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1 INTRODUCTION: RATIONALE AND METHODOLOGY FOR
CONSISTENT INTERREGIONAL IO TABLES IN EUROPE

Regions matter for economic performance. In practically all countries, regions vary in terms of their
economic specialization patterns and hence in their contribution to production and productivity
growth (OECD, 2009). Differences in population density are related to differences in the importance
of agricultural activities, while differences in the importance of agglomeration externalities also
cause variation in specialization patterns of regions and cities (Combes et al., 2010). Differences in
specialization patterns across regions have implications for the extent to which they are affected by
shocks, of various sorts. Autor et al. (2013) show that workers in regions in the United States with a
specialization in specific manufacturing industries were more vulnerable for the emergence of China
as a giant exporter of manufactured products than workers in other region-sector combinations.
Similar differences were also revealed by Acemoglu and Restrepo (2017) with respect to the
vulnerability of workers to the consequences of robotization. Regional-economic resilience analyses
of the recent global economic crisis shows a large degree of regional heterogeneity according to
specialization patterns and sorting effects (Groot et al., 2011; Fingleton et al., 2012). Interestingly,
analyses of voting patterns in the Brexit referendum and the US Presidential elections also show that
regional outcomes correlate strongly with variables related to regional sectoral specialization

patterns (Becker et al., 2017; Autor et al., 2017).

Differences in the regional compositions of economic activities are of course not the only
determinant of within-country differences in economic performance. Among many other relevant
determinants, variations in supplier-user linkages to industries in other regions also play a role. A
region might be seriously affected by an economic downturn in another region if it sells much of its
output to that region, while regions less dependent on that region might be hurt to a much lesser

extent when in crisis (Thissen et al., 2016).

These arguments reinforce a longstanding demand for consistent interregional input-output (10)
tables, which contain information on both sectoral specialization, and linkages within and across
regions (e.g., Isard, 1953; Hewings and Jensen, 1987). Such tables could be used for regional
economic analyses varying from impact studies (of global or localized economic shocks) to general
equilibrium modelling to evaluate alternative policy options. The world has changed since the earliest
pleas for such data. The fact that the shares of both final products and intermediate inputs sold

across national borders increased with the emergence of Baldwin’s (2006) “second wave of



globalization”, implies that the effects of supplier-user linkages are no longer restricted to
interregional transactions within countries. Incorporating such effects in regional analyses requires

global 10-tables in which (at least some neighbouring) countries are spatially disaggregated.

In recent years, researchers have made great strides in constructing global 10 tables, by linking data
on national production structures (national accounts, supply and use tables and/or 10 tables) to data
on bilateral trade in goods and services. The construction of such tables with regional detail is still in
its infancy, though. Dietzenbacher et al. (2012) included Brazilian regional detail in the World Input-
Output Database (WIOD). Cherubini and Los (2012) similarly analyzed four Italian NUTS1 regions.
Wang et al. (2017) incorporated regional data for China in Eora’s global 10 tables, and Meng and
Yamano (2017) presented analysis based on spatial disaggregations of China and Japan (in turns, not
simultaneously) within the OECD’s Trade in Value Added tables. Despite the good quality of data
generally available in (countries of) the European Union, there has never been a longitudinal and
consistent dataset on trade across EU-regions. Given the hypothesized importance of European
national and regional integration for overcoming disadvantages of sectoral and spatial
fragmentation, as well as the need for consistent evaluation of a burgeoning number of policy
initiatives on cohesion, competitiveness, resilience, growth and smart specialization (McCann, 2015;
Bachtler et al., 2013; Foray, 2015; Piattoni & Polverari, 2016), this absence is remarkable and is felt to

full impact.

This paper introduces the EUREGIO database: the first time-series (annual, 2000-2010) of global 10
tables with regional detail for the entire large trading bloc of the European Union. The construction
of this database, which allows for regional analysis at the level of so-called NUTS2 regions, is
presented in detail for its methodology and applications.? The tables merge data from WIOD (the
2013 release) with, regional economic accounts, and interregional trade estimates developed by PBL
Netherlands Environmental Assessment Agency (PBL/RT, see section 3.2), complemented with
survey-based regional input-output data for a limited number of countries. All used data are survey
data and only non-behavioral assumptions have been made to estimate the EUREGIO dataset. These
two general rules of data construction allow empirical analyses focused on impacts of changes in

behavior (of economies, firms, policies) without endogenously having this behavior embedded

1See, e.g. the contributions to a special issue of Economic Systems Research (Tukker and Dietzenbacher, 2013), with contributions by the consortia
that constructed GTAP-based global 10 tables (Andrew and Peters, 2013), Eora (Lenzen et al., 2013), EXIOPOL (Tukker et al., 2013), the World Input-
Output Database (Dietzenbacher et al., 2013) and 10 tables covering South East Asia and its main trading partners (Meng et al., 2013). Another
popular source of global 10 tables is OECD’s Trade in Value Added database.

2 Details on the NUTS2 classification are presented in Appendix A.



already by construction. The tables are publicly available to the research community, from the Dutch

government open data website.

The construction of the time series of multiregional NUTS2 input-output tables is based on a top-
down approach where national accounts in the format of national supply and use tables have been
taken as given. A supply and use framework is used rather than an input-output (10) framework. An
input-output framework uses the assumption that every sector produces only one good. There are
two types of input-output matrices: product-by-product matrices and sector-by-sector matrices.
Product-by-product input-output matrices are generally constructed around the product
classification, and sectors are therefore adjusted or mixed in such a way that only one sector makes
only one product. Sector-by-sector input-output matrices are generally constructed around the
sector classification, and products are therefore adjusted or mixed in such a way that only one sector
makes only one product. This implies that, depending on the type of |10 table, either sectors are not
comparable across countries and not comparable with regional sector statistics, or products are not
comparable across countries and not comparable with trade statistics. In this project, both a regional
trade database, and production and consumption data of different actors in different regions, were
used. The focus is thus intentionally on the regionalization of both trade and the regional use and
supply of products by different economic actors. The regionalization of a complete supply and use

framework is then the only option available.

The paper is organized around the successive steps of the data construction. These are outlined

below and will be explained in more detail in the remaining sections in the paper.

1. Adjustment of WIOD (section 2). The WIOD international supply and use tables were taken as
the starting point of the analysis. The WIOD database (Timmer et al., 2012; Dietzenbacher et
al., 2013) makes a detailed distinction between final and intermediate goods trade. The
supply and use tables provide detailed information on bilateral trade for 40 countries and the
rest of the world. The data include 59 product categories, among which services, according
to the European Statistical Classification of Products by Activity (CPA) 2002. The data are
consistent with countries’ national accounts.® The WIOD international supply and use tables
are first adjusted so as to (1) account for the distribution of the re-exports over (most likely)
origin and destination countries, and (2) to ensure consistency in bilateral trade flows (i.e.,
trade matching: exports from i to j equal imports of j from i), and (3) that exports and

imports of each country add up to their national accounts totals as presented in the WIOD

3 See Appendix A for a list of countries, product categories and regions identified in the data base.



database. Both adjustments have to be done before the regionalization because otherwise
inconsistencies would have to be regionalized as well. The regionalization of inconsistencies
is theoretically not possible since they do not exists in reality and therefore cannot be based
on actual information.

2. Regional information (section 3). Subsequently, information on sector production,
investment and income development from the Eurostat regional accounts was added. After
these have been made consistent with the above mentioned national accounts, the data
were used to regionalize the national tables. As the outcome of this regionalization
procedure, regional supply and use tables for each of the 256 European NUTS2 regions, for
14 sectors and 59 product groups for the years 2000 to 2010, are obtained. Where available,
regional survey based information on supply and use of different sectors was added. In
particular, regional supply and/or use tables are available for Scotland and Wales, as well as
Italy (five NUTS1 regions), Finland (21 NUTS3 regions) and Spain (15 NUTS2 regions). These
tables were added as additional priors to the estimation. Regional trade is taken from the
PBL Netherlands Environmental Assessment Agency regional trade data for the year 2000 as
a prior to the estimations for 2000-2010.*

3. Construction of tables (sections 4 and 5). Taking the regionalized supply and use tables, the
PBL regional trade data and the survey based regional supply and use tables as a prior, the
EUREGIO supply and Use tables are estimated for the years 2000-2010. The estimation
approach is based on a constraint non-linear minimization approach that guarantees
consistency of the regional tables with the national tables (the WIOD database).® This
consistency implies that adding up the regionalized supply and use tables results in the
corrected national WIOD supply and use tables. The interregional supply and use tables that
have trade, matched bilateral trade flows and no re-exports.

4. We conclude (in section 6) on the usefulness of this type of regional 10 tables with an

overview of current applications of the EUREGIO database.

4 The only fully consistent database on trade in goods and services at the NUTS2 regional level was constructed by PBL Netherlands Environmental
Assessment Agency (Thissen et al., 2013a, 2013b and 2013c). This database, based on a parameter-free estimation of trade data (Simini et al., 2012),
was the basis for the tailor-made bilateral trade data set used here.

5 A quadratic minimization function is to be preferred over a logarithmic function (often used in entropy minimization, e.g., Thissen and Lofgren,
1998) because of its mathematical properties that reduce computation time significantly.



2 TRADE MATCHED AND RE-EXPORT CORRECTED
INTERNATIONAL SUPPLY AND USE TABLES

Before inter-country trade could be regionalized in the EU/REG/I0O database, some adjustments in

the WIOD trade data had to be made.

First, in the original WIOD database, exports were not assigned to countries of destination. As a
precondition, the total exports in the tables cannot be less than the imports from all other countries
after the correction for re-exports. Hence, bilateral trade flows in WIOD had first to be made
consistent, i.e. fully trade matched. This is part of a wider adjustment of the WIOD data to correct for
the actual origin of re-exported trade discussed below. Before any differences between the values of
exports and imports can be evaluated, they should both be valued in the same prices. The WIOD
tables follow Eurostat in having both exports and imports in fob (free on board) prices. However, not
all countries present their exports at the product level in fob, since the Eurostat manual leaves the
choice between exports in fob at the product level and total exports in fob open to the bureaus of
statistics. Moreover, countries have changed the way they report the exports over time. In the year
2010 there are 18 out of 40 countries that use a correction term to have only the total value of
exports in fob prices. These countries are Austria, Bulgaria, Cyprus, Germany, Spain, Estonia, Finland,
France, Greece, Hungary, Italy, Lithuania, The Netherlands, Poland, Portugal, Romania, Slovenia and
the United States. This correction factor had to be applied to the different products to obtain fob
prices at the product level. Since there is no information available about these margins, the domestic
trade and transport margins are used as a proxy. The correction factor has therefore been applied

over the products proportional to the domestic trade and transport margins.

Second, trade flows between countries in WIOD were not corrected for re-exports. Re-exports are
goods imported by a resident, who assumes (short-term) ownership of the goods.® The goods are
subsequently exported without having received any significant industrial processing.” Re-exported
goods may actually never have been in the intermediate country, as trade is only determined by
ownership changes. Re-exports affect the measured patterns of bilateral trade. Re-exports are
recorded as exports of the intermediate country in the system of national accounts. This implies that

trade flows are registered to a different country than the true origin or final destination. Our

6 Re-exports are important foremost in goods trade and much less in services trade.

7If there is no transfer of ownership at any stage, the goods are considered to be in transit. Transit goods are not part of the system of national
accounts and are therefore not part of the (nationally) reported exports and imports.



correction involves estimating complete origin-destination matrices of re-exports and then restoring

bilateral trade to its ‘proper’ origin and destination.®

The WIOD supply and use tables include estimates of the size of total re-exports per intermediate
country. The re-exports in the WIOD database are minimum estimates derived from the accounting
principle that exports cannot be larger than production. Re-exports in WIOD are therefore
determined as the exports minus the production if this results in a positive number. In mathematical

form this can be written as:

RE,, = Maz|0,(Ez,, —Y, )], [1]

q.p q.p

where RE  denotes re-exports RE by country g and product p, excluding trade margins, Ez

denotes exports of p from country g excluding trade margins, and Yq » is the production of product p

in country g.

Some provisions have been made in WIOD to account for re-exports. The WIOD trade database
leaves out re-exports from the imports by intermediate country g of product p. However, it does not
address re-exports from the intermediate country to the final destination. Our correction then entails
the following two steps. We first subtract from the imports by destination j of product p in the
original tables the re-exports from intermediate country q. Subsequently, we add to trade inp

between origin i and j re-exports via any intermediate g. This is explained by the following equation:

i,j,p iLj.p i,q,),p i,j,p

— £ adj
TRE,, =T, —RED,, +Y REOD, , +i" [2]
q

Here, TREMP denotes bilateral trade between i and j in product p corrected for re-exports; ﬂ,;,p

designates trade in p between origin i and j in the original tables; REDW. » denotes re-exports of p

from intermediate country g to final destination j; and REOD,

.q.j.p 1S the origin-destination matrix

. . . ~ad . . .
of re-exports in p via g. The adjustment term tl.flj{ ensures consistency of bilateral trade, i.e. that

p

total imports from a certain origin cannot exceed the exports of that origin.

8 See Lankhuizen and Thissen (2018) for a detailed description of the methodology and implications of the corrections.



Box 1: Optimisation and constraints

Objective function — minimization of errors
7 . 2 . 2 . 2 radi \2
- Z (ei,q,p) + Z (e c/,./',ﬁ) ¥ z (ei,q,./’,p) + Z (ti,.i,p) [3]
i,.q,p q.J,p i,.q.),p iJj.p

Under the following constraints:

- Total re-exports from origin i, ZREO,
q

- Total re-exports to destination j, ZRED
q

4.p » CANNOt exceed its total exports EX, ,;

.. » cannot exceed its total imports ]Mj )

- Trade consistency: exports from i, Exl.,p , cannot exceed total imports from i, ZTRE[ P
j

- Trade consistency: imports into j, Imj)p, cannot exceed total exports into j, ZTRE[ ITE

Regarding the errors the following definitions apply:

- Estimated origin of re-exports: REO, , , =PI, RE_ + e

i.q.p i.q.p i.q.p’

. . . . Pe— Av .
- Estimated destination of re-exports: RED, ,  =PE_, RE  +e' . ;

REO. )
- Origin-destination matrix of re-exports: REOD, , , = R—”[””REDq,I.’p L2

q.p
where,

PI . =—"LI _ isthe probability of the origin i of imports of product p, and

L],p
Zi' Tf',./',l7

PE,.J,p = Z:'—/p, is the probability of the destination j of exports of product p.
j Lj\p

The probabilities of origin and destination of re-exports reflect our assumption that re-exports have a
similar country pattern as regular trade. That is, important origins (destinations) of a country’s imports
(exports) are also important origins (destinations) of its re-exports. See Lankhuizen and Thissen (2018)

for a further discussion of this assumption.

RED

~adj . . . oo
i REOD. and ti(fjfp are estimated through a constrained non-linear optimisation

i,9,),p

procedure. The procedure is summarized in Box 1. The minimization results in the complete re-



export matrices REOD.

.0.;p @nd new, fully matched trade flows between countries for 59 product

categories.

3 REGIONAL INFORMATION TO REGIONALIZE SUPPLY AND USE
TABLES®

Central in the procedure of constructing EUREGIO is regionalization of the WIOD supply and use
framework. The regional supply and use tables are organised according to the standard structure of
use and supply tables (see Tables 1 and 2). This means that total use in the region equals total
regional supply. Also, column totals in the regional supply and use tables are equal because total

output of every regional industry equals this industry’s total input and value-added.

Table 1: Use table

input input input household  non-profit  government fixed capital changesin  changesin
industry 1 industry 2 industry s demand demand demand formation inventories  valuables exports total

product 1
product 2

product p
total

Table 2: Supply table

input input input trade and transport + taxes -subsidies
industry 1 industry 2 industry s margins on production imports total

product 1
product 2

product p
total

The regionalization of supply and use was achieved as a first estimate using the Commodity Balance
(CB) method, first suggested by Isard (1953). By multiplying the national values of value-added,
investment, government demand and consumer demand in WIOD with the respective shares of
regions in the national totals, consistent regional values were obtained. This part of the analysis did
not involve the estimation of regional trade and the assumption of the same production technologies
and consumption patterns was later relaxed using additional regional supply and use information

where available. Regional data on value-added, regional investment, government demand and

9 Section 3 and 4 are in part based and elaborates on Appendix A of Thissen et al (2013), and are used here with permission.

10



consumer demand (both with regional income as a proxy) are from Eurostat (2014). The Eurostat
data provide information on regional totals, without a distinction between different products. The
structure of the national supply and use tables is assumed to give a good approximation for the
regional tables. More formally, consumers are assumed to have homogenous preferences
throughout the country concerned, homogenous government spending is assumed over the regions,
and industries are assumed to use the same production technology, irrespective of their location

within the country concerned.

3.1 REGIONAL PRODUCTION AND CONSUMPTION

With respect to the supply tables, regional output has been broken down by industries, trade and
transport margins and net taxes. First, the data on production were determined per industry as well
as the intermediate demand. No information is available on output at the European NUTS2 level.
However, data on value-added (VA) for 14 economic sectors is available from Eurostat. The number
of sectors in WIOD have therefore been aggregated accordingly. Table 3 presents the classification

for these 14 economic sectors.

Table 3: Industry classification in 14 sectors

S1 Agriculture

S2 Mining, quarrying and energy supply

S3 Food, beverages and tobacco

S4 Textiles and leather

S5 Coke, refined petroleum, nuclear fuel and chemicals etc.

S6 & S7 Electrical, optical and transport equipment

S8 Other manufacturing
S9 Construction
S10 Distribution

S11 Hotels and restaurants

11



S12 Transport, storage and communications

S13 Financial intermediation
S14 Real estate, renting and business activities
S15 Non-market services

Regional supply and use tables were constructed using the commodity balance approach where
different columns of the tables are proportionally distributed to the regions using regional
information on a column total or a proxy for this column total Regional value added was used to
distribute the column of industries (output) over the regions. Regional income statistics were used to
distribute the demand categories (household demand where x and x were taken together and
government demand) over the regions. Gross capital formation is divided into three items: gross
fixed capital formation, changes in inventories and changes in valuables. With respect to the gross
capital formation regional information on investments is used to regionalize the national total capital

formation. Changes in inventories and valuables were constructed using regional value-added as a

proxy.

In a similar fashion, this last consideration could also be applied to the two remaining columns in
the supply table: trade and transport margins and taxes and subsidies - since their regional

variation is also assumed to be proportional to production. All data in the regionalized supply and
use tables now are defined, except domestic trade, i.e., trade between regions of the same country.
The PBL trade data set (Thissen et al. 2013b,c — see section 3.2 in this paper) were used as a first
estimate. For example, the use of a product by an industry is allocated to regions in a country
according to the intraregional trade of this product that is available in the original PBL trade
database. Again, this is only a first proxy for the trade, since this is endogenously determined in the
estimation procedure described in the next section after introducing the PBL regional trade dataset

in the subsequent subsection.

3.1 CONNECTING REGIONAL TABLES: REGIONAL TRADE10
An important ingredient for the construction of the EUREGIO database set out in this paper, is a

unique dataset on regional bilateral trade assembled by PBL (Thissen et al., 2013b, 2013c). This PBL

regional trade (PBL/RT) database contains information on trade in 59 product categories (according

10 This section is adapted from the Appendix in Thissen et al. (2013a, pp.179-232) to explain its use in the construction of the regional tables used in
this paper with permission of Edgar Elgar Publishing.

12



to CPA) between 256 European NUTS2 regions for the year 2000, and an update of this dataset for
the period 2000-2010. The PBL/RT dataset was constructed by bringing together data from several
sources as no complete trade surveys exist at this detailed geographical scale. The main sources used
are (1) the national accounts of the 25 selected countries in a supply and use format (these are also
used in the EUREGIO database described in this paper), (2) international trade data on goods from
Feenstra et al. (2005) and on services from Eurostat (2009), (3) regional information on production,
investment and consumption made available in Cambridge Econometrics (2008) and Eurostat’s
regional accounts, (4) information on freight transport among European regions from the Dutch
Ministry of Infrastructure and the Environment (2007), and (5) first and business class airline ticket
information from MIDT (2010)**. Additional regional and national information is gathered from
Eurostat to update the data for the period 2000 to 2010. The PBL bi-regional panel trade dataset
describes the most likely trade flows between European regions given all available information. As in
the EU/REG/10 database, no spatial structure has been imposed on the data. In other words, no
specific model is used to estimate trade patterns!2. For a full understanding of these data in the light
of the EUREGIO database, we discuss the elementary ingredients of it in the four steps of its

construction.

3.1.1 Trade flows at the country level
First, a consistent international trade matrix of flows in goods and services was created between all

25 European countries and with the rest of the world divided into several blocks®3. International
trade in goods is based on the data collected by Feenstra et al. (2005). Trade in services is based on
Eurostat trade statistics taken from the balance of payments (Eurostat, 2009). These two sources
were the best available for international trade at the time of construction. However, they are not
always consistent with the national accounts or the national use and supply tables. Moreover, trade
in goods (Feenstra et al., 2005) are based on the 4-digits SITC and therefore require a conversion and
an aggregation and corrections for c.i.f./f.0.b. inconsistencies and re-exports had to be done. Trade in

services, instead, is divided in only four macro-categories and required a disaggregation.

11 MIDT data includes all tickets booked via Global Distribution Systems. Tickets directly booked with airlines are missing, but only a very small part
of the total market in the year 2000.

12 For instance, research on the validity of a gravity model based on data generated by a gravity model will by definition result in the confirmation of
the validity of the model.

13 For two out of 25 considered countries (Latvia and Greece), national accounts were not available. Accounts from the year 1998 have therefore
been updated using the commonly applied RAS method (or bi-proportional updating method). The necessary row and column sums for the supply
and use tables of Latvia and Greece were taken from Eurostat.

13



3.1.2 Cross-hauling and regional imports and exports
The second step in the construction of the PBL regional trade database concerned estimating

regional exports and imports for all distinguished NUTS2 regions in Europe. Regional trade also has to
take into account intranational trade, i.e., products sold outside the producing region but within the
same country, or consumption by a region of products produced elsewhere in the same country.
These estimates of intranational trade incur in a difficulty when regions simultaneously import and
export the same type of goods. As this phenomenon, known as cross-hauling, is empirically relevant,

it invalidates regionalization procedure that do not account for it (see Kronenberg, 2009).

As we stress the importance of avoiding imposing a structure on trade patterns, particular attention

has been dedicated to solving the problem of cross-hauling.

The Krugman trade model (Kruman 1980, 1991) is a convenient international trade model, as it
allows for cross-hauling. As Krugman noted in its seminal work in 1980, previous trade models could
not explain two-way exchange of differentiated products. We define an approach, then, that bases

itself on the Krugman model and guarantees consistency with the national accounts.

The core of the model is built around a Dixit-Stiglitz-Krugman framework, which assumes the
different varieties of a good are not identical (perfectly substitutable). Consumers have in fact a
preference for consuming many varieties of a good ( ‘love for variety’), a feature that is used to
explain why a location would simultaneously export and import the same type of good . A CES
demand fu