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Introducing the Recent Development in Input-Output Analysis
Setting the stage
This two-volume set follows up on the successful three-volume compendium of published articles
on Input-Output Analysis edited by Heinz Kurz, Erik Dietzenbacher and Christian Lager and
published by Edward Elgar in 1998. The new volumes comprehensively present research that has
advanced the state of the art in input-output (IO) analysis over the past few decades, many of which
have used new global data sets to focus on economic, environmental and social issues.
Volume I presents recent extensions to national accounts and international accounting, advances in
the analysis of trade and global value chains, new approaches to decomposing the structures of
national and international economic systems to identify proximate causes of change, and other
methodological issues in the field of IO analysis. Volume II focuses on a broad swath of applications
of IO analysis that have developed in interdisciplinary fields such as industrial ecology, life-cycle
assessment and ecological economics, and that are consistent with the UN’s System of
Environmental-Economic Accounting (SEEA). In innovatively operationalizing the SEEA using
ecological, resource, energy, pollution and socio-demographic databases, the work presented in
Volume II convincingly demonstrates how IO analysis informs contemporary issues of
environmental and social responsibility, as embedded in the Sustainable Development Goals.
What has changed in the last twenty years
Overlooking the developments in the last 20 years, it appears that two of them have been crucial for
IO. First, the Kyoto Protocol and, second, the rise of international fragmentation. Under the Kyoto
Protocol, a group of developed countries (the so-called Annex I countries) committed themselves to
reduce the emission of greenhouse gases (GHGs). The targets were to reduce emissions down to (on
average) 90% of the 1990 emission levels in the period 2008-2012 (UN, 1998). An important
element of the agreement was that the targets were set for territorial emissions. Soon, people
started to realize that imports could do part of the job. That is, a country could import certain goods
and services that it produces in an emission intensive way. In return, this country could export
goods and services that it produces in a ‘clean’ way, i.e. generating few emissions. Through trade
this country might reduce its territorial emissions but still have the same goods and services
available for further production or consumption. This is known in the literature as the displacement
of emissions or carbon leakage (when dealing with CO2 emissions).
The idea that countries (often the rich countries) might—at least in principle—be able to
comply with the Kyoto targets through appropriate trading led to a different perspective on
emissions. This was related to the question ‘Who is ultimately responsible for the emissions?’. If the
Swiss construction industry builds houses and offices with imported Italian cement (the production
of which is highly polluting), who should be held responsible for the corresponding Italian
emissions? Is it the Italian industry that actually produces the cement and causes the CO 2 emissions
or the Swiss consumers who want new houses and work in new offices? The first case has been
termed producer responsibility and the second consumer responsibility. (Also shared
responsibilities have been proposed.)
The two types of responsibilities were the starting point for developing the consumptionbased emission accounting (CBEA), next to the standard production-based emission accounting. The
key question in CBEA is: ‘Who emits how much for whom?’. Continuing the example in the previous
paragraph, what is calculated are the emissions in the cement industry in Italy that are embodied in

1

the final demand in Switzerland for houses (i.e. the products delivered by the construction
industry). In this case we speak about the exports of emissions from Italy to Switzerland.
The Italian territorial emissions can be split into emissions generated by industries and
emissions generated directly by households (e.g. due to driving a car). The Italian emissions by
industries can be split according to ultimate destination: Italian consumers, Swiss consumers, US
consumers, and so forth. In the same fashion, Italian consumption leads to emissions directly (i.e.
driving a car) and to emissions generated by industries all over the world. So, Italian industries,
French industries, Chinese industries, et cetera. The latter indicator is the Italian footprint, which
measures all global emissions embodied in the consumption (final demands in IO parlance). The
difference between the Italian territorial emissions and Italy’s footprint is the emission trade
balance (i.e. exports of emissions minus imports of emissions).
The methodology for applying these concepts (e.g. using CBEA and calculating footprints)
was known for long. The problem was the empirical implementation, which requires global
multiregional input-output (GMRIO) tables. Such tables were simply not available. For some time,
researchers have tried various alternatives based on strong and unrealistic assumptions. For
example, single-country models with exports to and imports from the rest-of-the-world (RoW)
assuming that RoW has the same technology as the country under consideration. This assumption
applies to production technology as well as the generation of emissions. Later, multi-region models
for a small number of countries were used or a large set of single-country models, each with a
detailed split of export destinations. Nevertheless, the quest for true multi-region models (i.e. with
also a split of the inputs according to origins) at a global level remained. Davis and Caldeira (2010)
is the first paper that is allegedly based on a full GMRIO table that they constructed on the basis of
the GTAP database. Several other GMRIO datasets followed soon after. So, it was an important
question (‘Who emits how much for whom?’) that urged researchers to develop GMRIO tables.
The second development that had a major influence on IO research was the rise of
international fragmentation. Fragmentation meant that the production processes were split into
ever smaller pieces (or stages). Many of these stages were outsourced to subcontractors or carried
out by small suppliers. The international component meant that these subcontractors or suppliers
were often residing in a different country. The decreases in the costs of transportation and
communication (necessary for coordination) implied that distance mattered less than before. The
famous example of course is the production of a cell phone. Compared to assembling the phones at
home in the US, the following process became cheaper. First send the parts and components to
China, then have the phones assembled by Chinese workers after which the final products are
returned to the US. The gains of reducing the labor costs outweigh the extra costs due to trade and
transportation.
The immediate consequence of international fragmentation was an enormous increase in
trade of intermediate products. Whereas trade had been dominated in the past by trade in final
products and natural resources (that were not available in the importing country), a large part was
now for trade in intermediate products that entered the production process of the importing
country. The implication for environmental research was that it became more important to answer
the question ‘Who emits how much for whom?’ with GMRIO tables. Because there was much more
trade in intermediates, the indirect effects in any IO analysis became much larger. Xxx and xxx
report that around emissions in trade and xxxx of global emissions are traded.
The implications for trade theory were that the standard models had to be revisited so as to
include trade in intermediates. The increased international fragmentation led to a different
perspective on production. Producing a good or service has become more than ever a team effort.
Products are no longer ‘made in China’ or ‘made in Turkey’, but rather ‘made in the world’. The
production process of a final good or service is seen as a supply chain that meanders from country
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to country, hence global supply chain. It is a chain of stages and in each stage value is added to the
result of previous stages, hence global value chain (GVC). It also means that countries no longer
specialize in products, rather in a certain stage of the GVC. Such a stage is typically linked to a task,
hence trade in tasks (Grossman and Rossi-Hansberg, 2008).
The consequence of all this is that the ordinary trade statistics (i.e. exports and imports) do
no longer tell the whole story. In the past—when ‘made in the US’ meant that a product was entirely
made in the US—one million dollars of exports was a one million dollar increase in US value added
(or GDP, at the country level). Exports thus used to reflect gains of trade, in the sense of contributing
to GDP. Nowadays products are ‘made in the world’ and one million dollars of exports typically
means much less than a one million dollar increase in GDP. This is because many countries have
contributed and each earns a part of the one million dollars. Also, export and import figures contain
a lot of double-counting. This is because in the stages of production certain products go back and
forth between countries.
One of the relevant questions is: How much does country R contribute to (and earn from)
the production of all the final products consumed by country S? In other words, ‘Who works how
much for whom?’, where working stands for creating value added and ‘whom’ stands for the users
of the final products (e.g. households and governments that consume, investors that buy capital
goods). For a long time, the answer was fairly well approximated by looking at the exports from R to
S. Exports were mostly final products that were made entirely in one country, so that the value of
the product equaled the embodied domestic value added. Given the trade in intermediates,
however, this approximation is not very adequate anymore. This is because R also participates in
the GVCs for the final products that S imports from T. Using GMRIO tables we can answer the
question directly. That is, calculate the value added of country R that is embodied in the final
demands of country S. This is known as the export of value added from R to S (Johnson and Noguera,
2012). The OECD-WTO (2012) started the joint initiative that led to the TiVA (trade in value added)
database.
Summarizing, the Kyoto Protocol and international fragmentation have led to new questions
‘Who emits how much for whom?’ and ‘Who works how much for whom?’. These questions called
for new indicators (consumption-based emission accounting and trade in value added) because the
traditional indicators (territorial emissions and exports and imports) were no longer adequate and
could not answer the new questions. The empirical calculation of the new indicators required the
development of GMRIO tables.
Volume I: developments in accounts, methods and economic applications
In line with the introduction above, this volume starts in Part I (‘Data: Input-Output Going Global’)
with an overview of the major GMRIO datasets that have been constructed. The special issue ‘Global
Multiregional Input-Output Frameworks’ of Economic Systems Research (2013) was entirely devoted
to this topic. In their introduction Tukker and Dietzenbacher (2013) point out that the perfect
GMRIO table does not exist. Any GMRIO table hides a wealth of choices that had to be made and is
full of compromises. It is therefore often the question that guides the user in selecting the dataset to
use. One table has more country detail, another has a time series of tables and also provides tables
in constant prices. One dataset focuses on water and land use, and has therefore much detail in the
agricultural and resources industries. Another dataset focuses on employment and has therefore
more detail in the services sector.
The first paper (van der Linden and Oosterhaven, 1995) is a forerunner to the GMRIO tables.
It describes the construction of (one of) the first series of MRIO tables at the country level. In his
PhD thesis, Van der Linden (19xx) reports on the details of the construction of and some
applications with these MRIO tables. They cover 5 EU countries (Belgium, France, Germany, Italy
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and the Netherlands) for the years 1970, 1975, etc and 7 EU countries (the original 5 plus Denmark
and the UK) for 1985, 1990, etc. In another PhD thesis, Hoen (19xx) presents the construction and
application of the tables in constant prices. (All tables can be downloaded for free at
https://www.rug.nl/research/reg/ research/irios/irios-tables.) The next set of papers provide
information of the tables by IDE-JETRO (Meng et al., 2013), WIOD (Dietzenbacher et al., 2013),
Exiobase (Tukker et al., 2009), EORA (Lenzen et al., 2012), GRAM (Bruckner et al., 2012), and a table
based on GTAP (Peters et al., 2011).
Structural decomposition approaches (SDAs), the subject of Part III, were hitting their
stride just as the earlier Edward Elgar volumes on Input-Output Analysis were released in 1998.
Indeed, enough work on the topic had been completed by then to enable a review piece to be
published in the journal Economic Systems Research (Rose & Casler, 1996). In essence, SDAs are
used to explain changes in an economy over time or explain differences across economies at the
same time. Differences between any two IO tables are necessarily distributed fully across the set of
variables specified by the analyst (typically aspects of economy size, final demand, value added, and
structure)—the effects of the components chosen are mutually exclusive and exhaustive. Moreover,
two different SDA approaches are used for decomposing these four components of change—
additive and multiplicative identity splitting.
Ultimately, this part kicks off with Dietzenbacher & Los (1998), who note there exist
multitudes of alternative decompositions for a given analytical focus (outcome and set of factors). In
fact they note if n factors are applied then n!(factorial) alternative decompositonal forms should be
examined.1 They then assure readers that the average of the two polar decompositions very closely
approximates the average of all possible n! alternatives. They conclude their work by
recommending researchers should report the average effects as well as the ranges by using the two
polar decompositions. De Haan (2001) notes that full count of the average of any mirror
decompositions rather than only of extreme polar decompositions is sufficient to get the average of
all decompositions. Another nice feature of De Haan (2001) provides is a set of tables that are pricechained, that is in both current prices and in subsequent years prices. This practice of price chaining
tables for handling prices is important since it is subsequently adopted in some of the world IO
databases discussed elsewhere in this Introduction.
Although probably first introduced by Oosterhaven and van der Linden (1997), we include
here a piece by Oosterhaven and Hoen (1998) due to its focus on trade issues. Building on the
multiplicative identity splitting approach work of Dietzenbacher, Hoen, and Los (2000) and Yang
and Lahr (2008), Jiang, Dietzenbacher, and Los (2014) holds similar value to Oosterhaven and Hoen,
but at a subnational level. In addition to examining interregional trade effects, they develop an
approach that is more akin to shift-share analysis (SSA) in that it contrasts each region to a national
average, which in turn enables multilateral comparisons. Later work by Lahr and Dietzenbacher
(2017) extends this work and fully melds SDA with SSA.
The piece by Xia, Fan and Yang (2015) also leans on the approach by Dietzenbacher, Hoen,
and Los (2000), but examines CO 2 emissions using IO tables of China that not only distinguish
processing (assembly) operations from other traditional operations within manufacturing
industries but also include physical energy flows. The object of using the three-way (or tripartite)
tables in this piece is to delineate low value-added, export-based transactions, which largely engage
imports from abroad as inputs, from higher value-added transactions, which are more apt to be
used domestically as well as to use as inputs domestically produced goods—including CO 2generating electricity, coal, and oil.

1 Van der Kruk (1999) notes that even more than n! decompositions exist if all interaction terms are taken into account.
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Policy applications of SDA are seemingly boundless. Further, Lahr and Dietzenbacher (2017)
note that analysts do not even need two IO tables to apply it. Their work does suggest, however, that
economic geographic components of such tables—like final demand composition and GDP by
industry—are likely to be required to investigate conventional issues like changes in worker
productivity, energy usage, or greenhouse gas emissions.
Part IV, “Structural Change and Productivity” starts with ten Raa and Wolff (2001). They
use SDA to find evidence of Carter’s (1970) and Barker’s (1990) idea that some apparent
manufacturing productivity growth could arise because the sector sheds less-productive in-house
services, which also exaggerates the symptoms of Baumol’s (1967) disease. This is followed by
Amores and ten Raa (2014) who use establishment-level IO information and data envelopment
analysis (DEA) (Charnes et al., 1995) to decompose an economy’s potential efﬁciency gains via three
possible sources: by ﬁrms attaining their industry’s best practice technology, changes in the
economy’s industry mix, and perfect commodity specialization by industry. Kuroda and Nomura
(2004) examine the deep, temporal interindustry effects of industry efficiency gains via both static
production linkages (Peterson, 1979; Wolff, 1985) and dynamic production linkages (AulinAhmavaara, 1999). They show, for example, how early investments in Japan’s machine tool industry
lead to efficiencies that later enable the nation’s auto manufacturers to compete on an international
scale. Such interindustry dynamics are certainly compelling. For this reason, we also include an
empirical piece by Okuyama, Sonis and Hewings (2006) who decompose a direct requirements
matrix into its value in a base year and subsequent annual changes to it. The approach, formally
developed by Sonis and Hewings (1998), proposes a temporal inverse that can effectively reveal
how an economy evolved using a single year of the economy’s final demand. This part ends with
Israilevich et al. (1997), who integrate IO systems with a macroeconomic forecasting model along
the lines of Almon’s (1967) INFORUM models although more akin to Conway (1990) and Kratena
and Zakarias (2004). Although not included herein, we also point the interested reader to Israilevich
(2002) who hints how to constrain IO coefficients by relative prices as embedded in value added (cf.
Hudson and Jorgenson, 1974; Nakamura, 1984) as well as by final demand and output.
Volume II: Environment and Resources in input-output analysis
Volume II extends the more general topics covered in Volume I, by providing insights and an
overview of how input-output analysis has been applied to environmental and resource issues.
Without doubt, contemporary resource depletion and related environmental woes have spurred a
renaissance in the application of input-output analysis (Hoekstra 2010), which in turn is largely
responsible for the increasing popularity of and relevance of papers in Economic Systems Research,
Ecological Economics, Journal of Industrial Ecology, Journal of Cleaner Production, Environmental
Science & Technology, and others. For example, recognizing the strong cross-fertilisation of their
respective fields, the Industrial Ecology and Input-Output associations have been running their
conferences back-to-back for a number of years. Disciplines such as Life-Cycle Assessment and
environmental footprinting now routinely utilize input-output techniques in their repertoire. As, or
because environmental and resource problems are expected to worsen, this disciplinary integration
is expected to deepen in the future (Dietzenbacher et al. 2013; Lenzen 2014). In the presentation of
Volume II below, I will provide some references that go beyond what is included in this Volume –
they may assist the reader in appreciating that the representative literature extends beyond our
selection, and in suggesting further reading.
The introduction in part I reflects the brief account given in the preceding paragraph, in that
it highlights four physical science areas in which economic input-output analysis has made
significant contributions. They are Industrial Ecology and Life-Cycle Assessment (Duchin 1992; Suh
and Kagawa 2005), Sustainable Consumption (Hertwich 2005; Hertwich 2010) and Physical Input-
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Output Analysis (Hubacek and Giljum 2003; Giljum and Hubacek 2004; Giljum et al. 2004; Suh
2004b; Dietzenbacher 2005; Weisz and Duchin 2006). Part II provides a historical background,
including classical papers such as Isard’s early innovation of a coupled ecological-economic model
(Isard et al. 1967), Daly’s and Ayres’ conceptual foundations for a physical-economic framework
integration (Daly 1968; Ayres and Kneese 1969), Leontief’s first foray into environmental questions
(Leontief and Ford 1970; 1971), Hannon’s theoretical description of ecosystem metabolism
(Hannon 1973; 1979; 1985; Hannon et al. 1986; Hannon 1995), and early attempts at
standardization of extended IO systems (de Haan and Keuning 1996; Ike 1999; Keuning et al. 1999;
Vaze 1999; EC 2001), which ultimately lead to the development of the SEEA (UNSD 2017).
Part III deals with resources and energy, both of which are responsible for IOA’s first
popularity boom, coinciding with the energy crises of the 1970s (Herendeen 1973; Herendeen and
Sebald 1973; Chapman 1974b; a; Chapman et al. 1974; Herendeen 1974; Hirst 1974; Mazur and
Rose 1974; Bullard and Herendeen 1975; Chapman 1975; Leach 1975; Webb and Pearce 1975;
Bullard 1976; Chapman 1976; Herendeen and Tanaka 1976). Graham Treloar’s study on embodiedenergy paths (Treloar 1997) remains highly cited to date. Hubacek and Giljum 2003, Feng et al.
2011 and Wiedmann et al. 2015b were the forerunners of global MRIO analyses in terms of land,
water and materials. Part IV then turns to the second popularity boom, conciding with the
increasing recognition of climate change as the defining problem of our time (Minx et al. 2009).
Munksgaard and Pedersen 2001 brought up the question of responsibility, an issue that has since
proliferated and lively debate, and that is at the core of annual negotiations at the UN FCCC’s
Conferences of the Parties (COPs). A prominent theme within this nexus is what has been described
by terms such as “carbon leakage”, “international emission transfers” or “outsourcing” (Peters 2010;
Wiedmann et al. 2010; Peters et al. 2011; Jakob and Marschinski 2012; Feng et al. 2013; Hoekstra et
al. 2016; Malik and Lan 2016).
Part V demonstrates the versatility of input-output techniques in operating in terms of any
additive physical quantity that can be allocated to regions and sectors, be they waste flows
(Nakamura 2000; Dietzenbacher 2005; Nakamura et al. 2007; Lenzen and Reynolds 2014), trophic
chains (Hannon 1973; Odum 1973; Patten et al. 1976; Rapport and Turner 1977; Bernstein 1981;
Patten 1985; Szyrmer and Ulanowicz 1987; Herendeen 1991; Hannon 1995; Herendeen 1999; Suh
2005; Lenzen 2006), nitrogen (Wier and Hasler 1999; Cui et al. 2016; Oita et al. 2016) or mercury
(Hui et al. 2017). Part VI equally demonstrates IOA’s versatility, but this time in respect of regional
resolution. Despite the labour-intensive nature of assembling sub-national multi-regional inputoutput databases, a number of teams have made significant inroads in characteristing sub-national
flows in terms of water (Dietzenbacher and Velázquez 2007; Guan and Hubacek 2007; Velázquez
2007; Lenzen 2009; Yu et al. 2010; Daniels et al. 2011; Feng et al. 2012; Cazcarro et al. 2013a;
Cazcarro et al. 2013b), energy and carbon footprints of cities (Lenzen and Peters 2010; Minx et al.
2013; Hasegawa et al. 2015; Wiedmann et al. 2015a; Fry et al. 2018), and regional waste flows
(Tsukui et al. 2015).
Part VII delves into detail about the successful integration of input-output techniques into
Life-Cycle Assessment. Applications here are far too numerous to receive a fair and comprehensive
review; we have included a few diverse contributions, for example by Sangwon Suh (see also
Heijungs and Suh 2002; Suh 2004a; Suh et al. 2004; Suh and Huppes 2005), Shigemi Kagawa and
Keisuke Nansai (see also Nansai et al. 2001; Kagawa 2005; Nansai 2005; Nansai et al. 2009; Kagawa
et al. 2011; Nansai et al. 2014; Nansai et al. 2015). Part VIII shows how input-output techniques can
elucidate trends and drivers of environmental and resource change. Prominent tools here are
Structural Decomposition Analysis (SDA; Crama et al. 1984; Hoekstra and van den Bergh 2002;
2003; Dietzenbacher and Stage 2006; Weinzettel and Kovanda 2011; Owen et al. 2014; Xu and
Dietzenbacher 2014; Zhang and Lahr 2014a; b; Lan et al. 2016) and Structural Path Analysis (SPA;
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Defourny and Thorbecke 1984; Khan and Thorbecke 1989; Sonis et al. 1997; Fernández-Vázquez et
al. 2008; Lenzen and Crawford 2009; Wood and Lenzen 2009; Owen et al. 2016).
The relevance of input-output-related research would remain limited without salient policy
applications, which are the topic of part IX. In this respect are especially noteworthy the insights
that IO research has contributed to allocating responsibility for carbon emissions (Feng et al. 2010;
Barrett et al. 2013; Wiedmann and Barrett 2013). This also holds for organisational decisionmaking, to which IO research can contribute (Wiedmann et al. 2009; Baboulet and Lenzen 2010;
Lenzen et al. 2010). The final part X touches on very recent developments on including social
impacts into IO analyses (McBain and Alsamawi 2014; McBain 2015; Alsamawi et al. 2017a; Malik et
al. 2018). Social indicators are important if IO research is to be relevant for informing the
Sustainable Development Goals (Xiao et al. 2017). Here, new indicators include problematic labour
(Simas et al. 2014; Gómez-Paredes et al. 2016), inequality (Alsamawi et al. 2014; Reyes et al. 2017),
corruption (Xiao et al. 2016), conflict (Moran et al. 2015; Tisserant and Pauliuk 2016), or
occupational hazards (Alsamawi et al. 2017b).
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