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1 Introduction

In a globalized economy, firms are influenced by fluctuations in foreign market demand, which

affect them both directly as exporters and indirectly through their connections in domestic

production networks. How firms respond to demand changes shapes the way these effects

propagate throughout the economy, influencing workers, suppliers, and domestic consumers.

This paper explores the following questions: What insights do firms’ responses to demand

shocks provide about their cost structures? What impact do these shifts in demand have on

workers and wages? How sensitive are the broader economic effects of foreign demand shifts

to firms’ cost structures and the presence of imperfect competition in labor markets?

We study these questions in the context of Belgium, a small open economy. As discussed

in Section 2, our analyses employ a panel dataset of Belgian firms and workers, covering the

period 2002-2014. This dataset is based on several micro data sources that we have linked.

Annual accounts provide data on input factors and output; customs records and intra-EU

declarations give information on imports and exports; a value-added tax (VAT) registry

provides information on domestic firm-to-firm transactions; and social security records and

employer-employee data give information on workers and their earnings, hourly wages, and

work hours.

We establish two empirical facts about the Belgian economy. First, we characterize the

relationships in our data between (changes in) firm-level sales, labor costs, and intermediate

input purchases. We find that input purchases respond nearly proportionally to changes in

sales. In contrast, changes in sales are associated with less than proportionate changes in

labor costs. The changes in the labor costs reflect both changes in employment and changes

in the average wage, indicating that average wages increase when sales increase. Second,

we find that changes in firm-level output prices are more correlated with changes in firm-

level input prices than with the changes in the firm-level average wage. These findings are

consistent with firms facing upward sloping labor supply curves and fixed overhead costs in

labor inputs, whereas intermediate inputs (such as energy and materials) are predominantly

variable costs in production.

Motivated and guided by these empirical facts, we next develop, in Section 3, a small

open economy model and then analyze the comparative statics properties of the relationships

between key variables. One important feature of our model is that we allow for imperfect

competition, in the form of monopsonistic competition in the labor market and monopolistic

competition in the product market. Another important feature of our model is that we allow

the production of goods to depend on both fixed and variable costs of labor and intermediate

goods. Fixed labor costs may reflect tasks such as administration, worker management,

facility maintenance and any other work that does not translate directly into production and

revenue. Examples of fixed intermediate input costs include waste management, accounting
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services, and electricity payments that occur irrespective of sales. More broadly, fixed costs

capture the expense on inputs required for firm activities that do not vary with changes in

output.

The model serves three purposes. First, the comparative statics of the model show the

elasticities we need to recover to quantify and interpret how firms and workers respond to

and are affected by changes in foreign demand. These elasticities include the labor supply

elasticity facing the firm as well as the firm’s elasticities of labor costs and intermediate input

purchases with respect to demand-driven changes in sales. We illustrate that the elasticities

of input usage in response to changes in output contain information relevant to determining

the share of an input that is used as overhead versus as a variable input. Second, the

model helps to make explicit the data, instrument, and assumptions we need to identify and

estimate these elasticities. The comparative statics of the model consider a change in the

sales of a firm due to an exogenous change in the demand it faces. In the data, however,

sales may change for many reasons other than demand, including shifts in input prices,

technology, preferences, or amenities. To address this identification challenge, in Section

4, we draw on the work of Hummels et al. (2014) and Dhyne et al. (2021) to construct

an instrument that intends to isolate the variation in sales that is induced by a change in

foreign demand. We perform a number of robustness checks to examine various threats to

the validity of the instrument. Lastly, the model makes it possible to perform counterfactuals

to quantify and explain the aggregate welfare implications of changes in foreign demand (or

productivity). In this analysis, we consider several counterfactual economies, defined by

alternative parameterizations of the model. One of these economies is constructed to mirror

the actual Belgian economy. In the other counterfactual economies, we instead assume no

fixed costs or perfectly elastic labor supply (or both).

In Section 5, we take the model to the data with the goal of quantifying and explaining

the firm responses and worker impacts of changes in firm sales that are induced by changes in

foreign demand. To do so, we use the instrumental variables approach described in Section

4 to recover the elasticities defined by the comparative statics of the model. We first explore

the time series pattern of the foreign demand shock and find it to be close to a permanent

shock, with firm sales changes after four years being 76 percent of the initial response in

sales. We then investigate how firms’ input expenditures respond to changes in sales that

are induced by foreign demand shocks. The estimates suggest that in response to a foreign

demand shock that increases a firm’s sales by 7.6 percent after four years, the total input

purchases increase by around 7.8 percent over the same period, whereas labor costs only

increase by around 4.1 percent. We also find that roughly one-quarter of the change in labor

cost is coming from the change in average wage.1 Our estimates imply that on average, firms’

1The magnitude of the wage effects is comparable to previous findings in other contexts. For example,
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input purchases are predominantly variable costs. They also imply that Belgian firms pass

on a large share of a foreign demand shock to their domestic suppliers, face upward-sloping

labor supply curves and, thus, have wage-setting power, and have sizable fixed overhead

costs in labor.

We are not aware of previous studies with directly comparable estimates of the fixed

shares of labor or intermediate inputs. The closest comparison is arguably the results in De

Loecker et al. (2020). Using data on American firms (from Compustat), they compute the

share of total costs that is fixed. They measure fixed costs as the reported spending in the

category “Selling, General and Administrative Expenses.” They conclude that the share of

total costs that are fixed ranges from 18 to 22 percent during the period 2000-2016. Another

close comparison is Ederhof et al. (2021), who use U.S. census data for manufacturing plants

during 1974-2011. Classifying costs such as fringe benefits, depreciation, and rental payments

as fixed costs, they measure that 20 percent of total costs is fixed. By comparison, our

estimates suggest that around 29 percent of total costs (including labor and intermediate

inputs) are fixed in the Belgian economy.

We consider several alternative explanations but find that none of them plausibly over-

turns our conclusion that firms face sizable overhead costs that consist predominantly of

units of labor. First, we note that our empirical results are consistent with the presence of

adjustment costs to firm-level employment. Even in the presence of adjustment costs, if the

production function was homothetic and had constant returns to scale, in response to a per-

manent change in demand, in the long-run firms should increase labor costs proportionally

to other inputs. Second, we show that our results are inconsistent with a non-homethetic

CES production function (Matsuyama, 2023) that does not incorporate overhead costs of

labor.

In Section 6, we analyze the aggregate effects of a five percent increase in foreign tariffs

on all Belgian exports. Our results suggest that the increase in foreign tariffs produces a

substantial 4.9 percent fall in the average real wage. By comparison, the reduction in real

wages would be predicted to be as low as 2.8 percent if we assume the economy had no fixed

costs and perfectly elastic labor supply. Thus, we conclude that the way in which the labor

market is typically modeled in existing research on foreign demand shocks—with no fixed

costs and perfectly elastic labor supply—may grossly understate the decline in real wages

due to an increase in foreign tariffs.

The intuition behind how fixed overhead costs in labor amplify real wage declines can be

understood by considering that these fixed costs reduce the relative importance of labor in

firms’ variable costs. When labor constitutes a smaller share of firms’ variable costs, output

Garin and Silvério (2023) use linked employer-employee data from Portugal and find that an exogenous
output change of 10 percent causes incumbent workers’ wages to change proportionally by 1.5 percent in the
medium run.
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prices become less sensitive to changes in wages. With the aggregate labor supply fixed, the

economy responds to a negative demand shock by lowering prices through wage reductions.

To achieve the same price decrease, wages must fall further when fixed labor costs are taken

into account.

Our paper contributes to several areas of economics. Our first contribution is to the

literature that analyzes how foreign demand shocks affect labor market outcomes. A large

literature uses worker data at the firm or regional level to analyze the labor market effects

of foreign demand shocks (see, e.g., Autor et al., 2013, Autor et al., 2014, Kovak, 2013,

Dix-Carneiro, 2014, Dix-Carneiro and Kovak, 2017, Pierce and Schott, 2016, Traiberman,

2019,Kim and Vogel, 2020, 2021, Galle et al., 2022, Costinot et al., 2022, and Garin and

Silvério, 2023). Felix (2021) and MacKenzie (2021) study the effects of opening to trade

when product and labor markets are imperfect, and find quantitatively small effects of im-

perfect competition in labor markets, whereas Gutiérrez (2022) estimates larger effects from

imperfect competition. Our paper joins a small set of papers that combine information on

firm-to-firm transactions with micro data on firms and workers. Demir et al. (2024) doc-

ument positive assortative matching between buyers and suppliers in terms of wages paid

to workers. They analyze how this positive assortative matching affects the wage responses

of exporters and their suppliers to a foreign demand shock. Adao et al. (2020) study the

impact of trade on inequality in a framework with perfect competition, and Alfaro-Urena

et al. (2019) estimate the effects of foreign multinationals on workers. Huneeus et al. (2021)

estimate that supply shocks transmitted through the production network can account for

around 20 percent of the earnings volatility of Chilean workers.2

Another key difference between our study and prior work is that our analysis allows for

imperfect competition in the labor market and distinguishes between fixed and variable costs

in production. We find this distinction to be empirically important, as it materially affects

the conclusions from both partial and general equilibrium analyses of the labor market effects

of foreign demand shocks.3

Our paper also contributes to the literature on general equilibrium effects in production

networks. Baqaee and Farhi (2022) analyze the general equilibrium effects of trade shocks,

and Bigio and La’O (2020), Baqaee and Farhi (2019a), and Baqaee and Farhi (2019b) analyze

the transmission of shocks in closed economies with and without distortions. Baqaee and

Farhi (2020) illustrate how free entry affects the long-run effects of shocks, vom Lehn and

Winberry (2021) document the role of the investment network for sectoral comovement along

2In other work based on data with firm-to-firm transactions, Huneeus (2018) studies the pass-through
of foreign shocks to Chilean firms during the Great Recession.

3Our findings do not directly alter the interpretation of prior research that established the reduced
form relationship between (regional or industry) labor market outcomes and changes in tariffs or import
competition.
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the business cycle, and Atalay (2017) quantifies the importance of sectoral shocks along

the business cycle.4 Both Baqaee and Farhi (2020) and Arkolakis et al. (2023) highlight

the significance of measuring the input units that contribute to fixed costs. Furthermore,

Klenow and Li (2024)’s finding that entry costs increase with growth aligns with the notion

that overhead costs are paid in units of labor. To our knowledge, our study is the first to

incorporate estimates of fixed overhead costs and imperfect competition in the labor market

in a general equilibrium analysis with production networks.5

2 Data and motivating empirical facts

Our analyses combine multiple administrative data sources from Belgium for the period

2002-2014. Below we briefly describe our data and sample selection; additional details are

given in Appendix A.

2.1 Data on firms

The National Bank of Belgium (NBB) provided us with three datasets on firms, each covering

the period 2002-2014. These datasets can be linked through (anonymized) firm identifiers,

assigned and recorded by the government for the purpose of collecting value-added taxes

(VAT). For details on the linking procedure, we refer to Dhyne et al. (2015) and Dhyne et al.

(2021).

The first dataset is the Business-to-Business (B2B) transactions database. Every year,

all VAT-liable firms are legally required to report annual sales to every other VAT-liable firm

in Belgium. This information must be reported to the tax authority provided that annual

sales to a given buyer exceed 250 euro. Thus, the B2B dataset allows us to measure the

firms’ domestic production networks as well as their purchases from and sales to domestic

suppliers and buyers.

We merge this dataset with information on the firms’ international trade and their annual

accounts. The information on international trade comes from the Belgian customs records

and the intra-EU trade declarations, which contain the value of imports and exports (dis-

aggregated by the EU’s eight-digit coding system for products) and the countries of origin

or destination. The annual accounts contain detailed information from the firm’s balance

sheets on sales, revenues, operating profits, ownership shares in other enterprises, costs of

4Several papers analyze endogenous production networks that allow for the creation or destruction of
firm-to-firm links in response to economic shocks. See Oberfield (2018), Lim (2018), Taschereau-Dumouchel
(2018), Elliott et al. (2021), Acemoglu and Tahbaz-Salehi (2020), Arkolakis et al. (2023), and Dhyne et al.
(2023a). For tractability, we abstract from this adjustment mechanism in our model.

5A related literature in labor economics examines the rent sharing between firms and workers, exploiting
changes in patents, demand, or taxes and subsidies (see, e.g., Van Reenen, 1996, Guiso et al., 2005, Kline
et al., 2019, Friedrich et al., 2019, Berger et al., 2022, Kroft et al., 2020, Howell and Brown, 2020, Lamadon
et al., 2022, and Chan et al., 2021).
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inputs (such as capital, labor, and intermediates), as well as four-digit (NACE) industry

codes and geographical identifiers (at the postal code level).

Importantly, the annual accounts also include information about the number of full-time

equivalent (FTE) workers. The calculation of FTE is an employee’s actual scheduled hours

divided by the regular scheduled hours for a full-time workweek. To measure the (average)

hourly wage that each firm pays to its workers, we divide the firm’s labor cost by the number

of FTE workers.

A limitation with the Belgian data is that all the information is recorded at the level of

the VAT identifier. This creates a challenge because a firm may have several VAT identifiers

(for accounting or tax reasons). If a firm has multiple VAT identifiers, we follow Dhyne

et al. (2021) in aggregating the data up to the firm level using information from the annual

accounts about the ownership structure. Further details on the aggregation procedure are

provided in Appendix A.1.

2.2 Data on individual workers

As described above, the firm data offers information on the number of FTE workers and the

wages paid to these workers. This allows us to measure changes over time in the labor cost,

hourly wages, and the size of the workforce of a given firm. The firm data do not, however,

allow us to follow the same workers over time.

To do so, we add information from matched employer-employee data for the period 2003-

2014. The employer-employee data are provided to NBB by the Banque Carrefour de la

sécurité sociale (Crossroads Bank for Social Security, BCSS), and then linked by NBB to

our firm data (see Appendix A.2 for details.) The linked data consist of a random sample

of 500,000 workers, drawn from the population of firms with 10 or more FTE employees at

least once during the period 2003-2014. We have to work with this subsample of workers in

larger firms because of restrictions imposed by the Belgian social security administration.

As discussed in greater detail later, this subsample of workers is useful for two reasons.

First, it lets us perform an analysis of the wage impacts of worker mobility across firms.

This allows us to examine if the hourly wage paid to a given worker depends on the firm

for which she works. Second, it lets us restrict the estimation sample to stayers, who are

observed working for the same firm over several years. This allows us to examine whether

changes in a firm’s labor cost are a result of changes in the wage that it pays to a given

worker or changes in the composition and quality of its workforce.

2.3 Estimation samples

Most of our analyses use only the firm data. In these analyses, we impose a few restrictions

to construct a suitable estimation sample. We restrict our analysis to firms in the private,
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non-financial sectors with at least one FTE employee and positive labor costs and sales.

Following De Loecker et al. (2014) and Dhyne et al. (2021), we also restrict our analysis to

firms with tangible assets of more than 100 euro and positive total assets in at least one year

during our sample period 2002-2014. In the remainder of the paper, we refer to this sample

as the main estimation sample.

As evident from Appendix A.3, the main estimation sample covers a large majority of

the aggregate value added, gross output, labor costs, exports, and imports in the Belgian

economy. In this appendix, we also present the (direct and total) export participation and

shares of firms that directly export to those that only export indirectly, building on the

work of Dhyne et al. (2021). While few Belgian firms are directly exporting, a majority of

the firms are indirectly exporting through sales to domestic buyers that subsequently trade

internationally. In fact, even the firms that do not directly export are, on average, selling

nearly 10 percent of their output indirectly to foreign markets. These statistics motivate,

for example, why we incorporate indirect export through the production network to measure

firms’ ultimate exposure to foreign demand when constructing our instrument in Section 4.

In a few of our analyses, we will rely on the subsample for which we have additional

information from the worker data (i.e., the firms with 10 or more FTE employees at least

once from 2002 to 2014). Even though this subsample contains only about a quarter of all

firms, it still makes up most of the total sales, inputs, and trade in the Belgian economy.

2.4 Motivating empirical facts

In order to motivate and guide the choices of model and econometric specification, we now

present a set of empirical facts on the relationships in our data between firm-level sales, labor

costs, and intermediate input purchases.

We begin by describing the cross-sectional relationships between firm-level sales, labor

costs, and intermediate input purchases. We pool the cross-sectional data for the entire

period 2002-2014. In an attempt to adjust for differences across industries, we first demean

the log of each variable using the firm’s four-digit industry average. Thus, a firm with

reported log sales of zero has the sales of an average firm in its industry. Next, we use local

polynomial regressions to non-parametrically estimate the relationships between log labor

costs and log sales (panel (a) of Figure 1) and log input purchases and log sales (panel (b)

of Figure 1). In these cross-sectional comparisons across firms, we find that both labor and

intermediate input purchases are nearly proportionally aligned with sales.

It is admittedly difficult to learn much from such cross-sectional comparisons. For ex-

ample, large and productive firms may be systematically different from smaller and less

productive firms in the production technology they use. A natural way to start addressing

this concern is to examine changes over time within firms in sales, labor costs, and interme-
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diate input purchases. In panels (c) and (d) of Figure 1, we perform the same analyses as in

the two first panels, except that we now look at changes within firms over a four year period.

We find that input purchases respond close to proportionally to changes in sales (a slope

coefficient of 0.82). In contrast, changes in sales are associated with less than proportionate

changes in labor costs (a slope coefficient of 0.57). Panels (e) and (f) further decompose the

changes in labor cost shown in panel (c) into changes in employment and average wages. We

find that while much of the changes in labor costs are driven by the changes in employment

(a slope coefficient of 0.48), changes in average wage are also correlated with the changes in

sales (a slope coefficient of 0.09).

These results are suggestive of two things. First, the fact that changes in labor costs are

less than proportional to the changes in sales suggest that there are sizable fixed overhead

costs in labor. In Appendix C.1 we examine different cuts of the data to explore whether any

group of firms have significantly lower correlation between changes in labor cost and sales

than other firms. We find that groups of firms that are often associated with having larger

fixed costs, such as exporters and importers, have significantly lower correlation between

changes in labor cost and sales, suggesting that fixed labor cost shares are higher for those

firms. Second, the fact that wages change along with sales suggest that firms face upward

sloping labor supply curve.6

We further investigate firms’ input composition by looking at the relationship between the

changes in prices of their inputs and outputs. In Appendix C.3, we illustrate the differential

pass-through rates of changes in wages and input prices on firm-level output prices. We use

additional information on unit values provided by Duprez and Magerman (2018), which is

based on Prodcom data that contains output values and quantities at the 8-digit level for

large firms in the mining and quarrying, and manufacturing sectors. We find that changes

in output prices are more correlated with the changes in input prices than with the changes

in average wage. This fact is consistent with labor cost having a smaller share than input

purchases in firms’ variable costs.

However, one needs to be cautious in drawing conclusions from these facts. Input costs

and sales are simultaneously determined and may be affected by many omitted variables.

Similarly, the changes in input and output prices may be affected by measurement errors

or driven by changes in other firm-level outcomes that generate omitted variable biases. To

6We further investigate the relationship between wage and firm size in Appendix C.2. We first show
that firms that are more exposed to foreign markets are larger, more productive, and pay higher wages, and
then that these wage differentials cannot be entirely explained by observed or unobserved differences across
workers. These results showing wage premium for exporters are documented for many other countries (see
for example, Irarrazabal et al. (2013) for Norway, Egger et al. (2020) for Germany, Fŕıas et al. (2024) for
Mexico, and Helpman et al. (2016) for Brazil), and motivate our departure in Section 3 from the canonical
model of a competitive labor market where wages depend only on the marginal product of workers and not
the firm that employs them.
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Figure 1: Relationship between firm-level sales, labor costs, and input purchases

(a) Sales and labor costs (b) Sales and input purchases

(c) Sales and labor costs (four-year
change)

(d) Sales and input purchases (four-year
change)

(e) Sales and employment (four-year
change)

(f) Sales and average wage (four-year
change)

Notes: The figures use the main estimation sample of private-sector firms in Belgium from 2002 to 2014
(see Section 2.3 for details). They display the relationship between firm-level sales, labor costs, input
purchases, employment, and average wage using the smoothed values of kernel-weighted local polynomial
regression estimates with 95 percent confidence intervals. We use the Epanechnikov kernel function with
kernel bandwidth of 0.05. In panels (a) and (b), each variable is demeaned with four-digit industry-year
fixed effects. Log sales and four-year changes in log sales are trimmed at the top and bottom 1 percentiles.
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draw conclusions about fixed versus variable costs we therefore will, in Section 3, develop an

explicit model and construct an instrument that isolates the variation in sales that is induced

by an exogenous change in demand. The insight from the model is that how firms’ labor

costs respond to changes in sales induced from exogenous demand shocks map to their fixed

labor cost shares only when the labor supply curve is flat. As we demonstrate in Section 5,

our IV estimates suggest a broadly comparable relationship between changes in labor costs

and sales for firms that trade internationally and those that do not. This suggests that firms

that trade internationally may have higher fixed costs (as they are larger), but comparable

fixed share of costs. Furthermore, when firms face an upward sloping labor supply curve,

responses of labor costs to sales change and the elasticity of the labor supply curve jointly

determine the fixed labor cost shares. To determine the elasticity of the labor supply curve

that individual firms face, we turn to the estimating equation derived from the model in

Section 3.

3 Model

Motivated and guided by the empirical evidence presented in the previous section, we now

develop a model and then analyze the comparative statics properties of the relationship

between key variables.7

3.1 Model environment

We model Belgium as a small open economy where firms take the prices in the foreign market

as given. Our model is parsimonious and restrictive in several ways. For example, we take

all buyer-supplier relationships as given, in terms of both the domestic firm-to-firm links and

the firms’ direct export and import participation. However, in other important ways, the

model is rich and flexible as compared to much of the existing work on production networks.

One important feature of our model is that we allow for imperfect competition, in the

form of monopsonistic competition in the labor market and monopolistic competition in the

product market. To let the labor supply facing the firm be imperfectly elastic, we assume that

many firms compete with one another for workers who have heterogeneous preferences over

amenities. This assumption gives rise to firms having an increasing marginal cost of labor,

consistent both with the descriptive evidence in Appendix C.2 and with recent empirical

findings from countries other than Belgium (see, e.g., Almunia et al., 2021, Lamadon et al.,

2022, and Kroft et al., 2020). In the product market, we assume a market structure in

which firms have many competitors, but each one sells a single differentiated good. As a

7The model is similar to the one in Huneeus et al. (2021), with a key distinction being that the cost
structure of firms differs, and our model incorporates fixed overhead costs that lead to increasing returns to
scale in production. We also consider a small open economy, whereas their model considers a closed economy.
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result, the product demand facing the firm may be imperfectly elastic. The firms may sell to

households with heterogeneous preferences, to other domestic firms, and directly to foreign

markets. Intermediate inputs may be purchased from other domestic firms or imported

directly from abroad.

Another important feature of our model is that we allow the production of goods to

depend on both fixed and variable costs of labor and intermediate goods. The reason we

allow for fixed overhead costs is that both the descriptive evidence in Section 2.4 as well as

previous studies indicate that such expenses can be important in matching key moments of

the data on firms and workers in developed countries, at least in the short or medium run

(see, e.g., Bartelsman et al., 2013, Traina, 2018, and Autor et al., 2020).

Product demand. The households in the economy consist of workers and firm owners.

All households have the same preferences for goods. The utility of a household from final

good consumption is denoted by C, which is a CES aggregator of the household’s purchases

of each firm’s goods, qkH :

C =

(∑
k∈Ω

(βkHqkH)
σ−1
σ

) σ
σ−1

, (1)

where Ω denotes the set of all available products and H denotes domestic final demand

from households. With the CES structure, one can write P =
(∑

k∈Ω β
σ−1
kH p1−σ

k

) 1
1−σ as the

aggregate price index. The demand for product k (which is produced by firm k) can be

expressed as

qkH = βσ−1
kH

p−σ
k

P 1−σ
EH , (2)

with EH being the aggregate income of workers and firm owners, and similarly for exports,

we have

qkF = p−σ
k DkF , (3)

where DkF is the exogenous foreign demand shifter for firm k.

Labor supply. We consider an environment where labor is hired in a spot market, and

each worker has idiosyncratic preferences over firms that are private information. Because

of this information asymmetry, a firm cannot price-discriminate with respect to workers’

reservation wages. Each worker n supplies one unit of labor and has the following preference

for working at firm k:

vnk = logwk + log δk − logP + νnk, (4)

where wk denotes the wage at firm k, δk denotes the firm-specific amenity that is common

to all workers, P is the aggregate price index, and νnk denotes worker n’s idiosyncratic taste

for the non-wage attributes or amenities of firm k.
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This specification of preferences allows for the possibility that workers are heterogeneous

in their preferences over the same firm. The importance of this source of horizontal differ-

entiation is governed by the variance of νnk. For empirical tractability, we assume that νnk

is distributed according to a Type-1 Extreme Value distribution with parameter ε.

Given the set of offered wages by all firms, worker n chooses a firm k to maximize her

utility. Due to the distributional assumption on νnk, we obtain the following firm-specific

labor supply curve:

ℓk = Akw
ε
k, (5)

where Ak =
δεk∑

j δ
ε
kw

ε
j
L. The term L is the aggregate labor supply.

Firms’ production technology. Each firm produces a unique differentiated product and

has a firm-specific production technology to convert variable labor, domestic inputs, and

foreign inputs into output. It also has firm-specific fixed overhead input requirements for

labor and inputs purchased from other firms. Finally, each firm has an exogenous set of

domestic suppliers as well as exogenous access to the import or export market. We denote

variables associated with variable inputs with superscript v and variables associated with

fixed overhead inputs with superscript f .

Let the fixed overhead input requirement of firm k be denoted by q̄fk . This fixed overhead

input requirement can be fulfilled via a CES production technology by choosing inputs from

a set of domestic suppliers Zk as well as imports. The technology parameters ωf
jk and ωf

Fk

are given. For all firms that do not directly import to fulfill the fixed input requirement, we

have ωf
Fk = 0. Specifically, firm k’s technology to fulfill its exogenous fixed overhead input

requirements is as follows:

q̄fk =

(∑
j∈Zk

ωf
jk

(
qfjk

)σ−1
σ

+ ωf
Fk

(
qfFk

)σ−1
σ

) σ
σ−1

. (6)

Note that the term on the left-hand side is exogenously given, whereas the inputs on the

right-hand side, qfjk and qfFk, can be endogenously chosen. In addition, firm k has a fixed

overhead labor input requirement ℓ̄fk . By letting the fixed overhead input requirements be

firm-specific, our specification is flexible enough to capture that large firms may have higher

overhead costs, as suggested by Traina (2018) and De Loecker et al. (2020).

After fulfilling the fixed overhead requirements, the output production function has con-

stant returns to scale. Firms combine variable labor inputs and a variable intermediate

input bundle in a Cobb-Douglas fashion. The variable intermediate input bundle is a CES

aggregate of variable inputs purchased from their suppliers and variable imports. We write
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the output production function of firm k as follows:

qk = ϕk (q
v
k)

1−αℓk (ℓvk)
αℓk

qvk =

(∑
j∈Zk

ωv
jk

(
qvjk
)σ−1

σ + ωv
Fk (q

v
Fk)

σ−1
σ

) σ
σ−1

, (7)

where αℓk, ω
v
jk, and ω

v
Fk are the saliency parameters for labor inputs, inputs from individual

suppliers, and imports. The term ϕk represents the exogenous Hicks-neutral productivity

term of firm k. The left-hand side of equation (7), the total output of firm k, is an endogenous

variable. Note that the CES substitutability parameters in firms’ production technology are

restricted to be the same as the substitutability parameter in final demand. This assumption,

which is common in the literature (see Huneeus et al., 2021 and Demir et al., 2024 for

example), implies that firms face the same demand elasticity regardless of who they sell

their output to, and, thus, charge common markups under monopolistic competition.

Firm k’s use of labor inputs, ℓk, inputs from supplier j, qjk, and imports qFk are equal

to the sum of their usage as variable and fixed inputs:

ℓk = ℓvk + ℓ̄fk

qjk = qvjk + qfjk ∀j ∈ Zk

qFk = qvFk + qfFk. (8)

Firm’s problem. We now turn to the firm’s profit maximization problem. Recall that the

idiosyncratic preferences of workers are private information and thus unobserved to the firm.

However, the firm knows the distribution of the idiosyncratic preferences. The firm views

itself as infinitesimal within both the product and labor markets, acting monopolistically

competitive in the output market and monopsonistic in the labor market. Firm k maximizes

its profits by taking as given the labor supply curve (as in wk (ℓk)), the required fixed costs

of q̄fk and ℓ̄fk , the intermediate input prices, as well as the price of imports pFk.

Given this environment, each firm k chooses demand for inputs and its output price to

solve

max
{qvjk},qvFk,{qfjk},qfFk,ℓ

v
k,pk

pkqk
(
ℓvk,
{
qvjk
}
, qvFk

)
− wk (ℓk) ℓk −

∑
j∈Zk

pjqjk − pFkqFk, (9)

such that equations (5) to (8) hold.

Price. The first-order condition with respect to the firm’s output price yields that firm

k charges a firm-level markup of σ
σ−1

over its marginal cost, as it faces a common residual
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demand elasticity of σ. This result is a consequence of the assumption of firms engaging in

monopolistic competition when they sell to other firms or sell to final demand.

Labor costs. The first-order condition with respect to variable labor inputs yields the

following expression for firm k’s variable labor cost share out of its total sales:

ℓvkwk (ℓk)

pkqk
(
ℓvk,
{
qvjk
}
, qvFk

) =
ε

ε+ 1

∂ log qk
(
ℓvk,
{
qvjk
}
, qvFk

)
∂ log ℓvk

(
1 +

d log pk
d log qk

)
. (10)

The first term in equation (10) represents the markdown of labor cost, which comes from

the upward-sloping supply curve that has a constant elasticity of ε. The steeper the slope

of the labor supply curve (low ε), the greater the markdown. The second term is the output

elasticity with respect to variable labor inputs, which is summarized by the parameter αℓk.

The third term captures the inverse of the demand elasticity, which can be written as a

constant term of 1 + d log pk
d log qk

= σ−1
σ
.

Intermediate input purchases. We now turn our attention to intermediate input pur-

chases. Similar to equation (10), the first-order condition of firm k for variable input pur-

chases from supplier j yields the following equation for the share of intermediate inputs from

supplier j out of firm k’s total sales:8

pjq
v
jk

pkqk
(
ℓvk,
{
qvjk
}
, qvFk

) =
∂ log qk

(
ℓvk,
{
qvjk
}
, qvFk

)
∂ log qvjk

(
1 +

d log pk
d log qk

)
. (14)

The share of variable inputs from supplier j depends on two parameters. The first is the

output elasticity with respect to the variable input, and the second is the inverse of the

demand elasticity the firm faces.

8The profit maximization problem of (9) also yields the following relationships for the fixed input bundle.

Firms minimize the cost of their fixed input purchases,
∑

j∈Zk
pjq

f
jk + pFkq

f
Fk, such that equation (6) holds.

We obtain the price index for the fixed input bundle:

cfk =

∑
j∈Zk

(
ωf
jk

)σ
p1−σ
j +

(
ωf
Fk

)σ
p1−σ
Fk

 1
1−σ

. (11)

The individual demand for the fixed inputs is expressed as

qfjk =
(
ωf
jk

)σ
p−σ
j

(
cfk

)σ
q̄fk (12)

qfFk =
(
ωf
Fk

)σ
p−σ
Fk

(
cfk

)σ
q̄fk . (13)
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General equilibrium. Equations for aggregate trade balance, labor market clearing, and

aggregate income are presented in Appendix B.1. The general equilibrium features a set of

firms’ wages, {wk}, and aggregate expenditure, EH , such that firms and workers optimize

and markets clear (see Appendix B.1 for details).

3.2 Comparative statics and target parameters

We now analyze the comparative statics properties of the relationship between key variables

in the model. These comparative statics show the elasticities we need to recover to quantify

and interpret how firms and workers respond to and are affected by exogenous changes in

demand.

Elasticity of labor cost with respect to a demand-driven change in a firm’s output.

The change in the labor cost in response to a demand-driven change in a firm’s output is

informative about the share of labor inputs that is used for fixed overhead costs. Using

equation (8) and taking the total derivative of equation (10) while holding firms’ labor-

specific technology parameter αℓk, labor supply elasticity ε, and worker amenity draws {νnk}
fixed, we obtain9

d log (ℓkwk (ℓk))

d log
(
pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)) =
ℓvk
ℓk

ε+ 1
ℓvk
ℓk
+ ε

. (15)

Equation (15) illustrates that the labor cost elasticity of firm k is a function of its variable

share of labor inputs
(

ℓvk
ℓk

)
and the labor supply elasticity ε it faces. One extreme case is that

all labor inputs are fixed
(

ℓvk
ℓk

= 0
)
, so that changes in sales do not get passed on to labor

costs. The other extreme case is that all labor inputs are variable
(

ℓvk
ℓk

= 1
)
. Labor costs are

then changing proportionally to changes in sales. Between these two extremes cases, some

but not all labor is fixed. The response of labor costs to changes in sales is monotonically

increasing in variable share of labor inputs (until the labor cost elasticity is equal to one).

More generally, the labor cost elasticity depends on both the variable share of labor

inputs and the labor supply elasticity ε. If there is perfect competition in the labor market

(ε = ∞), the labor cost elasticity increases linearly with the variable share of labor inputs.

However, if firms face upward-sloping labor supply curves, they pay lower wages than they

otherwise would by hiring fewer workers, which effectively amplifies the share of labor inputs

that is fixed. Thus, for a given variable share of labor inputs, the elasticity of labor costs

9See Appendix B.2 for the derivation. Note that both a firm’s foreign demand parameter, DkF , and its
productivity parameter ϕk are allowed to vary. Equation (15) is therefore consistent with both a demand-
driven and a TFP-driven change in sales.
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is declining in ε (i.e., as the labor supply curve gets flatter and labor markets become more

competitive).

Elasticity of input purchases with respect to a demand-driven change in a firm’s

output. The change in intermediate input purchases in response to a demand-driven

change in a firm’s output is informative about the share of input purchases that is used for

fixed overhead costs. Using equation (8) and taking the total derivative of equation (14) while

holding firms’ input-factor-specific technology parameters
({
αℓk, ω

v
jk, ω

v
Fk, ω

f
jk, ω

f
Fk

}
, σ
)
and

relative prices of the suppliers fixed, we obtain10

d log (pjqjk)

d log
(
pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)) =
qvjk
qjk

. (16)

Equation (16) implies a one-to-one relationship between the share of the firm’s intermediate

inputs that is variable costs in the production and the elasticity of intermediate purchases

in response to a demand-driven change in the firm’s output.

Labor supply elasticity and demand-driven changes in a firm’s output. The firm-

specific labor supply elasticity governs how much the firm’s employment increases if it raises

the wage it is paying. Leveraging equation (5), we obtain the following relationship be-

tween the labor supply elasticity and the ratio of the average response of labor costs and

employment to an increase in sales:

∑
k

d log (ℓkwk (ℓk))

d log
(
pkqk

(
ℓvk,
{
qvjk
}
, qvFk

))/∑
k

d log ℓk

d log
(
pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)) =
ε+ 1

ε
. (17)

Equation (17) provides the basis for estimating the labor supply elasticity in Section 5. The

labor supply elasticity also determines the firm’s wage-setting power and its markdown of

wages relative to the marginal revenue product of labor.

Worker rents. In our model, worker rents are due to the idiosyncratic taste component

νnk, giving rise to upward sloping labor supply curves and employer wage-setting power.

We assumed that employers do not observe the idiosyncratic taste for amenities of any

given worker. This information asymmetry implies that firms cannot price-discriminate

with respect to workers’ reservation wages. As a result, the equilibrium allocation of workers

to firms creates surpluses or rents for inframarginal workers, defined as the excess return

over that required to change a decision, as in Rosen (1986).

Intuitively, the area above the labor supply curve constitutes the rents of workers. These

10See Appendix B.2 for the derivation.
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rents represent the willingness-to-pay to stay at the current firm which, on average, is greater

when the labor supply curve is steeper. Following Lamadon et al. (2022) and Kroft et al.

(2020), the additional rents of workers due to a demand-driven increase in sales can be

expressed as:

d (ℓkwk (ℓk))

1 + ε
= ℓkdwk (ℓk)︸ ︷︷ ︸

incumbent workers

+ (wk (ℓk) + dwk (ℓk))

(
ℓk + dℓk
1 + ε

− ℓk

)
+

ε

1 + ε
ℓkwk (ℓk)︸ ︷︷ ︸

new workers

. (18)

The additional rents for incumbents is the wage change multiplied by the number of incum-

bent workers. The additional rents for new hires is the wage bill of new hires minus the wage

bill required to make them indifferent between the new and initial firm choices.

3.3 Key modeling choices and alternative interpretations of worker

impacts and firm responses to foreign demand shocks

The comparative statistics in the previous subsection connected unknown model parameters

to quantifiable worker impacts and firm responses to foreign demand shocks. Of course,

these connections depend on our modeling choices, and there admittedly exists alternative

economic interpretations of these impacts and responses. We now discuss a few key model-

ing choices and alternative interpretations of worker impacts and firm responses to foreign

demand shocks.

Production function with variable and fixed inputs. Our model uses a non-homothetic

production function where optimal combination of total (i.e. flexible and fixed) labor inputs

and intermediate inputs vary with the scale of the production.11 The fixed overhead costs

in labor (intermediate inputs) can be identified by examining whether labor costs (input

purchases) respond less than proportionally to a change in sales induced by a permanent

demand shock.

A natural question is whether such non-proportional responses could be rationalized by

a non-homothetic production function without fixed costs. In Appendix B.3, we examine

this by deriving the labor cost and input purchase elasticities to sales under an isoelastic

nonhomothetic CES production function without fixed overhead costs, as in Hanoch (1975),

Comin et al. (2021), and Matsuyama (2023). We show that such a production function allows

11Our specification of the production function mirrors the main analysis in De Loecker et al. (2020) where
overhear costs are treated as a fixed input in production. However, they also consider an interpretation of
the production function where overhead costs are included as a variable, dynamic factor of production. This
interpretation requires observing overhead costs directly in the data. Our data do not allow us to do that.
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labor costs and input purchases to respond non-proportionally to a change in sales induced by

a permanent demand shock. However, it does so in a highly restrictive way: if one elasticity

is lower than one, the other elasticity needs to be above one, which, we show in the next

section, is at odds with our data. In contrast, our specification of the production function

with flexible and fixed (labor and intermediate) input does not constrain the elasticities in

such a way.

Adjustment costs. Our comparative statics assume that firms are shifted along their

labor demand curves in response to the foreign demand shocks. A possible concern is that

firms may face labor adjustment costs. In Appendix B.4, we add adjustments costs to the

model. We consider two alternative types of labor adjustment costs: a quadratic adjustment

cost, or labor adjustment à la Calvo (1983). In each case, the presence of adjustment costs

would lead the firms to adjust inputs more slowly over time rather than immediately when

the demand shock occurs. However, we show that fixed costs in labor can still be identified

by examining whether labor costs in the long(er) run respond less than proportionally to the

changes in sales induced by a permanent demand shock.

Motivated by this identification result, our empirical analysis will be centered around the

changes in labor costs over the course of four years. Although we admittedly cannot rule

out that the adjustment to shocks may take even longer, we do find that the firm responses

to the foreign demand shocks changes relatively little after the first couple of years.

Modeling of the labor market. Our model treats Belgium as a single labor market in

which each firm is faced with a homogeneous iso-elastic labor supply curve, resulting in a

constant markdown of wages. As a result, the only wedge or distortion it creates is the

firm’s choice between labor and intermediate inputs in the production. In Appendix D.2, we

consider an extension of the model where Belgium is no longer a single labor market, and

markdowns are allowed to vary across markets. Therefore, imperfect competition could give

misallocation of labor across firms, not only distort the choice between labor and intermediate

inputs in the production.

Our model extension follows Lamadon et al. (2022) in letting the labor supply curve

to differ across markets by extending the preference specification of the workers (from the

current logit specification) to a nested logit. This structure allows the preferences of a given

worker to be correlated across alternatives within each nest. In the empirical analysis, we

specify the nest as the combination of industry and region, and refer to it as a market. We

show how we can identify and estimate the market-specific parameter governing the degree of

independence in a worker’s taste for the alternative firms within a given market. Empirically,

we find that our key findings are robust to this model extension.

As in Lamadon et al. (2022), our model extension assumes that each firm views itself as
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infinitesimal within the market. This assumption is motivated by the fact that very few firms

in Belgium has a large share of the local labor market (as captured by our nests). Thus,

optimizing firms would essentially ignore the negligible effect of changing their own wages on

the overall supply of workers to the market as a whole. However, if labor markets were suf-

ficiently segmented (geographically or by industry), it is possible that strategic interactions

can play an important role (see, e.g., Berger et al., 2022). However, identification is difficult

in models with strategic interactions in the wage-setting. Recent papers by Roussille and

Scuderi (2024) and Sharma (2024) test for strategic interactions in wage-setting, but do not

find evidence of such interaction.

Exogenous production network. Our model assumes the production network is exoge-

nous in the sense that buyer-supplier links do not change in response to the foreign demand

shock. Although this assumption is admittedly restrictive, allowing for endogenous net-

works would both complicate the model, and make identification of the key parameters very

difficult.

The results from two recent papers suggests the assumption of exogenous networks may

not be critical for the model counterfactuals we will consider in Section 6. One of these

papers is our recent work that examines how endogenous production networks can alter the

aggregate responses to foreign trade shocks (Dhyne et al., 2023a). Although the model in this

paper does not nest the model in the current paper (since allowing for endogenous networks

forces us to make other strong assumptions), our main finding is that the aggregate impact

of foreign trade shocks through the changes in the network is quantitatively small, especially

when looking at the magnitudes of foreign trade shocks that we consider in this paper.

The other paper is the recent work by Arkolakis et al. (2023) on the role of endogenous

production networks. Their analysis suggests that the units of overhead costs that firms pay

are critical for the first-order welfare effects. If firms’ overhead costs are paid in terms of

intermediate goods, the welfare effects of endogenous networks are quantitatively large, while

if firms’ overhead costs are paid in terms of labor units, the welfare effects of endogenous

networks are quantitatively small. Our empirical finding that overhead costs are mostly

paid in terms of labor units suggests that allowing for endogenous networks would have

quantitatively small aggregate effects.

Alternative interpretation of pass-through to wages. In our model, we recover the

labor supply curve from the pass-through of foreign demand shocks to employment and

wages. An alternative interpretation of the pass-through to wages is that it reflects insurance

that firms provide to their workers (see, e.g., Guiso et al., 2005). The basic argument is that

it may be optimal for risk neutral firms to offer workers some insurance against idiosyncratic

shocks to worker productivity. As a result, the firm may bear some of the costs of an
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idiosyncratic shock to worker productivity. However, the shocks we study are changes to the

demand of the firm, not to the productivity of the worker. In a large class of frictionless

labor market models (including ours), the workers only bear the risk of shocks to their own

productivity. If the firm tried to pass on a demand shock, the worker would leave the firm

and find a new employer.

There exist, however, models that would rationalize a risk-sharing interpretation of the

estimated pass-through. For example, Balke and Lamadon (2022) develop a structural model

with directed job search that offers a theoretical model for understanding the role of firm-

level shocks for worker outcomes. A low pass-through of firm shocks would then suggests

more insurance and risk sharing between workers and firms. The empirical relevance of

risk sharing between workers and firms may vary depending on the way wages are set (see,

e.g., Juhn et al., 2018) and the progressivity of the tax-transfer system (see, e.g., Balke and

Lamadon, 2022).

No changes in markup. The comparative statics above hold the markups fixed. If one

instead assumes that firms increase the markup on the goods that they sell in response to an

increase in foreign demand, the elasticities of labor cost and input purchases would be lower

than one, even in the absence of fixed costs. In this case, however, all elasticities would be

uniformly lower than one, and there should be no differences between the elasticities of labor

cost and total input purchases. The estimates we present in the next section are grossly at

odds with this prediction.

4 Research design

The comparative statics of the model consider a change in the sales of a firm due to an exoge-

nous change in the demand it faces. In the data, however, sales may change for many reasons

other than demand, including shifts in input prices, technology, preferences, or amenities. To

address this identification challenge, we now construct and critically examine an instrument

that intends to isolate the variation in sales that is induced by a change in foreign demand.

Instrument for changes in firms’ sales To obtain plausibly exogenous variation in each

firm’s foreign demand, we follow Hummels et al. (2014) and Dhyne et al. (2021) and take

the weighted average of the changes in the world import demand for each firm. We denote

the firm-level change from period t− 1 to t in the world import demand by ∆t
t−1 logX

shock
kF ,
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and construct this firm-level shock as below.12

∆t
t−1 logX

shock
kF =

∑
c,p

rEXk,c,p,t−1∆
t
t−1 logWIDc,p, (19)

where c denotes countries and p denotes products. We denote the lagged share of firm k’s

exports to country-product c, p in k’s total exports with rEXk,c,p,t−1. The term WIDc,p,t rep-

resents country c’s imports of product p from all other countries excluding Belgium. We

define firm k’s direct foreign demand shock on its total sales using the lagged export share,

rkF,t−1∆
t
t−1 logX

shock
kF . We further define the firm’s total foreign demand shock, which in-

cludes its own direct foreign demand shock as well as takes into account the firm’s indirect ex-

posure to the direct foreign demand shocks through its buyers, as
∑

n H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF .

The term H̃kn,t−1 captures the share of firm k’s total sales that are purchased by firm n di-

rectly and indirectly through firm k’s buyers and their buyers, and so on.13

Given this measure of total foreign demand shock, we can construct our first stage re-

gression equation, which instruments the change in sales of a firm with its foreign demand

shock:

∆t
t−1 logXk = α + βEt

∑
n

H̃kn,t−1rnH,t−1 + β
∑
n

H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF + φk,t. (20)

The goal of this first-difference specification is to isolate plausibly exogenous, demand-driven

variation in sales that we can use to identify the elasticities derived out above. The basic idea

of our research design is to compare firms that get a large foreign demand shock (treatment

group) to those that get a small or no foreign demand shock (control group), in a period before

the shock and a period after the shock. Unobserved time-invariant heterogeneity across firms

(e.g., in technology, amenities or input prices) is eliminated by looking at changes over time

within firms. The inclusion of an intercept in the specification controls for changes over

time in the firms’ outcomes that are unrelated to the trade shock. In the absent of other

control variables, the identifying assumption would be that these changes are common for

the treatment and control groups.

To weaken the identifying assumption, we include several control variables. First of all,

we include industry-year fixed effects and firm fixed-effects as controls in our specification.

As a result, we allow for differential time trends in the outcomes of interest across firms

12By applying log, the changes we use are entirely coming from the intensive margin adjustments in
the world import demand. Empirically, there are little changes over time at the extensive margin, and the
combinations of importing countries and products that existed in the previous year account for around 92
percent of country-product pairs and 99 percent of the world import.

13The term H̃kn,t−1 is defined as the k, n element of matrix H̃t−1. The matrix H̃t−1 is defined as

(I −Rt−1)
−1

, which the k, n element of matrix Rt−1 is the share of revenue of firm k that is sold to firm n,
rkn,t−1.
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(linearly at the firm level and unrestricted at the industry level). The motivation for doing

so is that the foreign demand shock to a firm might covary with underlying secular trends in

or shocks to the firm’s outcomes, such as in its use of factor inputs (e.g., because of changes

to input prices facing the firm or from shifts in the workers’ valuation of the firm’s amenities).

On top of this, the time-varying parameters βEt capture changes in sales that reflect shifts

in domestic household demand, as measured by
∑

n H̃kn,t−1rnH,t−1 where rnH,t−1 is firm n’s

lagged revenue share to households.

Graphical evidence We now plot a set of estimates that allow us to visually inspect the

pre-trends in that data and the timing of the responses to the foreign demand shocks.

To make these plots, we run a series of first-difference regressions. In these regressions,

the dependent variable is the (percentage) change from year t + τ − 1 to year t + τ in the

outcome of firm k (denoted generically by ∆t+τ
t+τ−1 logWk). The regressor of interest is our

instrument, the (percentage) change from year t − 1 to t in the foreign demand the firm

faces (as measured by the foreign demand shock,
∑

n H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF ). Our

specification of the first difference regressions is given by

∆t+τ
t+τ−1 logWk = ατ+βτ

Et

∑
n

H̃kn,t−1rnH,t−1+β
τ
∑
n

H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF +φτ

k,t. (21)

For each outcome variable we consider, we estimate this model separately for different choices

of τ . The outcome is measured prior to the shock if τ ∈ {−3,−2,−1}, at the same time as

the shock if τ = 0, and after the shock if τ ∈ {1, 2, 3}. As explained above, all specifications

control for industry-year fixed effects, firm fixed effects, and shifts in domestic household

demand as measured by the share of firm k’s sales that is (directly or indirectly) sold to

domestic households in the previous year,
∑

n H̃kn,t−1rnH,t−1.

The first set of outcome variables we consider is the past and future values of the foreign

demand shock. By doing so, we empirically examine the persistence of the foreign demand

shocks (see, e.g., Campbell and Perron, 1991). In Figure 2, we report estimates (and 95

percent confidence intervals) of the coefficient βτ for different choices of τ for this outcome.

By construction, the estimate for τ = 0 is equal to one. The estimates for other values of

τ can be small or large depending on the statistical dependence between the current foreign

demand shock and past or future foreign demand shocks.14 The results suggest that foreign

demand shocks to a firm are weakly correlated over time. A firm that currently experiences

a demand shock is not much more likely to have experienced a demand shock in the past or

experience a demand shock in the future. In other words, the changes in the foreign demand

14The symmetry in the pre and post estimates is to be expected. The reason is that the covariance
between the foreign demand shock in t− 1 and t and the foreign demand shock in t and t+1 are necessarily
the same (without other control variables) in a balanced panel.
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Figure 2: Characterizing the foreign demand shock

Notes: This figure uses the main estimation sample of 995,739 firm-year observations in Belgium from 2002
to 2014 (see Section 2.3 for details). We run seven firm-level regressions based on equation (21) for τ from
-3 to 3 with total foreign demand shock as the outcome variable. Total foreign demand shocks are defined
in Section 4. This figure shows the point estimates as well as 95 percent confidence intervals. Variables
are winsorized at the top and bottom 0.5 percentiles. Standard errors are clustered at the NACE four-digit
level. All specifications include industry-year fixed effects and firm fixed effects.

shocks over time are reasonably consistent with a unit root process. This suggests that we

can infer lagged responses from regressions of future outcomes on current foreign demand

shocks.

In Figure 3, we examine how the shocks to foreign demand affect a wide range of outcomes.

For each outcome variable, this is done by plotting the estimate (and 95 percent confidence

intervals) of the coefficient βτ for different choices of τ . In panel (a), we focus on the outcome

variable in the first stage regression of our IV model: total sales (which include sales to foreign

markets as well as sales to domestic firms and households). This panel displays how past,

current, and future total sales statistically depend on current foreign demand shocks.15

We find that an increase in the foreign demand facing a firm leads to an instantaneous,

sharp and fairly persistent increase in its total annual sales. The point estimates suggest that

if foreign demand increases by 10 percent, the firm’s sales are expected to instantaneously

(i.e., for τ = 0) increase by 3.1 percent. Over time, the yearly increases in sales decline

modestly. As of the fourth year after this shock (i.e., for τ = 3), the cumulative increase in

sales is approximately 2.4 percent. Thus, the cumulative or total impact on sales is about

three-quarters of the immediate effect. If, for example, a foreign demand shock leads to a 10

percent instantaneous increase in sales, the firm’s cumulative sales are expected to increase

by 7.6 percent.

In panels (b)-(f) of Figure 3, we shift attention to outcomes other than total sales. For

all outcomes, we find significant instantaneous impacts of the foreign demand shocks. The

15In Appendix C.4, we examine directly how an increase in the world import demand changes the exports
of direct exporters at the country-product level. The results suggest that idiosyncratic changes in the world
import demand give rise to persistent and unanticipated increases in exports.
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Figure 3: Examining the pre-trends in that data and the timing of the responses to the
foreign demand shocks

(a) LHS: total sales (b) LHS: average wage

(c) LHS: FTE employment (d) LHS: labor cost

(e) LHS: input purchases (f) LHS: domestic input purchases

Notes: The figures use the main estimation sample of 995,739 firm-year observations in Belgium from 2002 to
2014 (see Section 2.3 for details). For each panel, we run seven firm-level regressions based on equation (21)
for τ from -3 to 3 and report the responses of the outcome variable to the total foreign demand shocks defined
in Section 4. Each panel shows the point estimates as well as 95 percent confidence intervals. Variables are
winsorized at the top and bottom 0.5 percentiles. Standard errors are clustered at the NACE four-digit level.
All specifications include industry-year fixed effects and firm fixed effects.
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delayed or lagged responses, however, vary across outcomes. Our estimates suggest that

both the wage a firm pays and its use of intermediate inputs (from either domestic sources

or from abroad) increase instantaneously and persistently in response to a foreign demand

shock. By comparison, employment and labor cost increase gradually over time, consistent

with some form of adjustment costs. The yearly increases in these variables decline over time,

and there is little if any additional growth as of the fourth year after the shock. Guided by

these estimates, we will be measuring the total responses to the foreign demand shocks by

cumulating the impacts over time for τ equal to 0 to 3.

5 Firm responses and worker impacts of changes in

foreign demand

We begin our presentation of results with estimates of firm responses and worker impacts of

changes in firm sales that are induced by changes in foreign demand. Next, we present esti-

mates of the key parameters that govern these responses and impacts in the model described

in Section 3.

5.1 Estimates of firm responses and worker impacts

We now present IV estimates of the impacts of the changes in firm sales that are induced by

the foreign demand shocks. The first-stage regression of the IV model is given by equation

(20), isolating the change in sales in the year after the foreign demand shock. The second

stage estimates tell us how this exogenous change in sales impact workers and affect firm

behavior along several dimensions, including subsequent sales as well as the use and cost of

labor and intermediates inputs.

Using the same notation, we can express the second stage as a regression in first-

differences of the outcome variable of interest, ∆t+τ
t+τ ′ logWk, on the total sales of the firm,

∆t
t−1 logXk:

∆t+τ
t+τ ′ logWk =α̃

τ ′,τ + γτ
′,τ

Et

∑
n

H̃kn,t−1rnH,t−1 + γτ
′,τ∆t

t−1 logXk + φ̃τ ′,τ
k,t . (22)

As discussed in Section 4, we control for industry-year fixed effects, firm fixed effects, and

shifts in domestic household demand as measured by the share of firm k’s sales that is

(directly or indirectly) sold to domestic households in the previous year,
∑

i H̃ji,t−1riH,t−1.

We estimate the IV model by two-stage least squares regressions separately for different

combinations of (τ ′, τ), determining the choice of pre and post period in the first-difference

specification. Standard errors are clustered at the NACE four-digit level.

The IV estimates are presented in Table 1. Guided by the graphical results in the previous
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section, we report both the instantaneous response (γ−1,0) and the cumulative response, the

sum of γ−1,0, γ0,1, γ1,2, and γ2,3. The cumulative responses are reported both for the full

estimation sample of firms and for the balanced panel of firms that are observed in each

consecutive year t−1 to t+3. The standard errors of the cumulative response are computed

using the bootstrap method.16

The first column of Table 1 shows how the firm changes its sales over time in response

to the instantaneous increase in sales that is induced by the foreign demand shocks. As

we characterized in Section 4, the response of sales to the foreign demand shocks is fairly

persistent. If sales increase by 10 percent instantaneously, the firm’s cumulative sales over

the course of four years increase by about 6.7 to 7.6 percent, depending on whether we

consider the unbalanced panel (second row) or balanced panel (third row).

The second and third columns of Table 1 report the impacts on wages and employment of

the instantaneous increase in sales that is induced by the foreign demand shocks. The point

estimates in the first row suggest that if sales increase by 10 percent, the firm’s average wage

and employment are expected to instantaneously increase by 0.9 percent and 0.7 percent,

respectively. Over time, the employment effects increase. As of the fourth year after the

demand shock, cumulative impacts on employment are about 2.8 to 3.2 percent, depending

on whether we consider the unbalanced panel or balanced panel.

The evidence that both wages and employment increase notably in response to the in-

crease in sales that is induced by the foreign demand shock implies that labor costs also

go up. The fourth column of Table 1 reports the estimated impacts on labor costs. These

estimates suggest that if sales increase by 10 percent, the firm’s labor costs are expected

to instantaneously increase by 1.5 percent. Over time, labor costs continue to grow as the

employment effects increase. Four years after the demand shock, the cumulative impact on

labor costs are about 3.5 to 4.1 percent, depending on whether we consider the unbalanced

or balanced panel.

The fifth column of Table 1 reports the impacts on total input purchases of the increase

in sales that is induced by the foreign demand shocks. The estimates in the first row suggest

that if, induced by a foreign demand shock, the initial increase in sales is 10 percent, the

firm’s total input purchases are expected to instantaneously increase by about 9.5 percent.

Four years after the demand shock, the cumulative impacts on total input purchases are

about 7.8 (7.0) percent in the full (balanced) sample of firms. Comparing these estimates

with the last column of Table 1, we find that the cumulative impacts on domestic input

16The point estimates of the cumulative responses in the balanced sample are numerically equivalent to
those of the long difference outcomes using (τ ′, τ) = (−1, 3) (i.e., γ−1,3). The bootstrapped standard errors
of the cumulative responses are similar to the asymptotic standard errors of the long difference outcomes.
We note that computing standard errors proposed by Adao et al. (2019) is infeasible because of the high-
dimensionality of the exposure shares, H̃. See also footnote 44 of Adao et al. (2022).
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purchases are relatively similar in magnitude: As of the fourth year after the demand shock,

the cumulative impacts on domestic input purchases are about 6 (5.3) percent in the full

(balanced) sample of firms. These findings suggest that firms pass on a large share of their

foreign demand shocks to their domestic suppliers.17

5.2 Specification checks

We consider several specification checks to evaluate the sensitivity of the above estimates.

These results from these specification checks are presented in Appendix C.5.

Our first robusness check investigates the sensitivity of our results to weighting each firm

by the level of employment (as measured in year prior to the demand shock). By doing

so, we assign more weights to larger firms. The IV estimates reported in Table 1 do not

materially change when we use these weights.

Another possible concern with our baseline specification is that foreign demand shocks

might be correlated with regional shocks that may directly affect both sales and input costs.

To address this concern, we add location-year fixed effects. Location is measured using level

2 of the Eurostat NUTS classification. We find that the IV estimates reported in Table 1

barely change when we include these controls.

A related concern is that foreign demand shocks might be correlated with changes in

import prices that may directly affect both sales and input costs. We test this empirically,

finding that the correlation between firm-level import price changes and the firm-level foreign

demand change,
∑

n H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF , is close to zero.

Furthermore there is no significant correlation between firm-level foreign demand change

and the firm-level input price changes computed for the sample of firms in Prodcom.

5.3 Elasticities and fixed overhead costs

The results in Table 1 empirically characterizes the worker impacts and firm responses to

the foreign demand shock to sales. The model in Section 3 tells us how these estimates can

be interpreted and connected through a set of elasticities and parameters governing labor

supply and technology.

Labor supply curve facing the firm. The estimates in Table 1 suggest that a foreign-

demand-driven increase in sales causes the firm to bid up wages to hire more workers. This

finding is at odds with the textbook model in which the labor supply curve facing the firm

17The difference between the cumulative responses of manufacturing goods and service input purchases
(see Section 5.3) can help explain the slight difference in the responses of total input purchases and domestic
input purchases. Unlike imported inputs that are exclusively goods, domestic input purchases include service
inputs, hence having a smaller response.
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is perfectly elastic. Instead, it is consistent with the notion that firms face upward-sloping

labor supply curves and, therefore, have wage-setting power in the labor market.

As shown in equation (17) of Section 3.2, it is possible to recover the magnitude of the

labor supply elasticity from the results in Table 1. It is given by the ratio of IV estimates for

wages to employment. This identification argument, however, requires that firms are shifted

along their labor supply curve. A possible threat to identification is adjustment costs. Since

our findings suggest that labor enters the firm slowly over time rather than immediately

when the new wage is posted, the instantaneous impacts on wages and employment will

understate the labor supply elasticity. Thus, we need to look at the cumulative responses

to infer the labor supply elasticity. In the balanced sample of firms, we find a 0.7 percent

cumulative increase in wages and a 2.8 percent cumulative increase in employment, which is

consistent with firms facing a labor supply elasticity of about 3.9.18

To directly estimate the labor supply elasticity and perform statistical inference, it is use-

ful to observe that (in a balanced sample) the ratio of IV estimates for wages to employment

gives a numerically equivalent estimate of the labor supply elasticity as a standard labor

supply regression of employment on wages with wages instrumented by the foreign demand

shock. To be precise, consider the IV model with the reduced form equation

∆t+3
t−1 log ℓk = α̂ + β̂Et

∑
n

H̃kn,t−1rnH,t−1 + βL
∑
n

H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF + φ̂k,t, (23)

and the first stage equation

∆t+3
t−1 logwk = ᾱ + β̄Et

∑
n

H̃kn,t−1rnH,t−1 + βW
∑
n

H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF + φ̄k,t, (24)

where ∆t+3
t−1 log lk and ∆t+3

t−1 logwk denote the log differences in firm k’s employment and wage

from t− 1 to t+ 3, respectively, and
∑

n H̃kn,t−1rnF,t−1∆
t
t−1 logX

shock
nF is our instrument, the

foreign demand shock, as defined in Section 4. Both the first stage and the reduced form

include the same set of controls as used in the analyses of worker impacts and firm responses

in Table 1.

In Table 2, we present the estimates of the labor supply elasticity from the IV model of

equations (23) and (24). This table also reports the estimates of wage markdown (1/(1+ ε))

implied by the labor supply elasticity (ε). The wage markdown is the estimated by the same

IV model as the labor supply elasticity, except the reduced form equation (23) is now a

regression of wage on the foreign demand shock and the first stage equation (24) is now a

regression of labor cost on foreign demand shock.

The first two columns Table 2 consider all the workers in our sample, while the last two

18The same calculations in the unbalanced sample gives a labor supply elasticity of 3.5.
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Table 2: IV estimates of labor supply elasticity and markdown

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

Main estimation sample Stayer subsample

Panel A: IV estimates
Labor supply elasticity (ε) 3.865 2.331***

(2.387) (0.872)

Markdown
(

1
1+ε

)
0.206** 0.300***

(0.101) (0.0786)

Panel B: Reduced form
Reduced form 0.0928*** 0.0240* 0.108*** 0.0462***

(0.0176) (0.0128) (0.0264) (0.0140)

Panel C: First stage
First stage 0.0240* 0.117*** 0.0462*** 0.154***

(0.0128) (0.0184) (0.0140) (0.0308)
[F=3.51] [F=40.43] [F=10.97] [F=24.94]

Panel D: Test statistics
p-value for perfect competition 0.061 0.061 0.001 0.001

in the labor market

Number of observations 577,539 577,539 75,849 75,849
Industry-Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Notes: This table uses the main estimation sample as well as the subsample of firms for which we have
additional information from the worker data (see Section 2.3 for details). We use a balanced panel of firms
that are observed for four consecutive years from t− 1 to t+ 3. In Columns (1) and (3), we run firm-level
2SLS regression based on equations (23) and (24) to estimate the labor supply elasticity. In Columns (2)
and (4), we estimate the wage markdown by the same IV model as the labor supply elasticity, except the
reduced form equation (23) is now a regression of wage on the foreign demand shock and the first stage
equation (24) is now a regression of labor cost on foreign demand shock. The first-stage F-statistics for
excluded instruments are reported in brackets in Panel C. In Panel D, we report the p-value for perfect
competition in the labor market in each estimation sample, based on the closure method (see Appendix
C.7 for details). Variables are winsorized at the top and bottom 0.5 percentiles. Standard errors in
parentheses are clustered at the NACE four-digit level. * p < 0.10, ** p < 0.05, *** p < 0.01.

columns restrict the sample to the incumbent workers who stay in the same firm before and

after the foreign demand shock. An advantage of restricting the sample to incumbent workers

is that it keeps the composition of the workforce fixed, and thus, we are not confounding

increases in the wages paid to a given worker with changes in the quality of the workers.19

The point estimates from the full sample suggest a labor supply elasticity of about 3.9,

and that wages in the Belgian economy are marked down around 21 percent relative to the

marginal revenue product of labor. The point estimates from the stayer sample suggest even

19We report the IV estimates of the impact of changes in firm sales that are induced by the foreign
demand shocks on the stayer subsample in Table 11 of Appendix C.6. We find that the wage increase of the
incumbent workers in response to an increase in sales is similar to the impact for all workers. We also find
that the estimated impact on hours of work is close to zero, suggesting that Belgian firms mostly adjust to
demand shocks by hiring additional workers, not by increasing incumbent workers’ hours of work.
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stronger imperfect competition, with a labor supply elasticity of about 2.3 and a markdown of

30 percent. By comparison, perfect competition would imply a perfectly elastic labor supply

elasticity and zero markdown of wages. Taken together, these results suggest that Belgian

firms face upward-sloping labor supply curves, and, as a result, choose to substantially mark

down wages.

Our estimate of the labor supply elasticity is broadly comparable to existing work from

countries other than Belgium. Card et al. (2018) review this work and pick 4.0 as the

preferred value in their calibration exercise. More recent evidence includes Lamadon et al.

(2022), who estimate an average labor supply elasticity in the U.S. economy of 4.6, and Kroft

et al. (2020), who estimate a labor supply elasticity in the U.S. construction sector of 4.2.

By comparison, Huneeus et al. (2021) find labor supply elasticities that range from around

3 to 6 in Chile, and Chan et al. (2021) estimate the elasticity to be 5.7 in Denmark.

The reported standard errors in panel A of Table 2 suggest that both perfectly elastic

labor supply and zero wage markdown are statistically unlikely. A possible caveat is that the

first-stage F-statistic is relatively small in the first of the four columns. In this specification,

one might therefore be concerned about a weak instrument problem. As shown by Angrist

and Kolesár (2024), however, a weak instrument is unlikely to be too problematic in our case,

because we have a single-variable just-identified 2SLS estimator and an estimated first-stage

with the expected sign. Angrist and Kolesár (2024) show that in such cases the conventional

2SLS estimates and tests are compromised little by failures of the usual asymptotic theory

due to weak instruments. The reported standard errors for the 2SLS estimates are therefore

also likely to have good coverage.

In any case, our test for imperfect competition in Panel D of Table 2 is valid independently

of whether the instrument is strong or weak. As explained in Appendix C.7, we here use the

closure method to formally test whether we can reject perfect competition. Re-reassuringly,

we can reject perfect competition in the full sample and the stayer sample at a significance

level of 0.06 and 0.001 respectively.

Elasticity of labor costs and fixed overhead costs in labor inputs. Another key

model parameter is the elasticity of labor costs with respect to a demand-driven change

in sales. As shown in equation (15), the elasticity of labor costs is informative about the

presence and importance of fixed overhead costs in labor inputs. In the absence of such

costs, the elasticity would be equal to one in our model. If all labor is fixed, on the other

hand, the elasticity would be zero.

As shown in equation (15) of Section 3.2, it is possible to recover the elasticity of labor

cost from the results in Table 1. It is given by the ratio of the IV estimates for labor

cost to sales. As for the labor supply elasticity, it is preferable to focus on the cumulative
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impacts to infer the elasticity of labor costs. The reason for doing so is that our comparative

statics assume that firms are shifted along their labor demand curve. In the balanced sample

of firms, we find a 3.5 percent cumulative increase in wages and a 6.7 percent cumulative

increase in sales, which suggests a labor cost elasticity of 0.53.20

The labor supply elasticity can be directly estimated by the same IV model as the labor

supply elasticity, except the reduced form equation (23) is now a regression of labor cost

on the foreign demand shock and the first stage equation (24) is now a regression of sales

on foreign demand shock. As shown in Table 3, this labor cost elasticity is fairly precisely

estimated, with a point estimate of 0.53 and a standard error of 0.08. This finding suggests

there is significant overhead costs in labor inputs.

Table 3: IV estimates of labor cost and input purchases elasticity

(1) (2) (3)
Labor cost Input purchases Domestic input purchases

Panel A: IV estimates
Elasticity 0.528*** 1.050*** 0.799***

(0.0848) (0.150) (0.147)

Panel B: Reduced form
Reduced form 0.117*** 0.232*** 0.177***

(0.0184) (0.0359) (0.0336)

Panel C: First stage
First stage 0.221*** 0.221*** 0.221***

(0.0283) (0.0282) (0.0282)
[F=61.25] [F=61.31] [F=61.48]

Number of observations 577,539 575,282 575,259
Industry-Year FE Yes Yes Yes
Firm FE Yes Yes Yes

Notes: This table uses the main estimation sample as well as the subsample of firms for which we have
additional information from the worker data (see Section 2.3 for details). We use a balanced panel of firms
that are observed for four consecutive years from t− 1 to t+ 3. For each outcome variable, we run
firm-level 2SLS regression to estimate its elasticity with respect to sales. The reduced form equation (23) is
a regression of outcome variable on the foreign demand shock and the first stage equation (24) is a
regression of sales on foreign demand shock. The first-stage F-statistics for excluded instruments are
reported in brackets in Panel C. Variables are winsorized at the top and bottom 0.5 percentiles. Standard
errors in parentheses are clustered at the NACE four-digit level. * p < 0.10, ** p < 0.05, *** p < 0.01.

Even if we know the average elasticity of labor costs, we do not necessarily know the

share of labor costs that is fixed (on average or for any given firm). The reason is that our

model allows for upward sloping labor supply curves, implying that the relationship between

the labor cost elasticity and the fixed shares of labor inputs is nonlinear (see equation (15)).

A special case in which one is easily able to recover the fixed share of labor cost is if the

labor supply is perfectly elastic. In this case, the share of labor cost that, on average, is

20The same calculations in the unbalanced sample gives a labor cost elasticity of 0.54.
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fixed would be pinned down directly by the estimated labor cost elasticity. If one imposes

this restriction (which is admittedly at odds with the data) one would conclude that, on

average, the fixed share of labor inputs is about 46 percent. This suggests the nonlinearities

that arise because of the upward-sloping labor supply curves do not matter greatly for the

estimates of the fixed shares of labor inputs.

The problem arising from the nonlinearities is resolved if one is willing to assume that

the share of labor costs that is fixed homogeneous across firms. Under this restriction, we

can plug our estimate of the labor cost elasticity into equation (15) and solve for the share

of labor costs that is fixed. We then find that 53 percent of the firm’s labor is fixed. As

discussed later, this conclusion is robust to allowing for heterogeneity in the share of labor

costs that is fixed between fixed across firms that trade internationally and those that do

Elasticity of input purchases and fixed overhead costs in labor inputs. The last

key model parameter is the elasticity of input purchases with respect to a demand-driven

change in sales. As shown in equation (16), the change in input purchases due to a demand-

driven change in sales allows us to draw inferences about both the presence and importance

of fixed overhead costs in intermediate inputs. In the absence of such costs, the elasticity

would be equal to one in our model. If all intermediate inputs are fixed, on the other hand,

the elasticity would be zero.

As shown in equation (16) of Section 3.2, it is possible to recover the elasticity of input

purchases from the results in Table 1. It is given by the ratio of the IV estimates for

total input purchases to sales. Since our comparative statics assume that firms are shifted

along their input demand curve, it is preferable to focus on the cumulative impacts to infer

the elasticity of input purchases. In the balanced sample of firms, we find a 7.0 percent

cumulative increase in input purchases and a 6.7 percent cumulative increase in sales, which

gives an implied elasticity of input purchases close to one.21 In other words, the fixed share

of intermediate inputs is roughly equal to zero.

The elasticity of input purchases can be directly estimated by the same IV model as the

other elasticities, except the reduced form equation (23) is now a regression of total input

purchases on the foreign demand shock and the first stage equation (24) is now a regression

of sales on the foreign demand shock. As shown in Table 3, the elasticity of input purchases

is then fairly precisely estimated, with a point estimate of 1.05 and a standard error of 0.15.

As shown in Figure 10 in Appendix C.8, the elasticities of input purchases, and thus, the

fixed shares of intermediate inputs, vary systematically by the type of input. To reach this

conclusion, we estimate the elasticities of (domestic and foreign) input purchases separately

by the industry (as measured by the one-digit NACE code) of the firms’ suppliers.

21The same calculations in the unbalanced sample also gives an elasticity of input purchases of approxi-
mately one.
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Close to half of all input purchases in the Belgian economy come from the manufactur-

ing industry (including imported manufactured goods). We find that purchases from this

industry increase by nearly as much (6.1 percent) as the cumulative increase in total sales

(6.7 percent). This suggests that the elasticity of input purchases from this industry is close

to one. Thus, we conclude that inputs from the manufacturing industry are predominately

variable and can be adjusted in response to demand shocks. In contrast, input purchases

from the service industry (a combination of NACE G to N one-digit sectors) have a larger

share of fixed inputs. We compute the size-weighted average of the cumulative responses

of these service inputs and find that purchases from this industry increase by around 4.3

percent. This implies that these service inputs—which supply around 30 percent of total

input purchases in Belgium—have a fixed input cost share of 36 percent.

Heterogeneity between exporters, importers, and domestic firms. If firms pay a

fixed cost to export or import, total fixed costs are higher for firms that trade internationally,

everything else equal. However, these firms are typically the more productive firms with

larger output, so it is an empirical question whether the fixed share of costs are higher or

lower.

To examine this, we estimate the elasticities of labor cost and input purchases separately

for firms that internationally and those that do not. The results are presented in Appendix

C.9. Empirically, we do not find support for systematic differences in these elasticities

between exporters, importers, and domestic firms. This finding suggests that exporters and

importers tend to have higher fixed costs — but comparable fixed share of costs – since these

firms tend to be larger than domestic firms.

6 Aggregate effects of tariff shocks on wages

Our estimates of firm responses to foreign demand shocks suggest that Belgian firms both

face upward-sloping firm-specific labor supply curves, and have sizable fixed overhead costs

in labor. We now specify a general equilibrium model with these features to quantify the

aggregate effects of simulated tariff shocks on wages.

Throughout this section, the foreign demand shock we consider is a five percent increase

in foreign tariffs on all Belgian exports. We implement this shock by expressing it as a

change in the foreign demand shifters, D̂kF = 1.05−σ.22

22We denote the change in variable x, defined as the ratio of the post-shock value x′ over the pre-shock
value x, by x̂.
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6.1 Counterfactual economies

We consider several counterfactual economies, defined by alternative parameterizations of

the model outlined in Section 3.

One of these economies is constructed to mirror the actual Belgian economy. We then

use the estimates we obtained in Section 5, including the estimated value of the labor supply

curve (ε = 3.9) and the estimated values of the fixed cost shares in labor inputs and input

purchases. For the fixed cost shares of input purchases, we use the estimates for each

NACE one-digit industry obtained in Appendix C.8. One of the alternative counterfactual

economies is constructed by shutting down the fixed overhead costs. This is done by imposing

the restriction ℓ̄fk = q̄fk = 0, so all the inputs of firms are variable inputs, as is standard in

previous work. In another counterfactual economy, we allow for fixed costs but shut down

imperfect competition in the labor market. This economy is constructed by setting ε = ∞
so that the labor supply is perfectly elastic. The last counterfactual economy we consider

has a perfectly competitive labor market and no fixed costs.

6.2 Parameterization and solution of the model

For each of the counterfactual economies, it is necessary to parameterize the model in order

to calculate key variables and predict the impacts of the foreign demand shocks. Prior work

on trade and production networks highlight the importance of holding key variables fixed to

meaningfully compare results across counterfactual economies (see, e.g., Baqaee and Farhi,

2022). We therefore impose the restriction that certain firm-level observables (i.e., firms’

total labor costs, imports, exports, and purchases from and sales to other domestic firms)

are identical across the alternative parameterizations of the model and equal to what we

observe in the data (in 2012, our reference year throughout this section).

To rationalize that different parameterizations of the model are producing identical firm-

level observables, we let certain parameters vary across the counterfactual economies, in-

cluding the firm-level productivity parameters, ϕk, the technology parameters, ωv
jk, ω

v
Fk, ω

f
jk,

and ωf
Fk, and the workers’ preference parameters, νnk. For each counterfactual economy,

these parameters are assumed to be invariant to the foreign demand shock. With this as-

sumption, we can solve for the counterfactual changes without recovering these underlying

parameters by implementing the technique developed by Dekle et al. (2007). We solve for

the counterfactual outcomes using the system of equations described in Appendix B.5.

We further parameterize the model as follows. We calculate the Belgian trade balance as

the difference between exports and imports in our reference year, 2012. We hold the trade

balance fixed throughout the counterfactual analyses. We set σ = 4, a common choice in the

prior literature (see, e.g., Antras et al., 2017, Oberfield and Raval, 2021, and Dhyne et al.,

2021). This choice implies that firms charge a common markup of σ
σ−1

= 1.33 over marginal
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cost. Furthermore, the five percent increase in foreign tariffs is approximately equal to an

18 percent decline in the foreign demand shifters, D̂kF = 1.05−σ.

As shown in Appendix B.5, our parameterization of the model may create firm-level

discrepancies between the variable input costs inferred from firms’ sales and markups,(
ε

ε+1
αℓk + 1− αℓk

)
σ−1
σ
pkqk, and the variable input costs inferred from the estimated variable

cost shares and observed input expenditures, wkℓ
v
k+
∑

j pjq
v
jk+pFkq

v
Fk. A possible reason for

these discrepancies is the firms’ usage of inventories, which we do not model. To deal with

these discrepancies, we follow Dhyne et al. (2022) in imposing that the firm-level ratios of the

two variable input costs are invariant to the foreign demand shock. A natural interpretation

of this assumption is that the amount of inventory the firm uses (or accumulates) relative to

its inputs and sales does not change in response to the foreign demand shocks.23

6.3 Impacts of foreign demand shocks in the actual economy

We begin by analyzing the impacts of the foreign demand shocks in our representation of the

actual Belgian economy with firms that face fixed overhead costs and upward-sloping labor

supply curves. The results are presented in the white bars in Figure 4. This figure shows

the firm-level distributions of changes in output (panel (a)), marginal costs (panel (b)), and

wages (panel (c)).

Figure 4: Firm-level distribution of changes in output, marginal costs, and wages in response
to a 5 percent increase in foreign tariffs, with and without fixed inputs

(a) Output changes (b) Marginal cost changes (c) Nominal wage changes

Notes: The three panels in this figure show the distribution of the changes in firm-level variables due to a
uniform 5 percent increase in foreign tariffs on Belgian exports. Panel (a) shows the distribution of firm-level
output changes, q̂k, panel (b) shows the distribution of firm-level marginal cost changes, ĉk, and panel (c)
shows the distribution of firm-level nominal wage changes, ŵk. In all panels, the white bars represent the
distributions when one allows for fixed inputs, and the grey bars represent the distributions when one does
not allow for fixed inputs. In this figure, we allow for imperfect competition in the labor market, ε = 3.9.

We find that most but not all firms decrease their output in response to the foreign

23In Appendix B.5.1, we show that this assumption is isomorphic to assuming that firm k charges a
firm-specific markup of pkqk

wkℓvk+
∑

j pjqvjk+pFkqvFk
.
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demand shocks. The median firm reduces its output by 3.8 percent. The marginal costs of

firms fall, with the median firm experiencing a cost reduction of 4.8 percent. Marginal costs

fall primarily because the cost of labor decreases significantly for all firms. The median firm

reduces its wage by 7.9 percent.

To interpret these results, it is important to observe that the foreign demand shocks have

both direct and indirect effects. A reduction in foreign demand would directly reduce the

output of the firms that sell directly or indirectly to foreign markets. This translates to a

reduction in demand for both labor and intermediate inputs, thereby lowering the prices on

these factors. Indirect equilibrium effects also influence how firms respond to and workers

are affected by the foreign demand shock. Importantly, imports have to be reduced to ensure

trade balance. The foreign price is exogenous and fixed, and the wage is the only price that

can move to ensure trade balance. This decline in wages contributes to reducing marginal

costs, increasing labor, and raising output, especially among firms that rely heavily on labor

(instead of foreign inputs) in their production. Indeed, some of these firms experience an

overall increase in output as a result of the foreign demand shock, as evident from the right

tail of the distribution in panel (a) of Figure 4.

6.4 How fixed costs affect the impacts of foreign demand shocks

We now shift attention to how fixed overhead costs affect the propagation and implications

of foreign demand shocks. To do so, Figure 4 compares the impacts of these shocks in

our representation of the actual Belgian economy (white bars) to those we obtain in the

counterfactual economy where firms face upward-sloping labor supply curves but no fixed

costs in labor or intermediate goods (grey bars).

The results suggest that fixed overhead costs lead to foreign demand shocks having larger

and more dispersed impacts on both output and marginal cost. In the economy without fixed

overhead costs, the median firm reduces output by 0.3 percent and marginal costs by 3.4

percent. By comparison, output and marginal costs decline by 3.8 and 4.8 percent if one

incorporates the fixed overhead costs. These differences are mirrored in the changes in

nominal wages. Shutting down fixed costs attenuates the decline in the nominal wage of the

median firms by over 3 percentage points (from 7.9 percent in the economy with fixed costs

to 4.6 percent in the economy with no fixed costs).

Fixed overhead costs in labor amplify the consequences of foreign demand shocks because

they make labor relatively less important for total variable costs.24 Intuitively, when labor

constitutes a smaller share of firms’ variable costs, output prices become less sensitive to

24The flip side of this is that fixed overhead costs in labor would make foreign inputs relatively more
important for firms’ total variable costs. We show this empirically in Figure 11 of Appendix D.1, that
(direct and indirect) imports make up a considerably larger share of the total variable costs when we take
our estimates of fixed overhead costs into account.
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changes in wages. With the aggregate labor supply fixed, the economy responds to a negative

demand shock by lowering prices through wage reductions, and to an increase in the foreign

price by countering the price increase through lower wages. In both cases, wages have to

decrease with larger magnitudes when fixed labor costs are taken into account.25

6.5 How imperfect competition in the labor market affects the

impacts of foreign demand shocks

We now turn to an analysis of how imperfect competition in the labor market affects the

propagation and implications of foreign demand shocks. To do so, Figure 5 compares the

impacts of these shocks in our representation of the actual Belgian economy (white bars)

to those we obtain in the counterfactual economy where firms face fixed costs in labor and

intermediate goods and perfectly elastic labor supply curves (grey bars). This figure shows

the firm-level distributions of changes in output (panel (a)), marginal costs (panel (b)), and

nominal wages (panel (c)).

Figure 5: Firm-level distribution of changes in output, marginal costs, and wages in response
to a 5 percent increase in foreign tariffs, with and without imperfect competition in the labor
market

(a) Output changes (b) Marginal cost changes (c) Nominal wage changes

Notes: The three panels in this figure show the distribution of the changes in firm-level variables due to a
uniform 5 percent increase in foreign tariffs on Belgian exports. Panel (a) shows the distribution of firm-level
output changes, q̂k, panel (b) shows the distribution of firm-level marginal cost changes, ĉk, and panel (c)
shows the distribution of firm-level wage changes, ŵk. In all panels, the white bars represent the distributions
when one allows for imperfect competition in the labor market, and the grey bars represent the distributions
when one assumes perfect competition in the labor market. Because all firms have common wages under
perfect competition in the labor market, the corresponding wage change is depicted as a vertical line in panel
(c). In the figure, we allow for fixed input costs in both labor inputs and input purchases.

In our model, introducing imperfect competition in the labor market can have impact

on how firms organize production through creating distortions in firms’ input composition

between labor and input purchases. Distortions in firms’ input composition attenuate firms’

25See Appendix B.6 for a stylized framework of aggregate labor supply and demand that illustrates this
point.
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responses to the foreign demand shock. This is because firms internalize the upward sloping

labor supply curves and hence their quantity responses are attenuated given the same shift

in demand. As can be seen in Panel (a) of Figure 5, firms expand and shrink with smaller

magnitudes when they face upward sloping labor supply curves. The magnitude of this

attenuation effect is an empirical question which depends on the estimates of the labor

supply curve elasticity.

The results in Figure 5 suggest that imperfect competition in the labor market does not

greatly change the impacts of the foreign demand shocks on output or marginal costs. These

findings are mirrored in the changes in nominal wages. In the economy without imperfect

competition in the labor market, the five percent increase in foreign tariffs on Belgian exports

produces a 8.0 percent decline in the nominal wages of all firms. By comparison, nominal

wages decline by 7.9 percent for the median firm if one incorporates that firms face upward-

sloping labor supply curves. Taken together, these findings suggest that the essential feature

to accurately predict the impacts of the foreign tariff is fixed overhead costs, not imperfect

competition in the labor market.

A natural question is whether this quantitative implication is robust to other specifica-

tions of imperfect competition in the labor market. In Appendix D.2 we follow Lamadon

et al. (2022) and consider a nested logit structure in worker preference. This extension is

useful as Belgium is no longer a single labor market, it allows markdowns to vary across

markets, and, importantly, we can still prove identification of the parameters. Empirically,

we find that incorporating multiple labor markets and potentially heterogeneous markdowns

on wages do not quantitatively alter the aggregate counterfactual predictions in response to

foreign demand shocks.

6.6 Implications for real wages

We conclude the analysis of foreign demand shocks by studying how the implications for real

wages vary across the counterfactual economics. The results are reported in Figure 6. For

each counterfactual economy, this figure presents our estimate of how the increase in foreign

tariffs on Belgian exports would affect the average real wage,
∑

k
wkℓk∑
j wjℓj

ŵkℓ̂k/P̂ .
26

The reduction in real wages is largest in our representation of the actual Belgian econ-

omy with firms that face fixed overhead costs and upward sloping labor supply curves. In

this economy, the five percent increase in foreign tariffs on Belgian exports produces a 4.9

percent fall in the average real wage. In the counterfactual economy with fixed costs and

26In Appendix D.3, we report the same set of results for the changes in real income, Ê/P̂ , which captures
not only the impacts on wages and consumer prices but also the effects on profits. The results are qualitatively
the same. However, the quantitative impacts are larger, reflecting the negative effects of foreign tariffs on
firms’ profits. Note that because of the lack of free entry and positive profits, the results on welfare are
different from that of Arkolakis et al. (2012)
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Figure 6: Changes in average real wage in response to a 5 percent increase in foreign tariffs

Notes: In this figure, we report the changes in average real wage,
∑

k
wkℓk∑
j wjℓj

ŵk ℓ̂k/P̂ , due to a uniform

5 percent increase in foreign tariffs on Belgian exports. Each bar represents the responses under different
parameterizations of the model presented in Section 3. We use our estimated labor supply elasticity ε = 3.9
in the counterfactual Belgian economies with upward-sloping labor supply curves. When accounting for fixed
inputs, we use the fraction of fixed inputs for both labor and intermediate inputs (at NACE one-digit level)
that we obtained in Section 5.

perfectly elastic labor supply, this increase in foreign tariffs results in a 4.8 percent fall in

the average real wage. By comparison, the average real wage declines only by 3.0 percent

in the counterfactual economy with no fixed costs and upward-sloping labor supply curves,

and by 2.8 percent with perfectly elastic labor supply.

It is worth examining the magnitude of these substantial welfare effects. With a foreign

demand shock equivalent to a 5 percent increase in import prices (per the Lerner Symmetry

Theorem), one might expect the decline in real wages to be capped at 5 percent times the

share of imports in Belgian GDP (close to 100 percent), assuming expenditure shifts toward

domestic firms and Belgian wages rise. However, it should be noted that nominal wages

may decline in response to an increase in import prices. Due to the nested Cobb-Douglas-

CES structure in production, the demand exporters face is relatively elastic compared to the

demand for imports. Additionally, as foreign inputs are extensively used in Belgian exports,

domestic nominal wages decrease to maintain trade balance.

Taken together, these findings show that the essential feature to accurately predict the

impacts of foreign tariffs on the real wages of Belgian workers is fixed overhead costs, not

imperfect competition in the labor market. Furthermore, our results suggest that the way
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the labor market is typically modeled in existing research on foreign demand shocks—with

no fixed costs and perfectly elastic labor supply—may grossly understate the decline in real

wages due to an increase in foreign tariffs.

6.7 Shocks to variables other than foreign demand

While our paper is centered around foreign demand shocks, the presence of fixed costs and

imperfect competition could also have important implications for the analyses of other types

of shocks. In Appendix D.4, we explore this by considering the propagation and implications

of domestic productivity shocks,
{
ϕ̂k

}
.

The analyses in this appendix closely follow the analyses in Subsections 6.3-6.6, except

that we now replace the foreign demand shocks with a uniform 5 percent reduction in the

productivity of all manufacturing firms. The results echo the key insights from our analy-

ses of the foreign demand shocks. Fixed overhead costs and, to a lesser extent, imperfect

competition in the labor market matter considerably for the predicted impacts of domestic

productivity shocks.

7 Conclusion

The goal of our paper was to quantify and explain the firm responses and worker impacts

of foreign demand shocks to domestic production networks. To capture that firms can be

indirectly exposed to such shocks by buying from or selling to domestic firms that import

or export, we used Belgian data with information on both domestic firm-to-firm sales and

foreign trade transactions. Our estimates of firm responses suggest that Belgian firms pass

on a large share of a foreign demand shock to their domestic suppliers, face upward-sloping

labor supply curves, and have sizable fixed overhead costs in labor.

Motivated and guided by these findings, we developed and estimated an equilibrium

model that allows us study how idiosyncratic and aggregate changes in foreign demand

propagate through a small open economy and affect firms and workers. Our results suggest

that the way in which the labor market is typically modeled in existing research on foreign

demand shocks—with no fixed costs and perfectly elastic labor supply—would grossly under-

state the decline in real wages due to an increase in foreign tariffs. When interpreting these

results, it is useful to observe that our model is parsimonious and restrictive in several ways.

For example, we take all buyer-supplier relationships as given, in terms of both the domestic

firm-to-firm links and the firms’ direct export and import participation. Furthermore, we

do not model firm entry and exit. Such adjustments could be especially important if one

studies larger foreign demand shocks.
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A Data appendix

A.1 Aggregating VAT identifiers into firms

As discussed in the main text, the NBB datasets are available at the level of VAT identifiers.

In order to conduct our analyses at the firm level, we aggregate multiple VAT identifiers into

the firm identifiers, using the same procedure as in Dhyne et al. (2021). We leverage the

information from ownership filings in the annual accounts as well as the Balance of Payments

survey to determine if a pair of VAT identifiers belongs to the same firm. We aggregate

multiple VAT identifiers to the same firm if they are linked with at least 50 percent of

ownership or if they share the same foreign parent firm that holds at least 50 percent of their

shares. In order to determine the foreign parent firm of a given VAT identifier, we apply a

“fuzzy string matching” method, comparing all possible pairs of foreign firms’ names. Lastly,

we correct for potential misreporting by linking the pair of VAT identifiers that are linked

one year before and one year after.

After collecting multiple VAT identifiers that belong to the same firm, we then assign their

firm identifier using the “most representative” VAT identifiers among them. The criteria for

selecting such “head VAT” identifiers are explained in detail in Appendix C.4 of Dhyne et al.

(2021). Once we determine the head VAT identifiers for all firms that have multiple VAT

identifiers, we then sum up all the variables across VAT identifiers to the firm level. In order

to avoid the double counting of transactions within the firm, we further adjust total sales

and inputs by the amount of B2B sales between the pair of VAT identifiers that belong to

the same head VAT identifier. For other variables such as firms’ age, their primary industry,

and location of their main economic activities, we take those of head VAT identifiers.

A.2 Merging NBB datasets with BCSS datasets

The BCSS datasets are available at the level of Banque Carrefour des Entreprises (Crossroads

Bank for Enterprises, BCE) identifiers. All businesses in Belgium are required to register

with the BCE, which assigns them the unique identifiers upon registration. Registration with

the BCE is required for firms to pay VAT, so the BCE identifiers can be easily converted

to VAT identifiers. In order to match the BCSS datasets with the NBB datasets, we first

convert all BCE identifiers to VAT identifiers and then aggregate multiple VAT identifiers

into firms, as explained in Appendix A.1.

A.3 Coverage and summary statistics on the merged sample

Table 4 reports the coverage of our main estimation sample (NBB sample) in 2012 and

compares it to the official aggregate statistics obtained from Eurostat. Our sample covers a

large majority of the aggregate value added, gross output, labor costs, exports, and imports



in the Belgian economy. We also report the coverage of the subsample of firms for which we

have additional information from the worker data (merged NBB-BCSS sample for the firms

with 10 or more FTE employees at least once from 2002 to 2014), which still makes up most

of the total sales, inputs, and trade in the Belgian economy.

Table 4: Coverage of NBB and NBB-BCSS datasets in 2012

Eurostat

GDP (excl. Gov.&Fin.) 248
Output (excl. Gov.&Fin.) 672
Import 310
Export 311

NBB sample NBB-BCSS sample

Count:
Total 98,745 26,470
Direct exporters 11,892 7,024
Indirect exporters 74,529 18,043

Value added 164 145
Total sales 796 704
Network sales 225 190
Import 292 279
Export 292 281
Labor cost 100 90
Employment (FTE) 1,824,066 1,578,505

Notes: All numbers except for count and employment are denominated in billion euro in current prices.
Belgian GDP and output are for all sectors excluding the public and financial sectors. Data for Belgian
GDP, output, imports, and exports are from Eurostat. Firms’ value added is from the reported values from
the annual accounts. Firms’ sales consist of their sales to other firms in the NBB sample (network sales),
sales to households at home, and direct exports to foreign markets.

Using our main estimation sample, we also present the (direct and total) export partici-

pation and shares of firms that directly export to those that only export indirectly, building

on the work of Dhyne et al. (2021). This finding motivates why our model and analysis will

include indirect export through the production network to measure the firms’ exposure to

foreign demand.

To arrive at this conclusion, we first construct measures of the firms’ total export. As

in Dhyne et al. (2021), we assume the firm’s composition of inputs in production does not

vary across its buyers, so that we can measure the total export of a firm by the total share

of output that it sells directly or indirectly to foreign markets (i.e., the total export share).

Formally, the total export share of firm k, rTotal
kF , is defined as the share of revenue from direct

export, rkF , and the share of revenue coming from sales to other domestic firms, multiplied

by the total export shares of those firms:



rTotal
kF = rkF +

∑
i∈Wk

rkir
Total
iF , (25)

whereWk denotes the set of buyers of firm k, and rkF and rki are the share of k’s revenue that

comes from direct export and from sales to domestic firm i, respectively. The denominator

of the export shares is the total revenue of the firm, which consists of sales to other domestic

firms, sales to households, and direct exports.

It is important to observe that the definition of the total export share is recursive. A

firm’s total export share is the sum of its direct export share and the share of its sales to

other domestic firms multiplied by the total export shares of those firms. Thus, the total

export share is high if a lot of the firm’s output is exported directly to foreign markets or

indirectly via sales to domestic buyers with high export shares.

Table 5: Descriptive statistics in 2012

(a) Direct and total export participation
Exporters and non-exporters Exporters only Non-exporters only

Number of observations 98,745 11,892 86,853
Fraction of firms with

0.875 1.000 0.858
total export participation

Average export shares:
Total export 0.138 0.445 0.096
Direct export 0.039 0.322 0.000
Indirect export 0.100 0.122 0.096

(b) Firm characteristics
Exporters and non-exporters Exporters only Non-exporters only

Log sales 13.6 15.5 13.3
Log TFP 10.7 11.3 10.6
Log value added 12.5 13.9 12.3
Log FTE employment 1.5 2.5 1.3
Log average wage 10.5 10.8 10.5

Notes: This table uses the main estimation sample of private-sector firms in Belgium in 2012 (see Section
2.3 for details). Panel (a): The total export share of firm k, rTotal

kF , is recursively defined as
rTotal
kF = rkF +

∑
i∈Wk

rkir
Total
iF , which can be decomposed into direct export share, rkF , and indirect

export share,
∑

i∈Wk
rkir

Total
iF . Panel (b): For each column, we report the averages of variables listed on

the left for a set of firms noted at the top of the column. Firms’ sales consist of their sales to other firms in
the NBB sample (network sales), sales to households at home, and direct exports to foreign markets.
Firms’ TFPs are calculated using the estimation procedure of Wooldridge (2009). Firms’ value added and
FTE employment are from the reported values from the annual accounts. Firms’ average wages are the
reported labor costs divided by their FTE employment.

In panel (a) of Table 5, we compare the (direct and total) export participation and shares

of firms that directly export to those that only export indirectly. While few Belgian firms are

directly exporting, a majority of the firms are indirectly exporting through sales to domestic

buyers that subsequently trade internationally. In fact, even the firms that do not directly

export are, on average, selling nearly 10 percent of their output indirectly to foreign markets.



B Model appendix

B.1 General equilibrium of the model in Section 3.1

We characterize the firm-level outcomes implied by the firms’ profit maximization and cost

minimization problem. First, the sum of the variable and fixed costs of firm k can be written

as

TCk =ϕ
−1
k

1+ε
ε

(1− αℓk) + αℓk(
1+ε
ε

(1− αℓk)
)1−αℓk ααℓk

ℓk

(∑
j∈Zk

(
ωv
jk

)σ
p1−σ
j + (ωv

Fk)
σ p1−σ

Fk

) 1−αℓk
1−σ

wαℓk
k qk

+

(∑
j∈Zk

(
ωf
jk

)σ
p1−σ
j +

(
ωf
Fk

)σ
p1−σ
Fk

) 1
1−σ

q̄fk

+ wkℓ̄
f
k , (26)

where the first term represents the variable costs, the second term represents the fixed input

purchases, and the last term represents the fixed labor costs. Note that firms face a common

demand elasticity of σ regardless of whom they sell to; hence,

pk = µkck =
σ

σ − 1
ck. (27)

Taking the total derivative of the total cost with respect to output quantity, one can derive

the firm’s marginal cost,

ck =
1

ϕkα
αℓk
ℓk (1− αℓk)

1−αℓk

(∑
j∈Zk

(
ωv
jk

)σ
p1−σ
j + (ωv

Fk)
σ p1−σ

Fk

) 1−αℓk
1−σ (

1 + ε

ε
wk

)αℓk

. (28)

The marginal cost follows the standard structure except that the firm’s wage enters the cost

with a wedge of 1+ε
ε
. One can then derive the total variable input cost of the firm—the first

term in equation (26)—in terms of its sales pkqk, by substituting in equations (27) and (28):

wkℓ
v
k +

∑
j

pjq
v
jk + pFkq

v
Fk =

(
εm

εm + 1
αℓk + 1− αℓk

)
σ − 1

σ
pkqk. (29)

The firm’s variable labor input share out of its variable cost, svℓk, is a constant but lower

than the Cobb-Douglas parameter αℓk as a result of the upward sloping labor supply curve:

svℓk =
ε

1+ε
αℓk

1− αℓk +
ε

1+ε
αℓk

. (30)

The share of variable inputs from firm j out of firm k’s variable cost, svjk, can be expressed



as the share of variable input purchases times the share of firm j’s goods out of the variable

input purchases:

svjk =
1− αℓk

1− αℓk +
ε

1+ε
αℓk

(
ωv
jk

)σ
p1−σ
j∑

j∈Zk

(
ωv
jk

)σ
p1−σ
j + (ωv

Fk)
σ p1−σ

Fk

. (31)

Analogously, the share of variable imports in variable cost is expressed as

svFk =
1− αℓk

1− αℓk +
ε

1+ε
αℓk

(ωv
Fk)

σ p1−σ
Fk∑

j∈Zk

(
ωv
jk

)σ
p1−σ
j + (ωv

Fk)
σ p1−σ

Fk

. (32)

Similar to the variable input purchases, one can write firm j’s share and import share in

firm k’s total purchases of fixed intermediate inputs as follows:

sfjk =

(
ωf
jk

)σ
p1−σ
j∑

j∈Zk

(
ωf
jk

)σ
p1−σ
j +

(
ωf
Fk

)σ
p1−σ
Fk

(33)

sfFk =

(
ωf
Fk

)σ
p1−σ
Fk∑

j∈Zk

(
ωf
jk

)σ
p1−σ
j +

(
ωf
Fk

)σ
p1−σ
Fk

. (34)

Firm-level sales consist of the sum of domestic sales to other firms as either variable or

fixed inputs, domestic sales to domestic final demand, and exports. Therefore, we have the

following equation for firm k’s sales:

pkqk =
∑
i∈Wk

svki
piqi
µi

+
∑
i∈Wk

sfkic
f
i q̄

f
i + skHEH + p1−σ

k DkF , (35)

where Wk is the set of firm k’s domestic buyers and

skH =
βσ−1
kH p1−σ

k∑
j β

σ−1
jH p1−σ

j

(36)

is firm k’s share in household expenditure.

We close the model by assuming that all variable profits generated by firms are transferred

back to households. We obtain the following expression for aggregate household income:

EH =
∑
k

wkℓ
v
k +

∑
k

µk − 1

µk

pkqk −
∑
j

∑
k

pjq
f
jk −

∑
k

pFkq
f
Fk − TB, (37)

where TB is the aggregate trade balance. Labor market clearing implies that firms’ labor



demand equals the total labor supply in each labor market:

Lm =
∑
k

1

wk

svℓk
pkqk
µk

+
∑
k

ℓ̄fk . (38)

Definition 1 (Equilibrium) Given the set of price of imports pFk, foreign demand shifters

DkF , aggregate trade balance TB, aggregate labor supply L, firms’ domestic supplier sets Zk

and their importing and exporting decisions, and firms’ fixed overhead input requirements q̄fk
and ℓ̄fk, an equilibrium is the firms’ wages, {wk}, and the aggregate expenditure, EH , such

that equations (5)–(7), (11)–(13), and (27)–(38) hold.

B.2 Derivations of equations (15) and (16)

To obtain equation (15), we take the total derivative of equation (10) while holding supply-

side technology parameters fixed. From equation (10), the right-hand side of which is con-

stant, we have

d log ℓvkwk (ℓk) = d log pkqk
(
ℓvk,
{
qvjk
}
, qvFk

)
.

Further rearranging the above using equation (8), we obtain

d log ℓkwk (ℓk) + d log

(
1− ℓ̄fk

ℓk

)
= d log pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)
d log ℓkwk (ℓk) +

ℓ̄fk
ℓvk
d log ℓk = d log pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)
.

We know from the labor supply curve of equation (5) that

d log ℓk = εd logwk

=
ε

1 + ε
d logwkℓk.

Plugging this in, we have(
1 +

ℓ̄fk
ℓvk

ε

1 + ε

)
d logwkℓk = d log pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)
,

and hence

d logwkℓk

d log pkqk
(
ℓvk,
{
qvjk
}
, qvFk

) =
ℓvk
ℓk

1 + ε
ℓvk
ℓk
+ ε

.



We take a similar approach in deriving equation (16). The output elasticity in equation

(14) can be written as

∂ log qk
(
ℓvk,
{
qvjk
}
, qvFk

)
∂ log qvjk

= (1− αℓk)ω
v
jk

(
qvjk
qvk

)σ−1
σ

,

where qvk is the CES bundle of variable intermediate inputs. The term
qvjk
qvk

depends only on

the relative prices of firm k’s suppliers, which we assume to be constant. Then one can write

the total derivative of equation (14) as

d log pjq
v
jk = d log pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)
.

Further rearranging using equation (8), we obtain

d log pjqjk + d log

(
1−

qfjk
qjk

)
= d log pkqk

(
ℓvk,
{
qvjk
}
, qvFk

)
.

The fixed input purchases from firm j are given by equation (12) and only depend on the

prices of firm j and the prices of other suppliers of firm k, which are all taken as fixed.

Hence, one can further rearrange and obtain the following:

d log pjqjk +
qfjk
qvjk

d log qjk = d log pkqk
(
ℓvk,
{
qvjk
}
, qvFk

)
d log pjqjk

d log pkqk
(
ℓvk,
{
qvjk
}
, qvFk

) =
qvjk
qjk

.

B.3 Non-homothetic production function

We explore how labor cost and input purchases move with sales, when one assumes non-

homotheticity in production functions but with no fixed costs in production. We consider a

common class of non-homothetic production function—isoelastic nonhomothetic CES pro-

duction function—following Hanoch (1975), Comin et al. (2021), Matsuyama (2023), and

others. With this non-homothetic production function, we illustrate how labor cost and

input purchases respond to sales changes. We investigate whether the model can rationalize

the empirical pattern observed in the data: the labor cost elasticity to sales is below one and

the input purchase elasticity to sales is close to one. We find that under this setup, whenever

the labor cost elasticity to sales is less than one, the input purchase elasticity to sales should

be larger than one. This leads to our conclusion that a non-homothetic production function

is not sufficient to explain our main empirical findings.

To ease exposition and to build basic intuition, we first characterize the elasticities by



assuming that firms take as given the prices of labor and input purchases. We then illustrate

how the results change once one incorporates upward sloping labor supply curve. As in the

main text, firm k uses labor ℓvk and input purchases qvk for production. We assume that the

production function takes the following implicit form:

1 =

(
β

1
σ
ℓ q

ϵℓ−σ

σ
k (ℓvk)

σ−1
σ + β

1
σ
n q

ϵn−σ
σ

k (qvk)
σ−1
σ

) σ
σ−1

,

where the two non-homotheticity parameters ϵℓ and ϵn are related to the elasticity of input

usage with respect to output, as we will show below. The input with a larger value of this

non-homotheticity parameter requires less amount of input to achieve an increase in output.

And as the firm grows, the firm shifts its input usage towards the input with a larger non-

homotheticity parameter. Because we consider a case in which the labor cost elasticity to

sales is less than one, we assume throughout that ϵℓ < ϵn. On the output side, we assume

that firms face a demand elasticity of σ > 1 and charge a constant markup of σ
σ−1

. Moreover,

we assume ϵℓ−σ
1−σ

> 0 and ϵn−σ
1−σ

> 0 to ensure global monotonicity where the input expenditure

is increasing in the output quantity (as we show below), which effectively creates an upper

bound on the two parameters, 0 < ϵℓ < ϵn < σ.

B.3.1 Price taking firms

We first assume that firms take as given input prices, wk and pIk. The cost minimization

problem of the firm gives the firm’s average cost index, ck, of

ck =
(
βℓq

ϵℓ−1
k w1−σ

k + βnq
ϵn−1
k

(
pIk
)1−σ

) 1
1−σ

,

with expenditure shares of

sℓk =
βℓw

1−σ
k (Ek/ck)

ϵℓ−1

c1−σ
k

sIk =
βn
(
pIk
)1−σ

(Ek/ck)
ϵn−1

c1−σ
k

.

The firm’s expenditure on inputs can be written as Ek = qkck and demand for inputs can be

expressed as

ℓvk =βℓ
w−σ

k

c1−σ
k

qϵℓ−1
k Ek = βℓ

w−σ
k

c−σ
k q−σ

k

qϵℓ−σ
k

qvk =βn

(
pIk
)−σ

c1−σ
k

qϵn−1
k Ek = βn

(
pIk
)−σ

c−σ
k q−σ

k

qϵn−σ
k .



From the average cost index, we have the following relationship between output quantity

and average cost,
d ln ck
d ln qk

=
ϵ̄k − 1

1− σ
,

where ϵ̄k is the weighted average of the two non-homotheticity parameters, ϵ̄k = ϵℓsℓk+ϵnsIk.

The firm’s marginal cost can be expressed as

MCk =
dEk

dqk
=

(
1 +

d ln ck
d ln qk

)
Ek

qk

=
ϵ̄k − σ

1− σ
ck,

with

d lnEk

d ln qk
=
ϵ̄k − σ

1− σ
.

The output price is the markup times the marginal cost,

pk =
σ

σ − 1
MCk.

Putting these together, the relationship between expenditure and sales can be written as

Ek = ckqk =
σ − 1

σ

1− σ

ϵ̄k − σ
pkqk.

Using the above, we derive the following elasticities of input usage with respect to a sales

change:

d lnwkℓ
v
k

d ln pkqk
=

(
σ − (σ − 1)

σ − ϵℓ
σ − ϵ̄k

)
︸ ︷︷ ︸

d lnwkℓv
k

d lnEk

d lnEk

d ln pkqk

d ln pIkq
v
k

d ln pkqk
=

(
σ − (σ − 1)

σ − ϵn
σ − ϵ̄k

)
︸ ︷︷ ︸

d ln pI
k
qv
k

d lnEk

d lnEk

d ln pkqk
. (39)

Equation (39) implies that when ϵℓ < ϵn, the elasticity of labor cost to expenditure,
d lnwkℓ

v
k

d lnEk
,

is less than one while the elasticity of purchases to expenditure,
d ln pIkq

v
k

d lnEk
, is larger than one. To

reconcile with our main empirical results where the labor cost elasticity to sales is less than

one and the input purchase elasticity to sales is close to one, one would need the expenditure

elasticity to sales, d lnEk

d ln pkqk
, to be less than one.



We first write this expenditure elasticity to sales as

d lnEk

d ln pkqk
=
d ln σ−1

σ
1−σ
ϵ̄k−σ

pkqk

d ln pkqk

= 1 +
ϵ̄k

σ − ϵ̄k

d ln ϵ̄k
d ln pkqk

.

As seen from above, how the expenditure changes in response to a change in sales can be

summarized by how the average non-homotheticity parameter, ϵ̄k, changes with sales. Recall

that the non-homotheticity parameters govern how input expenditures respond to scale. And

if ϵ̄k increases with scale, then the firm’s overall expenditure will be less responsive when it

scales up. One can show that

d ln ϵ̄k
d ln qk

=
ϵℓ
ϵ̄k
ϵℓsℓk +

ϵn
ϵ̄k
ϵnsIk − ϵ̄k > 0,

meaning that as the firm scales up, it uses more inputs with higher non-homotheticity pa-

rameter, and hence ϵ̄k increases. Using this we derive the elasticity d ln ϵ̄k
d ln pkqk

to find:

d ln ϵ̄k
d ln pkqk

=

(
ϵℓ
ϵ̄k
ϵℓsℓk +

ϵn
ϵ̄k
ϵnsIk − ϵ̄k

)
︸ ︷︷ ︸

d ln ϵ̄k
d ln qk

σ − 1

σ − ϵ̄k︸ ︷︷ ︸
d ln qk
d lnEk

>0

d lnEk

d ln pkqk
,

and therefore d lnEk

d ln pkqk
to be larger than one:

d lnEk

d ln pkqk
=

1

1− ϵ̄k
σ−ϵ̄k

(
ϵℓ
ϵ̄k
ϵℓsℓk +

ϵn
ϵ̄k
ϵnsIk − ϵ̄k

)
σ−1
σ−ϵ̄k

> 1. (40)

The intuition is as follows. As the firms scales up, it shifts its input usage towards the

input that require less for a given increase in output, implying that its returns to scale

increases as it scales up. This leads to marginal cost falling faster than the average cost,

making its sales, pkqk, less responsive than its expenditure, Ek = ckqk, to a given increase in

output. Therefore, the total input expenditure grows at a faster rate than its sales.

Taken together, equations (39) and (40) imply that this nonhomothetic production func-

tion is not able to reconcile the empirical finding where the input purchase elasticity to sales

is one while the labor cost elasticity to sales is less than one.



B.3.2 Upward sloping labor supply curve

We now incorporate upward sloping labor supply curve, represented by the following:

ℓk = Akw
ε
k.

The firm’s cost minimization problem now yields the following average cost index and the

expenditure shares.

ck =

(
βℓq

ϵℓ−1
k

(
ε

ε+ 1

)σ

w1−σ
k + βn

(
pIk
)1−σ

qϵn−1
k

) 1
1−σ

sℓk =
βℓq

ϵℓ−1
k

(
ε

ε+1

)σ
w1−σ

k

c1−σ
k

sIk =
βn
(
pIk
)1−σ

qϵn−1
k

c1−σ
k

.

The average cost index and the labor supply equation yield the following relationships:

(1− σ) d ln ck =(ϵ̄k − 1) d ln qk + sℓk (1− σ) d lnwk

d ln ℓvk =− σd lnwk + σd ln ck + ϵℓd ln qk.

Combining these two together, we have the elasticity of average cost to scale written as:

d ln ck
d ln qk

=
ϵ̄k − 1

1− σ
+ sℓk

d lnwk

d ln qk
.

We assume that wage increases with scale, d lnwk

d ln qk
> 0.27

These relationships yield the following elasticities

d lnEk

d ln qk
=
σ − ϵ̄k
σ − 1

+ sℓk
d lnwk

d ln qk

d lnEk

d ln ck
=

σ−ϵ̄k
σ−1

+ sℓk
d lnwk

d ln qk
1−ϵ̄k
σ−1

+ sℓk
d lnwk

d ln qk

,

27Combining with the labor supply curve equation, we obtain d lnwk

d ln qk
=

σ
ε+σ

σ−ϵ̄k
σ−1 −σ−ϵℓ

ε+σ

1−sℓk
σ

ε+σ
. We assume

σ
σ−1 >

σ−ϵℓ
σ−ϵ̄k

to ensure that wage increases with scale.



which we use to derive the following input elasticities to sales:

d lnwkℓ
v
k

d ln pkqk
=

(
σ − (σ − 1)

σ − ϵℓ
σ − ϵ̄k

1

1 + σ−1
σ−ϵ̄k

sℓk
d lnwk

d ln qk

− (σ − 1)
d lnwk

d lnEk

)
d lnEk

d ln pkqk

d ln pIkq
v
k

d ln pkqk
=

(
σ − (σ − 1)

σ − ϵn
σ − ϵ̄k

1

1 + σ−1
σ−ϵ̄k

sℓk
d lnwk

d ln qk

)
d lnEk

d ln pkqk
(41)

Comparing equation (41) with equation (39), one can observe that as the firm scales up, the

firm faces a higher wage. This results in a lower labor cost elasticity to sales, as captured by

the term (σ − 1) d lnwk

d lnEk
. To ensure that the weighted sum of the input share elasticities sum

up to one, 1 = sℓk
d lnwkℓ

v
k

d lnEk
+sIk

d ln pIkq
v
k

d lnEk
, the two input elasticities to scale are adjusted upwards

with the term 1/
(
1 + σ−1

σ−ϵ̄k
sℓk

d lnwk

d ln qk

)
. Ignoring so far how the expenditure elasticity d lnEk

d ln pkqk
is

affected, we see that the input purchase elasticity to sales increases further by incorporating

upward sloping labor supply curve.

As the last step, we focus on how the expenditure responds to sales change, d lnEk

d ln pkqk
. We

have

d lnEk

d ln pkqk
= 1+

(
σ−ϵ̄k
σ−1

σ−ϵ̄k
σ−1

+ sℓk
d lnwk

d ln qk

ϵ̄k
σ − ϵ̄k

d ln ϵ̄k
d ln qk

−
sℓk

d lnwk

d ln qk
σ−ϵ̄k
σ−1

+ sℓk
d lnwk

d ln qk

d ln sℓk
d ln qk

+
d ln

(
d lnwk

d ln qk

)
d ln qk

 d ln qk
d lnEk

d lnEk

d ln pkqk
.

This equation shows that the expenditure elasticity to sales depends on how the average

non-homotheticity parameter, labor cost share, and the wage elasticity to scale, responds to

scale ( d ln ϵ̄k
d ln qk

, d ln sℓk
d ln qk

, and
d ln

(
d lnwk
d ln qk

)
d ln qk

). We show that the average non-homotheticity parameter

increases with scale at a faster rate when wage is increasing,

d ln ϵ̄k
d ln qk

=
ϵℓ
ϵ̄k
ϵℓsℓk +

ϵn
ϵ̄k
ϵnsIk − ϵ̄k + sℓk

(
1− ϵℓ

ϵ̄k

)
(σ − 1)

d lnwk

d ln qk
> 0.

We also show that the labor share is decreasing with scale at a faster rate when wage is

increasing,
d ln sℓk
d ln qk

= ϵℓ − ϵ̄k − (σ − 1) (1− sℓk)
d lnwk

d ln qk
< 0.

Moreover, we can show that the elasticity of wage to scale is decreasing with scale,
d ln

(
d lnwk
d ln qk

)
d ln qk

< 0, under the parametric space that ensures d lnwk

d ln qk
> 0. Taken together, these

results lead to the expenditure elasticity to sales being greater than one, d lnEk

d ln pkqk
> 1.

In conclusion, accounting for upward sloping labor supply curve would further increase



the input purchase elasticity to sales, pushing it further away from one. Therefore, we

maintain the result that this nonhomothetic production function is not able to reconcile the

empirical finding where the input purchase elasticity to sales is one while the labor cost

elasticity to sales is less than one.

B.4 Adjustment frictions in labor costs

In this appendix we illustrate how adjustment costs in variable labor inputs affect the labor

cost elasticity with respect to sales. In particular, we consider a simplified version of the

model outlined in Section 3.1, where the production function is defined as in equation (7).

We consider two alternative types of labor adjustment frictions: a quadratic adjustment

cost, and labor adjustment à la Calvo (1983). With these setups, we investigate the long run

effect of a permanent demand shock. We show that the ratio of variable labor cost to sales

remains a constant, even when adjustment frictions are accounted for. As a result, fixed

costs in labor can be identified by examining the long run response of total labor costs to

changes in sales induced by a permanent demand shock.

B.4.1 Quadratic adjustment cost in labor inputs

We first consider quadratic adjustment costs in variable labor inputs. To focus solely on the

role of the adjustment cost in variable labor inputs, we assume that the firm’s productivity

and the price of input purchases
(
pIk
)
are fixed. The firm chooses its variable labor cost one

period in advance, and its output price and variable input purchases contemporaneously.

The firm’s profit maximizing problem is written as follows:

max
pkt,ℓ

v
kt+1,q

v
kt

∞∑
t=0

βt

(
pktqkt − wktℓ

v
kt − pIkq

v
kt − wktℓ̄

f
k − pIktq̄

f
k − ψ

2

(
ℓvkt+1 − ℓvkt

ℓvkt

)2

ℓvkt

)
s.t. qkt = p−σ

kt Dkt

qkt = ϕk (q
v
kt)

1−αℓk (ℓvkt)
αℓk

wkt = A
− 1

ε
kt

(
ℓvkt + ℓ̄fk

) 1
ε
,

where the first constraint is the demand curve the firm faces, the second is the firm’s produc-

tion function, and the last constraint is the labor supply curve.28 We illustrate the solution

to this dynamic problem where there are i.i.d. shocks on the firm-level demand shifter, Dkt,

such that E [Dk,t+1|Dk,t] = E [Dk]. Consistent with the assumption made in the main text,

we assume that firms are infinitesimal in the labor market. Therefore the only state variables

are the demand shifter and the labor input.

28Note that when there are no adjustment costs, ψ = 0, then the problem becomes identical to the static
problem.



The Bellman equation can be written as:

V (ℓvk, Dk) =max
ℓv

′
k ,qvk

ϕ
σ−1
σ

k (qvk)
σ−1
σ

(1−αℓk) (ℓvk)
σ−1
σ

αℓk D
1
σ
k − A

− 1
ε

k

(
ℓvk + ℓ̄fk

) ε+1
ε − pIkq

v
k − pIkq̄

f
k

− ψ

2

(
ℓv

′

k − ℓvk
ℓvk

)2

ℓvk + βE
[
V
(
ℓv

′

k , D
′

k | Dk

)]
.

The first order condition with respect to the input purchases gives the same relationship

between contemporaneous variable input purchases and sales,

pIkq
v
k

pkqk
=
σ − 1

σ
(1− αℓk) .

The first order condition with respect to the variable labor inputs using the above solution

for input purchases can be written as follows:

ψ

(
ℓv

′

k − ℓvk
ℓvk

)
=β

d

dℓv
′

k

E
[
V
(
ℓv

′

k , D
′

k

)]
ψ
ℓv

′

k

ℓvk
− ψ =β

σ − 1

σ
ϕ

σ−1
σ

k

(
qv

′

k

)σ−1
σ

(1−αℓk)
(
ℓv

′

k

)σ−1
σ

αℓk

E
[
D

1
σ
k

] (
ℓv

′

k

)−1

αℓk

− β
ε+ 1

ε
A

− 1
ε

k

(
ℓv

′

k + ℓ̄fk

) 1
ε
+ β

ψ

2

((
ℓv

′′

k

ℓv
′

k

)2

− 1

)
.

We focus on the labor inputs under steady state, namely where ℓv
′

k = ℓvk. Hence, we have

E

[
w

′

kℓ
v′

k

p
′
kq

′
k

]
=αℓk

ε

1 + ε

(
σ

σ − 1

)−1

,

implying a constant relationship between variable labor cost and sales, as in equation (10)

of the static model.

In the long run steady state, we find that the ratios of both variable labor cost and variable

input purchases to sales are constant even under the presence of quadratic adjustment costs

in variable labor inputs. These imply that the long run elasticities of labor cost and input

purchases to sales change that is driven by an idiosyncratic shock on the firm’s demand

shifter would be the same as in equations (15) and (16). Furthermore, if one assumes away

fixed overhead costs in labor inputs, then the ratio of total labor cost to sales becomes a

constant. In this case, the long run elasticity of labor cost to sales becomes one.



B.4.2 Labor adjustment à la Calvo (1983)

We now consider the firm facing labor adjustment frictions à la Calvo (1983). Suppose in

each period, the firm cannot adjust labor inputs with probability θ, while intermediate inputs

can be adjusted freely every period. The value function then becomes:

V (ℓvk, Dk) =max
qvk

ϕ
σ−1
σ

k (qvk)
σ−1
σ

(1−αℓk) (ℓvk)
σ−1
σ

αℓk D
1
σ
k − A

− 1
ε

k

(
ℓvk + ℓ̄fk

) ε+1
ε − pIkq

v
k − pIkq̄

f
k

+ βθE
[
V
(
ℓvk, D

′

k | Dk

)]
+ β (1− θ)E

[
max
ℓv

′
k

V
(
ℓv

′

k , D
′

k | Dk

)]
.

Note that if firms could adjust their labor inputs freely, i.e., θ = 0, then the problem becomes

identical to the static problem.

Given ℓvk and Dk, the optimal amount of variable input purchases in any period can be

derived from the first order condition and is the same as the static problem:

pIkq
v
k

pkqk
=
σ − 1

σ
(1− αℓk) . (42)

The first order condition with respect to labor inputs can be written as:

∂V (ℓvk, Dk)

∂ℓvk
= 0 =

σ − 1

σ
αℓkϕ

σ−1
σ

k (qvk)
σ−1
σ

(1−αℓk) (ℓvk)
σ−1
σ

αℓk D
1
σ
k (ℓvk)

−1 − ε+ 1

ε
wk

+ βθE

[
∂

∂ℓvk

(
ϕ

σ−1
σ

k

(
qv

′

k

)σ−1
σ

(1−αℓk)

(ℓvk)
σ−1
σ

αℓk

(
D

′

k

) 1
σ

)]
− βθ

ε+ 1

ε
wk

+ · · · . (43)

In the second line of equation (43), the firm takes into account that the amount of interme-

diate input purchases is an endogenous object that satisfy equation (42). Arranging further,

we obtain the following ratio of variable labor cost to sales:

wkℓ
v
k

pkqk
= αℓk

ε

1 + ε

(
σ

σ − 1

)−1 1 +
∑∞

s=1

(
βθ

1−σ−1
σ

(1−αℓk)

)s
E

[(
Dk,t+s

Dk,t

) 1
σ

1

1−σ−1
σ (1−αℓk)

]
1 +

∑∞
s=1 (βθ)

s . (44)

Equation (44) reveals that the share of variable labor cost to sales can be different from

the optimal share in the static problem, αℓk
ε

1+ε

(
σ

σ−1

)−1
. When the firm expects a larger

demand in the future (larger expectation of
Dk,t+s

Dk,t
), then the firm hires more labor today

because with some probability, it would not be able to adjust the amount of labor when larger

demand is realized. However, as long as the series of expected future demand are fixed, the

variable labor cost to sales ratio is constant. Moreover, the equation implies that in response



to a permanent demand shock where current and future demand is shifted by a constant

multiplier, the variable labor cost to sales share before and after the shock is unaffected, as

the ratio of
Dk,t+s

Dk,t
remains the same. This is true for one firm conditional on being able to

change its labor, and also for the aggregate once all firms have the opportunity to change

their labor. Therefore, we find that when firms face frictions in labor cost adjustment à

la Calvo (1983), the long run elasticity of labor cost to a sales change that is driven by a

permanent demand shock is the same as that in equation (15).

B.5 System of counterfactual changes in variables

B.5.1 Setup of the counterfactual exercise

In our main counterfactual exercise in Section 6, we assume that firms charge a common

markup of σ
σ−1

and that firms face upward sloping labor supply curve with elasticity ε. By

having firms set a common markup of σ
σ−1

, we have a discrepancy between a firm’s variable

input cost inferred from its sales and markup,
(

ε
ε+1

αℓk + 1− αℓk

)
σ−1
σ
pkqk, and its variable

input cost inferred from the estimated variable cost shares and observed input expenditure,

varinputk = wkℓ
v
k +

∑
j pjq

v
jk + pFkq

v
Fk. We denote these firm-level discrepancies by adjk:

adjk =

(
ε

ε+ 1
αℓk + 1− αℓk

)
σ − 1

σ
pkqk︸ ︷︷ ︸

theory-implied input

− varinputk︸ ︷︷ ︸
observed input

.

One interpretation of this term adjk is the usage of firm k’s inventories. If adjk > 0, then

the firm is purchasing fewer variable inputs than what is implied from its sales and markup

and hence is using the past inventory of inputs to produce. If adjk < 0, then the firm is

purchasing more variable inputs than what is implied from its sales and markup and hence

is accumulating inventory for future use.

In the counterfactual exercise, we follow Dhyne et al. (2022) and assume that the ratios

of adjk relative to the firm’s two different variable inputs are fixed. This is consistent with an

interpretation in which the fraction of how much inventory the firm uses (or accumulates)

relative to its inputs and sales does not change in response to foreign shocks. With this

assumption, we have the following relationship:

̂varinputk =
σ−1
σ
pkqk

varinputk
p̂kqk −

adjk
varinputk

âdjk,

where we have ̂varinputk = p̂kqk = âdjk.

This treatment of the differences in variable input costs is isomorphic to assuming that

firms charge firm-specific markups of µk = pkqk
wkℓ

v
k+

∑
j pjq

v
jk+pFkq

v
Fk
, which can be read from the



data. To see this, we refer to equation (45) in Appendix B.5.2, which illustrates how the

change in aggregate income is affected by changes in firms’ variable profits
(

πv
kpkqk
EH

p̂kqk

)
and

the changes in the discrepancy terms
(

adjk
EH

âdjk

)
. If one assumes that firms charge markups

of µk, then the effect of the changes in their variable profits on aggregate income can be

summarized by
µk−1

µk
pkqk

EH
p̂kqk. With the assumption that firm sales and the discrepancy

terms move in tandem
(
âdjk = p̂kqk

)
, the effects on aggregate income are isomorphic to

each other.

B.5.2 Counterfactual changes in response to import price and foreign demand

shocks

The steps to solve for the counterfactual outcomes are as follows:

1. Guess the changes in firm-level wages ŵk. If ε = ∞, then the guess is common across

all firms.

2. Compute the firm-level changes in total and variable labor inputs, ℓ̂k and ℓ̂vk, using

equations (5) and (8):

ℓ̂k =
ŵε

k∑
j ℓjŵ

ε
j

L

ℓ̂vk =
ℓk
ℓvk
ℓ̂k −

ℓ̄fk
ℓvk
.

Skip this step if ε = ∞.

3. Solve for ĉk using equation (28):

ĉk =

(∑
j∈Zk

svjk
1− svℓk

ĉ1−σ
j +

svFk

1− svℓk
p̂1−σ
Fk

) 1−αℓk
1−σ

ŵαℓk
k .

4. Compute the change in shares and prices using equations (31), (32), (33), (34), and



(36):

ŝvjk =
ĉ1−σ
j∑

j∈Zk

svjk
1−svℓk

ĉ1−σ
j +

svFk

1−svℓk
p̂1−σ
Fk

ŝvFk =
p̂1−σ
Fk∑

j∈Zk

svjk
1−svℓk

ĉ1−σ
j +

svFk

1−svℓk
p̂1−σ
Fk

ŝfjk =
ĉ1−σ
j(

ĉfk

)1−σ

ŝfFk =
p̂1−σ
Fk(

ĉfk

)1−σ

(
ĉfk

)1−σ

=
∑
j∈Zk

sfjkĉ
1−σ
j + sfFkp̂

1−σ
Fk

ŝkH =
ĉ1−σ
k∑

j sjH ĉ
1−σ
j

.

5. Solve for p̂kqk using equation (35):

p̂kqk =
∑
i∈Wk

rvkiŝ
v
kip̂iqi +

∑
i∈Wk

rfkiŝ
f
kiĉ

f
i + rkH ŝkHÊH + rkF ĉ

1−σ
k D̂kF ,

where we have the following revenue shares of firm k:

rvki =
svkipiqi
pkqkµi

, rfki =
pkq

f
ki

pkqk
, rkH =

skHEH

pkqk
, rkF =

p1−σ
k DkF

pkqk
.

The change in aggregate household expenditure is written as

ÊH =
∑
k

wkℓk
EH

ŵk +
∑
k

πv
k

EH

p̂kqk −
∑
j

∑
k

pjq
f
jk

EH

ŝfjkĉ
f
k −

∑
k

pfFkq
f
Fk

EH

ŝfFkĉ
f
k

−
∑
k

wkℓ̄
f
k

EH

ŵk −
TB

EH

+
∑
k

adjk
EH

âdjk, (45)

where âdjk = p̂kqk and πv
k =

(
1−

(
εm

εm+1
αℓk + 1− αℓk

)
σ−1
σ

)
pkqk.



6. Update ŵk with the following and iterate from Step 2 until ŵk converges:

ŵnew
k =

p̂kqk

ℓ̂vk

ŵk = dŵnew
k + (1− d) ŵk.

If ε = ∞, then use the following to update the common guess of wage change:

ŵnew
k =

∑
k wkℓ

v
kp̂kqk +

∑
k wkℓ̄

f
kŵk∑

k wkℓk
.

7. Finally, check that the trade balance holds (i.e., the exogenous TB is unchanged).

B.5.3 Counterfactual changes in response to firm productivity shocks

The system of counterfactual changes in variables when one considers changes in firms’

productivities is similar to that presented in Appendix B.5.2. Instead of the changes in

import price p̂Fk, we consider changes in productivities, ϕ̂k. Hence, we replace Step 3 in

Appendix B.5.2 with the following equation that solves for ĉk given the shocks ϕ̂k and guess

of ŵk:

ĉk = ϕ̂−1
k

(∑
j∈Zk

svjk
1− svℓk

ĉ1−σ
j

) 1−αℓk
1−σ

ŵαℓk
k .

B.6 Fixed costs and aggregate labor demand

To gain intuition about how accounting for fixed labor inputs alter wage responses to foreign

trade shocks, we work with a simple framework of aggregate labor supply and demand. In

this stylized framework we consider one representative firm with no input-output linkages.

We also abstract away from upward sloping labor supply curve, as in the aggregate, labor

supply is fixed. To obtain the aggregate labor demand curve, we start with the output

demand curve,

q = p−σD,

where p is the output price with price being the product of markup and marginal cost, p = µc.

The demand shifter D contains demand from domestic final demand and export demand,

D = E
p1−σ +DF , where E is the domestic household income. We consider a net production

function that combines the two primary factors, labor and imports, with a Cobb-Douglas

aggregater. Denoting variable labor inputs and imports by ℓv and I respectively, and prices



of labor and imports by w and pI respectively, we have

q = ϕ (ℓv)α I1−α

c = Aϕ−1wα
(
pI
)1−α

,

where A = α−α (1− α)−(1−α) is a constant, ϕ is the aggregate productivity term, and α is

the share of labor inputs in variable costs. Finally, we have the following relationships for

the aggregate income and trade balance,

E = wℓv +
µ− 1

µ
E +

µ− 1

µ
p1−σDF

p1−σDF = pII.

The above relationships implicitly yield a downwards sloping aggregate labor demand curve,

where wage w is written as a function of total labor input (the sum of variable and fixed

labor inputs, L = ℓv + ℓf ) and foreign price and demand shifters, pI and DF .

Accounting for fixed labor inputs alter the aggregate labor demand curve in two ways.

First, it rotates the aggregate labor demand curve clockwise around the initial equilibrium,

as variable labor input is now less than L at L − ℓf . Intuitively, when fixed labor inputs

are accounted for, the amount of labor inputs that contribute to production decreases as the

total labor supply is fixed. This effectively moves the economy to the more inelastic part

of the aggregate labor demand curve. Second, accounting for fixed labor inputs alters the

measurement of the labor cost share in variable costs, α, which governs the elasticities of

wage with respect to foreign price pI and demand DF . Because there are labor inputs that

are used as fixed overhead costs, the share of labor cost in variable costs, α, is lower than

when one reads it off from the total cost shares. Therefore, for a given increase in foreign

price (an increase in pI) or for a given reduction in foreign demand (a reduction in DF ), wage

is predicted to decrease more by accounting for fixed labor costs. Intuitively, when labor

cost account for a smaller share in variable cost, output price is less responsive to wage.

With aggregate labor supply fixed, the economy responds to a negative demand by lowering

the price through lower wage, and to an increase in the foreign price by countering the price

increase through a lower wage. In both cases, wage has to decrease with a larger magnitude

when fixed labor costs are accounted for.

To visually convey how the aggregate labor demand curve changes when fixed labor

inputs are accounted for, we numerically solve for the aggregate labor demand curves under

different parametrizations, and plot them in Figure 7. We consider an economy where the

aggregate labor supply is fixed at L = 1 (the vertical line). The two black lines use the

labor cost share parameter of α = 0.3 and account for fixed labor costs with ℓf = 0.5.



The solid black line computes the labor demand when pI = 1 and the dashed black line

computes the labor demand when the import price increases by 20 percent, at pI = 1.2.

Their values are normalized with the level of wage when the import price is pI = 1 and

the labor supply is L = 1. The two lines show that when the import price increases by 20

percent, the aggregate labor demand curve shifts down, implying that the wage decreases

given a fixed aggregate labor supply. In contrast, the two red lines, also normalized with

the level of wage when the import price is pI = 1 and the labor supply is L = 1, do not

account for fixed labor inputs. The dash-dotted red line uses pI = 1 as the import price,

and the dotted red line uses pI = 1.2. The economy in the dash-dotted red line has the

same share of total labor expenditure in total costs as in the solid black line when L = 1.

As discussed above, not accounting for fixed labor inputs should increase the measurement

of α. We compute the share of labor costs in total inputs for the solid black line with labor

supply of L = 1, and use α = 0.46 for the two red lines. These two sets of lines confirm

our arguments above: Accounting for fixed labor inputs makes the aggregate labor demand

less elastic, and increases the magnitudes of the downward shifts in the labor demand upon

negative foreign trade shocks.

Figure 7: Aggregate labor demand

Notes: This figure plots the aggregate labor demand curves computed with the following parameter values:

σ = 4, ϕ = 1, DF = 1. We consider two economies that have the same share of labor expenditure in total

costs. The two black lines use the variable labor cost share of α = 0.3 and depict the labor demand when

fixed labor inputs are accounted for with ℓf = 0.5. The solid black line uses pI = 1 as the import price,

and the dashed black line uses pI = 1.2. The values of the two black lines are normalized to the wage under

pI = 1 and L = 1. The two red lines use the variable labor cost share of α = 0.46 and depict the labor

demand when fixed labor inputs are not accounted for, ℓf = 0. 0.46 is the share of total labor cost out of

total inputs when ℓf = 0.5, pI = 1, and L = 1. The dash-dotted red line uses pI = 1 as the import price,

and the dotted red line uses pI = 1.2. The values of the two red lines are normalized to the wage under

pI = 1 and L = 1.



C Additional empirical results

C.1 Additional results on labor costs and sales

In Figure 1 of Section 2.4, we explore the relationship between firms’ changes in labor costs

and sales, that are indicative of how much labor are used as fixed overhead inputs. In this

section, we examine different cuts of the data to explore whether any group of firms have

significantly lower correlation between changes in labor cost and sales than other firms. Table

6 reports the regression coefficients on changes in labor costs on changes in sales for different

sets of firms. We find that groups of firms that are often associated with having larger fixed

costs, such as exporters and importers, have significantly lower correlation between changes

in labor cost and sales, suggesting that fixed labor cost shares are higher for those firms.

However, as we discussed in Section 2.4, one needs to be cautious in drawing conclusions

from Table 6 because input costs and sales are simultaneously determined and may be

affected by both measurement error and many omitted variables. The IV estimates reported

in Appendix C.9 show a broadly comparable relationship between changes in labor costs and

sales for firms that trade internationally and those that do not. This suggests that firms

that trade internationally have higher fixed costs (as they are larger), but comparable fixed

share of costs.

Table 6: Relationship between firm-level sales and labor costs

Sales and labor costs (four-year change)

Slope of labor costs Difference between groups

Exporters 0.471***
(0.00941) -0.119***

Non-exporters 0.590*** (0.0189)
(0.0201)

Importers 0.503***
(0.00926) -0.0846***

Non-importers 0.587*** (0.0208)
(0.0217)

Exporters or importers 0.499***
(0.00981) -0.0951***

Domestic firms 0.594*** (0.0209)
(0.0224)

Notes: This table uses the main estimation sample of private-sector firms in Belgium (see Section 2.3 for
details). In each panel, we report the regression coefficients of four-year changes in firms’ labor costs on
changes in their sales, for different groups of firms. Industry-fixed effects are included at the NACE
four-digit level. Standard errors in parentheses are clustered at the NACE four-digit level. * p < 0.10, **
p < 0.05, *** p < 0.01.



C.2 Wage differentials and firm effects

In Figure 1 of Section 2.4, we show that changes in average wage are correlated with the

changes in sales, suggesting that firms face upward sloping labor supply curve. Using the

firm and worker data, in this section we show that i) firms that are more exposed to foreign

markets are larger, more productive, and pay higher wages, and that ii) these wage differ-

entials cannot be entirely explained by observed or unobserved differences across workers.

These findings further motivate why we will depart from the canonical model of a competi-

tive labor market where wages depend only on the marginal product of workers and not the

firm that employs them.

A large body of previous work has documented that firms that export look very different

from non-exporters along a number of important dimensions. This is also true in the Belgian

data: the descriptive statistics reported in Table 2 of Dhyne et al. (2021) show that the

direct exporters not only are more productive and have higher sales but also have more

employees and pay higher wages than other firms. This pattern in the data is consistent

with an imperfectly competitive labor market where each individual firm faces an upward-

sloping labor supply curve, implying that wages are an increasing function of firm size and

productivity. However, several alternative explanations exist.

One alternative explanation is that workers could be paid differentially because of un-

observed skill differences, not imperfect competition (see, e.g., Abowd et al., 1999, Gibbons

et al., 2005). To investigate this possibility, we run a set of wage regressions on a sample of

workers who switch firms (and have at least four years of tenure at both the origin and desti-

nation firms, to ensure that we can accurately measure their wages both before and after the

move). This sample is based on the subset of firms for which we have additional information

from the worker data (see Section 2.3 for details). The results are presented in Table 7. In

the first column, we regress the log wages of workers on a dummy variable for being employed

in a firm that directly exports, controlling only for calendar year effects. In the second and

third columns, we add controls for observable worker characteristics and sector fixed effects,

respectively. In the final column, we use the panel dimension of the data to add controls

for worker fixed effects. By including these fixed effects, we control for any time-invariant

(observed or unobserved) worker heterogeneity. Since aggregate shocks are absorbed by the

time fixed effects, identification is achieved from a common trend assumption in the workers’

wages in the absence of moving to firms that directly export.

To empirically assess the common trend assumption in the workers’ wages in the absence

of moving to direct exporters, we also perform the following movers analysis. We consider

a sample of workers who switch their main jobs between t − 1 and t and have tenures of

no fewer than four years at both origin and destination firms. We then use the balanced

panel of movers from t− 4 to t+3 and estimate the effects of moving from non-exporters to



Table 7: Wage regressions on the sample of movers

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

Exporter dummy 0.229*** 0.131*** 0.0639*** 0.0258***
(0.00375) (0.00307) (0.00361) (0.00288)

Number of workers 10,179 10,179 10,179 10,179
Number of firms 7,101 7,101 7,101 7,101
Calendar year FE Yes Yes Yes Yes
Worker characteristics Yes Yes Yes
Industry FE Yes Yes
Worker FE Yes

Notes: This table uses the subsample of firms for which we have additional information from the worker
data (see Section 2.3 for details). For each column, we run a worker-level regression of log FTE wage on
the sample of movers between any firms. Movers in year t are defined as workers who are employed by the
origin firms at no later than t− 4, switch their jobs between t− 1 and t, and stay at their destination firms
at least until t+ 3. The sample is balanced from t− 4 to t+ 3. Observations in years t− 1 and t are
dropped from the regressions, to ensure we only use full-year employment spells in a given firm. Worker
characteristics include worker class (blue collar or white collar)—which can vary across employers for the
same worker—gender, and age bin-year effects. Industry fixed effects are included at the NACE four-digit
level. * p < 0.10, ** p < 0.05, *** p < 0.01.

exporters by running the following regression:

logwn,s =
3∑

κ=−4

ηκ1[s = κ] +
3∑

k=−4

χκ1[s = κ, T (n) = 1] + ζn + ξn,s, (46)

where logwn,s denotes mover n’s log wage in year s (relative to the year of move), T (n) is

an indicator for the move from non-exporters to exporters, and ζn is a worker fixed effect.

In order to ensure that we only use full-year employment spells in a given firm, we drop the

observations in years t− 1 and t. We also pool all movers in the regression and assume that

the effects of moving from exporters to non-exporters are symmetric.

Figure 8 presents a graphical representation of the exporter wage premium. In this figure,

we report the estimated coefficients χκ in equation (46) for κ from −4 to 3 and normalize the

estimates by setting χ−2 = 0. As in Table 7, we additionally control for calendar year effects,

observable time-varying worker characteristics, and sector fixed effects. Our findings support

common trends prior to the move, suggesting that the wage growth of workers moving to a

firm that does not directly export can be a valid counterfactual for those moving to a firm

that directly exports.

Taken together, the results in Table 7 show that controlling for (observed and unobserved)

worker characteristics significantly reduces the differences in wages between workers in firms

that do and do not directly export, highlighting the benefits of using panel data in our

setting. Nevertheless, even after controlling for worker characteristics, workers in firms that

directly export still earn about 2.6 percent more than workers in firms that do not directly



Figure 8: Graphical representation of exporter wage premium from movers analysis

Notes: This figure uses the subsample of firms for which we have additional information from the worker
data (see Section 2.3 for details). We run a worker-level regression based on equation (46) and report the
estimated coefficients {χκ}3κ=−4. We define movers in year t as workers who are employed by the origin firms
at no later than t− 4, switch their jobs between t− 1 and t, and stay at their destination firms at least until
t+ 3. The sample of movers is balanced from t− 4 to t+ 3. Observations in years t− 1 and t are dropped
from the regression to ensure that we only use full-year employment spells in a given firm. The estimates
are normalized by setting χ−2 = 0. The assignment to the exporter or non-exporter category is made based
on firms’ export participation status at t− 2 for both origin and destination firms. Industry fixed effects are
included at the NACE four-digit level.

export, consistent with imperfect competition in the labor market.

An alternative explanation to imperfect competition for why (even the same) workers

are paid differently across firms is that observed wages may not necessarily reflect the full

compensation that individuals receive from working in a given firm. Indeed, both survey

data (e.g., Hamermesh, 1999, Pierce, 2001, Maestas et al., 2018) and experimental studies

(e.g., Mas and Pallais, 2017, Wiswall and Zafar, 2018, Chen et al., 2020) suggest that workers

may be willing to sacrifice higher wages for better non-wage job characteristics or amenities

when choosing an employer. Thus, the wage premia in firms that directly export could

reflect compensating differentials for unfavorable amenities, not imperfect competition. To

distinguish between compensating differentials and imperfect competition as sources of wage

differentials, we will, in Section 5, exploit changes in employment and wages within firms in

response to plausibly exogenous foreign demand shocks.



C.3 Firm-level output prices, wages, and input prices

In Section 2.4, we discuss a set of empirical facts on the relationships in our data between

firm-level sales, labor costs, and intermediate input purchases. In this section, we present

another set of facts describing the differential pass-through rates of changes in wages and

input prices on firm-level output prices. In a simple model where output markups are fixed

and input markets are competitive, the pass-through rates of changes in input prices to the

output price are informative of the shares of those inputs in total variable costs. We regress

firm-level output price changes on changes in average wage and the price of input purchases,

and find that changes in output prices are more correlated with the changes in input prices

than with the changes in average wage. This fact is suggestive of labor cost having a smaller

share than input purchases in firms’ variable costs. We also run the same regression but

where we weigh the wage change and the input price change with their observed share in

total costs in the previous period. Again, we find that the coefficient on average wage change

is smaller than that on input price change, consistent with labor being used more intensively

in fixed costs than in variable costs.

In this exercise, we use information on unit values provided by Duprez and Magerman

(2018), which is based on Prodcom data that contains output values and quantities at the 8-

digit level for large firms in the mining and quarrying, and manufacturing sectors.29 For the

set of firms that we have additional information on unit values, we first compute firm-level

output price changes by taking the log differences of unit values for each firm. For multiple

product firms, we compute the weighted average price change by using the products’ output

value at the initial period as weights. Firm-level input price changes are computed by

aggregating these output price changes of each firm’s suppliers. Since Prodcom only covers

a small subset of firms in the Belgian economy (less than 1 percent of firms in 2012), for

many firms, not all suppliers are in this subsample.30 Therefore, we compute the input

price change by taking the weighted average of the output price changes among Prodcom

suppliers. We use these suppliers’ initial period sales share in the firm’s input purchases from

all Prodcom suppliers as weights.31 For the set of importers, we use the customs records

and incorporate import price changes. We do so by taking the changes in the import prices

for each firm-product pair, and then aggregate up to the firm-level using the initial period

29To be in the Prodcom sample, firms need to meet certain criteria that includes having 20 or more
employees or sales above 4 million Euro. For details see Appendix A of Duprez and Magerman (2018). For
mapping product codes across multiple years, we build on the year-to-year concordance of product codes
provided by Duprez and Magerman (2022).

30However, since the sample of analysis is also the sample covered in Prodcom, we find that there is at
least one supplier that is in Prodcom for more than 90 percent of the firms in Prodcom.

31This implicitly assumes that the input price changes from suppliers that are not in Prodcom are the
same as those from suppliers that are in Prodcom. We discuss the implications of this potential measurement
error below.



import values as weights.

To explore how changes in wages and input prices translate to changes in output prices,

we regress firm-level four-year output price changes on both firm-level four-year wage changes

and average input price changes. To account for differences across industries, in some spec-

ifications we control for industry-year fixed effects. We report the results in Columns (1)

and (2) in Table 8. We first note that across these columns, the values of the coefficients on

both inputs are far below one and do not add up to one. It is worth mentioning that one

needs to be cautious in directly interpreting these coefficients as shares of these inputs in

variable costs for several reasons. First, input price changes are likely subject to measure-

ment error as not all suppliers are in the Prodcom sample. Second, firms may respond to

input price changes by changing their markups, which makes our coefficients biased (Amiti

et al., 2019). Similarly, changes in firms’ productivities or technologies may drive both the

changes in input and output prices, generating omitted variable biases. Moreover, nominal

rigidity in output prices may dampen the pass-through of input prices on output prices, as

in Gagliardone et al. (2023). Nevertheless, the magnitudes of these coefficients are consistent

with those from Baqaee et al. (2023).

Having mentioned these limitations, these results may still be useful for inferring sugges-

tive evidence on labor cost shares in variable inputs. For example, if we assume that the

biases mentioned above are the same across the two coefficients, the relative magnitudes of

the coefficients are informative.32 The changes in the prices of input purchases are more as-

sociated with the changes in output prices, than the changes in average wages. This pattern

is suggestive of labor cost having a smaller share in firms’ variable costs than inputs.

In Column (3), we weigh the average wage change and the input price change with their

observed share in total costs in the previous period. To aid the interpretation, suppose that

the biases affect both coefficients equally. Then, these coefficients reject the null hypothe-

sis that fixed costs and variable costs have the same labor and input composition. If the

composition of labor and inputs in fixed costs is the same as that in variable costs, the two

coefficients should equal each other. Furthermore, as with the previous specification, the

relative magnitude of the coefficients here is also informative about the labor cost share in

firms’ fixed costs. When the labor cost share in fixed costs is higher than the labor cost

share in variable costs, then the true labor share in variable costs is lower than the observed

labor share in total costs. Then, one would expect a lower coefficient for wage change than

for input price changes. Therefore, these results are consistent with labor being used more

intensively in fixed costs than in variable costs.

Taken together, the results in Table 8 suggest the importance of labor cost in firms’

32If the biases affect the estimates multiplicatively, the ratio of the estimated coefficients is informative
about the ratio of the true coefficients, and if the biases enter the estimates additively, the difference between
the estimated coefficients is informative about the difference in the true coefficients.



fixed costs. However, it is difficult to draw definitive conclusions under the biases that are

discussed above. Therefore, as argued in Section 2.4, to fully understand the cost structure

of firms we make use of an explicit model together with an exogenous firm-level shifter in

demand.

Table 8: Relationship between firm-level output prices, wages, and input prices

(1) (2) (3)
Four-year output price change

Four-year difference
Wage change 0.0189 0.0171 0.0572

(0.0124) (0.0149) (0.0512)
Average input price change 0.159*** 0.112*** 0.174***

(0.0240) (0.0192) (0.0267)
Ind.Year FE Yes Yes
Weighted by t− 1 cost shares Yes

Notes: This table uses the subsample of 35,772 firm-year observations in Belgium from 2002 to 2014 for
which we have additional information on price from Prodcom data. For each column, we run a firm-level
regression of the output price change on the wage change and the average input price change. Firm-level
output price changes are computed by taking the weighted average of the log differences of unit values for
each firm. Log differences of unit values are trimmed at top and bottom 1 percent. We then compute the
input price changes by taking the weighted average of the output price changes among Prodcom suppliers.
For the set of importers, we additionally incorporate import price changes using the initial period import
values as weights. Industry fixed effects are included at the NACE four-digit level. In Columns (3), wage
changes and average input price changes are weighted by the cost shares of labor costs and input purchases
at t− 1, respectively. Standard errors in parentheses are clustered at the NACE four-digit level. * p < 0.10,
** p < 0.05, *** p < 0.01.

C.4 Export growth at the firm-country-product level

In this section, we examine how changes in ∆t
t−1 logWIDc,p changes the exports of product

p by firm k to country c. In doing so, we run a regression analogous to the one in equation

(21) at the firm-country-product level:

∆t+τ
t+τ−1 logXkF,c,p = α̈τ + βτ

CP∆
t
t−1 logWIDc,p + φ̈τ

k,c,p,t, (47)

where ∆t+τ
t+τ−1 logXkF,c,p denotes the log change in firm k’s export of product p to country c

from year t+ τ −1 to year t+ τ . The estimates {βτ
CP}3τ=−3 reported in Figure 9 suggest that

idiosyncratic changes in the world import demand give rise to persistent and unanticipated

increases in export demand.33

33We note that the sample of firms used in Figure 9 only includes direct exporters. On the other hand,
the analyses in Section 4 also capture indirect trade.



Figure 9: Export growth at the firm-country-product level

Notes: This figure uses 4,443,426 firm-country-product-year observations in Belgium based on the main
estimation sample from 2002 to 2014 (see Section 2.3 for details). We run seven firm-country-product-level
regressions based on equation (47) for τ from -3 to 3 with exports as the outcome variable. This figure
shows the point estimates as well as 95 percent confidence intervals. Variables are winsorized at the top and
bottom 0.5 percentiles. Standard errors are clustered at the NACE four-digit level. All specifications include
country-year fixed effects, product-year fixed effects, industry-year fixed effects, and firm fixed effects

C.5 Specification checks

In this section, we consider several alternative specifications to our main results presented

in Table 1. For each alternative specification, we also report the cumulative increase in sales

(
∑3

τ=0 β
τ in equation (21)) relative to its instantaneous response to the foreign demand

shock (β0). In Table 9, we report the results in which we weight each firm by its lagged

employment. Table 10 shows the sensitivity of our results to additionally controlling for

location-year fixed effects. We use level 2 of the Eurostat NUTS classification as a measure

of location. In these specifications, our IV estimates relative to the cumulative increase in

sales are not substantially affected.

C.6 Wages and work rate of stayers

In our main IV estimates reported in Table 1 of Section 5.1, we consider all the workers in

our sample. However, we could also look at the incumbent workers who stay in the same

firm. An advantage of doing so is that it keeps the composition of the workforce fixed, and

thus, we are not confounding increases in the wages paid to a given worker with changes

in the quality of the workers. In the first column of Table 11, we report the IV estimate

on wages for the sample of stayers (who stay in the same firm before and after the demand

shock, from τ = −1 to τ = 3). This sample is based on the subset of firms for which we

have additional information from the worker data (see Section 2.3 for details).34 We find

that their wages increase by 1.3 percent in response to a 10 percent increase in sales, which

is similar to the impact for all workers.

34We note that part of the wage growth of stayer workers may be from promotions to higher ranked
occupations. Occupation information is not available in the social security data.
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Another advantage of the stayers sample is that it allows us to examine if the increase

in our measure of FTE employment reflects the hiring of new workers or an increase in the

working hours of incumbent workers. To do so, we report, in Table 11, the IV estimates on

hours of work (as measured as the share of full-time employment) and on hourly wages for

the sample of stayers. The estimated impact on hours of work is close to zero, whereas the

effect on hourly wages is close to what we find for all workers. Taken together, these findings

suggest that Belgian firms mostly adjust to demand shocks by hiring additional workers, not

by increasing incumbent workers’ hours of work.

Table 11: IV estimates on the wages and work rate of stayers

(1) (2) (3) (4)
FTE Employment Stayer wage Stayer hourly wage Stayer work rate

Panel A: IV estimates
Cumulative response 0.296*** 0.126*** 0.127*** 0.0005

(
∑3

τ=0 γ
τ−1,τ , balanced) (0.0675) (0.0438) (0.0376) (0.0166)

Panel B: Reduced form
Reduced form 0.108*** 0.0458*** 0.0462*** 0.0002

(0.0264) (0.0152) (0.0140) (0.0061)

Number of observations 75,849 75,849 75,849 75,849
Industry-Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

Notes: This table uses the subsample of firms for which we have additional information from the worker
data (see Section 2.3 for details). For each outcome variable, we estimate its elasticity with respect to sales.
We run four firm-level 2SLS regressions based on equation (22) for τ ∈ {0, 1, 2, 3} and τ ′ = τ − 1 and report
the cumulative response (the sum of four coefficients {γτ−1,τ}3τ=0). The first-stage F-statistics for excluded
instruments is 57.5. Variables are winsorized at the top and bottom 0.5 percentiles. Standard errors in
parentheses are clustered at the NACE four-digit level and computed using the bootstrap method. We
compute firm-level average stayer wage, stayer hourly wage, and stayer work rate based on the balanced
panel of stayers from t− 1 to t+ 3. The analysis is based on 452,025 worker-year observations of stayers,
which yield 75,849 firm-year observations of private-sector firms in Belgium from 2003 to 2014. * p < 0.10,
** p < 0.05, *** p < 0.01.

C.7 Testing for imperfect competition in the labor market

In Table 2, we present the IV estimates of the labor supply elasticity (ε) and the wage

markdown (1/(1+ε)). In this section, we provide a formal testing procedure for the imperfect

competition in the labor market. Perfect competition means that the firm can hire more

workers in response to a foreign demand shock without bidding up wages. In the notation

of equations (23) and (24), perfect competition corresponds to the null hypothesis that

the instrument impacts employment but has no effect on wages (βL ̸= 0 and βW = 0).

The alternative hypothesis of imperfect competition is that the instrument impacts both

employment and wages (both βL ̸= 0 and βW ̸= 0).

This is a non-standard testing problem because both the null and the alternative hy-

potheses includes the condition that foreign demand shock affects employment, βL ̸= 0. If



employment was not affected, both perfect and imperfect competition would predict no im-

pact on wages. To test the hypotheses, we therefore use the closure method of Marcus et al.

(1976). It reduces the problem of constructing multiple test procedures which control the

family wise error rates to the construction of single tests which control the usual probability

of a Type 1 error (see Romano et al., 2011). Applied to our problem, the closure method

considers three hypotheses:

H1,2: The instrument has no effect on both wages and employment, i.e. βL = βW = 0

H1: The instrument has no effect on wages, i.e. βW = 0

H2: The instrument has no effect on employment, i.e. βL = 0

If we reject these three hypotheses, we can reject perfect competition and conclude there is

imperfect competition, since the instrument impacts both employment and wages.

The closure method is straightforward to implement using standard statistical tests: H1

and H2 can be tested by considering the usual t-statistic on the instrument in the first-

stage in equation (24) and the reduced form in equation (23), whereas H1,2 can be tested by

computing the F-statistic for the joint hypothesis that the instrument has no effect on wages

and employment in these equations. The closure method tells us that both H1,2, H1, and

H2 can be rejected if the p-value for each test is less than or equal to a predefined level of

significance α. When applied to our data, this means that we can reject the three hypotheses

H1,2, H1, and H2 at the same level of significance that we can reject H1, since it is the test

that gives us the highest p-value. We present the results in Panel D of Table 2

C.8 Elasticities of input purchases by suppliers’ industries

In this section, we allow the elasticity of input purchases, and, thus, the fraction of an input

that is used as a fixed factor, to vary across the types of inputs. In order to estimate the

cumulative elasticities of input purchases by different types of inputs, we first categorize

the purchases of inputs by the industry of supplier for domestic purchases and by the HS

product code for import transactions. We then use an HS to NACE concordance to map the

product-level import transactions to the industry level, so that we classify both domestic

and foreign input purchases by supplying industries.

Figure 10 shows the cumulative elasticities of (domestic and foreign) input purchases at

the NACE one-digit level. We report those elasticities relative to the cumulative increase in

total sales of 0.67, as referenced by the dotted red line. For instance, we find that purchases

from the manufacturing industry, which account for around half of all input purchases in

the Belgian economy, increase by 6.7 percent when firms receive foreign demand shocks to

increase their sales by 6.1 percent. On the other hand, input purchases from most of the

service industry (NACE G to N one-digit sectors) do not increase as much, implying that

service inputs have higher fixed input cost shares.



Figure 10: Elasticities of input purchases by suppliers’ NACE one-digit industries
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Notes: This figure uses the main estimation sample of private-sector firms in Belgium from 2002 to 2014 (see
Section 2.3 for details). For each bar, we report the cumulative elasticities of input purchases from suppliers’
respective industries. To compute the cumulative elasticities, we run four firm-level 2SLS regressions based
on equation (22) for τ ∈ {0, 1, 2, 3} and τ ′ = τ − 1 and compute the sum of four coefficients {γτ−1,τ}3τ=0.
Variables are winsorized at the top and bottom 0.5 percentiles. The dotted red line corresponds to the
cumulative response of sales. We report the cumulative elasticities at NACE one-digit sections. We exclude
the public and financial sectors from our sample, and we drop NACE L (Real Estate Activities) because of
the small sample size. (*) We include the input purchases from NACE 46.71 (Wholesale of solid, liquid and
gaseous fuels and related products) and NACE 47.3 (Retail sale of automotive fuel in specialised stores) in
NACE D (Electricity, Gas, Steam and Air Conditioning Supply) instead of NACE G (Wholesale and Retail
Trade; Repair of Motor Vehicles and Motorcycles).

C.9 Fixed labor input shares by firm categories

In Section 5.1, we assume that the fixed share of labor inputs is homogeneous across all

firms in the Belgian economy. In this section, we allow the fixed shares of labor inputs to

vary across firm categories. Table 12 reports our estimates when we distinguish between

firms that trade internationally and those that do not. In doing so, we first estimate the

cumulative elasticities of labor cost for each firm category by interacting our IV model in

equation (22) with firm categories. We then use equation (15) to solve for the fixed share of

labor inputs (1− ℓvk/ℓk). Our IV estimates suggest that firms that trade internationally and

those that do not have comparable fixed share of costs.

In the third column, we also report the weighted averages of fixed labor input shares,



weighted by the shares of aggregate sales by firm categories. We find that these weighted

averages are not substantially different from our main estimate in the first row, in which the

fixed shares of labor inputs are assumed to be homogeneous across all firms.

Table 12: Fixed shares of labor inputs by firm categories

Labor cost Fixed share of labor inputs
elasticity by category weighted average

All firms 0.528 0.529
Exporters 0.552 0.505

0.516
Non-exporters 0.503 0.554
Importers 0.493 0.564

0.549
Non-importers 0.588 0.469
Exporters or importers 0.535 0.522

0.523
Domestic firms 0.532 0.525

Notes: This table uses the main estimation sample of 995,739 firm-year observations in Belgium from 2002
to 2014 (see Section 2.3 for details). For each row, we report the cumulative elasticities of labor cost and
fixed share of labor inputs (1− ℓvk/ℓk) by firm category. To obtain the elasticities of labor cost, we estimate

the cumulative responses (
∑3

τ=0 γ
τ−1,τ ) of labor cost for each firm category by interacting our IV model in

equation (22) with firm categories. We then use equation (15) to solve for the fixed share of labor inputs
(1− ℓvk/ℓk). The reported elasticities of labor cost are relative to the cumulative responses of sales (see
Section 5.1 for details). We use the shares of aggregate sales by firm categories as weights when computing
the weighted average of fixed labor input shares.



D Additional counterfactual results

D.1 Total import shares

To gain intuition on how accounting for firms’ fixed inputs affects firms’ and aggregate

responses to foreign demand shocks, we focus on the firm-level measure of total import

share, defined in Dhyne et al. (2021). Because we impose the trade balance condition, the

uniform foreign demand shock that we consider in the exercises can also be seen as a shock

where the prices of imports uniformly increase.35 A firm’s total import share, which measures

how much of the firm’s variable inputs originate directly or indirectly from abroad, is a useful

statistic that captures the degree of the firm’s exposure to the foreign shock.

Firm k’s total import share, sv,Total
Fk , is defined in a recursive manner as follows:

sv,Total
Fk = svFk +

∑
j∈Zk

svjks
v,Total
F j , (48)

where svFk and svjk are the shares of foreign imports and inputs from firm j in the firm’s

variable costs. Dhyne et al. (2021) show that firms’ total import shares become relevant

statistics in predicting firm-level outcomes at a first-order approximation: when the labor

market is competitive, the costs of firms with higher total import shares increase more

than those of firms with lower total import shares in response to a uniform increase in the

price of imports. Moreover, Dhyne et al. (2023b) show that the share of import content in

final consumption, which is a weighted average of firm-level total import shares, sTotal
F =∑

k skHs
v,Total
Fk , is a relevant statistics for calculating the welfare effects of trade.

Through the measure of firms’ total import shares, one can see the two main effects of

fixed inputs. On the one hand, if for example a large fraction of labor costs is a fixed input,

the variable cost shares of svFk and s
v
jk become larger. This will magnify any direct cost shock

from an import price change and indirect cost shocks from domestic suppliers. On the other

hand, some of the foreign inputs are fixed as well, which, all else equal, lowers the direct

cost shock through lower values of svFk. Quantitatively, however, more than 70 percent of

imports are calculated as variable inputs (based on the estimated elasticities for the NACE

one-digit level classification), and since around 50 percent of labor costs are fixed, the direct

foreign input share tends to be larger under fixed inputs as well.

Panel (a) of Figure 11 plots the distributions of the total import shares, sv,Total
Fk , one

accounting for and another not accounting for fixed inputs. When one accounts for fixed

inputs, the total import shares of firms in variable costs are larger (with the median firm

35This symmetry is called Lerner’s symmetry. It implies that the outcomes from this uniform change in
foreign demand can be mapped into an equivalent set of outcomes from a uniform change in import prices.
In this case, the 5 percent increase in foreign tariffs on Belgian exports is equivalent to a 5 percent uniform
increase in the price of Belgian imports.



having a share of 43 percent) than the total import shares of firms when not accounting

for fixed inputs (with the median firm having a share of 35 percent). This difference also

aggregates up when computing the share of import content in final consumption: when

accounting for fixed inputs the import content share is 61 percent while it is 55 percent

when not accounting for fixed inputs. Relatedly, we compute and plot the share of how

much of a firm’s fixed inputs originate directly or indirectly from abroad in panel (b) of the

figure. We find that these shares are generally much lower than the total import share of

variable inputs: 17 percent of the median firm’s fixed inputs originates from abroad.

Figure 11: Total import shares

(a) Total import share in variable input costs (b) Total import share in fixed input costs

Notes: The left panel shows the distribution of the firm-level total import shares in variable input costs,
sv,Total
Fk , defined in equation (48). The white bars show the distribution of the shares when one accounts for
fixed inputs, and the grey bars show the distribution of the shares when one does not account for fixed inputs.
The right panel shows the distribution of the firm-level total import shares in fixed input costs, sf,Total

Fk .

Firms’ total import shares in fixed input costs are defined recursively as in sf,Total
Fk = sfFk+

∑
j∈Zk

sfjks
f,Total
Fj .

D.2 Incorporating nested logit structure in worker preference

In this appendix we consider an extension of the model where Belgium is no longer a single

labor market. In our baseline model presented in the main text, Belgium was set to be a

single labor market in which each firm is faced with a homogeneous iso-elastic labor supply

curve, resulting in a constant markdown of wages. We consider a richer alternative, where

Belgium is divided in multiple labor markets and workers have a nested structure in their

preferences as in Lamadon et al. (2022). With this richer setup, we explore the sensitivity of

how aggregate variables, such as the average real wage and real income, respond to foreign

demand shocks.



D.2.1 Setup

We maintain the same preference structure for worker n as in equation (4). However, instead

of assuming that νnk is distributed according to a Type-1 Extreme Value distribution with

parameter ε, we assume a nested structure of

F (−→ν n) = exp

[
−
∑
m

(∑
k∈Jm

exp

(
−βνnk

ρm

))ρm]
.

As with ε, the parameter β governs the dispersion of taste shocks (smaller parameter value

corresponds to larger dispersion). The parameter ρm ∈ [0, 1] governs the degree of indepen-

dence in the taste shocks across firms within the labor market m (smaller ρm corresponds

to more correlate taste shocks for firms in labor market m). In the special case where there

are no correlation ρm = 1 and β = ε, then we converge back to the baseline case.

From the nested structure in workers’ preference, we define a wage index for each labor

market,

Im =

(∑
k∈Jm

δ
β

ρm

k w
β

ρm

k

) ρm
β

.

Each firm views itself as infinitesimal in the labor market and takes the wage indices Im as

given when choosing wages. The labor supply curve that each firm k faces hence becomes

ℓk = L× Iβm∑
m′ I

β
m′︸ ︷︷ ︸

emp share of m

× δ
β

ρm

k w
β

ρm

k

I
β

ρm
m︸ ︷︷ ︸

firm k’s emp share in m

. (49)

Given this structure, the counterfactual exercise illustrated in Appendix B.5.2 can be

operationalized through the following steps. First, define firm-level labor supply elasticity as

εk =
β

ρm(k)
, and replace ε with εk. Second, the first equation in Step 2 will be replaced with

ℓ̂k = L

( ∑
j∈Jm(k)

ℓj∑
j∈Jm(k)

ℓjŵ
εj
j

)1−ρm(k)

∑
m′

( ∑
j∈Jm′ ℓj∑

j∈Jm′ ℓjŵ
εj
j

)1−ρm′ (∑
j∈Jm′ ℓjŵ

εj
j

)ŵεk
k .

D.2.2 Estimation

In estimating β and ρm, we follow Lamadon et al. (2022) and consider idiosyncratic firm-level

shocks and market-level shocks. From the idiosyncratic firm-level foreign demand shocks that



exogenously shift firms’ sales, we obtain the following relationship that is derived from the

new labor supply curve of equation (49).

d logwkℓk
d log pkqk

/
d log ℓk
d log pkqk

=
1 + β

ρm(k)

β
ρm(k)

.

The above equation is analogous to equation (17), and it allows us to estimate β
ρm

by running

the second stage regressions (22) for each market, where firm-level labor costs and employ-

ment are the outcome variables. The estimated labor supply elasticity, εk = β
ρm(k)

, can now

vary at the labor market-level. We use these estimated values to back out the variable

cost shares in labor costs using equation (15), which will now also potentially vary at the

market-level.

From the same labor supply curve of equation (49), we obtain the following relationship

between labor market-level employment changes and the weighted average wage changes in

each market (with weights being the firm’s employment share in the market).

d log

(∑
k∈Jm

ℓk

)
= d log

(
L∑
m′ I

β
m′

)
+ β


∑
k∈Jm

δ
β

ρm

k w
β

ρm

k

I
β

ρm
m︸ ︷︷ ︸

firm k’s emp share in m

d logwk

 . (50)

We operationalize these estimating equations by defining labor markets as the interaction

of NACE three-digit industries (230 industries) and NUTS level 3 regions (43 regions). We

consider two alternative assumptions on how ρm vary across labor markets. First, we assume

that ρm are common across all labor markets. This implies ε = β
ρm

∀m and β is identified off

equation (50). For each labor market, we aggregate employment changes, wage changes, and

also aggregate the export demand shocks (using the same employment shares as weights),

and obtain the estimate for β. We include in the regression year fixed effects and control for

the weighted aggregate of firms’ total household revenue shares. As reported in Table 13,

we find that the estimate for β is 3.2, and because ε = 3.9, the common parameter of ρ is

calculated to be 0.82.

The second assumption we consider is that ρm are heterogeneous but common at a higher

level of labor market aggregation. In particular, we assume that ρm vary across six broad

markets, which are defined as the interaction of NUTS level 1 regions (Brussels, Flanders,

and Wallonia) and manufacturing versus non-manufacturing sectors. We estimate the labor

supply elasticity β
ρm

for each broad market, and using β = 3.2 we back out the estimates for



Table 13: Market-level IV estimates of labor supply elasticity

(1)
Four-year difference of log employment

Panel A: IV estimates
Labor supply elasticity (β) 3.171**

(1.521)
Panel B: First stage

First stage 0.0652**
(0.0254)

Panel C: Reduced form
Reduced form 0.207***

(0.0503)
First-stage F-statistics 6.62
Implied ρ 0.82
Year FE Yes

Notes: This table reports the second stage, first stage, and reduced form results of specification (50), where
we regress employment changes on weighted average wage changes instrumented by the export demand
shocks, all aggregated at the labor market level. For wage changes and export demand shocks, we use
firms’ employment shares as weights. * p < 0.10, ** p < 0.05, *** p < 0.01.

ρm. The estimated values for ρm range from 0.64 to 1.36

D.2.3 Counterfactual results

Using the two alternative sets of estimates, we conduct counterfactual exercises that are

analogous to those in Section 6. In particular, we consider a five percent increase in foreign

tariffs on all Belgian exports and compute how the average real wage and real income respond

to this shock.

Figures 12 and 13 report the counterfactual results for the average real wage and real

income, respectively. The leftmost black bars in the table reports the results in our baseline

case where Belgium is treated as one labor market, and are identical to the black bars in

Figures 6 and 14. The second bars from the left allow for multiple labor markets but assume

a common ρ, with the estimated values of β = 3.2 and ρ = 0.82. Because the estimated value

of ρ is close to 1 in which case the model collapses to the baseline model, the quantitative

impact of allow for multiple labor markets are small. The third bars from the left still

assume a common value of ρ, but use alternative values of β and ρ to explore sensitivity

of the results. We consider a lower value of ρ with ρ = 0.3, and maintain that firms face

a labor supply curve with elasticity of ε = β
ρ
= 3.9, hence β = 1.2. We find that higher

correlation of taste shocks within labor markets magnifies the responses of real wage, but

36Estimation results available upon request. When the point estimate for β
ρm

is smaller than 3.2, we set
ρm to be 1 as ρm is bounded from above by 1. This correcting procedure was done for the two estimates
involving Wallonia.



the magnitudes of the differences are quantitatively small. The rightmost bars allow for

heterogeneous ρm that are estimated for each broad labor market. Again, we see a small

impact of labor market heterogeneity as the estimated values of ρm are generally close to 1.

Taken together, the figures imply that allowing for a more general structure in worker

preference by incorporating multiple labor markets and potentially heterogeneous mark-

downs on wages do not quantitatively alter the predictions of aggregate responses to foreign

demand shocks.

Figure 12: Changes in average real wage in response to a 5 percent reduction in foreign
tariffs (alternative worker preference)

Notes: In this figure, we report the changes in average real wage,
∑

k
wkℓk∑
j wjℓj

ŵk ℓ̂k/P̂ , due to a 5 percent

reduction in foreign tariffs. Each bar represents the response under different structures of worker preference.
The baseline results in the leftmost bars are identical to the black bars in Figure 6. The middle two bars use
ρ that is common across labor markets, with one using the estimated values of β = 3.2 and ρ = 0.82, and
another using β = 1.2 and ρ = 0.3. The rightmost bars under ε = β

ρm
assume a preference structure where

ρm varies across six broad labor markets.



Figure 13: Changes in real income in response to a 5 percent reduction in foreign tariffs
(alternative worker preference)

Notes: In this figure, we report the changes in real income, Ê/P̂ , due to a 5 percent reduction in foreign
tariffs. Each bar represents the response under different structures of worker preference. The baseline results
in the leftmost bars are identical to the black bars in Figure 6. The middle two bars use ρ that is common
across labor markets, with one using the estimated values of β = 3.2 and ρ = 0.82, and another using β = 1.2
and ρ = 0.3. The rightmost bars under ε = β

ρm
assume a preference structure where ρm varies across six

broad labor markets.



D.3 Changes in real income

Figure 14 reports the changes in real income, Ê/P̂ , in response to a 5 percent increase in

foreign tariffs.

Figure 14: Changes in real income in response to a 5 percent increase in foreign tariffs

Notes: In this figure, we report the changes in real income, Ê/P̂ , due to a uniform 5 percent increase in
foreign tariffs on Belgian exports. Each bar represents the response under different parameterizations of the
model presented in Section 3. We use our estimated labor supply elasticity ε = 3.9 in the counterfactual
Belgian economies with upward-sloping labor supply curves. When accounting for fixed inputs, we use the
fraction of fixed inputs for both labor and intermediate inputs (at NACE one-digit level) that we obtained
in Section 5.



D.4 Domestic productivity shocks

Figures 15 and 16 report the changes in average real wage and real income in response to a

5 percent reduction in productivity ϕk for all manufacturing firms. We outline the steps to

solve for the counterfactual outcomes in Appendix B.5.3.

Figure 15: Changes in average real wage in response to a 5 percent reduction in manufac-
turing firms’ productivity

Notes: In this figure, we report the changes in average real wage,
∑

k
wkℓk∑
j wjℓj

ŵk ℓ̂k/P̂ , due to a 5 percent

reduction in manufacturing firms’ productivity. Each bar represents the response under different parame-
terizations of the model presented in Section 3. We use our estimated labor supply elasticity ε = 3.9 in
the counterfactual Belgian economies with upward-sloping labor supply curves. When accounting for fixed
inputs, we use the fraction of fixed inputs for both labor and intermediate inputs (at NACE one-digit level)
that we obtained in Section 5.



Figure 16: Changes in average real income in response to a 5 percent reduction in manufac-
turing firms’ productivity

Notes: In this figure, we report the changes in real income, Ê/P̂ , due to a 5 percent reduction in manufac-
turing firms’ productivity. Each bar represents the response under different parameterization of the model
presented in Section 3. We use our estimated labor supply elasticity ε = 3.9 in the counterfactual Belgian
economies with upward-sloping labor supply curves. When accounting for fixed inputs, we use the fraction
of fixed inputs for both labor and intermediate inputs (at NACE one-digit level) that we obtained in Section
5.
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