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Abstract

We use Belgian data on domestic firm-to-firm transactions and ask how the measurement of the share
of imports in final consumption is affected when one uses data recorded at higher levels of
aggregation. We find that aggregating detailed firm-to-firm transaction data to the firm level and
imposing homogeneity assumptions in the composition of firms’ input and output do not substantially
affect the measurement of the share of imports in final consumption. However, using the national 1O

tables alone may understate the share of imports in final consumption and, thereby, the gains from
trade.
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Non-technical summary

In a wide class of models, one of the relevant statistics for calculating the welfare effects of trade is
the share of imports in final consumption (Dhyne et al., 2021). It measures the share of imported
inputs that are used in the production of final goods consumed domestically. To accurately measure
the foreign content of what we consume, we need to account for imports obtained indirectly through
the domestic supplier network.

The purpose of this paper is to use data from Belgium that contain detailed information on domestic
firm-to-firm transactions and ask how the measurement of the share of imports in final consumption
is affected when one uses data recorded at higher levels of aggregation. Answering this question is
important because only a few countries provide detailed transaction data at the level of firm-to-firm
relationships.

We compute the share of imports in final consumption under the four different approaches. In the
baseline case, where we account for heterogeneity in the composition of firms' input and output within
sectors using the B2B transaction data, we find that 58 percent of domestic final consumption in
Belgium is produced using inputs that originate from abroad. Assuming roundabout structures in the
production network does not quantitatively alter the measurement of the share of imports in final
consumption. Assuming a simple roundabout structure implies that the share of imports in final
consumption is 61 percent, while assuming a sectoral roundabout structure implies that the share is
60 percent. However, when using the national 10 table available in the World Input-Output Database
(WIOD), this share is lower, at 50 percent. Using 10 tables alone may therefore understate the gains
from trade.

In addition to the fact that the numbers are computed using distinct datasets, a key driver of the
difference is the treatment of the retail and wholesale sectors in 10 tables. The B2B transactions
database records the gross sales of firms in the wholesale and retail sectors in the same way as it
records sales of firms in other sectors. However, in 10 table, the amount supplied to or bought from
wholesalers and retailers only covers, on one side, he inputs used to provide wholesale and retail
services, and the trade margins realized on the other side. The sectoral linkages involving wholesalers
and retailers therefore exclude the value of the goods that are purchased for resale.
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1 Introduction

In a wide class of models, one of the relevant statistics for calculating the welfare effects of trade is
the share of imports in final consumption (Dhyne et al., 2021). It measures the share of imported
inputs that are used in the production of final goods consumed domestically. To accurately measure
the foreign content of what we consume, we need to account for imports obtained indirectly through
the domestic supplier network.!

The purpose of this paper is to use data from Belgium that contain detailed information on
domestic firm-to-firm transactions and ask how the measurement of the share of imports in final
consumption is affected when one uses data recorded at higher levels of aggregation. Answering
this question is important because only a few countries provide detailed transaction data at the
level of firm-to-firm relationships. Researchers often have to rely on data that are recorded at the
firm level or on national input-output (IO) tables that are recorded at the sectoral level. Analyses
using such data require homogeneity assumptions on how firms source their inputs and sell their
output.? We test the implications of these restrictive but common assumptions in the measurement
of the share of imports in final consumption.

We find that aggregating detailed firm-to-firm transaction data to the firm level and imposing
homogeneity assumptions in the composition of firms’ input and output do not substantially affect
the measurement of the share of imports in final consumption. However, if researchers have to rely
on the national IO tables alone, our results caution that the usage of such data may understate the
share of imports in final consumption and thereby the gains from trade. Our exploration reveals
that when researchers use the national 10O tables, wholesale and retail firms—which account for a

sizable share of final consumption—have significantly lower total import shares.

2 Data

We draw on three data sources provided by the National Bank of Belgium (NBB).? The first data
source is the business-to-business (B2B) transactions database (Dhyne, Magerman and Rubinova,
2015). The B2B transactions database allows us to measure all domestic firm-to-firm transactions
provided that the amount of annual sales in a given relationship exceeds 250 euro. The second

data source consists of the Belgian customs records and the intra-EU trade declarations. These

Note that the share of imports in final consumption is distinct from the ratio of aggregate imports to aggregate
domestic final consumption since imports can also be used in the production of exports. Furthermore, depending on
the structure of the domestic production network, the usage of imports may differ between domestic final consumption

and exports.
2Similar challenges in measurement arise in the context of Global Value Chain statistics (see, for example, Johnson

and Noguera, 2012 and Johnson, 2018.). See also de Gortari (2018) for recent attempts to improve these measurement
issues using microdata. For similar attempts using Belgian data, see Hambye, Hertveldt and Michel (2018), Bems
and Kikkawa (2021), and Hambye and Michel (2022).

3All three data sources are recorded at the level of value-added tax (VAT) identifiers. We follow Dhyne et al.
(2021) and Dhyne, Kikkawa and Magerman (2022) to aggregate VAT identifiers to the level of firms. For each firm
that consists of multiple VAT identifiers, we assign the industry code of the largest VAT identifier.



data sources allow us to observe the values of imported and exported goods by Belgian firms. The
third data source is the annual account filings of Belgian firms. Importantly, this dataset contains
information on firms’ sales and the cost of inputs, as well as their four-digit NACE industry codes.
By subtracting a firm’s sales to other firms and exports from its total sales, we can back out its
sales to domestic final demand.

For the analysis in this paper, we focus on the cross-section of private and non-financial sector
firms in the year 2012. We refer to Dhyne et al. (2021) for a more detailed description of the
variables, sample selection procedures, and the coverage of the selected sample of firms.

In addition to the microdata provided by the NBB, this paper uses the national IO table to
compute the share of imports in final consumption. When doing so, we use the 2012 national 10
table for Belgium, available in the World Input-Output Database (WIOD, Timmer et al., 2015).
We also complement the analysis by using the IO table published by the Belgian Federal Planning
Bureau for the year 2010.4

3 Measurement

The share of imports in final consumption captures the share of household consumption that origi-

nates from abroad. It is thus measured as ) | 55 Hsf,?tal, where we sum across all firms’ total import

To
shares, s7 ;

tal that capture the shares of imports in firms’ input usage, with each firm weighted by
its sales share in domestic final consumption, s;.

While some firms directly import inputs from abroad, the majority of firms only use imported
inputs indirectly from their suppliers that import, or suppliers’ suppliers that import, and so on
(Dhyne et al., 2021). We follow Dhyne et al. (2021) and define firms’ total import share as follows:

spg = spp ) sigsp (1)
i
Firm j’s total import share is recursively defined as the sum of its direct import share, sg;, and
the total import shares of its suppliers, each weighted by the supplier’s input share in firm j, s;;.

The key assumption underlying this measure is that the firm’s composition of inputs in pro-
duction does not vary across its buyers. Furthermore, in a broad class of models where households
have homothetic preferences, firms produce with constant returns, firm-to-firm linkages are fixed,
and firms charge constant markups, the share of imports in consumption, » ;S Hs}@?t"“l, becomes a
key statistic in predicting the change in the aggregate price index in response to changes in trade
costs (Dhyne et al., 2021).°

In the following subsections, we outline how we measure sy, srj, s;;, and hence sbegml under

different assumptions on the structure of the domestic production network and data availability.

4Because this IO table is only available every five years, we use the WIOD as the baseline dataset for the national
IO table. As discussed below, we focus on the same private and non-financial sectors when using the national IO
tables.

® Another important assumption is that all inputs are variable inputs. Dhyne et al. (2022) relax this assumption

and calculate the total import shares separately for variable and fixed inputs. They find that doing so makes the

total import shares in variable costs larger and that the total import shares in fixed inputs are relatively small.



3.1 Baseline

As our baseline, we make use of the richness of the Belgian data to compute the share of imports
in final consumption. Using these data allows us to capture heterogeneities in firms’ sourcing and
selling patterns within sectors. For example, firms source from different sets of firms and sell to
different sets of firms even if they are in the same sector. Furthermore, firms allocate different
shares of input costs to purchases from suppliers and different shares of revenue to sales to buyers.

In this baseline case, s;jg is measured as the share of firm j’s sales to domestic final demand
among all other firms’ sales to domestic final demand. The direct import share of firm j, sgj,
is measured as the share of imports in its total input cost. The total input cost of a firm is
calculated as the sum of the firm’s labor cost, purchases from other firms, and imports. Finally, s;;
is measured as the share of firm ¢’s sales to firm j in firm j’s total input cost. With these shares, we
use equation (1) to compute firms’ total import shares, s%tal, and calculate the share of imports

in final consumption.

3.2 Simple roundabout

When researchers lack detailed data on firm-to-firm transactions, they need to approximate the
network structure, which leads to different measurements of sy and s;;. We first consider a simple
roundabout production economy, following the spirit of Eaton and Kortum (2002). We assume that
the production of goods requires labor input and a composite good that is used as an intermediate.
As this composite good is aggregated using all firms’ output, all firms in this economy are using
inputs from every other firm through the composite good.

Since standard firm-level datasets do not distinguish firms’ sales to other domestic firms from
their sales to domestic final demand, we additionally assume that this composite good is also used
as the final consumption good. Therefore, in this simple roundabout case, firms’ shares in final
consumption, s;p, are measured using firms’ domestic sales shares, s;p, in the calculation of the
share of imports in final consumption. A firm’s domestic sales share, s;p, is defined as the share
of the firm’s domestic sales (sum of its sales to domestic final demand and its sales to other firms)
among all other firms’ domestic sales.

Furthermore, input shares in equation (1), s;;, are no longer read directly from the data in
the simple roundabout case. Since all firms are assumed to be directly connected with each other
through the composite good, for every firm pair, we measure s;; as the product of the supplier’s
share in total domestic sales by all firms, s;p, and the share of domestic purchases in the buyer’s
total input cost, sp;j. The measurement of firms’ direct import shares, sp;, remains the same as in
the baseline case.

These measures, taken together, allow us to compute firms’ total import shares from the fol-

lowing equation:
Total ,Rd __ Total,Rd
Sp; =spj + E $iDSDjSp; ) (2)
i

: : : Total,Rd
and calculate the import share in final consumption from -, s;ps;; Rd



3.3 Sectoral roundabout

The second approximation of the network structure we consider is the sectoral roundabout econ-
omy. We follow Blaum, Lelarge and Peters (2018) that extend the simple roundabout approach to
incorporate sectoral linkages. We assume that firms’ output is aggregated up to create a sector-
specific composite good, and firms use a Cobb-Douglas aggregate of these sectoral composite goods
as intermediates. Firms are heterogeneous in their share of domestic purchases in total input costs
but are homogeneous within sectors in the share they allocate toward each sectoral composite good
in their total domestic purchases. We use the aggregated two-digit NACE industry codes as our
definition of sectors and focus on 48 of them that fall in the category of private and non-financial
sectors.

We denote the Cobb-Douglas share of sector v inputs in the production of sector v goods by
You- We measure these Cobb-Douglas shares by aggregating all firm-to-firm transactions in the
data to the level of sector-to-sector pairs. With these shares in hand, firms’ total import shares in

the sectoral roundabout case can be computed from

Total,SecRd __ Total,SecRd 3
SFj = SFj + Z Siv(i) Yu(i)u(§)SDjS Fy y ( )
i

where we consider firm 4 in sector v and firm j in sector u. As in the simple roundabout case, we
continue to assume that the sectoral composite goods that are used as intermediates for production
are also used as final consumption goods. Therefore, s;,;) is defined as firm ’s share in total

domestic sales by all firms in its sector v. Finally, we calculate the import share in final consumption

Z ___JTotal,SecRd
as ) ; SjDSp; .

3.4 Using the national 10 table

The final approach we consider to compute the share of imports in final consumption is to use
the national IO tables. When researchers do not have access to any microdata or when they have
access to detailed data for only a subset of firms in the economy, they have to rely on the national
1O tables by assuming homogeneity in firms within sectors in terms of the composition of their
input and output. To be consistent with the analysis done using the NBB datasets, we focus on
the same set of 48 sectors as in the sectoral roundabout case.

The total import shares for each sector can be computed using equation (1) where the indices
1 and j now represent sectors. The IO tables also allow us to measure each sector’s share in
domestic final demand, s; 1.8 Therefore, we calculate the import share in final consumption from

Z ___Total IO
i SiHSF; )

SWe take a broad definition of domestic final demand, which includes final consumption not only by households

but also by non-profits and government, and also includes capital formation.



4 Results

Figure 1 reports the computed share of imports in final consumption under the four different
approaches. In the baseline case, where we account for heterogeneity in the composition of firms’
input and output within sectors, we find that 58 percent of domestic final consumption in Belgium is
produced using inputs that originate from abroad. The figure also shows that assuming roundabout
structures in the production network does not quantitatively alter the measurement of the share of
imports in final consumption. Assuming a simple roundabout structure implies that the share of
imports in final consumption is 61 percent, and assuming a sectoral roundabout structure implies

that the share is 60 percent.

o o o
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Figure 1: Share of imports in final consumption
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Figure 2: Total import shares

The similarities between the baseline case and the two roundabout cases can be explained by
the similar distributions of s;5 and firms’ total import shares, which together constitute the share
of imports in final consumption. In the baseline case, s;r is measured by the firm’s sales share in
domestic final demand. In the two roundabout cases, we measure s;jy with s;p (the firm’s share
in domestic sales), since standard datasets only record firms’ domestic sales. In the Appendix, we
plot the distributions of the two and find that they closely overlap, with the correlation coefficient
between s; and s;p at 97 percent. The high correlation between the two is due to the fact that



the sales to domestic final demand account for a large share of the total revenue of many firms.
For the median firm, its sales to domestic final demand account for 72 percent of its total revenue
(Dhyne et al., 2021).

Figure 2 shows the distributions of the total import shares in the baseline case alongside those
in the two roundabout cases. The figure reveals that in the two roundabout cases, the distribu-
tions of the total import shares are more compressed than in the baseline case. This is because
the roundabout cases fail to capture the rich heterogeneity in firms’ input usage, and hence the
heterogeneity in their exposure to imports. Nevertheless, the two roundabout cases capture well
the typical firm’s exposure to imports. While the median firm’s total import share is 39 percent
in the baseline case, the simple and sectoral roundabout cases imply that the median total import
shares are 41 percent and 38 percent, respectively. The total import shares under the simple and
sectoral roundabout cases correlate highly with those under the baseline case, with the correlation
coefficients being 91 and 92 percent, respectively.”

Turning to the share of imports in final consumption when using the national IO table available
in the WIOD, we see in Figure 1 that the share is lower than the baseline or the two roundabout
cases, at 50 percent.® In addition to the fact that the numbers are computed using distinct datasets,
a key driver of the difference is the treatment of the retail and wholesale sectors in the national 10
tables. The B2B transactions database records the gross sales of firms in the wholesale and retail
sectors in the same way as it records sales of firms in other sectors. However, in the national 10
table, wholesalers and retailers are treated as supplying services. Their input is measured by the
inputs used to provide wholesale and retail services, excluding the goods that are purchased for
resale. Their output is measured by the total value of the trade margins realized on the goods they
purchase for resale.”

This treatment understates the role of wholesale and retail firms in intermediating goods with
foreign content. The total sales share in domestic final demand for the wholesale and retail firms
(the sum of s;z) is smaller in the national IO table (15 percent) than in the firm-level dataset (38
percent). These wholesale and retail firms are also measured to have lower total import shares.
For firms outside the wholesale and retail sectors, the average total import share (weighted by s;f)
is 53 percent in the baseline case and 54 percent when using the national IO table. However, for
wholesale and retail firms, while the weighted average total import share in the baseline case is not
far from the other firms at 66 percent, the share is significantly lower at 24 percent when using the

national IO table.!? These results remain robust to using an alternative dataset for the national

"Once weighted by sz, the correlation coefficients become 92 and 93 percent, respectively.

8The correlation between the firm-level total import shares in the baseline case and those when using the national
IO table (which vary at the sector-level) is as low as 0.11.

9This is a standard treatment that is not specific to Belgium (UN, 2018).

10With the baseline values on the left and the values using the national IO table on the right, we can decompose

the share of imports in final consumption as

Z SjH X Z SITT?MZLJF Z SkH X Z ngtalzskil{zo.&%z)sO.SO,

. Si . Si
JEWR JEWR 226WR i kgWR kgWR igWw R StH
N—— N——
0.38vs0.15 0.66 vs0.24 0.62v50.85 0.53vs0.54



1O table. When we use the 2010 IO table published by the Belgian Federal Planning Bureau, the

share of imports in final consumption is measured at 53 percent.!!

which divides firms into wholesale and retail firms and the rest of firms.
1When we use the 2010 IO table, the sales share in domestic final demand for the wholesale and retail firms is

close to what is obtained from the WIOD at 17 percent. Moreover, the weighted average total import share for these

firms is significantly lower than the other sectors at 39 percent.
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A Appendix

A.1 sjg and sjp

Figure 3 plots the log distributions of sjz and s;jp. The share s;p is defined as the firm’s sales
share in domestic final demand. The share s;p is defined as the share of the firm’s domestic sales

(sales to domestic final demand and sales to other domestic firms) among all firms.

log(s;x) T log(sip)

Figure 3: Distributions of log sy and log s;p
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series, May 2022.

“New facts on consumer price rigidity in the euro area”, by E. Gautier, C. Conflitti, R. P. Faber, B. Fabo,
L. Fadejeva, V.Jouvanceau, J.O.Menz, T.Messner, P.Petroulas, P.Roldan-Blanco, F.Rumler,
S. Santoro, E. Wieland and H. Zimmer, Research series, June 2022.

“Optimal deficit-spending in a liquidity trap with long-term government debt”, by Charles de Beauffort,
Research series, July 2022.

“Losing prospective entitlement to unemployment benefits. Impact on educational attainment”, by
B. Cockx, K. Declercq and M. Dejemeppe, Research series, July 2022.

“Integration policies and their effects on labour market outcomes and immigrant inflows”, by C. Piton and
I. Ruyssen, Research series, September 2022.

“Foreign demand shocks to production networks: Firm responses and worker impacts”, by E. Dhyne,
A. K. Kikkawa, T. Komatsu, M. Mogstad and F. Tintelnot, Research series, September 2022.

“Economic research at central banks: Are central banks interested in the history of economic thought?”,
by I. Maes, Research series, September 2022.

“Softening the blow: Job retention schemes in the pandemic”, by J. Mohimont, M. de Sola Perea and M.-D.
Zachary, Research series, September 2022.

“The consumption response to labour income changes, by K. Boudt, K. Schoors, M. van den Heuvel and
J. Weytjens, Research series, October 2022.

“Heterogeneous household responses to energy price shocks, by G. Peersman and J. Wauters, Research
series, October 2022.

“Income inequality in general equilibrium”, by B. Bernon, J. Konings and G. Magerman, Research series,
October 2022.

“The long and short of financing government spending”, by J. Mankart, R. Priftis and R. Oikonomou,
Research series, October 2022.

“Labour supply of households facing a risk of job loss”, by W. Gelade, M. Nautet and C. Piton, Research
series, October 2022.

“Over-indebtedness and poverty: Patterns across household types and policy effects”, by S. Kuypers and
G. Verbist, Research series, October 2022.

“Evaluating heterogeneous effects of housing-sector-specific macroprudential policy tools on Belgian
house price growth”, by L. Coulier and S. De Schryder, Research series, October 2022.

“Bank competition and bargaining over refinancing”, by M. Emiris, F. Koulischer and Ch. Spaenjers,
Research series, October 2022.
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“Housing inequality and how fiscal policy shapes it: Evidence from Belgian real estate”, by G. Doménech-
Arumi, P. E. Gobbi and G. Magerman, Research series, October 2022.

“Income inequality and the German export surplus”, by A. Rannenberg and Th. Theobald, Research series,
October 2022.

“Does offshoring shape labor market imperfections? A comparative analysis of Belgian and Dutch firms”,
by S. Dobbelaere, C. Fuss and M. Vancauteren, Research series, November 2022.

“Sourcing of services and total factor productivity”, E. Dhyne and C. Duprez, Research series, December
2022.

" Employment effect of citizenship acquisition: Evidence from the Belgian labour market”, S. Bignandi and
C. Piton, Research series, December 2022.

"Identifying Latent Heterogeneity in Productivity", R. Dewitte, C. Fuss and A. Theodorakopoulos, Research
series, December 2022.

“Export Entry and Network Interactions - Evidence from the Belgian Production Network”, E. Dhyne,
Ph. Ludwig and H. Vandenbussche, Research series, January 2023.

"Measuring the share of imports in final consumption”, E. Dhyne, A.K. Kikkawa, M. Mogstad and
F. Tintelnot, Research series, January 2023.
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