Measuring the Share of Imports in Final Consumption
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In a wide class of models, one of the rele-
vant statistics for calculating the welfare ef-
fects of trade is the share of imports in final
consumption (Dhyne et al., 2021). It mea-
sures the share of imported inputs that are
used in the production of final goods con-
sumed domestically. To accurately measure
the foreign content of what we consume, we
need to account for imports obtained indi-
rectly through the domestic supplier net-
work.!

The purpose of this paper is to use data
from Belgium that contain detailed infor-
mation on domestic firm-to-firm transac-
tions 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 (I0) 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
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INote that the share of imports in final consump-
tion 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 do-
mestic final consumption and exports.

2Similar challenges in measurement arise in the con-

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 ex-
ploration reveals that when researchers use
the national IO tables, wholesale and retail
firms—which account for a sizable share of
final consumption—have significantly lower
total import shares.

I. 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 trans-
actions 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 data sources

text 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.
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allow us to observe the values of imported
and exported goods by Belgian firms. The
third data source is the annual account fil-
ings 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 subtract-
ing 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 de-
tailed 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 IO table for Bel-
gium, 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 Fed-
eral Planning Bureau for the year 2010.%

II. Measurement

The share of imports in final consump-
tion captures the share of household con-
sumption that originates from abroad. It
is thus measured as Y. 5,557, where we
sum across all firms’ total import shares,
sfﬂ‘;t“l, that capture the shares of imports in
firms’ input usage, with each firm weighted
by its sales share in domestic final consump-
tion, s;p.

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

4Because this 1O 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.

MONTH YEAR

firms’ total import share as follows:
(1) sp™ =+ Y suys

Firm j’s total import share is recursively
defined as the sum of its direct import
share, sp;, 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 mea-
sure is that the firm’s composition of in-
puts in production does not vary across its
buyers. Furthermore, in a broad class of
models where households have homothetic
preferences, firms produce with constant re-
turns, firm-to-firm linkages are fixed, and
firms charge constant markups, the share
of imports in consumption, > s;umsz3,
becomes a key statistic in predicting the
change in the aggregate price index in re-
sponse to changes in trade costs (Dhyne
et al., 2021).°

In the following subsections, we outline
how we measure s;y, Srj, S;;, and hence
s??tal under different assumptions on the
structure of the domestic production net-
work and data availability.

A. Baseline

As our baseline, we make use of the rich-
ness of the Belgian data to compute the
share of imports in final consumption. Us-
ing these data allows us to capture hetero-
geneities in firms’ sourcing and selling pat-
terns 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 allo-
cate different shares of input costs to pur-
chases from suppliers and different shares
of revenue to sales to buyers.

In this baseline case, s;y is measured as
the share of firm j’s sales to domestic fi-
nal demand among all other firms’ sales to

5 Another important assumption is that all inputs are
variable inputs. Dhyne et al. (2022) relax this assump-
tion 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 rel-
atively small.
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domestic final demand. The direct import
share of firm j, sg;, is measured as the share
of imports in its total input cost. The to-
tal 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 i’s sales to
firm j in firm j’s total input cost. With
these shares, we use equation (1) to com-
pute firms’ total import shares, s?jt“l, and
calculate the share of imports in final con-
sumption.

B. Simple roundabout

When researchers lack detailed data on
firm-to-firm transactions, they need to ap-
proximate the network structure, which
leads to different measurements of s;; and
si;. 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 in-
put 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 de-
mand, we additionally assume that this
composite good is also used as the final con-
sumption good. Therefore, in this simple
roundabout case, firms’ shares in final con-
sumption, s;y, are measured using firms’
domestic sales shares, s;p, in the calcula-
tion of the share of imports in final con-
sumption. A firm’s domestic sales share,
sjp, is defined as the share of the firm’s do-
mestic 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;5, are no longer read directly from the
data in the simple roundabout case. Since
all firms are assumed to be directly con-
nected with each other through the compos-
ite good, for every firm pair, we measure s;;
as the product of the supplier’s share in to-
tal domestic sales by all firms, s;p, and the
share of domestic purchases in the buyer’s
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total input cost, sp,;. 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 following equation:

Total,Rd __ Total,Rd
(2) spy =spj+ Y _sipspspe
i

and calculate the import share in final con-

: Total,Rd
sumption from > s;psg; .

C. Sectoral roundabout

The second approximation of the network
structure we consider is the sectoral round-
about economy. We follow Blaum, Lelarge
and Peters (2018) that extend the simple
roundabout approach to incorporate sec-
toral linkages. We assume that firms’ out-
put 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 domes-
tic purchases in total input costs but are
homogeneous within sectors in the share
they allocate toward each sectoral compos-
ite good in their total domestic purchases.
We use the aggregated two-digit NACE in-
dustry 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
u goods by 7,,. 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

(3)

Total,SecRd
SFj

. Total,SecRd
=Spj Tt D Sin(i)Vo(i)u()SDjSFi )
7

where we consider firm ¢ in sector v and firm
j in sector u. As in the simple roundabout
case, we continue to assume that the sec-
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toral composite goods that are used as in-
termediates for production are also used as
final consumption goods. Therefore, s;,¢
is defined as firm 4’s share in total domestic
sales by all firms in its sector v. Finally,
we calculate the import share in final con-

) Total,SecRd
sumption as > s;psg; -

D. Using the national I0 table

The final approach we consider to com-
pute the share of imports in final consump-
tion is to use the national IO tables. When
researchers do not have access to any mi-
crodata or when they have access to de-
tailed data for only a subset of firms in the
economy, they have to rely on the national
10 tables by assuming homogeneity in firms
within sectors in terms of the composition
of their input and output. To be consis-
tent 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 sec-
tor can be computed using equation (1)
where the indices ¢ and j now represent
sectors. The 10 tables also allow us to
measure each sector’s share in domestic fi-
nal demand, s;z.° Therefore, we calculate
the import share in final consumption from

Total, IO
Zj SiHSFR; .
ITII. 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 assum-
ing roundabout structures in the produc-
tion network does not quantitatively alter
the measurement of the share of imports
in final consumption. Assuming a simple
roundabout structure implies that the share

6We take a broad definition of domestic final de-
mand, which includes final consumption not only by
households but also by non-profits and government, and
also includes capital formation.
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of imports in final consumption is 61 per-
cent, and assuming a sectoral roundabout
structure implies that the share is 60 per-
cent.

The similarities between the baseline case
and the two roundabout cases can be ex-
plained by the similar distributions of s,
and firms’ total import shares, which to-
gether constitute the share of imports in
final consumption. In the baseline case,
sju is measured by the firm’s sales share in
domestic final demand. In the two round-
about cases, we measure s;y with s;p (the
firm’s share in domestic sales), since stan-
dard datasets only record firms’ domestic
sales. In the Online Appendix, we plot the
distributions of the two and find that they
closely overlap, with the correlation coef-
ficient between s;y and s;p at 97 percent.
The high correlation between the two is due
to the fact that the sales to domestic fi-
nal demand account for a large share of the
total revenue of many firms. For the me-
dian 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 to-
tal import shares in the baseline case along-
side those in the two roundabout cases. The
figure reveals that in the two roundabout
cases, the distributions of the total import
shares are more compressed than in the
baseline case. This is because the round-
about cases fail to capture the rich het-
erogeneity in firms’ input usage, and hence
the heterogeneity in their exposure to im-
ports. Nevertheless, the two roundabout
cases capture well the typical firm’s expo-
sure to imports. While the median firm’s
total import share is 39 percent in the base-
line case, the simple and sectoral round-
about cases imply that the median total im-
port 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 base-
line case, with the correlation coefficients
being 91 and 92 percent, respectively.”

Turning to the share of imports in final

7"Once weighted by s;m, the correlation coefficients
become 92 and 93 percent, respectively.
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FIGURE 2. TOTAL IMPORT SHARES

consumption when using the national 10
table available in the WIOD, we see in Fig-
ure 1 that the share is lower than the base-
line or the two roundabout cases, at 50 per-
cent.® In addition to the fact that the num-
bers are computed using distinct datasets, a
key driver of the difference is the treatment
of the retail and wholesale sectors in the
national IO 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 sec-
tors. However, in the national IO table,
wholesalers and retailers are treated as sup-
plying 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 mea-
sured by the total value of the trade mar-

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.

gins realized on the goods they purchase for
resale.”

This treatment understates the role of
wholesale and retail firms in intermediat-
ing goods with foreign content. The to-
tal sales share in domestic final demand for
the wholesale and retail firms (the sum of
s;m) 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 im-
port shares. For firms outside the wholesale
and retail sectors, the average total import
share (weighted by s;) 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 aver-
age total import share in the baseline case
is not far from the other firms at 66 per-
cent, the share is significantly lower at 24

9This is a standard treatment that is not specific to
Belgium (UN, 2018).
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percent when using the national IO table.'°
These results remain robust to using an al-
ternative dataset for the national 1O table.
When we use the 2010 10 table published
by the Belgian Federal Planning Bureau,
the share of imports in final consumption
is measured at 53 percent.!!
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ONLINE APPENDIX
Al. sjm and s;jp

Figure A1 plots the log distributions of s;5 and s;p. The share s;y 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(siy) T— log(sip)

FIGURE A1l. DISTRIBUTIONS OF logs;p AND logs;p



