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Abstract

We separately observe variable input expenditure and expenditure on fixed inputs in novel firm-level
data covering the Belgian manufacturing sector over the last decades. This permits a deeper
investigation of two potential drivers of the globally observed widening gap between firms’ revenue
and variable input expenditure: technology and market power. Across the board, cost structures have
become less reliant on variable input expenditure over time, while expenditure on fixed inputs or
overhead costs has increased in prominence. We relate these changes in firms’ cost structures to
performance measures and document that markups and gross profit rates increase substantially as
the role of variable costs in production diminishes. Profit rates net of fixed input expenditure also
increase, but by substantially less than gross profit rates. Our results suggest that technological
change can explain a considerable portion of the widening gap between revenue and variable input
expenditure, but that markups increase by more than necessary to break even, and that this
phenomenon operates remarkably similarly across different firms and industries.
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Non-technical summary

In recent years, a large number of studies have reported increasing markups and profit margins, as
well as other firm performance indicators, across countries and industries. These indicators however
have not necessarily increased for all firms across a distribution, and in particular these patterns can
be primarily explained by the larger firms in an economy. A relative increase in fixed costs of
production has also been observed. While most of these patterns have been documented in other
regions of the world, most notably in the United States, this paper contributes by analyzing the above
trends, and investigating the relationship between technological change and performance indicators
from a European perspective, specifically for a set of Belgian companies.

This paper documents the main patterns regarding fixed versus variable input use in Belgium. We
then attempt to uncover whether these inputs are used as substitutes or complements, and relate
them to measures of firm performance such as markups, gross and net profit rates, and measures of
productivity. To do this, we make use of firm-level annual accounts data across the population of
private Belgian manufacturing firms over the 1985-2016 period, where we uniquely observe the
breakdown of intermediate inputs into goods and services. In addition, we merge the annual accounts
with survey data from the Enqûete Structurelle Des Enterprises (ESE), over the 2008-2016 period.
This survey allows us to further break down intermediate services, typically thought of as fixed costs
of production, to see which of these components influence the overall trends of services and firm
performance indicators, and to explain any heterogeneity in our aggregate results.

We initially find an increase in the cost of goods sold share over time. Though when we break this
down into its components, we find an increase in the services share, and a decrease in the goods
and labor shares, typically thought of as variable costs of production. Firms tend to substitute services
with goods inputs, whereas services and labor inputs appear to be complements in production. We
also find that the rising service share has implications for firm performance; both net and gross profit
rates, as well as markups, increase with a higher services share. These results hold when either
looking within an industry or a firm over time. A closer inspection of the service inputs using the ESE
data reveals that it mainly comprises external labor, energy, and capital rent costs. We find that these
inputs behave surprisingly similarly to the whole bundle of services, despite being dissimilar in multiple
ways. On the other hand, firms that rely heavily on intermediate services in their production process,
especially external labor, behave differently from other firms in the study. For instance, these firms
tend to rely less on full-time employment and therefore have higher labor productivity. Further work
can be used to investigate this heterogeneity.
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1 Introduction

A growing number of studies report secular trends in measures of firm performance, includ-
ing increased markups and profits, across a wide range of industries and countries.1 One
robust fact that emerges from this literature is a widening gap between a firm’s revenue and
variable input expenditures (typically measured as a bundle including the cost of labor and
intermediate inputs, or intermediate inputs separately). This ratio has not increased equally
for all firms in the economy; the aggregate patterns can often be traced back to firms at
the top of the performance distribution, pulling away from the rest (either measured as the
median or average). Through the lens of cost-minimizing firms, this ratio has been inter-
preted as a price-cost margin. However, this is only valid to the extent that the researcher’s
measure of variable input expenditure indeed captures variable factors of production.

How to interpret these facts remains the topic of research, as it is challenging to disen-
tangle the two leading explanations behind an increase in the sales-to-variable input expen-
diture ratio: changes in technology versus changes in market power. It is difficult to attribute
patterns to these two forces because they are not mutually exclusive and potentially inter-
connected.2 While the separate identification of these sources requires specifying a model
of firm heterogeneity and taking it to the data, an equally important challenge is measure-
ment. More specifically, separately measuring variable and fixed factors of production –
beyond the classic labor capital distinction – and overhead or fixed costs.3 This measure-
ment is critical to the estimation of markups and, therefore, the separation of market power
from technological change, and ultimately matters for a host of policy questions.4

Measuring variable input expenditure is challenging as accounting measures often conflate
variable and fixed or overhead costs. In the classic setup, a firm produces output using vari-
able inputs (labor and intermediates). Financial statements routinely measure such variable
expenditure by the Cost of Goods Sold (COGS). In addition, output depends on quasi-
fixed inputs (capital), and firms potentially incur expenses not directly related to output
– overhead or fixed costs.5 Such fixed costs and overhead expenditure typically fall under
Selling, General, and Administrative expenses (SG&A) in financial statements. In practice,
the COGS/SG&A distinction does not perfectly separate variable and fixed or overhead

1See, for instance, De Loecker et al. (2020) and Autor et al. (2020) for the US, and De Loecker and
Eeckhout (2018) for a global analysis using listed companies. Syverson (2019) and Miller (2024) provide
overviews of the literature.

2In particular the work of Sutton (1991), and see De Loecker et al. (2021) for a structural analysis
permitting to identify the specific role of technology and market power in the US economy.

3See De Loecker and Syverson (2022) for a discussion on measuring inputs in production. Foster et al.
(2022) focus on the measurement of production technology.

4For instance, the appropriate response of antitrust policy to aggregate markup and concentration trends.
See Shapiro and Yurukoglu (2024) for a discussion.

5The distinction between quasi-fixed inputs and factors of fixed cost depends on the time horizon, of
course, and it greatly varies across production processes.
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costs (Syverson, 2019; Shapiro and Yurukoglu, 2024). In particular, COGS often contains
fixed or overhead expenditure.6 A similar phenomenon exists outside of financial statements
based on the Generally Accepted Accounting Principles (GAAP), with intermediate inputs
typically capturing both variable and non-variable costs. This bundling of variable and fixed
costs hampers markup estimation and the study of underlying causes of aggregate trends in
firm performance (De Loecker and Syverson, 2022).

This article is concerned with separately measuring variable factors of production and
fixed or overhead factors. We do this in the context of rich firm-level data covering the Bel-
gian manufacturing sector between 1985 and 2016. In particular, we utilize a unique feature
in the Belgian data, where we observe a breakdown of manufacturers’ intermediate input
expenditure into goods and services. Goods measures purchases of raw materials and con-
sumables, while services consists of the purchase of services and all other goods.7 This unique
split of the total intermediate input bundle allows us to delve into the potential technology
and market power channels by distinguishing between the role variable and non-variable pro-
duction costs. We describe the use of services and the increase in their relative importance
in the production process over time, and relate these changes to a host of measures of firm
performance, including price-cost margins and profitability.

We estimate markups and generate several cost measures and profit rates. Markups
of price over marginal cost are obtained using the production approach (De Loecker and
Warzynski, 2012), where a considerable advantage of our data is the existence of a variable
input: goods. We estimate output elasticities using a cost share approach where technology
is assumed constant at the 3-digit-industry-by-year level to accommodate technological dif-
ferences in the cross section and over time. COGS – the sum of expenditure on labor and
intermediate inputs – is split into a variable component containing labor and goods that we
call VCOGS, and services. VCOGS and services, therefore, split COGS into variable and
non-variable input expenditure. We construct a gross profit rate that takes into account only
VCOGS, while a net profit rate is based in addition on services and capital expenditures.

Our starting point is that markups have increased over the past decades, like in the US
and many other countries. In addition, the ratio of revenue to total cost has increased, but
by less than markups, suggesting that fixed production inputs have become more important
over time. Nevertheless, the COGS cost share, typically interpreted as the importance
of variable costs in total costs, is stable over time, suggesting that fixed inputs have not
become more important in production over time. However, the latter interpretation ignores
that certain elements of COGS do not correspond to variable input expenditure. Our unique
data allows us to separate common measure of variable input expenditure into variable and

6For instance, Grieco et al. (2024) report that large automobile manufacturers sometimes report all
operating expenses as COGS, even though they report fixed costs as being important in their operations.

7Services are distinct from fixed costs independent of production such as advertising and R&D activities
(excluding process innovation for direct implementation in production).
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non-variable components and to explain the apparent contradiction between the increasing
markup-profitability gap and the stable COGS share.

We show that the stable COGS share obscures a substantial change in firms’ cost struc-
tures over time, as the VCOGS share smoothly trended down while the services share
smoothly trended up over the past decades. While more pronounced in the top percentiles of
the cost share distributions, these patterns are present in their entire distributions, making
them remarkably general. These secular trends cannot be explained by between-industry
differences or entry and exit, as firms substitute services for variable inputs over time. An
important implication is that researchers who only observe a bundle of intermediate inputs,
or COGS, rather than a breakdown into variable and non-variable input expenditure po-
tentially miss the required information to study markups and technology, or at least are
confronted with this complication.

The changing cost structure of firms is linked to changes in firm performance. In par-
ticular, both markups and gross profit rates substantially increase as firms’ services cost
shares rise and their variable cost shares decrease. Simultaneously, we observe increased
non-variable costs and decreased variable costs. Net profit rates, which take into account
services expenditure, also grow, suggesting that firms increase markups by more than would
occur in a perfectly competitive manufacturing sector. However, net profit rates increase
substantially less than gross profit rates. Therefore, an important driver of markup growth
appears to be the changing cost structure of firms. Note that our results are related to, but
distinct from results linking increased SG&A spending to increased markups (e.g., De Loecker
et al. (2020)), as services consist mainly of expenditure on fixed inputs in the production
process, rather than overhead expenditure.8

Unique survey data allows us to further decompose the reported intermediate services
bundle into specific cost items fro the years 2008 to 2016. The Enquête Structurelle des
Entreprises (ESE) separately reports firm-level expenditure on (i) external labor, (ii) gifts,
(iii) insurances, (iv) rent, and (v) software. As a share of overall services expenditure,
external labor and rent are by far the most pronounced of the five types of expenditure.
Nonetheless, the shift from variable to fixed expenditure that occurs as overall services
expenditure becomes more important in firms’ cost structures is not observed for external
labor or rent, and the resulting increase in markups is only minor. Moreover, the sum
of expenditure on all five ESE elements corresponds to, on average, 18 percent of total
services expenditure. While labor outsourcing and information technology have received
much attention in recent academic work, they do not appear to be able to explain the
secular changes in cost structures and firm performance that we observe.9

8In the baseline analysis we treat services as a fixed input, consistent with their description. We also
show results assuming that services are overhead expenditure and thus do not enter the production function.
The main difference is that markup levels and increases are markedly larger for the overhead specification.

9For an in-depth analysis of the components of external labor costs see ?. Grossman and Helpman (2005)

3



We make three main contributions thanks to our observed split of intermediates into
variable and non-variable costs. We are the first to demonstrate a secular shift towards
services and away from variable inputs, and this across a wide range of sectors over several
decades.10 Second, we show evidence consistent with technological change being an impor-
tant mechanism behind aggregate changes in markups and profitability. Finally, we show
that labor outsourcing and expenditure on information technology are unlikely candidates
to entirely explain these secular trends. Our overall contribution is to provide evidence that
certain aspects of technological change operate quite similarly throughout the manufacturing
sector and that these secular changes are linked to markups and profitability. Moreover, our
findings raise concerns for researchers who only observe bundled expenditure on variable and
non-variable production inputs and who wish to study markups and technology. Our contri-
butions are related to the issue of measurement and the consequences of (not) observing a
detailed breakdown of variable and non-variable input expenditure. To pinpoint the relative
importance of different mechanisms underlying the changing ratios of revenue to total or
variable cost, a model of firm behavior is required, which is the topic of other work (e.g.,
De Loecker et al. (2021)).

Our work is related to research on technology, markups, and profitability beyond that
cited above. In particular, we are interested in the age-old question of whether market out-
comes are efficient or not – e.g., due to barriers to entry and lack of competition or economies
of scale and firm heterogeneity.11 In Sutton’s (1991) theory of endogenous sunk costs, all
these factors are determined jointly in equilibrium based on firms’ investment decisions. As
services contain arguably endogenous sunk costs, the rise of services in production and the
decline of variable costs that we document align with Sutton’s ideas.

Fixed costs and markups are studied in several recent articles. De Loecker et al. (2020)
show that the rise in markups seems to go hand in hand with a rise in fixed production
costs as captured by Selling, General, and Administrative (SG&A) expenses. De Ridder
(2024) estimates fixed costs from the gap between markups and profitability and finds that
cost structures have become more reliant on fixed costs over the last decades in the US and
France, which can be explained by a model where firms invest in marginal-cost-reducing
intangible inputs that come at a fixed cost.12 Using Belgian data, Abraham et al. (2024)

and Bilal and Lhuillier (2021) focus on outsourcing, and Bloom et al. (2012) on software.
10This project draws from preliminary facts presented in De Loecker et al. (2018) using the observed split

of intermediates into goods and services. They show distinct markup patterns depending on whether one
relies on goods or the bundle of intermediates as variable input in the approach of De Loecker and Warzynski
(2012). We depart from that study by focusing on the underlying cost structure and relating it to measures
of firm performance, and hereby distinguish between the likely variable and fixed factors of production.

11Robinson (1933), for instance, argued that technological progress would create capital-intensive firms
with market power in concentrated industries. See Stigler (1982) for a historical overview.

12Similarly, Ganapati (2024) studies US wholesalers and suggests that ’superstar’ wholesalers make sunk
investments in global sourcing capacity – for instance, by acquiring information technology capacity – which
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utilize a Solow-residual-based approach to estimate input-specific shares of fixed costs in
total expenditure and argue that markups primarily reflect the need to cover fixed costs
rather than excess profit. We contribute by providing data-based, rather than model-based,
measures of changing cost structures over time and by focusing on expenditure on fixed
inputs rather than fixed or overhead costs.

The evolution of market power in particular industries is studied for airlines (Bet, 2021),
automobile manufacturing (Grieco et al., 2024), beer (De Loecker and Scott, 2016), cement
(Miller et al., 2023), consumer packaged goods (Döpper et al., 2022), steel (Collard-Wexler
and De Loecker, 2015), and wholesaling (Ganapati, 2024). Miller (2024) surveys these and
other industry studies and concludes that technological change is an important driver of long-
run economic outcomes in most industries, although the particulars of such technological
change appear industry-specific. We show that a shift in production away from variable
inputs and towards services occurs over several decades in the entire manufacturing sector
in Belgium, suggesting that some aspects of technological change operate broadly in the
economy.13

Finally, we speak to a discussion of which input to use as variable input when estimating
markups using the approach of De Loecker and Warzynski (2012). De Loecker et al. (2020)
resort to COGS as it is the only measure that is available for several decades in the US. Where
available, subsequent work has mainly employed intermediate inputs, interpreting differences
in markup estimates based on labor and intermediates as evidence of either monopsony power
in labor markets (e.g., Yeh et al. (2022)) or factor-biased technological change (e.g., Raval
(2023)).14 We show that intermediate inputs contain several components unlikely to be
purely variable, and this in turn has implications for identification of production functions
and the selection of variable inputs to measure markups. This highlights the advantage of
the production approach to markup estimation, as the variable input can be selected among
potentially many candidates and this provides not only econometric benefits, but also helps to
detect underlying mechanisms and sources for changes in markups and performance broadly
defined.

In the next section, we discuss the data and present the empirical framework. Section 3
presents the anatomy of costs for Belgian firms active in the manufacturing sector, and we
relate this to measures of firm performance in Section 4. In Section 5, we further disaggregate
the bundle of service intermediates using our unique survey data and highlight a few key
facts that connect to the reported changes in performance and cost structures, drawing final
conclusions in Section 6.

leads to lower average operating costs and increased markups.
13In line with this, for a subset of firms in Compustat for 1980-2018, Conlon et al. (2023) show that markup

changes are only very weakly correlated to changes in industry-wide price indices, suggesting that markup
changes are primarily due to marginal costs.

14Rubens et al. (2024) propose a framework that can separately identify wage markdowns in labor markets
and factor-augmenting productivity. In contrast, previous work assumed away the one to identify the other.
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2 Data and empirical framework

2.1 Data sources

We construct a firm-level dataset on manufacturing firms obliged to submit their annual
accounts (AA) to the Belgian authorities, covering 1985 to 2016. We limit our sample to
firms that report a breakdown of intermediate inputs into goods and services – as we focus on
the role of services in production – and have at least 20 employees. While AA are collected for
the vast majority of firms in Belgium, only large firms are required to provide a breakdown
of intermediates. Our final sample is, however, representative of the Belgian manufacturing
sector as it contains more than 82 percent of all reported revenue in manufacturing between
1985 and 2016. Further details on the data sources and sample selection are in Appendix A.

The AA contain yearly firm-level data on balance sheets and income statements. We
observe revenue, full-time equivalent (FTE) employment, capital (tangible fixed assets),
labor expenditure, intermediate input expenditure broken down by goods and services, and
the firm’s 3-digit NACE industry. Our final sample contains 73,023 observations covering
5,887 firms. This sample is quite balanced over time, with the number of firms in a given
year between 1,919 in 2016 and 2,537 in 1992 (2,281 firms per year on average).

A key contribution of this paper is the decomposition of the cost of goods sold (COGS)
into expenditure on fixed and variable inputs. COGS, typically defined as the sum of ex-
penditure on labor and intermediate inputs, is a common accounting measure of variable
production costs. In datasets on financial statements, however, both labor and intermedi-
ates are bundles of heterogeneous inputs. This is particularly true for intermediate inputs,
which typically contain elements better described as expenditure on fixed inputs or overhead
costs, such as capital rents and outsourced overhead labor. Nevertheless, for lack of better
alternatives, researchers have been forced to rely on intermediates expenditure as a mea-
sure of variable input expenditure when using accounting data to study costs, productivity,
and markups.15 To the extent that different accounting practices vary in terms of which of
these cost items are included in the bundle of intermediate inputs, results on markups, for
example, can vary.

A unique feature of the AA data is the available breakdown of intermediate inputs into
goods and services. Goods represent items that are best thought of as variable factors of
production and consists of expenditure on raw materials and consumables. Services, on the
other hand, consist of purchases of intermediate services and all other intermediate goods,
which are mostly fixed production factors. Of course, some elements of services may have a
variable component, for instance, external labor. We do not claim to separate variable and
fixed factors of production perfectly but rather to have a measure closely corresponding to

15See De Loecker and Syverson (2022) for a discussion on standard measurement practices of firm-level
input data.
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variable intermediate input expenditure (goods) and a bundle containing mainly fixed factors
(services). Our framework can treat all these types of intermediates as either variable or fixed
factors of production, and this can be tested using the logic behind the production approach
to markups of De Loecker and Warzynski (2012), which is precisely the value of considering
multiple candidate variable inputs.

We decompose COGS into services and VCOGS, which contain expenditure on labor and
goods:

COGS = VCOGS + Services Expenditure, (1)

= (Goods expenditure + Labor expenditure) + Services expenditure.

This splits COGS into categories roughly representing expenditure on variable – VCOGS –
and fixed – services – intermediate inputs. We will show that VCOGS and services behave
fundamentally differently, suggesting that standard accounting data on intermediate inputs
obscure substantial heterogeneity which is informative about firms’ production technology
and performance in the output market.

We observe more detailed information on services expenditure for a subset of firms and
years. This data is taken from the Enqûete Structurelle des Entreprises (ESE), an annual
firm-level survey conducted by Statistics Belgium since 2008. As our AA sample is only
available before 2017, we use survey data for the 2008-2016 period. We observe expenditure
on five categories of services: (i) external labor, (ii) gifts, (iii) insurance, (iv) rent, and (v)
software. Inclusion in the ESE is determined by firm size. Firms with more than 50 employees
and revenue in excess of 8 million euros are obligated to participate in the survey, which is
supplemented by yearly samples of smaller firms. ESE data is available for 13,876 of the
18,975 AA observations between 2008 and 2016 (73.13 percent) and these observations cover
90.07 percent of all post-2007 AA revenue, ensuring that the ESE sample is representative of
Belgian manufacturing in general. In Section 5, we discuss the ESE sample in more detail.

In line with the distinction between expenditure on fixed and variable inputs in our data,
we define two profit margins. These gross and net profit margins for firm i at time t are
given by

πG
it =

Rit − V COGSit

Rit

, and (2)

πN
it =

Rit − TCit

Rit

, (3)

where Rit is revenue. πG
it only takes into account expenditure on variable factors of production

– i.e., using the sum of labor and intermediate goods expenditures (V COGSit). πN
it takes

into account expenditure on both variable and fixed factors and relies on a measure of total
costs (TCit) defined as the sum of expenditure on labor (Lit), capital (Kit), goods (Git), and
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Table 1: Summary statistics

variable p(25) p(50) p(75) mean s.d.

Revenue 7,323 14,325 36,507 58,890 277,116
Capital 764 1,808 4,864 7,699 32,848
Labor (FTE) 41.30 71.75 148.60 187.61 534.96
VCOGS 5,186 10,229 26,457 44,509 229,987
Labor Expenditure 1,300 2,315 5,307 7,860 27,048
Goods Expenditure 3,360 7,453 20,342 36,649 214,277
Services Expenditure 1,087 2,333 5,807 9,569 45,930
Gross profit rate 0.17 0.26 0.36 0.27 0.15
Net profit rate 0.02 0.07 0.14 0.07 0.11

Notes: Summary statistics for key variables. Based on the full
sample of 73,023 observations covering 1985 to 2016. p(25), p(50),
and p(75) refer to the 25th, 50th, and 75th percentile of the dis-
tribution, respectively. Mean and s.d. are the unweighted mean
and standard deviation. Monetary values are in thousands and
deflated. Labor and profit rates rounded to two decimal points.

services (Sit).16

Table 1 displays descriptive statistics for our firm-level annual accounts data. The distri-
butions of labor expenditure and services expenditure are fairly similar, with median expen-
diture on both inputs close to 2.3 million euros. Goods expenditure tends to be substantially
higher, over 7 million at the median. Most distributions are considerably skewed, with the
mean significantly exceeding the 75th percentile. For instance, median employment is 71.75
while mean employment is 187.61. The exceptions are gross and net profit distributions,
which are reasonably symmetrical and centered around 26 and 7 percent, respectively.

2.2 Empirical framework

Using one internally consistent measurement framework, we relate the different (variable and
fixed) inputs to a host of firm outcome measures, including markups and profit rates. While
profits are obtained directly from the financial statements, conditional on an estimate of the
rental rate of capital, markups need to be estimated using data on revenue and expenditures.

The measurement of markups is based on the framework put forward by De Loecker and
Warzynski (2012) and Hall (1988). This production approach obtains firm-level markups

16We approximate yearly capital expenditure as 0.1 × Kit. Results are robust to alternative definitions,
for example, r

100Kit with r ∈ {5, 8, 12, 15}.
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based on input and output or revenue data. Assumptions on demand or the nature of
competition are not required. Instead, the firm’s production function is specified, and cost-
minimizing behavior with respect to a variable input is required.

Consider the production function of a firm i at time t

Qit = Qt(Vit,Fit,Ωit), (4)

where Vit = (V 1
it , . . . , V

J
it ) is a vector of J variable inputs, Fit = (F 1

it, . . . , F
K
it ) is a vector of K

fixed inputs, and Ωit is firm-time-specific physical productivity. For expositional simplicity,
we assume that a single variable and a single fixed input are used to produce a single good,
but the results straightforwardly extend to multiple variable inputs, fixed inputs, and outputs
(e.g., De Loecker et al. (2016)).

We assume that firm i minimizes its contemporaneous cost of production with respect to
its frictionlessly adjustable input Vit, given the price of the variable input P V

it , expenditure on
the fixed input P F

it Fit, Ωit, and the production technology captured by production function
(4). The associated Lagrangian objective function is

L(Vit, Fit,Ωit) = P V
it Vit + P F

it Fit − λit(Q(·)−Qit) +Oit, (5)

where λit is the Lagrange multiplier, which represents the marginal cost of production –
the change of the objective function as the output constraint is relaxed. Overhead costs are
captured by Oit, and these are defined as cost items that do not enter the production process
per se but impact the total cost of operating a business (e.g., advertising, promotion, human
resources, and other administrative tasks).

We define the markup as µit =
Pit

λit
, where Pit is the price of firm i’s output. Following

De Loecker and Warzynski (2012), the first-order condition of the Lagrangian with respect
to the variable input Vit can be rewritten to obtain a simple expression for the markup

µit = θVit
Rit

P V
it Vit

, (6)

where θVit =
∂Q(·)
∂Vit

Vit

Qit
is the output elasticity of Vit. Equation (6) shows that the two compo-

nents required to measure markups are the revenue share of a variable input and that input’s
output elasticity. We observe revenue shares in our data and need to estimate output elas-
ticities.

The existence of a variable input for which firms are price takers is a key requirement to
identify markups based on equation (6). If an input for which these requirements are not
satisfied is used in the place of Vit, the estimated markup is a joint measure of imperfections
in the output and input markets.17 Given the prevalence of imperfections such as collective

17Indeed, an emerging literature uses this insight to document evidence of monopsony power and adjust-
ment frictions in labor markets (e.g., Yeh et al. (2022); Mertens (2022))
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bargaining in Belgian labor markets, labor is not an ideal candidate for Vit. The current
standard in the literature is to rely on intermediate inputs as a variable input instead.
However, intermediates typically comprise fixed inputs, such as overhead costs, and variable
inputs, such as intermediate goods.18

We use goods as the variable input on which markups are based. Our ability to separate
fixed inputs from the bundle of intermediates is critical to obtaining accurate estimates of
markups. Lacking a breakdown of intermediate inputs similar to ours, other researchers are
typically forced to assume that all inputs in intermediates are variables and substitutable.
Of course, some service elements might also be variable inputs, and conditional on observing
a further breakdown of services, we might have more than one suitable candidate with whom
to estimate markups.

We estimate output elasticities using a cost share approach (e.g., Foster et al. (2008);
Autor et al. (2020)). This approach identifies the output elasticity of goods under the
assumption of constant returns to scale and no factor market imperfections using

θGst = Median

(
PG
it Git

TCit

)
. (7)

To allow production technology to differ in the cross-section and over time, we take the
median within each 3-digit-industry-by-year cell (s) – i.e., we assume the technology is year-
by-3-digit-industry specific. Output elasticities of other inputs can be determined similarly.
The cost share approach avoids having to deal with the challenge of identifying output elas-
ticities using standard production and cost data, with unobserved productivity shocks under
imperfect competition (Ackerberg and De Loecker, 2021). In addition, it allows technology
to be estimated at a more granular level than would be possible using proxy variable or
dynamic panel methods, as the data requirements are more modest. There are, of course, re-
strictions placed on the cost function. Chief among them is the notion of constant returns to
scale in production. However, our implementation of the cost share approach, as De Loecker
and Fleitas (2023) discuss, does not rule out the presence of economies of scale, and allows
for increasing short-run marginal cost schedules.19

Qualitatively, our results are robust to taking the median cost share at a more aggregated
level and to estimating firm-time-specific output elasticities using a proxy variable approach
to production function estimation (Olley and Pakes (1996); Levinsohn and Petrin (2003);

18There exists some evidence of buyer power for intermediate inputs in European manufacturing (e.g.,
Morlacco (2020); Treuren (2022)). If this is the case for goods in our sample, our markup measure captures
both seller power in output markets as well as buyer power in intermediate input markets, which does not
materially affect our main conclusions.

19When cost shares are disaggregated to the firm level we obtain the well-known result that – in the
absence of non-production overhead cost – markups equal profit rates (e.g., Foster et al. (2022)). We strike
a balance between allowing for meaningful heterogeneity in output elasticities without equating markups to
profits.
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Ackerberg et al. (2015)). Table A3 in Appendix A provides descriptive statistics on output
elasticities and markups by 2-digit NACE industry.

To estimate total factor revenue productivity, we follow Foster et al. (2008) and rely on
revenue data and a Cobb-Douglas production function with Hicks neutral productivity, in
combination with cost share output elasticities

ln(TFPRit) = ln(Rit)− θL ln(Lit)− θK ln(Kit)− θG ln(Git)− θS ln(Sit), (8)

where θx with x ∈ {L,K, S,G} refers to the output elasticity of input x. TFPR is thus a
residual of the log difference between revenue and the production function so that it captures
both physical productivity and demand-side factors that cause revenue to differ between firms
with identical output, inputs, and production technology.20

As far as inputs other than goods are concerned, note that – conditional on obtaining
an estimate of the output elasticity of goods – our approach does not require taking a
stand on whether they are fixed (F ), variable (V ), or correspond to overhead costs that do
not enter the production function (O). However, to estimate output elasticities, and hence
markups and TFPR, we have assumed that services enter the production function – it is a
fixed input. Alternatively, we might consider services as overhead that does not enter the
production function. This alternative approach would replace the denominator in equation
(7) by TCi−Si and remove the term −θS ln(Sit) from equation (8). We discuss results based
on this alternative approach at the end of Section 4. It remains an open question whether
overhead costs should be treated as inputs in production or not.21

3 The cost structure of Belgian manufacturing firms

3.1 Starting point

Our starting point is an increase in markups over time. Panel a of Figure 1 shows that the
revenue-weighted average markup has increased from 1.06 in 1985 to 1.21 in 2016 (a 14.15
percent increase). This trend is even more pronounced at the top percentiles of the markup
distribution, with the 95th percentile increasing by 27.96 percent – from 2.11 to 2.70. Similar
broad trends have been reported in the United States and around the world (De Loecker and
Eeckhout (2018); De Loecker et al. (2020)), and are also documented in a host of markets
for which detailed product-level price and quantity data is available (Döpper et al., 2022).

20Integrating product-level price data allows estimation of quantity-based production functions and phys-
ical productivity and is the topic of future work. As only labor is measured in physical units, any firm-level
input price deviations from the sector-level deflators will also enter out measure of TFPR, scaled by output
elasticities. We follow the literature by still referring to the residual as TFPR.

21See the analysis of De Loecker et al. (2020), where SG&A are included as a factor of production and,
therefore, in the production function.
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Figure 1: Revenue-weighted averages of markups, profitability, and COGS shares, over time

Panel a: Mean(Markup) and Mean
( Revenue

Total Cost

)
Panel b: Mean

( COGS
Revenue

)
and Mean

( COGS
Total Cost

)

Notes: The revenue-weighted averages of the markup and revenue over total cost (panel a), and the
revenue-weighted averages of the shares of COGS in revenue and total cost (panel b), over time. COGS
refers to the sum of labor expenditure and intermediate input expenditure. Based on the full samples
of 73,023 observations covering the years 1985 to 2016.

Although increasing markups are a robust fact in many markets and countries, the causes
of such trends are difficult to pin down. Two leading explanations are increased market power
of firms and changing production technology. While the market power hypothesis would
imply that markup increases go hand-in-hand with profit increases, this is not necessarily
the case if technological change is the leading cause. Indeed, if firms have no price-setting
power, increases in fixed costs would still force firms to charge higher markups without
affecting overall profitability. Therefore, it is informative to compare markup trends to firm
profitability trends.

Panel a of Figure 1 reveals that the revenue-weighted average revenue-to-total-cost ratio
has also increased over time, but by less than markups. Between 1985 and 2016, this ratio
increased from 1.03 to 1.11 – a 7.77 percent increase. Again, the 95th percentile displays a
much more significant increase, from 1.18 to 1.46. If all factors of production are variable,
no input market imperfections exist, and constant returns to scale characterize production,
the ratio of revenue to cost equals the markup. That markups increase by more than the
revenue-to-total cost ratio suggests that production technology relying less on variable inputs
might explain part of the increase in markups.

If firms have switched away from variable-input-intensive production processes over time,
it stands to reason that the cost share of variable inputs has declined.22 From Panel b of
Figure 1, however, it is apparent that the cost share of COGS is remarkably stable over time.

22Throughout this paper, the revenue share of an input refers to the ratio of expenditure on that input to
revenue, and the cost share of an input refers to the ratio of expenditure on that input to total cost.
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While the revenue share of COGS indeed declined from 0.97 in 1985 to 0.90 in 2016, this
discrepancy in trends can be explained by revenue increasing relative to total cost. Another
fact that stands out from Figure 1 is that capital cost shares appear very low. While
averages in Figure 1 are revenue-weighted, cost-weighted averages produce near-identical
graphs (Figure B1 in Appendix B).

One interpretation of the stable COGS share is that the technological change hypothesis
has little merit, as we would expect the COGS cost share to trend down and the capital cost
share to trend up in that case. However, as discussed in Section 2, COGS contains several
elements best characterized as expenditure on fixed inputs or overhead. Indeed, some items
contained in intermediate input expenditure, such as capital rents, appear to be capital
expenditure. Therefore, properly investigating the technological change hypothesis requires
the ability to separate variable from non-variable production factors in COGS. As standard
financial statement datasets only contain a single bundle of COGS or expenditure on labor
and intermediate inputs, researchers have struggled to separate such expenses.

In this paper, we use the split of intermediates input expenditure into goods and services
available in our data to investigate the underlying causes of Figure 1. We show that the
stable COGS cost share obscures significant heterogeneity. Cost shares of variable factors of
production – captured in VCOGS – have substantially declined over time while expenditure
on services markedly increased. We show that markups and gross profit margins increase
substantially as production processes become more services-intensive. Profit margins net of
services expenditure, however, increase much less strongly, suggesting that markups increase
in large part to cover expenditure on other things than variable inputs.

Figure 2: VCOGS cost share, over time

Panel a: Mean
( VCOGS

Total Cost

)
Panel b: Distribution of VCOGS

Total Cost

Notes: The total-cost-weighted average (panel a), and selected percentiles from the distribution (panel
b), of the share of VCOGS in total cost. VCOGS refers to the sum of labor expenditure and goods
expenditure. Based on the full samples of 73,023 observations covering the years 1985 to 2016.
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3.2 The anatomy of production

We examine the evolution of VCOGS and services to uncover the underlying heterogeneity
of the stable COGS cost share displayed in Figure 1. Over time, the role of VCOGS in
production has diminished. Panel a of Figure 2 shows that the VCOGS cost share decreased
by roughly 8.5 percentage points between the mid-1980s and 2016. This average contains
information on both the trend of firm-level VCOGS cost shares and the reallocation of total
cost across firms. Panel b of Figure 2, therefore, graphs selected percentiles of the unweighted
distribution of VCOGS over total cost. Throughout the entire distribution, the VCOGS cost
share decreases smoothly over time. These trends starkly contrast the stable COGS shares
in Figure 1.

On the other hand, the role of services in production has increased significantly since the
1980s. The total-cost-weighted average of the services cost share increases by roughly 8.5
percentage points percent between 1985 and 2016, as Panel a of Figure 3 shows, offsetting the
decrease in the VCOGS cost share. The entire distribution of the services total cost share
smoothly moves up during the entire sample period (Panel b of Figure 3). The increase
in the cost share of services is particularly pronounced in absolute terms at the top of
the distribution. The 95th percentile increased from 0.29 to 0.46 between 1985 and 2016,
compared to a change from 0.12 to 0.22 at the median.

Figure 3: Services cost share, over time

Panel a: Mean
(

Services Expenditure
Total Cost

)
Panel b: Distribution of Services Expenditure

Total Cost

Notes: The total-cost-weighted average (panel a), and selected percentiles from the distribution (panel
b), of the share of services expenditure in total cost. Based on the full samples of 73,023 observations
covering the years 1985 to 2016.

Figures 2 and 3 are based on cost shares, as these are more closely related to the pro-
duction process than revenue shares because revenue can differ between firms with identical
input use, productivity, and production technology. However, results for cost and revenue
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shares are qualitatively similar. Figures B2 and B3 in Appendix B show that the VCOGS
revenue share decreased by more, and the services revenue share increased by less, than their
cost share counterparts. This can be explained by the growth of revenue with respect to total
cost over time displayed in Figure 1. As with cost shares, the entire cost share distribution
of VCOGS moves down over time while the opposite occurs for services.

Overall, our results suggest that the role of services in production has substantially
increased between 1985 and 2016. As the entire distribution of the services cost share moves
up and the entire distribution of the VCOGS cost share moves down, the substitution of
services for VCOGS appears to occur both within industry and within firm. To test this
prediction, we run regressions of the form

ln

(
Services Expenditureit

Total Costit

)
= β0 + β1 ln

(
VCOGSit

Total Costit

)
it

+ controls + ϵit, (9)

where controls contains either 3-digit-industry-by-year fixed effects or both firm and year
fixed effects. Standard errors are clustered at the 2-digit-industry level to account for any
dependency caused by firms in the same broad industry interacting. Table 2 displays the
results of this exercise.

Table 2: Input use: Substitutes and complements

Dependent variable: ln(Services Expenditure/Total Cost)

(1) (2) (3) (4) (5) (6)

ln(VCOGS/Total Cost) -3.00 -2.69
(0.103)∗∗∗ (0.103)∗∗∗

ln(Labor Expenditure/Total Cost) 0.30 0.16
(0.051)∗∗∗ (0.026)∗∗∗

ln(Goods Expenditure/Total Cost) -0.67 -0.57
(0.056)∗∗∗ (0.036)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.79 0.97 0.31 0.80 0.48 0.85

Notes: Table 2 reports output from regressions relating the total cost shares of different inputs; VCOGS
refers to the sum of labor expenditure and goods expenditure; All regressions include an unreported constant
term; NACE×Year FE refers to 3-digit-industry-by-year fixed effects; Based on the full sample of 73,023
observations covering the years 1985 to 2016; Standard errors clustered at the 2-digit-industry level; ∗∗∗, ∗∗,
and ∗ indicate statistical significance at the 1%, 5%, and 10% level, respectively.

Within industry-year, firms with higher services cost shares have lower VCOGS cost
shares (Column 1 of Table 2), confirming that between-industry differences do not fully
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explain our results. Moreover, firms substitute services for VCOGS over time (Column
2), and the magnitude of this within-firm association is very similar to that of the within-
industry-year association. Between 1985 and 2016, the median VCOGS cost share dropped
from 86.70 percent to 75.96 percent, a 12.39 percent decrease. Our within-firm estimates
imply that a firm following this trend increased its services cost share by 33.32 percent, while
at the industry-year level a 37.16 percent increase is implied. Overall, then, the production
process of firms appears to change over time, rather than the exit of VCOGS-intensive firms
and entry of services-intensive firms driving the rise of services shares.

Decomposing VCOGS into expenditure on labor and goods uncovers heterogeneity un-
derlying the substitution of services for VCOGS. Within industry-year, firms with relatively
high services shares have relatively low goods shares but high labor shares (Columns 3 and
5 of Table 2). Over time, a similar pattern emerges within firm. A one percent increase
in the services cost share goes hand-in-hand with a 0.16 percent increase in the labor cost
share and a 0.67 percent decrease in the goods cost share (Columns 4 and 6).23 Goods and
services, typically reported as a single bundle, appear to be substitutes.24

Table C1 in Appendix C reports results from regressions similar to equation (9) but using
revenue shares instead of cost shares. Again, the results suggest that labor and services are
complements while goods and services are substitutes (Columns 3-6). Moreover, VCOGS
as a whole and services are negatively related, both within firm and within industry-year.
Our results, therefore, are not determined by our choice of shares. Of course, cost shares are
more directly linked to a firm’s cost structure than revenue shares.

As the top percentiles of the services cost share distribution experience a more significant
percentage point increase over time, we zoom in on those percentiles. Table C2 in Appendix
C replicates Table 2 on the sample of all firms in the top 5 percentiles of the services cost share
distribution for each 2-digit-industry-year combination with at least 20 observations. The
results are qualitatively unchanged, with one important exception. For firms with services-
intensive cost structures, labor and services expenditure are negatively related, rather than
positively, suggesting that, for these firms, labor and services are substitutes. We explore
this result in more detail in Section 5, where we show that labor outsourcing constitutes an
integral part of services expenditure for these firms.

Summing up The stable COGS share in Figure 1 obscures substantial heterogeneity. Ex-
penditure tied closely to fixed inputs and overhead has become significantly more important
in firms’ total costs since the mid-1980s. On the other hand, expenditure on variable inputs,

23As the VCOGS share is the sum of the labor share and the goods share, the point estimates reported in
Columns 3 to 6 of Table 2 do not aggregate to the point estimates in Columns 1 and 2.

24Labor and goods are negatively related. Regressing the log of the cost share of labor on the log of the
cost share of goods results in a within-industry-year point estimate (standard error) of -0.90 (0.052). The
concomitant within-firm point estimate is -0.69 (0.037).
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such as labor and goods expenditure, has decreased in importance. These secular trends
occur throughout the distribution. The increased reliance on services in production is also
a within-firm phenomenon. As goods and services are typically reported as a single bundle
– intermediate inputs – our analysis highlights that this bundling obscures changing cost
structures over time.

Figure 4: Correlation between markups and input expenditure cost shares

Panel a: Markups and VCOGS
Total Cost Panel b: Markups and Services Expenditure

Total Cost

Notes: The sample for the pth percentile in year t consists of all observations between the (p − 5)th

and (p+ 5)th percentile of the markup distribution in year t. Using this sample, the weighted average
markup and either the weighted average VCOGS share of total cost (panel a), or the weighted average
services expenditure share of total cost (panel b) are calculated. Weights are given by total cost shares.

4 Technology and firm performance

So far, we have shown that firms’ cost structures have shifted away from expenditure on
variable inputs and towards services expenditure throughout the manufacturing sector. What
remains to be done is to determine if these changes are linked to increased markups and
whether they might explain the wedge between markups and profitability implied by Figure
1. In this section, therefore, we relate services cost shares to a host of firm-level outcomes
such as markups and profit rates. We show that markups and gross profit rates indeed
increase as firms’ cost structures rely more on services. Net profit rates also increase, but
substantially less, suggesting that markup increases are partially driven by the need to cover
higher expenditure on non-variable production factors and overhead costs.

Panel a of Figure 4 shows that the cost share of VCOGS is negatively correlated with
the markup of price over marginal cost throughout the sample period. In contrast, services
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cost shares and markups are positively correlated (Panel b).25 Moreover, markups and
service shares increase over time, and the association between the two becomes stronger.
For instance, at the beginning of the sample, going from the 25th to the 75th percentile of
the markup distribution implies an increase of the services share of about 0.1. In contrast,
at the end of the sample, this would imply an increase roughly equal to 0.15 – a 50 percent
increase. As the separate components of services are mostly fixed factors of production, high
markups need not imply high profit rates.

Figure 5 displays the correlations between the cost share of either VCOGS or services and
the net profit rate. Firms with higher VCOGS cost shares have lower net profit rates. The
reverse is true for services, and the absolute magnitude of both changes is very similar. As
with markups, the correlations are very alike when using revenue shares instead of cost shares
(Figure B5 in Appendix B). However, the correlation between services shares and net profit
rates appears lower than the markup correlations displayed in Figure 4. Indeed, the difference
between the mid-1980s and the 2010s within a percentile of the markup distribution is often
larger than the difference between the median and either the 25th or the 75th percentile of
that distribution.

Figures 4 and 5 suggest that part of the high markups charged by firms with services-
intensive production processes are required to cover expenditure on fixed inputs and overhead
costs. However, when considering these expenses, profit rates are still higher for firms with
higher services shares, as net profit rates do increase. Markups appear to increase by more
than would be the case under zero profit conditions. Of course, some intermediate steps
are missing here, particularly the relation of services cost shares to the gross profit rate and
the variable and fixed input expenditure levels. Therefore, we regress the total cost share
of services on markups, TFPR, expenditure measures, and profit rates. We vary whether
within-industry or within-firm variation is used, as in equation (9). Results are in Table 3.

High services cost shares go hand in hand with high markups (Column 1 of Table 3).
Moreover, in years where firms rely more on services, they set substantially higher markups
(Column 2) – a 10 percent increase in the service share is associated with a 4.3 percent
increase in a firm’s markup. Our results imply that a firm following the trend of the median
services cost share over time – an increase from 0.12 in 1985 to 0.22 in 2016 – increases its
markup by about 35 percent. Cost structures becoming more reliant on services coincides
with – and potentially requires – prices to be marked up more strongly over marginal costs.

TFPR also increases with services cost shares, but more moderately than markups
(Columns 3 and 4 of Table 3). Recall from equation (8) that TFPR is defined based on a pro-
duction function where services are an input. Formally, Rit = F (Lit, Kit, Git, Sit)TFPRit.
TFPR is a measure of a firm’s revenue-generating capacities, holding fixed production tech-
nology, output, and inputs. While revenue productivity does increase, a firm following the

25The magnitude of these correlations is very similar when considering revenue shares instead of cost shares
(Figure B4 in Appendix B).
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Figure 5: Correlation between net profit rates and input expenditure cost shares

Panel a: Net profit rate and VCOGS
Total Cost Panel b: Net profit rate and Services Expenditure

Total Cost

Notes: The sample for the pth percentile in year t consists of all observations between the (p− 5)th and
(p + 5)th percentile of the profit rate distribution in year t. Using this sample, the weighted average
profit rate and either the weighted average VCOGS share of total cost (panel a), or the weighted average
services expenditure share of total cost (panel b) are calculated. Weights are given by total cost shares.

median services cost share over the past decade would see TFPR increase by about 6 percent,
substantially less than the 30 percent markup increase, consistent with markup changes not
entirely originating in physical productivity or market power.

A high services cost share coupled with a low VCOGS cost share does not necessarily
imply that a firm has low expenditure on variable inputs and high expenditure on services.
For instance, if firms with high services cost shares are small in terms of input expenditure,
high services shares could coincide with low levels of services expenditure. However, Columns
5 to 8 of Table 3 show that firms with high services cost shares spend less on variable
inputs and more on fixed inputs and overhead than firms with low services cost shares.
Our estimates imply that a firm whose services share increases over time from 0.12 to 0.22
experiences an increase in services and capital expenditure of roughly 50 percent, while
expenditure on VCOGS decreases by about 47 percent. Cost structures relying less on
variable input expenditure over time is, thus, tied to substantial increases in fixed input and
overhead expenditure and substantial decreases in variable input expenditure.

The gross profit rates of firms with high services cost shares are substantially higher
than those of firms with low services cost shares, as a consequence of the last paragraphs
(Column 7 of Table 2). In addition, in years where firms have higher services cost shares,
they have higher gross profit rates (Column 8). While net profit rates are also positively
related to services cost shares both within industry-year and within firm, the magnitude of
this positive relation is considerably weaker than for gross profit (Columns 11 and 12). A
firm that follows the median services cost share trend over the entire sample sees its gross
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Table 3: Services expenditure cost shares and firm performance

Dependent variable: log(Markup) log(TFPR) log(VCOGS)

(1) (2) (3) (4) (5) (6)

log(Services Expenditure/Total Cost) 0.53 0.43 0.08 0.07 -0.58 -0.56
(0.023)∗∗∗ (0.030)∗∗∗ (0.011)∗∗∗ (0.039)∗ (0.058)∗∗∗ (0.044)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.36 0.79 0.96 0.80 0.24 0.92
Observations 73,023 73,023 73,023 73,023 73,023 73,023

Dependent variable: log(Services + Capital) log(Gross Profit Rate) log(Net Profit Rate)

(7) (8) (9) (10) (11) (12)

log(Services Expenditure/Total Cost) 0.62 0.61 0.78 0.75 0.40 0.28
(0.055)∗∗∗ (0.039)∗∗∗ (0.032)∗∗∗ (0.021)∗∗∗ (0.082)∗∗∗ (0.041)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.30 0.93 0.60 0.73 0.24 0.50
Observations 73,023 73,023 71,491 71,491 59,245 59,245

Notes: Table 3 reports output from regressions relating the total cost share of services expenditure to measures
of firm performance; TFPR refers to total factor revenue productivity; VCOGS refers to the sum of labor
expenditure and goods expenditure; Services + Capital refers to the sum of services expenditure and capital
costs; All regressions include an unreported constant term; NACE×Year FE refers to 3-digit NACE industry by
year fixed effects; Standard errors clustered at the 2-digit NACE industry level; ∗∗∗, ∗∗, and ∗ indicate statistical
significance at the 1%, 5%, and 10% level, respectively.

profit rate increase by about 62 percent. A similar exercise for the net profit rate results in
an increase of roughly half the size – 32 percent. Therefore, about half the increase in gross
profits associated with changing cost structures does not result in an increase in net profits.

Table C3 in Appendix C reproduces Table 3 using revenue shares instead of cost shares.
Results using cost and revenue shares are similar, with the exception of the TFPR and profit
rate regressions. Higher profit rates and TFPR are associated with higher revenue, which
pushes down revenue shares relative to cost shares. Points estimates for the TFPR and
profit regressions are, therefore, lower, occasionally not significantly different from zero, and
in one instance – the within-firm net profit regression – the sign even flips. Cost shares are
informative on firms’ cost structures, so that the results in Table 3 investigate the relation
between production technology and firm outcomes. Revenue shares, on the other hand,
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contain information on both production and demand, making them a less direct measure of
production technology and cost structures.

So far, our regression analysis has yet to consider the degree to which firms rely on
services explicitly. Table C4 in Appendix C replicate the analyses of Table 3 on the sample
of all firms in the top 5 percent of the services cost share distribution within each 2-digit-
industry-year combination with at least 20 observations. While the sign of all point estimates
is unchanged compared to the full-sample results, their magnitude tends to be substantially
larger. For instance, a within-firm 10 percent increase in the services cost share is associated
with a 10 percent increase in its markup and a 3.7 percent increase in TFPR. Again, the
point estimates of the gross profit rate regressions – 0.92 and 0.87 in Columns 9 and 10 –
substantially exceed those of the net profit rate regressions – 0.27 and 0.24 in Columns 11
and 12.

The forces documented in Table 3 appear to be present to an even larger degree for firms
that heavily rely on services. Note that between-industry differences cannot fully explain this
as the sample is constructed by industry-year services share distribution, and all regressions
contain either industry-by-year or firm fixed effects. One potential explanation for our results
is that the type of services that firms rely on differs along the distribution of the services
cost share. Therefore, in the next section, we unpack services expenditure further, relying
on our survey data.

Before moving on, recall that we assume that services enter the production function,
which influences our output elasticity estimates and, hence, markups and TFPR. Figure
B6 in Appendix B and Table C5 in Appendix C replicate our main findings on markups
and TFPR and show that they are robust to instead assuming that services are overhead
expenditure and do not enter the production function. From Figure B6, it is clear that
markups are substantially higher and increase by more in this alternative specification, while
the positive correlation with services cost shares is maintained. Table C5 shows that the size
of the correlations between markups and services cost shares are virtually identical whether
we assume services are overhead expenditure or not, while services shares are much more
strongly positively associated with TFPR in this alternative specification. This is because
TFPR is a residual measure that attributes any impact of omitted services on revenue in the
overhead specification as increased TFPR.

Summing up Our results suggest that substituting services expenditure for VCOGS ex-
penditure is associated with various measures of firm performance. As the services share
increases, markups increase notably, and TFPR increases as well. These changes are ac-
companied by a decline in total expenditure on variable inputs while expenditure on fixed
inputs and overhead costs increase. Consequently, gross profit rates markedly increase,
while net profit rates increase, but by less. As firms’ cost structures become more services-
intensive and markups increase, the resulting increase in net profit rates is only half of the
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increase in gross profit rates. Therefore, a likely explanation for a substantial part of the
observed markup increase is technology shifting from variable-input-intensive to fixed-input-
and-overhead-intensive production processes.

5 Decomposing intermediates services

The ESE data allows us to study five separate components of services expenditure from 2008
onward: i) external labor, ii) gifts, iii) insurance, iv) rent, and v) software. We refer to the
sum of expenditure on all five elements as ESE services expenditure and to the sample of
all firms that report such information as the ESE sample. The median ESE services cost
share increases over time – by roughly 25 percent between 2008 and 2016 – albeit more
strongly than the services cost share – roughly 8 percent over the same period. ESE services
expenditure does not correspond to the services expenditure that we observe for all firms and
years in our sample because two elements in the ESE survey contain both services and goods
– ‘energy and energy carriers’ and ‘raw materials and other goods and services’. As there
is no information on the distribution of these items across goods and services, and most of
the expenditure captured in those bundles should accrue to goods rather than services, we
do not include them in our bundle of ESE services.26

Table 4: Summary statistics of ESE services shares

variable p(25) p(50) p(75) mean s.d.

External Labor Expenditure/Services Expenditure 0.02 0.05 0.11 0.08 0.10
Gifts Expenditure/Services Expenditure 0 0 0 0 0.02
Insurance Expenditure/Services Expenditure 0.01 0.01 0.03 0.02 0.03
Rent Expenditure/Services Expenditure 0.01 0.04 0.09 0.08 0.15
Software Expenditure/Services Expenditure 0 0 0 0.01 0.07
ESE Services Expenditure/Services Expenditure 0.08 0.14 0.24 0.18 0.19

Notes: Summary statistics for ESE services. ESE Services Expenditure bundles expendi-
ture on all five separate components. Based on the full ESE sample of 13,876 observations
covering the years 2008 to 2016. p(25), p(50), and p(75) refer to the 25th, 50th, and
75th percentile of the distribution, respectively. Mean and s.d. are the unweighted mean
and standard deviation. Shares are rounded to two decimal points.

To investigate the relative importance of the five ESE categories in overall services ex-
penditure, we express expenditure on each ESE component as a fraction of overall services

26If we add these two items to our ESE services expenditure measure, the resulting sum is, on average,
3.41 times as large as the reported total services expenditure, in line with these two ESE items consisting
mostly of goods.
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expenditure. Table 4 displays descriptive statistics on these services shares, and Figures B7
to B9 in Appendix B plots percentiles of the services share distributions over time. Expen-
diture on gifts, insurance, and software make up a tiny fraction of total services expenditure
for the vast majority of firms. On average, these items comprise less than one percent of
total services expenditure, with a median close to zero. Over time, the services shares of
gifts and insurance are stable. While the median software services share is zero throughout
the sample period, the 95th percentile increases from 2.3 percent in 2008 to 3.86 percent
in 2016, suggesting that software has become more important in total service expenditure
over time. However, as total services expenditure barely contains expenditure on gifts, in-
surance, or software, we conclude that these inputs play only a minor role in the secular shift
towards services expenditure documented in Section 3 and ignore them in the remainder of
this section.

External labor and rent each account for about 8 percent of total services expenditure,
on average, which means that they comprise nearly all of ESE services expenditure (itself
roughly 18 percent of total services expenditure, on average). External labor consists of
employees not employed directly by the firm in question. Rent contains rental payments for
land, buildings, machinery, plants, equipment, furniture, and vehicles and is best thought of
as rental expenditure on capital. While these two inputs might contain variable components,
by and large, they are fixed within a year. For instance, outsourced cleaning staff do not scale
up immediately with production. Over time, the services shares of both items have increased
slightly, as can be seen from Figures B7 and B9 in Appendix B. Due to their importance in
overall services expenditure, we next investigate whether the results from Sections 3 and 4
extend to these two types of services.

Section 3 established that firms substitute service for variable inputs over time.27 The
ESE data allows us to explore the sensitivity of these results to the type of services expen-
diture that firms make. In particular, we regress input expenditure cost shares of external
labor and rent on the cost shares of VCOGS and services. Table 5 reports the results.

Firms substitute both external labor and rent for VCOGS over time, and the magnitude
of this relation is larger for external labor than for rent (Columns 2 and 6 of Table 5). Our
results imply that a firm that follows the median VCOGS cost share between 2008 and
2016 increases its external labor cost share by about 5.94 percent and its rent cost share by
3.65 percent. Over time, an adjustment in the services cost share is accompanied by an (in
percentage terms) near-identical change in the external labor cost share (Column 4). The
cost shares of rent and services are also positively related but by substantially less (Column
8). Table C7 in Appendix C verifies that the remaining results on inputs also carry over to
external labor and rent. In particular, external labor does not come at the cost of in-house
employment, which is consistent with firms outsourcing certain jobs while simultaneously

27Table C6 in Appendix C verifies that this result also holds in the ESE sample, although the magnitude
of the point estimate is slightly smaller there.
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Table 5: ESE input use: Substitutes and complements

Dependent variable: ln(External Labor/Total Cost)

(1) (2) (3) (4)

ln(VCOGS/Total Cost) -2.10 -2.23
(0.330)∗∗∗ (0.152)∗∗∗

ln(Services/Total Cost) 0.95 0.99
(0.119)∗∗∗ (0.056)∗∗∗

NACE×Year FE × ×
Firm FE & Year FE × ×
R2 0.19 0.73 0.22 0.74
Observations 12,877 12,877 12,877 12,877

Dependent variable: ln(Rent/Total Cost)

(5) (6) (7) (8)

ln(VCOGS/Total Cost) -2.04 -1.43
(0.206)∗∗∗ (0.164)∗∗∗

ln(Services/Total Cost) 0.88 0.68
(0.081)∗∗∗ (0.079)∗∗∗

NACE×Year FE × ×
Firm FE & Year FE × ×
R2 0.21 0.80 0.23 0.81
Observations 12,504 12,504 12,504 12,504

Notes: Table 5 reports output from regressions relating the total cost
shares of different inputs; VCOGS refers to the sum of labor expenditure
and goods expenditure; All regressions include an unreported constant
term; NACE×Year FE refers to 3-digit-industry-by-year fixed effects;
Based on the full ESE sample of 13,876 observations covering the years
2008 to 2016; Standard errors clustered at the 2-digit-industry level; ∗∗∗,
∗∗, and ∗ indicate statistical significance at the 1%, 5%, and 10% level,
respectively.

expanding the in-house employment of other jobs.
Overall, our results on complementarity and substitutability in Section 3 extend to the

two primary components of services expenditure observed in the ESE. Note that this does
not imply anything about the substitutability of external labor and rent. Indeed, regressing
the cost share of external workers on that of rent while including firm and year fixed effects
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results in a point estimate of -0.01 with a standard error of 0.011. In terms of cost structure,
therefore, external labor and rent are two unrelated inputs that are both substituted for
VCOGS over time.

In Section 4, we demonstrated that high services cost shares go hand-in-hand with high
markups, high expenditure on fixed inputs and overhead, and low expenditure on variable
inputs. As a result, gross profit rates strongly increase with services cost shares, while net
profit rates only moderately rise. Table 6 repeats this analysis with cost shares of either
external labor or rent taking the place of services cost shares.

Table 6 shows that markups and TFPR increase by about 2 to 3 percent as firms increase
either their external labor or rent cost share by 1 percent over time. Using services shares,
these correlations are substantially larger (43 percent increase for markups and 7 percent
increase for TFPR – see Table 3), although qualitatively the results are similar. As a result,
the within-firm association between cost shares and gross profit rates is very moderate for
both rent and external labor. Net profit rates do not increase at all in response to a within-
firm cost share increase of rent and even mildly decrease with external labor cost shares.
Moreover, the shift from expenditure on variable inputs to expenditure on fixed inputs and
overhead that accompanies increases in services cost shares is absent for both external labor
and rent – compare results in Tables 3 and 6. Differences in the sample period cannot explain
these differences. Table C8 in Appendix C replicates Table 3 on the ESE sample and finds
that the results are qualitatively and quantitatively similar. Moreover, while we have focused
on the two main components of observed services, external labor and rent, similar results
can be obtained using the entire bundle of ESE services expenditure instead.28

Summing up While cost shares of external labor and rent co-move with services cost
shares, they correlate quite differently to firm outcomes. Therefore, the observed shift from
expenditure on variable inputs to expenditure on fixed inputs and overhead and the resulting
change in markups and profit rates are unlikely to be explained by firms investing more in
external labor, rent, software, or other services reported in the ESE. In light of recent
academic work on outsourcing and investment in information technology, it is noteworthy
that these items do not appear to explain our results.

28Focusing on the other three observed ESE services components – gifts, insurance, and software – also
gives similar results although power is often low due to the very small fraction of firms that utilize these
services. These results, and results based on the total ESE services bundle, are omitted so as not to clutter
the paper with tables further.
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Table 6: External labor and rent expenditure cost shares and firm performance

Dependent variable: log(Markup) log(TFPR) log(VCOGS)

(1) (2) (3) (4) (5) (6)

log(External Labor Expenditure/Total Cost) 0.09 0.02 0.01 0.02 -0.30 -0.01
(0.011)∗∗∗ (0.008)∗∗∗ (0.003)∗∗∗ (0.009)∗∗ (0.042)∗∗∗ (0.014)

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.11 0.86 0.91 0.78 0.34 0.97
Observations 12,877 12,877 12,877 12,877 12,877 12,877

Dependent variable: log(Services + Capital) log(Gross Profit Rate) log(Net Profit Rate)

(7) (8) (9) (10) (11) (12)

log(External Labor Expenditure/Total Cost) -0.16 0.04 0.11 0.02 0.12 -0.03
(0.030)∗∗∗ (0.009)∗∗∗ (0.021)∗∗∗ (0.006)∗∗∗ (0.026)∗∗∗ (0.013)∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.31 0.97 0.21 0.81 0.18 0.68
Observations 12,877 12,877 12,808 12,808 11,638 11,638

Dependent variable: log(Markup) log(TFPR) log(VCOGS)

(13) (14) (15) (16) (17) (18)

log(Rent Expenditure/Total Cost) 0.08 0.03 0.01 0.03 -0.20 -0.07
(0.014)∗∗∗ (0.007)∗∗∗ (0.004)∗ (0.010)∗∗ (0.031)∗∗∗ (0.013)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.10 0.87 0.91 0.78 0.29 0.97
Observations 12,504 12,504 12,504 12,504 12,504 12,504

Dependent variable: log(Services + Capital) log(Gross Profit Rate) log(Net Profit Rate)

(19) (20) (21) (22) (23) (24)

log(Rent Expenditure/Total Cost) -0.07 -0.02 0.07 0.02 0.04 -0.01
(0.021)∗∗∗ (0.011)∗ (0.016)∗∗∗ (0.006)∗∗ (0.017)∗∗ (0.011)

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.29 0.97 0.16 0.80 0.15 0.69
Observations 12,504 12,504 12,432 12,432 11,285 11,285

Notes: Table 6 reports output from regressions relating the total cost share of external labor or rent expenditure to
measures of firm performance; TFPR refers to total factor revenue productivity; VCOGS refers to the sum of labor
expenditure and goods expenditure; Services + Capital refers to the sum of services expenditure and capital costs; All
regressions include an unreported constant term; NACE×Year FE refers to 3-digit NACE industry by year fixed effects;
Standard errors clustered at the 2-digit NACE industry level; ∗∗∗, ∗∗, and ∗ indicate statistical significance at the 1%, 5%,
and 10% level, respectively.
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6 Concluding remarks

Recent work documents a widening gap between a firm’s revenue and variable input ex-
penditure. This paper analyzes this trend and takes a first step at looking into the likely
underlying causes using data from the Belgian manufacturing sector between 1985 and 2016.
Our data uniquely allows us to separate intermediate input expenditure into services and
goods. This breakdown roughly corresponds to fixed (services) and variable (goods) factors
of production contained in intermediates. In addition, for an economically meaningful subset
of our data, we observe a further breakdown of services into several separate components,
including external labor and rent.

While the COGS share of total cost is stable over time, we document an increasing
services cost share, while cost shares of variable expenditure (labor and intermediates goods)
decrease over time. This distinction is important if these input shares are used to measure
markups across firms and time. Firms substitute services for variable inputs over time,
suggesting that production technology is changing, particularly for firms that rely heavily
on services. The changing cost structure of Belgian manufacturing firms is associated with
changing firm performance. In particular, markups increase with services cost shares, as
do gross profit rates. Net profit rates, that take into account services expenditure, also
increase, but by substantially less than gross profit rates. The increase in markups, therefore,
appears to exceed that of a competitive firm increasing services expenditure. Nonetheless, a
considerable part of markup increases is likely due to technological change. As none of the
services components we observe – external labor, gifts, insurance, rent, software – can fully
explain these trends, an important avenue for future work is identifying the types of services
expenditure that drive our results.

Our results suggest that changing cost structures, which are informative on production
technology, can explain part of the aggregate trends of markups and profitability. Moreover,
this trend appears strikingly similar across firms and industries. Of course, part of the
change in markups and profitability might occur for other reasons and be orthogonal to
firms’ cost structure. Ultimately, two essential components are required to determine the
relative importance of different channels in explaining aggregate trends: measurement of key
variables and a model of firm behavior. We hope to have contributed to the former with this
article and leave the latter for future work.
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Appendices

A Data

A.1 Data sources and cleaning

This paper uses annual firm-level data from the National Bank of Belgium (NBB), covering
all private manufacturing firms that have to submit their annual accounts to the Belgian
authorities from 1985 to 2016. Although annual accounts (AA) are collected for (nearly)
all companies located in Belgium, larger firms are required to report more information.
In particular, for large firms, we observe revenue and a breakdown of intermediate input
expenditure into goods and services expenditure. We limit the sample to firms reporting
this breakdown, as it is the central focus of this paper.

The reporting thresholds that define whether a firm is considered large vary over our
sample period. From 1985 to 1996, large firms are those that satisfy at least two of the
following criteria: i) yearly mean employment of at least 50, ii) yearly revenue of at least
3.59 million euros (145 million Belgian francs (BEF)) excluding value-added taxes, iii) total
assets worth at least 1.74 million euros (70 million BEF). In addition, any firm with at least
100 employees is classified as large. For the period 1996 to 2016, the revenue and total assets
thresholds are 9 million euros and 4.5 million euros, respectively.

The AA contain firm-level data on revenue, FTE employment, tangible fixed assets, and
expenditure on labor, goods, and services. Where physical quantities are unavailable, we use
deflated expenditure. Deflators on value added, investment and intermediate consumption
at the 2-digit NACE are based on published data in the National Accounts and sector clas-
sification information reported in the annual accounts database. More specifically, revenue
is deflated by the value added deflator, capital stock is deflated by the gross fixed capital
consumption deflator, and intermediate goods and services are both deflated by the interme-
diate consumption deflator. Monetary values are in 1991 units, including labor expenditure
for which deflating is done at the sample level.

Each firm is allocated to a single 2-digit NACE Rev. 2 industry, which are defined
in a time-consistent manner over the entire sample period using industry concordances.
Table A1 in Appendix A lists all 2-digit industries that are included in the final sample.
Eurostat (2008) provides a description of all NACE classifications and the conversion to
other international industry classification codes.

The NBB makes a small set of corrections concerning dates in the annual accounts and
annualizes the resulting data while extrapolating missing values. In addition, we drop ob-
servations for which the breakdown of intermediate inputs into services and goods is not
reported and for which either inputs, input expenditure, or revenue are missing. This re-
duces the sample from 165,404 to 92,209 observations. Next, we focus on firms with at least
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20 full-time equivalent employees and trim the top and bottom 0.5 percent of the distribu-
tions of the cost shares of services, goods, labor, and capital. Finally, we remove outliers
by dropping markups above 50 or below 0.5 and net profit rates below -0.5. These steps, in
particular the selection on employment levels, further reduces the sample to 73,023 observa-
tions. However, firms that are dropped play only a small role in the Belgian economy as our
final sample contains 82.40 percent of all reported revenue in the raw data.

The final sample contains 73,023 observations covering 5,887 firms. The observation
count is relatively stable across different years and does not display a clear trend over time.
On average, 2,281 firms are present in a given year, ranging from 1,919 in 2016 to 2,537 in
1992. Table A2 describes how observations, revenue, and employment are distributed over
the different 2-digit industries in our final sample.

The Enqûete Structurelle des Entreprises (ESE) is an annual survey conducted by Statis-
tics Belgium that provides a detailed breakdown of intermediate inputs. We use this data
for the 2008 to 2016 period, as it is unavailable prior to 2008. Statistics Belgium separates
firms into 5 different classes based on their number of employees, revenue, and social security
status. Firms in class 5, that is, firms with above 50 employees and a revenue of above 8
million euros, are obligated to fill out the survey annually. Firms in other classes are subject
to a rotating sample. If firms in class 5 do not cover at least 50% of annual activity, then
the survey is supplemented with data from firms from lower classes, until the 50% threshold
is reached.29 From the ESE, we construct a bundle of services expenditure consisting of ex-
penditure on the separately observed components (i) external labor, (ii) gifts, (iii) insurance,
(iv) rent, and (v) software. The ESE sample contains 13,876 observations covering 2,685
firms. On average 1,542 firms are present per year, ranging from 1,298 in 2014 to 1,928 in
2012. Firm that are in the ESE data report on average 5.17 years out of a possible nine.

A.2 Definition of variables

The following list gives the definition of key variables taken from the AA

• Revenue (Rit): Total revenue net of value-added taxes (VAT)

• Capital (Kit): Total book value of tangible fixed assets

• Labor (Lit): Full-time equivalent employment

• Cost of goods sold (COGSit): Sum of expenditure on labor and intermediate inputs

• Variable cost of goods sold (V COGSit): Sum of expenditure on labor and goods

• Intermediate input expenditure (PM
it Mit): Sum of expenditure on goods and services

29See https://www.ejustice.just.fgov.be/cgi/article_body.pl?language=nl&caller=summary&pub_date=08-
09-22&numac=2008011338 for a more detailed description (in Dutch).
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• Labor expenditure (WitLit): Total labor expenditure consisting of gross wages and
all other labor expenses, such as employers’ mandatory social security and pension
contributions

• Goods expenditure (PG
it Git): Sum of expenditure on raw materials and consumables

• Services expenditure (P S
itSit): Sum of expenditure on services and all other goods

• Total cost (TCit): Sum of 0.1Kit and expenditure on labor, goods, and services

• Gross profit rate: The ratio of revenue minus VCOGS to revenue

• Net profit rate: The ratio of revenue minus total cost to revenue

The following list gives the definition of key variables taken from the ESE, the total of
which constitutes our complete bundle of ESE services

• External Labor Expenditure (PEW
it EWit): Sum of costs related to agency workers and

persons placed at the disposal of the enterprise

• Gifts Expenditure (PGI
it GIit): Sum of costs related to gifts and donations

• Insurance Expenditure (P IN
it INit): Sum of premiums for non-life insurance

• Rent Expenditure (PRN
it RNit): Sum of rental payments for land, buildings, machinery,

plant, equipment, furniture and vehicles

• Software Expenditure (P SW
it SWit): Sum of expenditure on computer software
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Table A1: NACE divisions covered in the final sample

Division Description

10 Manufacture of food products
11 Manufacture of beverages
12 Manufacture of tobacco products
13 Manufacture of textiles
14 Manufacture of wearing apparel
15 Manufacture of leather and related products
16 Manufacture of wood and of products of wood and cork, except furniture;

manufacture of articles of straw and plaiting materials
17 Manufacture of paper and paper products
18 Printing and reproduction of recorded media
19 Manufacture of coke and refined petroleum products
20 Manufacture of chemicals and chemical products
21 Manufacture of of basic pharmaceutical products and pharmaceutical preparations
22 Manufacture of rubber and plastic products
23 Manufacture of other non-metallic mineral products
24 Manufacture of basic metals
25 Manufacture of fabricated metal products, except machinery and equipment
26 Manufacture of computer, electronic and optical products
27 Manufacture of electrical equipment
28 Manufacture of machinery and equipment n.e.c.
29 Manufacture of motor vehicles, trailers and semi-trailers
30 Manufacture of other transport equipment
31 Manufacture of furniture
32 Other manufacturing
33 Repair and installation of machinery and equipment

Notes: This table lists all NACE divisions (2-digit NACE industries) covered by the final
sample. Manufacturing covers NACE divisions 10 to 33.
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Table A2: Percentage share of total revenue, employment, and observations, by NACE
division

NACE division Revenue share Employment share Observations share Observations

10 15.97 12.13 15.68 11453
11 0.97 0.63 0.49 358
12 1.23 0.54 0.47 341
13 3.65 6.23 8.22 5999
14 1.01 1.24 1.95 1425
15 0.24 0.39 0.39 286
16 1.20 1.30 2.98 2173
17 3.14 2.69 2.88 2101
18 1.39 2.80 5.09 3715
19 3.50 0.59 0.22 158
20 15.52 11.47 7.74 5654
21 3.36 3.03 1.51 1105
22 3.84 4.19 6.27 4580
23 3.39 5.69 7.44 5430
24 12.46 9.26 3.01 2199
25 4.06 7.06 12.19 8899
26 3.77 4.63 2.51 1832
27 2.64 4.49 3.13 2282
28 5.56 8.81 8.65 6317
29 10.64 8.66 2.78 2027
30 0.85 0.98 0.82 599
31 0.88 2.06 3.90 2851
32 0.36 0.57 1.11 811
33 0.38 0.55 0.59 428

Notes: Industry (2-digit NACE) shares of total revenue, employment, and observations.
Shares calculated as percentage of sample total. Percentage shares rounded to two decimal
points. Based on the full sample of 73,023 observations covering 1985 to 2016.
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Table A3: Output elasticities and markups: median mean (standard deviation), by NACE
division

NACE division goods elastivity services elasticty labor elasticity markup observations

10 0.68 0.69 (0.04) 0.17 0.16 (0.05) 0.12 0.12 (0.03) 1.08 1.43 (2.59) 11,453
11 0.48 0.47 (0.02) 0.36 0.35 (0.02) 0.11 0.11 (0.01) 1.43 1.82 (1.64) 358
12 0.73 0.73 (0.04) 0.11 0.12 (0.04) 0.11 0.12 (0.04) 1.14 1.48 (1.41) 341
13 0.59 0.59 (0.05) 0.17 0.18 (0.05) 0.18 0.20 (0.08) 1.08 1.47 (2.41) 5,999
14 0.56 0.56 (0.08) 0.14 0.16 (0.06) 0.24 0.24 (0.13) 1.01 1.19 (1.02) 1,425
15 0.56 0.55 (0.08) 0.13 0.15 (0.07) 0.30 0.28 (0.12) 1.06 1.10 (0.30) 286
16 0.64 0.64 (0.04) 0.17 0.16 (0.04) 0.17 0.16 (0.05) 1.08 1.39 (2.35) 2,173
17 0.62 0.62 (0.03) 0.19 0.18 (0.05) 0.17 0.16 (0.06) 1.12 1.27 (1.23) 2,101
18 0.47 0.48 (0.04) 0.16 0.17 (0.04) 0.32 0.30 (0.07) 1.08 1.40 (1.52) 3,715
19 0.68 0.64 (0.19) 0.13 0.15 (0.09) 0.15 0.16 (0.09) 0.98 1.88 (3.95) 158
20 0.62 0.61 (0.04) 0.20 0.20 (0.03) 0.16 0.16 (0.04) 1.06 1.63 (3.07) 5,654
21 0.48 0.49 (0.05) 0.24 0.25 (0.05) 0.23 0.23 (0.06) 1.12 1.56 (2.39) 1,105
22 0.59 0.59 (0.04) 0.21 0.20 (0.04) 0.17 0.18 (0.06) 1.12 1.29 (1.29) 4,580
23 0.51 0.51 (0.05) 0.21 0.21 (0.03) 0.23 0.24 (0.06) 1.09 1.34 (1.40) 5,430
24 0.61 0.60 (0.10) 0.17 0.17 (0.05) 0.18 0.18 (0.09) 1.09 1.33 (1.07) 2,199
25 0.54 0.54 (0.06) 0.17 0.17 (0.03) 0.24 0.25 (0.07) 1.10 1.53 (1.97) 8,899
26 0.55 0.54 (0.08) 0.19 0.19 (0.05) 0.24 0.25 (0.08) 1.15 1.57 (2.81) 1,832
27 0.55 0.54 (0.06) 0.17 0.17 (0.05) 0.25 0.26 (0.07) 1.08 1.29 (1.37) 2,282
28 0.53 0.53 (0.05) 0.16 0.16 (0.02) 0.27 0.27 (0.06) 1.08 1.36 (1.57) 6,317
29 0.63 0.64 (0.05) 0.15 0.15 (0.04) 0.16 0.19 (0.07) 1.09 1.43 (1.66) 2,027
30 0.54 0.53 (0.11) 0.17 0.18 (0.06) 0.25 0.26 (0.12) 1.09 1.29 (0.68) 599
31 0.52 0.53 (0.04) 0.18 0.17 (0.03) 0.28 0.27 (0.06) 1.08 1.17 (1.09) 2,851
32 0.57 0.56 (0.07) 0.18 0.18 (0.04) 0.24 0.24 (0.06) 1.04 1.69 (3.41) 811
33 0.52 0.53 (0.06) 0.20 0.20 (0.02) 0.26 0.25 (0.05) 1.11 2.23 (4.75) 428

Full sample 0.58 0.58 (0.08) 0.18 0.18 (0.05) 0.20 0.21 (0.09) 1.09 1.42 (2.09) 73,023

Notes: Table A3 shows summary statistics for the output elasticities of goods, services, and labor, and
markups. For each NACE division, the median, mean (in italics), and standard deviation (in brackets) are
displayed. Medians, means, and standard deviations are rounded to 2 decimal points. Output elasticities
are the median 3-digit-industry-by-year total cost shares and markups are estimates assuming that goods
are variable. Based on the full sample of 73,023 observations.
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B Additional figures

Figure B1: Cost-weighted averages of markups, profitability, and COGS shares, over time

Panel a: Mean(Markup) and Mean
( Revenue

Total Cost

)
Panel b: Mean

( COGS
Revenue

)
and Mean

( COGS
Total Cost

)

Notes: The total-cost-weighted averages of the markup and revenue over total cost (panel a), and the
revenue-weighted averages of the shares of COGS in revenue and total cost (panel b), over time. COGS
refers to the sum of labor expenditure and intermediate input expenditure. Based on the full samples
of 73,023 observations covering the years 1985 to 2016.
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Figure B2: VCOGS revenue share, over time

Panel a: Mean
(VCOGS

Revenue

)
Panel b: Distribution of VCOGS

Revenue

Notes: The revenue-weighted average (panel a), and selected percentiles from the distribution (panel
b), of the share of VCOGS in revenue, over time. VCOGS refers to the sum of labor expenditure and
goods expenditure. Based on the full samples of 73,023 observations covering the years 1985 to 2016.

Figure B3: Services revenue share, over time

Panel a: Mean
(

Services Expenditure
Revenue

)
Panel b: Distribution of Services Expenditure

Revenue

Notes: The revenue-weighted average (panel a), and selected percentiles from the distribution (panel
b), of the share of services expenditure in revenue, over time. Based on the full samples of 73,023
observations covering the years 1985 to 2016.
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Figure B4: Correlation between markups and input expenditure revenue shares

Panel a: Markups and VCOGS
Revenue Panel b: Markups and Services Expenditure

Revenue

Notes: The sample for the pth percentile in year t consists of all observations between the (p − 5)th

and (p+ 5)th percentile of the markup distribution in year t. Using this sample, the weighted average
markup and either the weighted average VCOGS share of revenue (panel a), or the weighted average
services expenditure share of revenue (panel b) are calculated. Weights are given by revenue shares.

Figure B5: Correlation between net profit rates and input expenditure revenue shares

Panel a: Net profit rate and VCOGS
Revenue Panel b: Net profit rate and Services Expenditure

Revenue

Notes: The sample for the pth percentile in year t consists of all observations between the (p− 5)th and
(p + 5)th percentile of the profit rate distribution in year t. Using this sample, the weighted average
profit rate and either the weighted average VCOGS share of revenue (panel a), or the weighted average
services expenditure share of revenue (panel b) are calculated. Weights are given by revenue shares.
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Figure B6: Results assuming that services are overhead expenditure

Panel a: Mean(Markup) and Mean
( Revenue

Total Cost

)
Panel b: Markups and Services Expenditure

Total Cost

Notes: Panel a replicates panel a of Figure 1, and panel b replicates panel b of Figure 4, under the
assumption that services are overhead expenditure and do not enter into the production function.

Figure B7: Services shares of ESE services and external labor, over time

Panel a: Distribution of ESE Services Expenditure
Services Expenditure Panel b: Distribution of External Labor Expenditure

Services Expenditure

Notes: Selected percentile from the distributions of the share of ESE services expenditure (panel a)
and external labor expenditure (panel b) in total services expenditure, over time. Based on the ESE
samples of 13,876 observations covering the years 2008 to 2016.
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Figure B8: Services shares of gifts and insurance, over time

Panel a: Distribution of Gifts Expenditure
Services Expenditure Panel b: Distribution of Insurance Expenditure

Services Expenditure

Notes: Selected percentile from the distributions of the share of gifts expenditure (panel a) and insurance
expenditure (panel b) in total services expenditure, over time. Based on the ESE samples of 13,876
observations covering the years 2008 to 2016.

Figure B9: Services shares of rent and software, over time

Panel a: Distribution of Rent Expenditure
Services Expenditure Panel b: Distribution of Software Expenditure

Services Expenditure

Notes: Selected percentile from the distributions of the share of rent expenditure (panel a) and software
expenditure (panel b) in in total services expenditure, over time. Based on the ESE samples of 13,876
observations covering the years 2008 to 2016.
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C Additional tables

Table C1: Input use: Substitutes and complements (revenue shares)

Dependent variable: ln(Services Expenditure/Revenue)

(1) (2) (3) (4) (5) (6)

ln(VCOGS/Revenue) -1.40 -0.66
(0.101)∗∗∗ (0.078)∗∗∗

ln(Labor Expenditure/Revenue) 0.29 0.21
(0.044)∗∗∗ (0.018)∗∗∗

ln(Goods Expenditure/Revenue) -0.53 -0.38
(0.047)∗∗∗ (0.021)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.42 0.79 0.26 0.78 0.37 0.80

Notes: Table C1 reports output from regressions relating the revenue shares of different inputs; VCOGS
refers to the sum of labor expenditure and goods expenditure; All regressions include an unreported
constant term; NACE×Year FE refers to 3-digit-industry-by-year fixed effects; Based on the full sample
of 73,023 observations covering the years 1985 to 2016; Standard errors clustered at the 2-digit-industry
level; ∗∗∗, ∗∗, and ∗ indicate statistical significance at the 1%, 5%, and 10% level, respectively.
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Table C2: Input use: Substitutes and complements (outliers)

Dependent variable: log(Services Expenditure/Total Cost)

(1) (2) (3) (4) (5) (6)

log(VCOGS/Total Cost) -0.84 -0.97
(0.081)∗∗∗ (0.054)∗∗∗

log(Labor Expenditure/Total Cost) -0.01 -0.14
(0.021) (0.019)∗∗∗

log(Goods Expenditure/Total Cost) -0.08 -0.15
(0.010)∗∗∗ (0.012)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.94 0.96 0.77 0.86 0.80 0.87

Notes: Table C2 reports output from regressions relating the total cost shares of different inputs; VCOGS
refers to the sum of labor expenditure and goods expenditure; All regressions include an unreported constant
term; NACE×Year FE refers to 3-digit-industry-by-year fixed effects; Based on the reduced sample of 3,878
observations, which contains only firms that are in the top 5% of the services cost share distribution for each
2-digit-industry-year combination with at least 20 observations, covering the years 1985 to 2016; Standard
errors clustered at the 2-digit-industry level; ∗∗∗, ∗∗, and ∗ indicate statistical significance at the 1%, 5%,
and 10% level, respectively.
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Table C3: Services expenditure revenue shares and firm performance

Dependent variable: log(Markup) log(TFPR) log(VCOGS)

(1) (2) (3) (4) (5) (6)

log(Services Expenditure/Revenue) 0.45 0.29 0.02 0.01 -0.50 -0.50
(0.019)∗∗∗ (0.028)∗∗∗ (0.015) (0.038) (0.062)∗∗∗ (0.044)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.27 0.76 0.18 0.79 0.23 0.92
Observations 73,023 73,023 73,023 73,023 73,023 73,023

Dependent variable: log(Services + Capital) log(Gross Profit Rate) log(Net Profit Rate)

(7) (8) (9) (10) (11) (12)

log(Services Expenditure/Revenue) 0.67 0.57 0.64 0.41 0.14 -0.30
(0.052)∗∗∗ (0.036)∗∗∗ (0.055)∗∗∗ (0.041)∗∗∗ (0.111) (0.067)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.31 0.93 0.48 0.68 0.21 0.50
Observations 73,023 73,023 71,491 71,491 59,245 59,245

Notes: Table C3 reports output from regressions relating the revenue share of services expenditure to measures
of firm performance; TFPR refers to total factor revenue productivity; VCOGS refers to the sum of labor
expenditure and goods expenditure; Services + Capital refers to the sum of services expenditure and capital
costs; All regressions include an unreported constant term; NACE×Year FE refers to 3-digit NACE industry
by year fixed effects; Standard errors clustered at the 2-digit NACE industry level; ∗∗∗, ∗∗, and ∗ indicate
statistical significance at the 1%, 5%, and 10% level, respectively.
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Table C4: Services expenditure cost shares and firm performance (outliers)

Dependent variable: log(Markup) log(TFPR) log(VCOGS)

(1) (2) (3) (4) (5) (6)

log(Services Expenditure/Total Cost) 1.70 1.04 0.94 0.37 -0.88 -0.79
(0.296)∗∗∗ (0.093)∗∗∗ (0.169)∗∗∗ (0.144)∗∗ (0.484)∗ (0.138)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.56 0.91 0.18 0.79 0.52 0.95
Observations 3,878 3,878 3,878 3,878 3,878 3,878

Dependent variable: log(Services + Capital) log(Gross Profit Rate) log(Net Profit Rate)

(7) (8) (9) (10) (11) (12)

log(Services Expenditure/Total Cost) 0.95 0.92 0.92 0.87 0.27 0.24
(0.466)∗ (0.140)∗∗∗ (0.052)∗∗∗ (0.061)∗∗∗ (0.322) (0.246)

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.55 0.96 0.70 0.89 0.56 0.64
Observations 3,878 3,878 3,875 3,875 3,067 3,067

Notes: Table C4 reports output from regressions relating the total cost share of services expenditure to measures
of firm performance; TFPR refers to total factor revenue productivity; VCOGS refers to the sum of labor
expenditure and goods expenditure; Services + Capital refers to the sum of services expenditure and capital
costs; All regressions include an unreported constant term; NACE×Year FE refers to 3-digit NACE industry
by year fixed effects; Based on the reduced sample, which contains only the firms who are in the top 5% of
the services cost share distribution for each 2-digit-industry-year combination with at least 20 observations,
covering the years 1985 to 2016; Standard errors clustered at the 2-digit-industry level; ∗∗∗, ∗∗, and ∗ indicate
statistical significance at the 1%, 5%, and 10% level, respectively.
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Table C5: Services expenditure cost shares and firm performance assuming that services are
overhead expenditure

Dependent variable: log(Markup) log(TFPR)

(1) (2) (3) (4)

log(Services Expenditure/Total Cost) 0.53 0.45 0.31 0.32
(0.023)∗∗∗ (0.031)∗∗∗ (0.014)∗∗∗ (0.045)∗∗∗

NACE×Year FE × ×
Firm FE & Year FE × ×
R2 0.38 0.81 0.96 0.83

Notes: Table C5 reports output from regressions relating the total cost share of services
expenditure to markups and TFPR under the assumption that services are overhead
expenditure and do not enter the production function; TFPR refers to total factor rev-
enue productivity; All regressions include an unreported constant term; NACE×Year
FE refers to 3-digit NACE industry by year fixed effects; Based on the full sample of
73,023 observations covering the years 1985 to 2016; Standard errors clustered at the
2-digit NACE industry level; ∗∗∗, ∗∗, and ∗ indicate statistical significance at the 1%,
5%, and 10% level, respectively.
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Table C6: Input use: Substitutes and complements (ESE sample)

Dependent variable: ln(Services Expenditure/Total Cost)

(1) (2) (3) (4) (5) (6)

ln(VCOGS/Total Cost) -2.47 -2.23
(0.090)∗∗∗ (0.074)∗∗∗

ln(Labor Expenditure/Total Cost) 0.37 0.21
(0.041)∗∗∗ (0.046)∗∗∗

ln(Goods Expenditure/Total Cost) -0.68 -0.55
(0.046)∗∗∗ (0.048)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.80 0.97 0.31 0.91 0.49 0.94
Observations 13,876 13,876 13,876 13,876 13,876 13,876

Notes: Table C6 reports output from regressions relating the total cost shares of different inputs; VCOGS
refers to the sum of labor expenditure and goods expenditure; All regressions include an unreported constant
term; NACE×Year FE refers to 3-digit-industry-by-year fixed effects; Based on the full ESE sample of 13,876
observations covering the years 2008 to 2016; Standard errors clustered at the 2-digit-industry level; ∗∗∗, ∗∗,
and ∗ indicate statistical significance at the 1%, 5%, and 10% level, respectively.
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Table C7: ESE input use: Substitutes and complements (additional results)

Dependent variable: ln(External Labor/Total Cost)

(1) (2) (3) (4)

ln(Labor Expenditure/Total Cost) 0.61 0.28
(0.090)∗∗∗ (0.133)∗∗

ln(Goods Expenditure/Total Cost) -0.68 -0.56
(0.107)∗∗∗ (0.066)∗∗∗

NACE×Year FE × ×
Firm FE & Year FE × ×
R2 0.20 0.73 0.18 0.73
Observations 12,877 12,877 12,877 12,877

Dependent variable: ln(Rent/Total Cost)

(5) (6) (7) (8)

ln(Labor Expenditure/Total Cost) 0.61 0.60
(0.047)∗∗∗ (0.076)∗∗∗

ln(Goods Expenditure/Total Cost) -0.71 -0.58
(0.069)∗∗∗ (0.083)∗∗∗

NACE×Year FE × ×
Firm FE & Year FE × ×
R2 0.22 0.81 0.20 0.80
Observations 12,504 12,504 12,504 12,504

Notes: Table C7 reports output from regressions relating the total cost shares of
different inputs; All regressions include an unreported constant term; NACE×Year
FE refers to 3-digit-industry-by-year fixed effects; Based on the full ESE sample of
13,818 observations covering the years 2008 to 2016; Standard errors clustered at
the 2-digit-industry level; ∗∗∗, ∗∗, and ∗ indicate statistical significance at the 1%,
5%, and 10% level, respectively.
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Table C8: Services expenditure cost shares and firm performance (ESE sample)

Dependent variable: log(Markup) log(TFPR) log(VCOGS)

(1) (2) (3) (4) (5) (6)

log(Services Expenditure/Total Cost) 0.69 0.65 0.12 0.08 -0.97 -0.75
(0.037)∗∗∗ (0.065)∗∗∗ (0.024)∗∗∗ (0.059) (0.087)∗∗∗ (0.076)∗∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.44 0.89 0.91 0.77 0.36 0.97
Observations 13,876 13,876 13,876 13,876 13,876 13,876

Dependent variable: log(Services + Capital) log(Gross Profit Rate) log(Net Profit Rate)

(7) (8) (9) (10) (11) (12)

log(Services Expenditure/Total Cost) 0.31 0.52 0.74 0.68 0.45 0.18
(0.084)∗∗∗ (0.065)∗∗∗ (0.034)∗∗∗ (0.029)∗∗∗ (0.075)∗∗∗ (0.082)∗∗

NACE×Year FE × × ×
Firm FE & Year FE × × ×
R2 0.30 0.97 0.59 0.84 0.20 0.68
Observations 13,876 13,876 13,797 13,797 12,531 12,531

Notes: Table C8 reports output from regressions relating the total cost share of services expenditure to measures
of firm performance; TFPR refers to total factor revenue productivity; VCOGS refers to the sum of labor
expenditure and goods expenditure; Services + Capital refers to the sum of services expenditure and capital
costs; All regressions include an unreported constant term; NACE×Year FE refers to 3-digit NACE industry by
year fixed effects; Based on the full ESE sample of 13,876 observations covering the years 2008 to 2016; Standard
errors clustered at the 2-digit NACE industry level; ∗∗∗, ∗∗, and ∗ indicate statistical significance at the 1%, 5%,
and 10% level, respectively.
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