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Chapter 6  

Discussion and conclusion 

6.1 Modeling global interaction 

Over the past five years rapid progress has been made in multi-regional input–output 
(MRIO) database construction and modeling. The EXIOPOL project, which formed the 
starting point for this thesis, was a frontrunner in these developments. The increasing 
distance between production and consumption due to the continuing fragmentation of 
international value chains has induced renewed interest in interindustry research. 
Final consumption is traced back through intermediate production to all countries that 
contribute to the production of the goods and services. At the same time, global 
environmental issues specifically related to production can also be analyzed with this 
type of framework. Under the right circumstances of increasing data availability and 
computing power, projects aiming to build large scale databases were conceived, 
which were previously deemed too ambitious. 

 These developments build upon a large body of previous work and developments 
in modeling that found their origin in the 1920s and 1930s. Supply and use tables 
(SUTs) have always played an important role in the best practices as put forward in 
the official Systems of National Accounts framework. The double entry bookkeeping 
system of a SUT allows for estimating GDP in an integrated fashion, thereby 
improving the estimates. SUTs are also at the basis of input–output modeling, which 
can be carried out after making the required technical and behavioral assumptions. 
Not surprisingly, SUTs have a prominent role in the MRIO databases as they allow for 
more flexibility in subsequent modeling, and are closer to the data gathering process. 
As such, SUTs offer a true bridge between theory and empirics as was envisaged by 
the first person to build an input–output table: Wassily Leontief. 

 MRIO databases allow for investigations into global value chains. For example, 
they can be used to analyze the distribution of output and value added over all 
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countries participating in the production chain. Embodied factors of production can be 
traced from country of production to final consumers. The same holds for materials 
used in production, natural resources like land or water, energy used and different 
types of pollution. One of the most widely used applications of MRIO tables is related 
to tracing embodied CO2 emissions. The recently developed environmentally extended 
(EE) MRIO databases provide the required data to investigate these, and other, 
interesting areas of research.  

6.2 Contribution of this thesis  

The first contribution of this thesis to the literature is the detailed account of how 
production in individual countries is linked through international trade. In Chapter 2 
of this thesis, a methodology is developed to consistently connect imports to exports 
and deal with all deviations between the bilateral trade flows. The structural 
differences related to the different valuations of these flows have been systematically 
analyzed. Remaining differences have been balanced to obtain an estimate of the 
international trade flows in basic prices that do not include additional charges for 
transport, insurance or taxes. In this process, precedence has been given to the trade 
values in the SUTs and not to the trade statistics from which information on origin and 
destination of the trade flows was derived. This choice reflects the importance given to 
the integrated accounting framework represented by a SUT. To provide a framework 
of reference, all steps in the construction process have been quantified. 

 It is also shown why the construction of an international use table is generally 
preferred. The envisaged alternative international supply table proved to be 
unattainable given the data collected in the EXIOPOL project. However, the 
international supply table methodology may aid database developers in the future to 
devise tests of consistency. A major reason for the failing empirical implementation 
was the presence of instances in which export volumes exceeded domestic supply. As 
re-exports are recorded separately from exports in the EXIOPOL database, these 
should not interfere with the separation of exports from domestic supply. The role of 
inventories may be crucial in this regard, even though it is often merely a residual. 
More interpretation has to be given to the inventories if exports and supply need to be 
further aligned in an international setting. 

 The contribution of Chapter 3 is the analysis of specification and aggregation 
errors in input–output studies that are not based on a full MRIO table. In this sense, it 
shows the added value of an MRIO table. With only single country tables available, 
early analyses assumed that all imports were produced with the same technology as 
used for production in the country itself. However, this assumption may induce large 
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deviations from the actual environmental impacts that can be computed in an MRIO. 
These deviations are analyzed by separating the difference into the error due to using 
domestic environmental coefficients and the error due to using the domestic 
technological coefficients. The error decomposition is performed for estimates of CO2 
emission impacts and water use impacts. 

 Using domestic emission coefficients, embodied CO2 emissions are grossly 
overestimated. However, these errors cancel out when the emissions coefficients are 
matched up with the domestic technology coefficients. The findings show a close 
relationship between emission coefficients and production structure. Countries with 
relatively large emissions coefficients seem to outsource the production of CO2 
intensive goods to countries with lower emission coefficients. This represents an 
additional benefit of trade and is counter-indicative of the pollution haven hypothesis, 
which states that pollution intensive production will shift to places where polluting 
does not result in additional monetized cost for the producer, thereby attracting 
polluting production. In contrast, the specification errors of using domestic coefficients 
are more widely ranging for embodied water.  

 Chapter 3 also studies aggregation errors related to both sectors as well as regions. 
The estimates for water use and CO2 emissions from aggregated sets of data are 
compared to the results from the detailed data. The aggregated sets of data were 
carefully chosen to represent a very aggregated combination and a halfway option 
between this set and the most detailed one. Water use is again associated with larger 
errors than CO2 emissions. Indications are also found that aggregation errors are 
progressively worse: the closer to full aggregation, the larger the error of aggregation. 
The large difference between the errors for CO2 emissions and water use cautions 
against generalizing from one resource to another, or to different types of pollution. 

 In Chapter 4, the construction approach for a consolidated table is presented. This 
type of table is a consolidated representation of multiple countries as one consistent 
single region table, instead of keeping the countries and international trade flows 
separately as in an MRIO table. With limited resources and a narrow set of research 
questions, the construction of a consolidated table may be preferred over the 
construction of an MRIO table. Although most of the issues encountered in 
constructing an MRIO table are also encountered in constructing a consolidated table, 
the latter requires less costly construction assumptions. For example, it does not 
require the proportionality assumption generally used in MRIO modeling. In addition, 
the consolidated table allows a straightforward correction of re-exports to avoid 
double counting. To correct re-export flows in an MRIO table, assumptions are needed 
on the specific origin and destination countries of these re-exports. In contrast, at the 



200 Chapter 6 

 

aggregated level it is known whether the re-exports originate from within the EU or 
outside the EU and whether the final destination is within the EU or outside the EU. 
Trade data among the EU countries is not as meticulously recorded after the creation 
of the internal market as it was before when import duties were levied. Trade with 
countries outside the EU is still recorded for these purposes. Corrections made at the 
EU level will therefore be more reliable than re-export corrections at the individual 
country level. 

 The consolidated table can be used for impact analysis at the supra-national level. 
At this level, econometric or CGE modelling is often used, and the availability of a 
consolidated table may incentivize the model builders to use sectorally disaggregated 
models for the EU and the EURO-zone. All the steps involved in consolidating the 
individual country tables were described in detail and an error decomposition analysis 
is provided of the deviation between the estimates derived from the consolidated table 
and the simple aggregation of individual country results. The analysis provides insight 
into the size and sign of the adjustments made at each point.  

 The first set of errors reflects the importance of including the intra-EU spillover 
and feedback effects. Neglecting these effects by simply summing the results of the 27 
national SUTs leads to an underestimation of EU27 value added embodied in EU´s 
external exports of 12-15% over the period 2000-2007. The second set of errors reflects 
that the embodied value added is underestimated by 11-16% when the consolidated 
EU27 SUTS is not used. Moreover, these results mask the even larger variation of up to 
plus and minus 50% of the estimates at industry level. The total error in the estimates 
is mostly explained by the correction on the extra-EU exports, which improves the EU 
trade balance by 10 percent points. Notwithstanding both underestimations, the 
estimate of EU27 value added embodied in the EU´s external exports, obtained from 
the consolidated table, still only amounts to 11% of the gross domestic product (GDP) 
of the EU27. The other 89% of GDP is due to EU27 domestic private and public 
consumption and investment expenditures. This seems to suggest that external 
competitiveness is less important for GDP growth than internal innovativeness and 
market efficiency.  

 The second test of the methodology by means of decomposing the changes in 
embodied CO2 emissions estimates results in a comparable pattern of errors. Not 
consolidating the national SUTs results in an underestimation that increases from 11% 
in 2000 to 18% in 2007. Overall, EU’s external exports account for more than 17% of the 
total EU27 CO2 emissions. This suggests that the income benefits of the EU27 exports 
are, relatively, much smaller than its CO2 emission cost.  
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 In Chapter 5, the environmentally extended MRIO table of the EXIOPOL project is 
used to develop three indicators of dependency on material resources. The first 
indicator is the total material requirement related to final demand. When countries 
need more materials to meet total final demand, this is interpreted as a higher 
dependency on materials. The second indicator represents the international 
dependency on material resources as percentage of total resource dependency. It is the 
share of materials sourced from abroad in the total amount of resources required. The 
third indicator is the concentration among the internationally sourced materials. In case 
a required material only enters an economy through one major foreign supplier and a 
few small suppliers, the recipient country is more dependent than if all of these 
countries would have equal shares in supplying the material. 

 The focus of the material dependency analysis is specifically on fossil energy 
carriers, metals and mineral resources. It is shown that the total material requirement 
of countries is found to be largely unrelated to whether a country itself extracts 
materials. Consumer preferences do not seem to depend on the presence of material 
resources. However, countries that extract resources will mainly rely on this extraction 
for the production of their own final demand. The limited import flows of goods that 
embody materials that are also extracted domestically are an indication of 
specialization. In terms of supplier concentration, countries that are more dependent 
on international materials generally have a more diversified supplier pattern, possibly 
to guard against extreme dependency. However, the analysis does also reveal that 
there is a large dependency on materials sourced from BRICS, which needs 
consideration given the expected growth of these countries. Scenarios in which the 
BRICS may limit their exports of materials to safeguard domestic production are not 
unlikely. The case of China limiting its exports of rare earths should caution countries 
that mainly depend on materials imported from the BRICS.  

 The industry results indicate that international dependency on material resource 
suppliers differs much from industry to industry. Although none of the industries 
show extreme dependency across all countries, some country-industry pairs rely on a 
very concentrated set of international suppliers only. Whereas the direct dependencies 
are probably known to the importing countries and industries, the analysis in this 
chapter also offers insight in the indirect dependency. Only the combination of direct 
and indirect linkages between raw material suppliers and final users of the embodied 
materials allows for a complete assessment of material dependency. International 
chains of material suppliers can be traced well in MRIO modeling, which offers a more 
complete picture than trade statistics only. 
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6.3 Limitations and future research 

The global economy has become an interconnected production network, which needs 
to be acknowledged in our accounting and modeling frameworks. Building the 
relevant databases implies the combination of multiple sources of data. Whereas the 
collection of national data has reached a high degree of standardization regarding the 
collection, construction and dissemination of statistics, this does not hold for data 
collection across countries. In addition, datasets are combined that are compiled for 
different primary goals, hence introducing matching problems. Chapter 2 shows that 
combining data from different accounting sets and statistics is not a straightforward 
process and can even deter database development. Data from different sources, even 
though collection is standardized, can be very different. Even within datasets, 
persistent inconsistencies can be found, for example, due to the mirror trade statistics 
puzzle. 

 In case of conflicts between the datasets, methodologies need to be devised to deal 
with these. Although this thesis presents some pointers how to deal with 
inconsistencies, the quality of the data is not systematically investigated. Only point 
estimates are reported of the resulting MRIO table values, without presenting 
confidence intervals or other uncertainty statistics. An example is the data for service 
industries, which are about one-third of the industries represented in SUT. To 
construct an MRSUT or MRIO table, these service industries also have to be linked via 
international trade data. Although service trade data is now structurally collected, 
inconsistencies and lacking data are still far more prevalent than for trade data of 
goods. In the construction of the EXIOPOL MRSUT for some countries heroic 
assumptions had to be made due to completely missing data on services trade. Due to 
the growing importance of service industries, also in terms of internationally traded 
services, these industries need to be better represented. 

 The EXIOPOL database and the other global MRIO databases have only been 
constructed recently. Both with regard to technical/methodological issues and with 
regard to applications, focusing more on policy there is a host of possibilities regarding 
future research. Among the databases constructed different assumptions, 
methodologies and underlying philosophies have been used.1 Different methodologies 
lead to different outcomes, but whether the range of outcomes is within an acceptable 
expected error margin has yet to be examined. Researching the differences and 
                                                             
1 For future work on constructing MRSUT, it is important to realize that the SNA has been updated 
recently to the 2008 version. Between the 1993 SNA and the 2008 SNA several concepts have changed 
much that are of specific importance to the environment and the global economy, and hence to EE-
MRSUT construction. 
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accounting for them, undertaking sensitivity analyses, combining the experience of 
researchers contributing to the construction, will allow convergence to best practices 
where possible. For certain aspects the conclusion may result in agreeing to disagree, 
which in itself may be a very prolific source of research ideas.  

 The inclusion of environmental data in MRIO tables is a sign that accounting for 
the environment is taken seriously. Availability of these data is important to inform 
policy makers. The environmental extensions of the EXIOPOL database provide a first 
step towards accountability concerning the global environment and the use of natural 
resources.2 The EE-MRIO table allows tracing international flows of environmental 
factors. However, including stocks of natural assets in the analysis would allow for 
interesting analyses regarding the limits of our ecological system. In combination with 
the development of future scenarios, issues could be investigated that are beyond the 
possibilities offered by the EXIOPOL database. 

 

                                                             
2 Starting from April 2011, the CREEA project (Compiling and Refining Environmental and Economic 
Accounts), continues and extends the work started in the EXIOPOL project. The project is funded 
under the Seventh Framework Programme of the EU and will run until April 2014. 




