that output can adapt completely flexibly following the change in final 
demand. Price changes and subsequent substitution effect are disregarded in this 
model. In contrast, the Ghosh model (Ghosh, 1958) assumes that demand fully absorbs 
any change in the supply of primary factors.12 A more sophisticated modeling 
framework is offered by computable general equilibrium (CGE) models (Shoven and 
Whalley, 1992). These types of models have an IO framework as core, but allow for 
substitution effects due to price differences. Excess supply, or excess demand, has an 
upward or downward pressure on the price respectively, until demand equals supply. 
CGE models generally provide a richer modeling environment, but the economy is 
often modeled as flexible and resilient, which may only be attainable in the long term. 
At a technical level, CGE models are also very sensitive to parameter choice and it is 
difficult to interpret model results in a straightforward fashion. 

                                                             
12 The plausibility of this model is questioned in Oosterhaven (1988, 2012). 
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1.3 Environmental accounting in a global setting 

1.3.1 Sustainability of the productive system 

From the 1970s onwards, awareness has been growing regarding the boundaries of our 
ecological system. Projections of future demands on the environment, both as source 
and as sink, coupled with limited reserves of natural resources, made people realize 
that ‘business-as-usual’ would be unsustainable. A couple of years before, the Club of 
Rome had emerged as an informal organization from a meeting of thirty individuals 
discussing prevailing problems of humankind. They concluded that the interrelated 
problems were so complex that new institutions and policies were needed. Their 
landmark publication is the book ‘The Limits to Growth’ by Meadows et al. (1972). It 
examines five basic factors that determine growth: population, agricultural 
production, natural resources, industrial production and pollution. It was a first and 
brave attempt to give a reasoned and systematic explanation of trends within one 
interrelated system that had not yet received much attention. The findings strongly 
suggested that the limits of the system would be reached within decades. The strength 
of the rapport was its ability to gain worldwide public attention and start a debate that 
has resulted in widespread awareness of the issues raised (Moll, 1993). 

 The 1970s also staged two oil crises. The sudden drop in resource availability 
supported the idea that the limits to growth would be quickly reached. The depletion 
of natural resources caused much concern, although mostly in terms of its economic 
consequences. Around 1985 the focus shifted towards the idea that resource depletion 
and pollution could go beyond the point of no return after reaching the threshold of 
the Earth’s absorptive capacity (Colombo, 2001). To promote collaborate action on 
sustainable development the United Nations established the World Commission on 
Environment and Development in 1983, chaired by Gro Harlem Brundtland.13 The aim 
of the 1987 report ‘Our Common Future’ was to develop a common understanding 
and spirit of responsibility.14 It has produced the most widely used definition of 
sustainability, which took root in the idea that environment and development are 
inseparable concepts. The report instigated the process of convening the Earth Summit 
in Rio de Janeiro in 1992 and the 2002 World Summit on Sustainable Development in 
Johannesburg.15 Both conventions helped to further develop the international 
agreements on policies to promote sustainable development. 

                                                             
13 http://sustainabledevelopment.un.org/index.php?menu=1371, last accessed 29-Oct-2012. 
14 http://www.un-documents.net/our-common-future.pdf, last accessed 29-Oct-2012. 
15 http://www.un.org/esa/sustdev/csd/csd15/media/backgrounder_brundtland.pdf, last accessed 29-
Oct-2012. 

http://sustainabledevelopment.un.org/index.php?menu=1371
http://www.un-documents.net/our-common-future.pdf
http://www.un.org/esa/sustdev/csd/csd15/media/backgrounder_brundtland.pdf
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 With international agreement on the necessity of environmental policy, the next 
step was to develop a framework for collecting and reporting environmental statistics 
in order to support effective policymaking. The importance of conceptually sound 
measures and accurate information is undisputed. However, useful indicators can only 
be calculated if the required databases are available. Agenda 21, an action plan that 
resulted from the UN Conference in Rio de Janeiro in 1992, contained the important 
recommendation to establish systems for integrated environmental and economic 
accounting in all member states at the earliest date (United Nations, 1992, articles 8.41-
8.54). 

 The 1993 SNA introduced satellite accounts, which are semi-integrated with the 
central framework, but allow more detail and/or alternative concepts and 
presentations (European Commission - Eurostat et al., 1993). This type of account is 
used to focus on, and describe in more depth, issues that are hidden or scarcely 
represented in the central framework of the SNA. Although satellite accounts are not 
limited to representing environmental data, the emphasis in policy-making on 
environmentally sound and sustainable economic growth stimulated the development 
of integrated environmental and economic accounting with the national accounts as 
point of departure.  

 The set-up of integrated economic and environmental satellite accounts was based 
on the System of Environmental-Economic Accounts (SEEA). The SEEA has been 
developed in immediate relationship to the SNA to provide a conceptual basis for the 
satellite system. As a result, the concepts and classifications are closely linked to those 
of the SNA (United Nations, 1993). This makes the SEEA the most convenient and 
suitable environmental accounting system in relation to the SNA (European 
Commission - Eurostat et al., 1993). Through an extensive revision process of the SEEA 
1993 and 2003 (versions that were considered work in progress) a new version was 
drafted in 2012. The SEEA has been officially adopted as an international statistical 
standard by the UNSC at its 43rd meeting in 2012 (European Commission et al., 2012). 

 The important contribution of SEEA is its integration of economic and 
environmental data into a common framework to measure the contribution of the 
environment to the economy and the impact of the economy on the environment.16 The 
SEEA consist of four types of accounts; physical flow accounts of materials and energy, 
asset accounts representing environmental stocks, economic accounts with explicit 
environment-related transactions and environmentally adjusted national accounts 
aggregates. The first three types of accounts are vital building blocks of sustainability 

                                                             
16 http://www.beyond-gdp.eu/download/bgdp-ve-seea.pdf, last accessed 30-Oct-2012. 

http://www.beyond-gdp.eu/download/bgdp-ve-seea.pdf
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indicators. The fourth type is more controversial due to the difficulties in valuation 
and is least often implemented by statistical offices (Stiglitz et al., 2009).  

1.3.2 Representing the environment in an input–output framework 

From the inception of the SEEA, the IO framework has received much attention, 
because it provides a suitable vehicle for environmental accounting. The most basic 
SEEA matrix includes data on natural assets in monetary terms and the most elaborate 
version includes all environmentally relevant flows – monetary and physical – in the 
SUT framework (United Nations et al., 2003). As with the standard SUT, the SEEA 
matrix can be transformed into a symmetric IOT, which can be used for environmental 
modeling (United Nations, 1993). Unfortunately, the SEEA operational manual reports 
that countries have only compiled parts of the SEEA. Lack of data and controversy 
regarding certain valuation principles are the culprits (United Nations, 2000).  

 A more pragmatic approach to environmental accounting was developed by 
Statistics Netherlands. They coined their environmentally extended (EE) IOT NAMEA: 
National Accounting Matrix with Environmental Accounts (Keuning, 1993; de Haan 
and Keuning, 1996). A NAMEA combines economic flows in monetary terms with 
satellite accounts in physical terms, which represent the input of natural resources, 
ecosystem inputs and residual outputs. This set-up circumvents explicitly valuing and 
monetizing the environment, which is a complicated and controversial issue.17 The 
construction of this type of table has found widespread use.18 The SEEA of 2003 even 
introduces the term NAMEA as generally accepted shorthand for an environmentally 
extended table (United Nations et al., 2003). 

 Extensions to a monetary table can cover, in principle, any type of information that 
can be associated with individual sectors. In order for IO modeling to be sensible, the 
information has to make sense in ‘per unit’ terms. Two examples are emissions per 
unit of output and use of metal per unit of output. However, IO framework extensions 
are not limited to environmental data only. Socio-economic developments can also be 
studied by extending tables with information on social variables, like hours of labor 
used per unit of production. The set-up of an IO framework with extensions in terms 
of satellite accounts with industry related, ‘per unit’ data is very versatile. 

                                                             
17 A main drawback of satellite accounts representing coefficients, i.e. data in physical units per unit of 
production, is that these coefficients cannot be directly used to estimate impacts for other years without 
correcting for inflationary effects. 
18 A first overview and comparison of NAMEAs constructed for multiple countries can be found in de 
Haan (1999). 
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 An alternative way to incorporate the environment in a SUT or IO framework is 
the representation of all flows in the table in physical units. Generally, the 
incompleteness of data on physical flows in the economy makes the construction of a 
physical table a more ambitious endeavor than constructing an EE SUT or EE IOT. An 
extensive discussion of physical input–output tables (PIOTs) and an overview of the 
first studies are given in Hoekstra (2003) and Hoekstra and van den Bergh (2006). 
PIOTs have been explicitly designed to account for environmentally relevant 
information, due to their focus on material flows, which have a closer connection to 
the environment than monetary flows (Giljum et al., 2004). In Weisz and Duchin 
(2006), the difference between outcomes when using a PIOT versus a monetary IOT is 
ascribed to the assumption that all purchasers are charged the same unit price for a 
sector’s output. They recommend using a hybrid table in which monetary and physical 
flows are combined depending on the characteristics of a sector’s output. This type of 
hybrid IOT was pioneered by Leontief (1970).  

1.3.3 Environmentally extended input–output analysis19 

Work based on the EE IO framework has exploded to a tenfold increase between the 
second half of the 1990s and 2009 (Hoekstra, 2010). Five types of EE IO contributions 
are distinguished in the overview by Hoekstra (2010). The first type represents general 
papers, which usually discuss theoretical developments regarding EE IO. Next, 
imputation studies comprise all studies that compute multiplier effects, either as total 
effects or as effects attributed to a specific final demand category, region, city or sector. 
Third, structural decomposition analyses focus on the attribution of changes in 
environmental pressures to technological developments, structural changes or 
economic growth. The fourth type consists of modeling studies, including work that 
simulates future developments, and static comparisons of changes due to alterations in 
model specifications. The last type is called ‘other’ and includes key sector analysis 
and structural path analysis. 

 An even more recent development is environmentally extended multi-regional 
(MR)IO analysis, which is based on EE SUT or EE IOT of multiple countries linked 
together (Lenzen et al., 2004; Peters and Hertwich, 2004). Next to information on the 
direct and indirect use of materials or generation of pollution by sectors, an EE MRIO 
allows connecting these environmental pressures to changes in demand in other 
countries.  This is generally referred to as consumption-based accounting (Peters, 2008; 

                                                             
19 This section presents a brief overview on the main modeling applications and analyses within an EE 
SUT framework. Miller and Blair (2009) provide a clear exposition of modeling based on the IO 
framework with extensions. 
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Davis and Caldeira, 2010).20 Related work discusses the issue of responsibility related 
to environmental pressures (Lenzen, Murray et al., 2007; Serrano and Dietzenbacher, 
2010). To assess the complete environmental impact of a final product, it is necessary 
to know the impact at each and every stage of its production process, irrespective of its 
location, and how these stages are linked (Davis et al., 2011). Many studies focus on 
quantifying environmental factors embodied in trade. Most studies are related to CO2 
or other emissions embodied in trade. Some examples are Peters, Minx et al. (2011) and 
Peters et al. (2012). Other areas that have been studied are embodied use of water (Yu 
et al., 2010) and materials (Bruckner et al., 2012).  

1.3.4 Recent large-scale projects and database developments 

The recent explosion of research related to consumption-based accounting, including 
the further development of EE MRIO analysis, has been made possible by the 
unprecedented progress in MRIO data availability. The databases required for this line 
of research have only become available in the last few years.  

 A predecessor of the MRIO database projects is the large-scale research project 
called ‘Environmental impacts of products’ (EIPRO).21 In 2003, the European 
Commission initiated the development of a methodology to identify which products, 
consumed in the EU, have the greatest environmental impact from a life-cycle 
perspective.22 The final report points out that products belonging to three groups are 
responsible for 70 to 80 percent of environmental impacts of private consumption 
(Tukker et al., 2006). These groups are food and drink, private transportation, and 
housing. They have been identified by analyzing an IOT for Europe distinguishing 
between several hundreds of different products categories. This level of sectoral detail 
is not available for European countries, so to execute the study, a U.S. IOT with the 
required level of detail was amended to represent Europe (Huppes et al., 2006). 

 An auxiliary study was undertaken to investigate the usefulness of EE IOT and 
models for European policymaking (Eder et al., 2006). It includes an overview of data 
already available. Starting from the envisaged applications, the study translates the 
analytical requirements into technical specifications for the EE IOT. In addition, the 
study reports on how these tables can be produced for the EU. Three different paths 
are presented that each result in the production of such an EE IOT. The first option 

                                                             
20 A review of MRIO models used for consumption-based emission and resource accounting can be 
found in Wiedmann (2009). 
21 http://ec.europa.eu/environment/ipp/identifying.htm 
22 The official communication (COM(2003) 302 final) can be found online at: http://eur-lex.europa.eu/ 
LexUriServ/LexUriServ.do?uri=COM:2003:0302:FIN:en:PDF, last accessed 6-Nov-2012. 

http://ec.europa.eu/environment/ipp/identifying.htm
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2003:0302:FIN:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2003:0302:FIN:en:PDF
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starts from an EU table with a detail of 60 sectors, into which more detail is introduced 
using technology data of other countries. The second path starts from gathering 
individual country tables with as much detail as possible. These tables are combined 
and gaps are filled with other EU data. The final route, and the most ambitious one, 
envisages a standardization of data submission of statistical offices to allow for the 
construction of a MRIOT.23 

 A recent project aiming to support environmental policymaking is the OPEN:EU 
project, which ran from 2009 to 2011.24 Within the project a set of EU consumption 
indicators were developed that can be used to inform EU policy making. The economic 
core of the database is a MRIOT build from data available in the GTAP database 
(Hertwich and Peters, 2010). The final report of yet another project, published in 2009, 
focuses on an evaluation of existing approaches to estimate the environmental impacts 
of trade and identifies future steps regarding research needs, risks and related issues. 
Again, the EE-MRIO framework is identified as the most ideal basis to assess 
transnational environmental impacts through international trade (Wiedmann et al., 
2009). 

 Three very recent projects deliver MRIOT databases that are unprecedented in 
their scope. The EU-funded WIOD (World input–output database) project started in 
May 2009 and ended May 2012.25 The database was built to support socio-economic 
and environmental decision making in the EU. It consists of MRIOTs available for all 
years from 1995 to 2011. The WIOD database includes 40 individual countries and one 
aggregated region representing the rest of the world. For each country, 35 industries 
and 59 products are distinguished. In total, 68 environmental extensions are included 
in the database. The Eora database (Lenzen et al., 2012) has been developed parallel to 
the WIOD project. The project funding started in 2009 and the database has been made 
available in 2012.26 The database includes MRIOTs for a 187 countries for 1990 to 
2011.27 On average, each country is represented by 85 sectors. Eora also includes 35 
types of environmental indicators. The project pioneering the construction of this kind 
of extensive database is the EXIOPOL project. The acronym stands for ‘A new 
environmental accounting framework using externality data and input–output tools 
for policy analysis’. The project started in March 2007, and ran until October 2011. It 
forms the basis of this PhD thesis and the studies presented here are part of, or are 
                                                             
23 A detailed description of these routes can be found in the report, which is available online: 
ftp://ftp.jrc.es/pub/EURdoc/eur22194en.pdf, last accessed 6-Nov-2012. 
24 http://www.oneplaneteconomynetwork.org/ 
25 Available via www.wiod.org, last accessed 13-Jul-2012. 
26 Available via www.worldmrio.com, last accessed 4-Aug-2012. 
27 The last year was added recently. The database is under continuing development. 

ftp://ftp.jrc.es/pub/EURdoc/eur22194en.pdf
http://www.oneplaneteconomynetwork.org/
http://www.wiod.org/
http://www.worldmrio.com/
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closely connected to, the construction as well as the application of the EXIOPOL 
database.  

1.4 The EXIOPOL project 

1.4.1 Project description 

The EXIOPOL project was funded under the Sixth Framework Programme of the EU. 
The project has benefitted from experience gained in the EIPRO study, in which some 
of the EXIOPOL partners participated. The objective of EXIOPOL was to enable the 
estimation of environmental impacts and external costs of different business activities, 
consumption activities and resource use of countries in the European Union. To realize 
this, a toolbox was developed to facilitate full cost accounting and full impact 
assessment of different activities, which in turn supports cost-effectiveness analysis 
and cost-benefit analysis of technologies and policies (FEEM and TNO, 2006; Tukker et 
al., 2009). An international SUT is the core of this toolbox. It forms the first attempt to 
implement the ‘royal route’ as envisaged in the final report of the EIPRO study (Eder 
et al., 2006). 

 The purpose of the international supply-use table (SUT) in the EXIOPOL project is 
to facilitate the calculation and allocation of environmental impacts caused by 
production and consumption of goods and services (Tukker et al., 2013). Earlier 
databases, designed for analyzing international production networks and their 
environmental impact, have a core of input–output tables (IOTs). The SUT framework 
has the advantage that it is closer to the data recording process and that it allows more 
information to be incorporated than in IOTs. The choice for SUT also leaves the choice 
of the technology assumption to the user of the data. In addition, international trade 
data is registered by product and not by industry. Trade data are thus more easily 
linked into a SUT framework, as compared to an industry-by-industry IOT. Moreover, 
some of the environmental data are directly linked to products and not to industries.  

 Within the EXIOPOL project, several decisions have been made concerning the 
specifications:  

• 43 individual countries are represented; 27 European Union (EU) countries and 
16 non-EU countries (see Table 1.1). The aggregated region ‘Rest of the World’ 
(RoW) consists of all other countries.  
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• The database is for the year 2000.28 

• 129 products and 129 sectors are represented.  

• The CPA (classification of products by activity) 2002 classification is used for 
products, adapted to allow for more detail in agriculture, mining and energy.29 In 
Appendix A-5.1 the CPA-EXIOPOL classification is given. 

• Several hundreds of environmental extensions are included, including different 
types of material use, water use, land use, energy use, and emissions to air and 
land. 

 
 The project brought together a multidisciplinary team of partners with experience 
in different fields of relevant economic and environmental analysis. The partner team 
from the University of Groningen (UoG) participated actively in all phases of the 
EXIOPOL project. In the inception phase, the UoG devised the appropriate trade-link 
methodology in connection with the analysis of trade data availability. In addition, a 
note was written to support the decision of focusing on SUTs versus IOTs. During 
database construction, the UoG-team had full responsibility for the trade-linking. 
Trade statistics were collected and trade shares computed. A trade-linking 
methodology was developed and implemented, including all necessary programming 
and testing of the routines. The procedure was integrated into the database by the 
Institute of Environmental Sciences in Leiden in close collaboration with the 
University of Groningen. In the final phase of the project, the UoG-team has 
contributed by reporting on the additional value provided by the EXIOPOL database 
(see Chapter 3 of this thesis) and assisting in a scenario study of alternative diets by 
Duchin et al. (2011)30.     

 

                                                             
28 Although the year 2000 may seem rather far back, the choice has been driven by practical 
considerations. The set of SUT and IOT published is most extensive at five-year intervals, making 
either 2000 or 2005 the best options. At the start of the project in 2007, many tables had not yet become 
available for 2005. Dealing with incomplete data and extensive updates was deemed a large risk factor 
in terms of causing setbacks and delays. 
29 The CPA 2002 is available as annex to the official legislative text:  
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:036:0001:0196:EN:PDF 
30 The report can be downloaded from: http://www.feem-project.net/exiopol/M54/WPIV.2.a_Final.pdf, 
last accessed 29-Nov-2012. The work has been published as Springer and Duchin (2014). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:036:0001:0196:EN:PDF
http://www.feem-project.net/exiopol/M54/WPIV.2.a_Final.pdf
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Table 1.1: The 43 EXIOPOL countries, the 27 EU Member States are marked 
Australia  Hungary (EU) South Korea  
Austria  (EU) India  Romania (EU) 
Belgium  (EU) Indonesia  Russian Federation 
Bulgaria  (EU) Ireland (EU) Slovakia (EU) 
Brazil  Italy (EU) Slovenia (EU) 
Canada  Japan  South Africa  
China  Latvia (EU) Spain (EU) 
Cyprus  (EU) Lithuania (EU) Sweden (EU) 
Czech Republic  (EU) Luxembourg (EU) Switzerland  
Denmark  (EU) Malta (EU) Taiwan  
Estonia  (EU) Mexico  Turkey  
Finland  (EU) Netherlands (EU) United States  
France  (EU) Norway  United Kingdom (EU) 
Germany (EU) Poland (EU)   
Greece (EU) Portugal (EU)   

 

1.4.2 The EXIOPOL database in light of recent developments 

The surge in EE IO studies and the projects undertaken to set up large IO databases 
represent major developments in the field of IO analysis that will continue well into 
the foreseeable future. The EXIOPOL project has contributed to these developments by 
being the first project willing to commit to the implementation of a full MRSUT 
framework. Project partners dealt with unprecedented dilemmas in the process of 
detailing tables and harmonizing different data sources. Complementary and at times 
conflicting information from a range of sources is, in one way or another, combined in 
the database: SUT, IOT, energy data, material data, water data, trade statistics, and 
more. Results and lessons learned in the process have been documented in a range of 
project deliverables and were presented at many different conferences. Compared to 
the other MRIO databases (WIOD and Eora) that have been constructed more recently, 
the EXIOPOL database has a strong environmental focus. 

 The EE IO literature has shown that consumer-based accounting can contribute to 
meaningful discussions about taking responsibility for environmental pressures. 
Although the principle of consumer-based accounting has been accepted, 
methodologies to set up databases that enable these kinds of studies differ in more 
than one respect. The quickly growing body of literature on (EE) MRIO construction 
and modeling has not yet matured and a consensus on construction details has not yet 
been formed.31 Methodologies for MRIO construction differ depending on the 

                                                             
31 See the 2013 special issue of Economic Systems Research on Global Multiregional Input–Output 
Frameworks (volume 25, issue 1), in which the various databases are described. 
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backgrounds and interests of the researchers involved. Different choices are made 
regarding the harmonization of conflicting or incomplete datasets, assumptions, 
coverage, etc.  

 The contribution of this thesis in this respect is the presentation of the choices and 
assumptions made in the construction methodology of the table of international trade 
flows. Contributions to the literature often turn quite quickly to the results and their 
interpretation without making fully explicit all details of the underlying construction 
method, the assumptions made, and the possible effect this may have on the outcomes 
of studies. Within this thesis, the choices made with respect to international trade 
linking in the EXIOPOL project will be discussed in detail, aiming for full transparency 
regarding the methods used. In addition, quantified insights are provided in the 
effects of choices regarding sectoral and spatial detail. 

1.5 Conclusion and outline of the chapters ahead 

The System of National Accounts (SNA) was set up to align efforts across countries to 
compile national accounts and increase comparability by developing a coherent set of 
accounts. Starting from the 1930s the gap between theories and empirics of the 
productive process has been reduced with the invention and development of the IO 
framework, which plays a large role in bringing these two closer together. Of a more 
recent concern is the continuing degradation of the environment due to our economic 
activities. Important developments have taken place in order to define an 
internationally agreed framework for the collection and integration of environmental 
and economic data. The creation of EE MRIO databases is a new and important step in 
this regard. 

 Chapter 2 gives a detailed account of the construction methodology of the 
international IO database set-up within the EXIOPOL project. The construction of the 
international SUT is undertaken by using trade data included in the national SUTs and 
combining these with international trade statistics in order to add the geographical 
dimension of spatial origin/destination to the data. Several problems arise when 
combining these two data sets. First, international trade data as represented in the 
national SUTs and in trade statistics are not (fully) consistent. Second, in trade 
statistics the value of bilateral exports usually does not equal the value of bilateral 
imports that corresponds to the same trade flow (Parniczky, 1980; Eurostat, 2006). 
These discrepancies influence the data in the final tables in two ways. Inherent to the 
reconciliation process, a choice has to be made whether international import data or 
export data is assumed to provide the most accurate information about the true trade 
flows. Any remaining inconsistencies present in the spatially disaggregated table have 
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to be resolved using an adjustment method. In principle, this general construction 
methodology can be applied to use tables by adding information on the origin of 
import use, or to supply tables by adding information on the destination of export 
supply. In Chapter 2, we show that the route via import use tables is the only method 
practically feasible given the data available in the EXIOPOL project. Each step in the 
construction of the international use table is explained in detail. 

 In Chapter 3, two distinct methodological issues underlying the construction of 
SUT and IOT are discussed. The first relates to different IO model specifications. These 
mainly depend on the set-up of the underlying database. The EXIOPOL database 
features a complete MRIOT and hence allows for testing the errors made by alternative 
specifications based on tables with more limited information. We decompose the 
specification error in the error due to assuming domestic environmental coefficients and 
the error due to assuming domestic technology coefficients. The decomposition allows 
us to quantify the contribution of each of these assumptions towards the total error in 
impact estimates due to using domestic coefficients. 

 The second methodological issue is the aggregation detail of the table. From the 
early beginnings of IOT construction, the issue of the number of sectors to be 
distinguished in a table has received much attention. Leontief (1936) already discussed 
that the sectors represented should be homogeneous in order to justify the assumption 
of linearity. The choice for the sectors and detail represented is determined by the 
specific research question and to what extent the case can be made that the represented 
sectors are indeed reasonably homogeneous sectors.32 The level of aggregation also 
affects the attribution of demand shock impacts to different sectors. Chapter 3 
systematically presents the attribution errors in environmental impact estimation due 
to sectoral aggregation. In addition, the international or MRIO context also allows for 
an investigation of the estimation errors due to spatial aggregation. The environmental 
impact of each country’s final demand, calculated from spatially aggregated tables is 
compared to the estimate obtained from the complete MRIO table representing all 
countries individually. 

 In Chapter 4, the effects of an alternative construction method are discussed.33 
Researchers or policy makers interested in answering questions pertaining to a 

                                                             
32 Data availability and limits on the allotted resources to build the table should play only a secondary 
role. 
33 This chapter is based on work carried out for Eurostat from 2009 to 2011 as part of the eeSUIOT 
project. The final report covers the technical documentation and is available online (Eurostat, 2011): 
http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/eeSUIOT%20
TechDoc%20final%20060411.pdf, last accessed 3-Nov-2011. 
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supranational region, instead of individual countries, may consider this type of 
consolidated table. Due to the aggregation of the spatial dimension, problems 
normally encountered in balancing trade at a bilateral level play a smaller role or are 
non-existent.  The construction steps involved in creating a balanced consolidated 
table for the EU27 are described in detail. These include corrections for the tax margins 
and trade and transport margins included in the values of internationally traded 
products. In addition, corrections for re-exports are more straightforward in the 
consolidated table. The effects of the adjustments are illustrated by a decomposition 
analysis of the difference in estimation results of value added and CO2 emissions in 
external exports as derived from the consolidated table and an unadjusted aggregate 
table. After correcting for the underestimations found, the percentage value added due 
to EU27 exports is estimated to be only two-thirds of the percentage of CO2 emissions 
due to EU27 exports. 

 Chapter 5 present an application study that focuses on the particular strengths of 
an EE MRIO model. The analysis combines information on international production 
structures with insights on material resource flows. The oil crises formed the first 
worldwide encounter with increasing resource depletion. The shortage of the supply 
of materials required to sustain production has stimulated governments to engage 
actively in strategic resource policies. The EXIOPOL database offers all information 
necessary to assess natural resource use, trade linkages and material dependence 
across the world. The EE MRIO model is used to quantify material resource 
requirements at each stage of the domestic or international supply chains of industries. 
The focus is specifically on fossil energy carriers, metals and mineral resources. Three 
measures of resource dependency are analyzed for these resources at the country level 
and at the industry level: total material dependency, international material 
dependency, and the concentration of international material dependency. 

 The sixth and final chapter summarizes the results of this thesis and discusses 
possible extensions that are left for future research. 

 


