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Firms differ substantially in their participation in foreign input
markets. We develop a methodology to measure the aggregate ef-
fects of input trade that takes such heterogeneity into account. We
provide a theoretical result that holds in a variety of settings: the
firm-level data on value added and domestic expenditure shares in
material spending is sufficient to compute the change in consumer
prices due to a shock to the import environment. We character-
ize the bias of approaches that rely on aggregate statistics. In an
application to French data, input trade reduces the prices of man-
ufacturing products by 27 percent.
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International trade benefits consumers by lowering the prices of the goods they
consume. An important distinction is that between trade in final goods and trade
in intermediate inputs. While the former benefits consumers directly, the latter
operates only indirectly: by allowing firms to access novel, cheaper or higher
quality inputs from abroad, input trade reduces firms production costs and thus
the prices of locally produced goods. Because intermediate inputs account for
about two thirds of the volume of world trade, understanding the normative
consequences of input trade is important.

A recent body of work has incorporated input trade into quantitative trade mod-
els - see e.g. Eaton, Kortum and Kramarz (2011), Caliendo and Parro (2015) and
Costinot and Rodŕıguez-Clare (2014). As in Arkolakis, Costinot and Rodŕıguez-
Clare (2012), these frameworks have the convenient implication that the change
in consumer prices can be measured with aggregate data, and hence firm het-
erogeneity is irrelevant. This property, however, only holds when firms import
intensities are equalized - a feature that is at odds with the data. This is shown in
Figure 1, which depicts the cross-sectional distribution of French manufacturing
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firms’ domestic expenditure shares, i.e. the share of material spending allocated
to domestic inputs. These differ markedly. While the majority of importers
spends more than 90 percent of their material spending on domestic inputs, some
firms are heavy importers with import shares exceeding 50 percent. In this paper,
we show that accounting for this heterogeneity in import behavior is crucial to
quantify the aggregate effects of input trade.
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Figure 1. The Dispersion of Domestic Shares

Note: The figure shows the cross-sectional distribution of domestic expenditure shares, i.e. the share of
material spending allocated to domestic inputs, for the population of importing manufacturing firms in
France in 2004.

We provide a methodology to measure the effect of input trade on consumer
prices in environments with heterogeneous firms. In particular, we show that
changes in consumer prices can be computed from firm-level data on domestic
expenditure shares and value added and we provide a closed-form expression to
do so. Importantly, this formula holds in a wide class of models of importing
because it does not require specific assumptions on firms’ import environment.1

By relying on firms’ observable domestic shares, we circumvent the need to struc-
turally estimate a particular model. Moreover, we do not require information on
the prices and qualities of the foreign inputs, nor how firms find their suppliers,
e.g. whether importing is limited by fixed costs or a process of network formation.
Therefore, many positive aspects of heterogeneous import behavior across firms,
such as the number of supplier countries or the distribution of spending across
trading partners, are irrelevant for the link between input trade and consumer
prices.

The intuition behind this result is simple. Consider the case of a reversal to
input autarky, where firms can only use local inputs. Domestic consumers are

1Besides the aggregate quantitative models mentioned above, this class nests several firm-based frame-
works used in the literature, including Halpern, Koren and Szeidl (2015), Gopinath and Neiman (2014),
Antràs, Fort and Tintelnot (2017) and Goldberg et al. (2010).
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affected by input trade solely through firms’ unit costs. By inverting the demand
system for intermediates, we can link each firm’s unit cost to its spending pattern
on domestic inputs. When such a demand system is CES, the unit cost reduction
from importing can be recovered from the observable domestic expenditure share.
In particular, a low domestic share indicates that the firm benefits substantially
from input trade. In this sense, Figure 1 shows that the gains from input trade are
heterogeneous at the micro-level. To correctly aggregate these firm-level gains,
one needs to know each firm’s relative importance in the economy. In a multi-
sector general equilibrium trade model with inter-sectoral linkages, we show that
the aggregate effect of input trade on the consumer price index is akin to a value-
added weighted average of the firm-level gains. Hence, a key aspect of the data is
how firm size and domestic shares correlate; if bigger firms feature lower domestic
shares, the aggregate effects of input trade will turn out to be large.

The extent to which this is the case in France is depicted in Figure 2. In the
left panel, we display the distribution of value added by import status. In the
right panel, we focus on the population of importers and show the distribution of
domestic shares for different value added quantiles. We see that importing and
firm size are far from perfectly aligned. While importers are significantly larger
than non-importers, there is ample overlap in their distribution of value added.
Furthermore, conditional on importing, the relationship between import intensity
and size is essentially flat and there is substantial dispersion in import shares
conditional on size. We show in this paper that these patterns of heterogeneity
are important: models that do not match the data displayed in Figure 2 yield
biased estimates of the effects of input trade on consumer prices.
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Figure 2. Domestic Shares and Firm Size

Note: The left panel displays the distribution of log value added by import status. The right panel shows
the mean and the 25th and 75h percentiles of domestic shares for twenty quantiles of value added for
importers. The data corresponds to the population of manufacturing firms in France in 2004.

This logic can be extended to study shocks other than a reversal to input
autarky. More precisely, we show that the effect of any shock to the import envi-
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ronment (e.g. a trade liberalization episode or an increase in foreign input prices)
on the domestic consumer price index is fully determined from the joint distribu-
tion of value added and the changes in firms’ domestic shares. If such changes
are observed, one can directly calculate the aggregate consequences of the shock.
A limitation of our approach is that it is not well suited to study counterfactual
shocks or policies where such changes are unobserved (see Arkolakis, Costinot
and Rodŕıguez-Clare (2012)).

A key aspect of our methodology is that we can measure firms’ unit cost changes
independently of the macroeconomic environment. We show that in a wide class of
models of importing the micro and macro parts of the model can be effectively sep-
arated and we exploit this property to easily handle rich macroeconomic settings.
In particular, we can consider multi-sector general equilibrium environments with
realistic input-output linkages and different assumptions about competition in
output markets. We consider both a CES monopolistic competition model and a
setting with variable markups and we show that the micro data on firm size and
domestic expenditure shares is sufficient to compute changes in consumer prices
in these different settings. Moreover, we provide closed-form expressions to do so.

To assess the importance of the micro data, we provide an explicit expression
for the difference in the gains from trade implied by aggregate models and our
approach based on micro data. By relying on aggregate statistics, instead of the
micro data in Figures 1 and 2, aggregate models yield biased results. While the
magnitude of this bias depends on the underlying micro data, its sign only depends
on a small set of parameters. In particular, aggregate models imply gains from
trade that are too high whenever the elasticity of substitution between domestic
and foreign inputs is small, or the elasticity of consumers’ demand is large.

We apply our methodology to data from the population of manufacturing firms
in France. We first measure the change in consumer prices relative to autarky.
We estimate the distribution of trade-induced changes in unit costs across firms
implied by the distribution of domestic expenditure shares displayed in Figure 1
above. While the median unit cost reduction is 11 percent, it exceeds 80 percent
for 10 percent of the firms. We then aggregate these firm-level gains to compute
the consumer price gains by relying on the joint distribution of domestic shares
and value added displayed in Figure 2 above. We find that consumer prices of
manufacturing products would be 27 percent higher if French firms were not al-
lowed to source intermediate inputs from abroad. An analysis based on aggregate
data would overestimate this change in consumer prices by about 10 percent.

There are three reasons why our estimate of the consumer price gains exceeds
the median firm-level gains. First, the dispersion in firm-level gains, displayed in
Figure 1, is valued by consumers given their elastic demand. Second, the weak
but positive relation between import intensity and firm size, shown in Figure 2,
is beneficial because the endogenous productivity gains from importing and firm
efficiency are complements. Third, there are important linkages between firms
whereby non-importers buy intermediates from importing firms.
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An important parameter in our analysis is the elasticity of substitution between
domestically sourced and imported inputs. Because firm-based models of import-
ing do not generate a standard gravity equation for aggregate trade flows, we
devise a strategy to identify this elasticity from firm-level variation. By express-
ing firms’ output in terms of material spending, the domestic share appears as
an additional input in the production function. Because the sensitivity of firm
revenue to domestic spending depends on the elasticity of substitution, we can
estimate this parameter with methods akin to production function estimation.
To address the endogeneity concern that unobserved productivity shocks might
lead to both lower domestic spending and higher revenue, we use changes in the
world supply of particular varieties as an instrument for firms’ domestic spend-
ing. Using the variation across firms is important as we obtain a value for the
elasticity close to two.

We then turn to counterfactuals other than autarky. In particular, we study
shocks that make foreign inputs more expensive (e.g. a currency devaluation). To
do so, we need to fully specify the import environment to predict firms’ domestic
shares after the shock. We consider a standard framework where importing is
subject to fixed costs and evaluate quantitatively whether the micro data on size
and domestic shares is important for the estimates of the effects. More precisely,
we compare different parametrizations of the model which vary in the extent to
which they match the data displayed in Figures 1 and 2. First, we find that
versions of the model that do not match the data in Figures 1 and 2 tend to over-
predict the increase in consumer prices by 13 to 18 percent. For example, models
where efficiency is the single source of heterogeneity imply a one-to-one, and hence
counterfactual, relation between firm size and domestic shares and predict effects
that are too large. Second, different models that match the data in Figures 1 and
2 predict very similar effects of the shock. Hence, conditional on the observable
micro data, the details of the import environment, e.g. whether firms differ in
fixed costs or in their efficiency as importers, are not crucial to predict changes in
consumer prices. These results suggest that the sufficiency of the data in Figures 1
and 2, which holds exactly for the case autarky, quantitatively extends to other
counterfactuals.

Another reason why approaches based on aggregate data may yield biased es-
timates of the gains from trade pertains to the elasticity of substitution between
domestic and imported inputs. A common approach in the literature is to dis-
cipline this parameter with the aggregate trade elasticity. Holding the elasticity
of substitution constant, the implied trade elasticity varies across models. With
our baseline parameters, in particular with an elasticity of substitition close to
two, a model with fixed costs calibrated to the data in Figures 1 and 2 implies a
trade elasticity of 4.5. This is in the ballpark of the estimates in the literature.
In contrast, an aggregate model implies a value close to 1. To match a trade
elasticity of 4.5, the aggregate model requires an elasticity of substitution of 5.5
which reduces the gains from trade by a factor of 4. Thus, relying on aggregate
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data can lead to substantial biases.

Related Literature. — Our paper contributes to the literature that measures
how consumer prices are affected by international trade - see Feenstra (1994),
Broda and Weinstein (2006) and Arkolakis, Costinot and Rodŕıguez-Clare (2012).
This literature studies trade in final goods and uses observable expenditure shares
to measure the change in the consumer price index. We apply a similar method-
ology to the context of firms importing intermediate inputs from abroad. In this
environment, two important differences arise. First, we measure the distribution
of firms’ unit costs rather than final good prices directly. To do so, we exploit
firm-level customs data which allows us to compute expenditure shares at the mi-
cro level. Second, to map the firms’ units costs into the consumer price index, we
specify a macroeconomic environment including the structure of product market
competition and input-output linkages. We find that, when firms’ import inten-
sities are heterogeneous, the results in Arkolakis, Costinot and Rodŕıguez-Clare
(2012) do not apply: aggregate statistics are no longer sufficient to compute the
change in consumer prices and the entire distribution of domestic shares and firm
size is required. We provide a formula to map this distribution to the change in
the consumer price index.

Our paper is also related to a literature that studies input trade in quantitative
models with firm heterogeneity, e.g. Gopinath and Neiman (2014), Halpern,
Koren and Szeidl (2015), Antràs, Fort and Tintelnot (2017) and Ramanarayanan
(2012). While these contributions analyze input trade by fully specifying and
estimating structural models of importing, we follow a different approach and
measure firms’ unit cost changes directly from the micro data. Our approach has
two benefits. First, we can be agnostic about several components of the theory.
Hence, our estimates do not rely on particular assumptions about firms’ import
environment, such as the qualities of foreign inputs or whether firms’ extensive
margin is limited by fixed costs. Second, our methodology is particularly useful
to study the macroeconomics implications of input trade, because we can take
general equilibrium effects into account and allow for input-output linkages and
variable mark-ups. Building these features into a structural estimation would
entail substantial computational complexities. Using our methodology, we can
incorporate these elements into the analysis easily. The limitation of our approach
is that our formula can be directly applied only in situations where expenditure
shares are observed, for instance to infer the consumer price gains of historical
episodes of trade liberalization or to measure the gains from trade relative to
autarky. In addition, our approach is not suited to measure changes in welfare
as the resources spent by firms in attaining their sourcing strategies cannot be
recovered from observable data.2

2We show, however, that the change in consumer prices provides an upper bound for the change in
welfare.
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Finally, a number of empirically oriented papers study trade liberalization
episodes to provide evidence on the link between imported inputs and firm produc-
tivity - see e.g. Amiti and Konings (2007), Goldberg et al. (2010) or Khandelwal
and Topalova (2011).3 Our results are complementary to this literature. We show
that the domestic expenditure share can be used to measure the effect of the pol-
icy on firm productivity holding technology constant. These static productivity
gains do not capture the effect that a trade liberalization may have on firms’
technologies via R&D or quality upgrading - see Eslava, Fieler and Xu (2017) or
Bøler, Moxnes and Ulltveit-Moe (2015). By focusing on the domestic expenditure
share as the outcome of interest (instead of standard measures of firm produc-
tivity), one can disentangle the static from the dynamic effects of the policy. If
micro data on value added is also available, our results can be used to gauge the
full effect of the policy on consumer prices in general equilibrium. Amiti et al.
(2017) use a related methodology to study the effect of China’s WTO entry on
the U.S. consumer price index.

The remainder of the paper is structured as follows. Section I lays out the
theory that we consider to measure the effect of input trade on firms’ unit costs
and consumer prices. Section II deals with the biases associated with models that
do not fully exploit the micro data. The application to France is contained in
Section III. Section IV concludes.

I. Theory

In this section, we lay out the theoretical framework of importing that we
use to measure the effects of input trade. In Section I.A, we study the import
problem faced by a single firm and relate the domestic expenditure share to the
effect of input trade on the unit cost. In Section I.B, we embed this problem
into a general equilibrium macroeconomic model and show that the information
contained in firms’ domestic spending shares and size is sufficient to calculate the
impact of shocks to the import environment on consumer prices. In particular, a
wide class of models predicts the exact same change in consumer prices given the
micro data.

3Kasahara and Rodrigue (2008) study the effect of imported intermediates on firm productivity
through a production function estimation exercise. See also the recent survey in De Loecker and Goldberg
(2013) for a more general empirical framework to study firm performance in international markets.
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A. Micro: Firms and Input Trade

Consider the problem of a firm, which we label as i, that uses local and foreign
inputs according to the following production structure:

y = ϕif (l, x) = ϕil
1−γxγ(1)

x =

(
βi (qDzD)

ε−1
ε + (1− βi)x

ε−1
ε

I

) ε
ε−1

(2)

xI = hi
(
[qcizc]c∈Si

)
,(3)

where γ, βi ∈ (0, 1) and ε > 1. Hence, the firm combines intermediate inputs
x with primary factors l, which we for simplicity refer to as labor, in a Cobb-
Douglas fashion with efficiency ϕi.

4 Intermediate inputs are a CES composite of
a domestic variety, with quantity zD and quality qD, and a foreign input bundle
xI , with relative efficiency for domestic inputs given by βi. We refer to βi as the
firm’s home-bias. The firm has access to foreign inputs from multiple countries,
whose quantity is denoted by [zc], which may differ in their quality [qci], where
c is a country index.5 Foreign inputs are aggregated according to a constant re-
turns to scale, potentially firm-specific production function hi (·).6 An important
endogenous object in the production structure is the set of foreign countries the
firm sources from, which we denote by Si and henceforth refer to as the sourcing
strategy. We do not impose any restrictions on how Si is determined until Sec-
tion III.D. As far as the market structure is concerned, we assume that the firm
takes prices of domestic and foreign inputs (pD, [pci]) as parametric, i.e. it can
buy any quantity at given prices. Note that pci includes all variable trade costs
and is allowed to be firm-specific. Finally, we assume that labor can be hired
frictionlessly at a given wage w.

This setup describes a class of models of importing that have been used in the
literature. First, it nests aggregate quantitative trade models (Eaton, Kortum and
Kramarz 2011, Costinot and Rodŕıguez-Clare 2014, Caliendo and Parro 2015). In
these models, firms’ import intensities are equalized. In the above setup, this cor-
responds to the case where firms’ sourcing strategies are equalized, all firms face
the same prices and qualities, and there is no heterogeneity in the home-bias (i.e.

4We consider a single primary factor for notational simplicity. It will be clear below that our results
apply to l = g (l1, l2, ..., lT ), where g (·) is a constant returns to scale production function and lj are
primary factors of different types. In the empirical application of Section III, we consider labor and
capital.

5We discuss below how to generalize the results of this section when the Cobb-Douglas and CES
functional forms in (1)-(2) are not satisfied. In particular we consider the cases where (1) takes a CES
form so that intermediate spending shares are not equalized, and a multi-product version of (2), where
domestic and foreign inputs are closer substitutes within a product nest. We abstract from the product
dimension in the main text because we do not observe firms’ domestic spending at the product level.

6Note that this setup nests the canonical Armington structure where all countries enter symmetrically
in the production function. Additionally, this setup allows for an interaction between quality flows and
the firm’s efficiency, i.e. a form of non-homothetic import demand that is consistent with the findings in
Kugler and Verhoogen (2012) and Blaum, Lelarge and Peters (2017).
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Si = S , [pci, qci] = [pc, qc], βi = β). Second, it nests a variety of recent exam-
ples of firm-based models of importing, e.g. Halpern, Koren and Szeidl (2015),
Gopinath and Neiman (2014), Antràs, Fort and Tintelnot (2017), Kasahara and
Rodrigue (2008), Lu, Mariscal and Mejia (2017), Amiti, Itskhoki and Konings
(2014) and Goldberg et al. (2010).7 A unifying feature of these models is that
firms engage in input trade because it lowers their unit cost of production via love
of variety and quality channels. Additionally, these contributions generate het-
erogeneity in firms’ import intensities through variation in the sourcing strategies
Si. Characterizing firms’ optimal sourcing strategy Si in economies with fixed
costs can be non-trivial and requires stringent assumptions. One of the main
results of this paper is that, to measure the effect of input trade on consumer
prices, the solution to this problem is not required.

The assumptions made above, most importantly parametric input prices and
constant returns to scale, guarantee that the unit cost is constant given the sourc-
ing strategy S . This separability between the intensive and extensive margin
allows us to characterize the unit cost at the firm level without solving for the
optimal sourcing set nor specifying the demand the firm faces. Formally, the unit
cost is given by

u (Si;ϕi, βi, [qci] , [pci] , hi) ≡ min
z,l

wl + pDzD +
∑
c∈Si

pcizc s.t. ϕil
1−γxγ ≥ 1

 ,

subject to (2)-(3). For simplicity, we refer to the unit cost as ui (Si). Standard
calculations imply that there is an import price index given by

A (Si, [qci] , [pci] , hi) ≡ mI/xI ,

where mI denotes import spending and xI is the foreign import bundle defined
in (3). Importantly, conditional on Si, this price-index is exogenous from the
point of view of the firm and we henceforth denote it by Ai (Si). Next, given the
CES production structure between domestic and foreign inputs, the price index
for intermediate inputs is given by the familiar expression

(4) Qi (Si) =
(
βεi (pD/qD)1−ε + (1− βi)εAi (Si)

1−ε
) 1

1−ε
.

Because Ai (Si) is decreasing in the size of Si, i.e. Ai (Si) ≤ Ai (S ′
i ) whenever

7To nest the contributions that allow for multiple products (see e.g. Halpern, Koren and Szeidl
(2015) or Goldberg et al. (2010)), our production function needs to be extended. In particular, the
intermediate input bundle x would be given by x =

∏
k x

ηk
k . Here xk denotes the intermediate input

bundle for product k, which is given by equation (2). In Section ?? in the Online Appendix, we extend
the theoretical results of this section to this case. Regarding Antràs, Fort and Tintelnot (2017), note that
they consider a model of importing in the spirit of Eaton and Kortum (2002) instead of a variety-type
model. Their Fréchet assumption implies that these models are isomorphic.
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Si ⊇ S ′
i , firms with more trading opportunities abroad benefit from lower in-

put prices. Additionally, this price index depends on a number of unobserved
parameters related to the trading environment, e.g. the prices and qualities of
the foreign inputs [qci, pci] and firms’ import technology hi. Instead of imposing
sufficient structure to be able to estimate Ai (Si) and Qi (Si), we use the fact
that the unobserved price index Qi (Si) is related to the observed expenditure
share on domestic inputs sDi = pDzD/(mI + pDzD) via

sDi = (Qi (Si))
ε−1 βεi

(
qD
pD

)ε−1

.(5)

It then follows that the firm’s unit cost is given by

(6) ui (Si) =
1

ϕi
w1−γ (Qi (Si))

γ =
1

ϕ̃i
× (sDi)

γ
ε−1 ×

(
pD
qD

)γ
w1−γ ,

where ϕ̃i ≡ ϕiβ
εγ
ε−1

i (1− γ)1−γ γγ . Equation (6) is a sufficiency result: conditional
on the firm’s domestic expenditure share sDi, no aspects of the import environ-
ment, including the sourcing strategy Si, the prices pci, the qualities qci or the
technology hi, affect the unit cost. The domestic expenditure share conveniently
encapsulates all the information from the import environment that is relevant for
the unit cost.

This equation allows us to express trade-induced changes in firms’ unit costs
in terms of observables. To see this, consider an arbitrary shock to the import
environment, i.e. a change in foreign prices, qualities, trade-costs or the sourcing
strategy. The change in the firm’s unit cost resulting from the shock, holding
prices (pD, w) constant, is given by

(7) ln

(
u
′
i

ui

)∣∣∣∣∣
pD,w

=
γ

1− ε
× ln

(
sDi
s′Di

)
,

where u
′
i and s′Di denote the unit cost and the domestic expenditure share after the

shock. Intuitively, an adverse trade shock, such as an increase in foreign prices
or a reduction in the set of trading partners, hurts the firm by increasing the
price index of intermediate inputs Qi. Conditional on an import demand system,
we can invert the change in this price index from the change in the domestic
expenditure share. Hence, the effect of input trade on firm productivity can be
directly measured from the data, without having to fully specify and estimate a
structural model of importing.8

8In Section ?? of the Online Appendix, we show how the result in (7) can be extended to a more general
production function than (1)-(3). In particular, we consider the cases where (i) domestic and foreign
inputs are not combined in a CES fashion, (ii) the output elasticity of material inputs is not constant,
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Equation (7) is akin to a firm-level analogue of Arkolakis, Costinot and Rodŕıguez-
Clare (2012). In the same vein as consumers gain purchasing power by sourcing
cheaper or complementary products from abroad, firms can lower the effective
price of material services by tapping into foreign input markets. While this anal-
ogy works at the firm-level, it breaks at the aggregate level. We show below, in
the context of a macro model, that there is no aggregate statistic that is sufficient
to measure changes in consumer prices.

This result implies that domestic expenditure shares are the crucial empiri-
cal object to learn about the relationship between input trade and production
costs. Other micro moments such as characteristics of the set of sourcing part-
ners, the distribution of expenditure across sourcing countries, or whether or not
international sourcing is hierarchical, while potentially interesting per se, are not
important for the relationship between input trade and unit costs. This property
can be useful for applied empirical work, e.g. to study the effect of trade liber-
alizations on firm productivity (see Pavcnik (2002), Amiti and Konings (2007),
or De Loecker et al. (2016)). According to (7), the causal effect of the policy on
firms’ unit costs can be measured from the change in firms’ domestic shares which
are due to the policy.9

While equation (7) is a partial equilibrium result, we note that it identifies
the dispersion in unit cost changes across firms in general equilibrium and hence
the distributional effects of input trade. One special case where this is especially
apparent is input autarky. In that case, s′Di = 1 and (7) reduces to γ/(1 −
ε) × ln (sDi). Hence, Figure 1 fully summarizes how each importer’s unit cost
(relative to a domestic producer) would change if forced to source its input only
domestically.

B. Macro: Consumer Prices in General Equilibrium

We now embed the above model of firm behavior in a macroeconomic environ-
ment to link input trade to consumer prices. The micro result in (7) above is
crucial as it allows to measure the firm-level unit cost reductions directly from
the micro data, albeit in partial equilibrium. To aggregate these firm-level gains
taking general equilibrium effects into account, we need to take a stand on two as-
pects of the macroeconomic environment: (i) the nature of input-output linkages
across firms and (ii) the degree of pass-through, which depends on consumers’

and (iii) firms source multiple products from different countries. We also discuss what additional data,
relative to the result in (7), is required to perform counterfactual analysis in these cases. For the multi-

product version of our model, (7) generalizes to ln
(
u
′
i/ui

)∣∣∣
pD,w

= γ/(1 − ε)
∑K
k=1 ηk ln

(
skDi/s

k′
Di

)
,

where ηk are the Cobb-Douglas weights in the intermediate input production (see footnote 7). In our
application, we consider the setup in (1)-(3) because we do not observe firms’ domestic shares at the
product level.

9We note that opening up to trade may induce firms to engage in productivity enhancing activities
that directly increase efficiency ϕ such as R&D - see e.g. Eslava, Fieler and Xu (2017). Such increases
in complementary investments are not encapsulated in (7), which only measures the static gains from
trade holding efficiency fixed.
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demand system and the output market structure. While the former determines
the effect of trade on the price of domestic inputs pD, the latter determines how
much of the trade-induced cost reductions actually benefit consumers. To isolate
the effect of input trade, we abstract from trade in final goods.

As a baseline case, we consider a multi-sector CES monopolistic competition
environment. We generalize our results to a setting with variable mark-ups in
Section C of the Appendix. There are S sectors, each comprised of a measure
Ns of firms, which we treat as fixed. There is a unit measure of consumers who
supply L units of labor inelastically and whose preferences are given by

(8) U =
S∏
s=1

Cαss and Cs =

(∫ Ns

0
c
σs−1
σs

is di

) σs
σs−1

,

where αs ∈ (0, 1),
∑

s αs = 1 and σs > 1. Firm i in sector s = 1, ..., S − 1
produces according to the production technology given by (1)-(3) above, where
the structural parameters ε and γ are allowed to be sector-specific. As before, we
do not assume any particular mechanism of how the extensive margin of trade is
determined nor impose any restrictions on [pci, qci, hi, βi]. That is, the distribution
of prices and qualities across countries and the aggregator of foreign inputs can
take any form. Additionally, these parameters can vary across firms in any way.
To allow for the fact that consumers spend part of their budget on goods outside
of the manufacturing sector, we assume sector S to be comprised of firms that do
not trade inputs and refer to it as the non-manufacturing sector.

We assume the following structure of roundabout production, which is also used
in Caliendo and Parro (2015). Firms use a sector-specific domestic input that is
produced using the output of all other firms in the economy according to

(9) zDs =
S∏
j=1

Y
ζsj
js and Yjs =

(∫ Nj

0
y

σj−1

σj

νjs dν

) σj
σj−1

,

where zDs denotes the bundle of domestic inputs, ζsj is a matrix of input-output

linkages with ζsj ∈ [0, 1] for all s and j and
∑S

j=1 ζ
s
j = 1 for all s, and yνjs is the

output of firm ν in sector j demanded by a firm in sector s. In this setting, the
price of the domestic input pDs is endogenous so that domestic firms are affected
by trade policy via their purchases of intermediate inputs from importers.

Building on our result from above, we can express the effect of input trade on
the consumer price index associated with (8) in terms of observables. Given the
expression for firms’ unit costs (7), the CES demand and monopolistic competition
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structure, the consumer price index for sector s is given by

Ps = µs

(∫ Ns

0
u1−σs
i di

) 1
1−σs

(10)

= µs

(
pDs
qDs

)γs
×

(∫ Ns

0

(
1

ϕ̃i
(sDi)

γs/(εs−1)

)1−σs
di

) 1
1−σs

,

where µs ≡ σs/ (σs − 1) is the mark-up in sector s and we treat labor as the
numéraire. Equation (10) shows that, holding domestic input prices fixed, the
effect of input trade on consumers’ purchasing power is an efficiency-weighted
average of the firm-level gains. While firm efficiency ϕ̃i is not observed, it can be
recovered up so scale from data on value added and domestic spending as10

(11) vai ∝
(
ϕ̃i (sDi)

γs
1−εs

)σs−1
.

Consider again any shock to the import environment, i.e. a change in foreign
prices, qualities, trade-costs or the sourcing strategies. Combining (10) and (11),
the change in the sectoral consumer price index due to the shock is given by

(12) ln

(
P
′
s

Ps

)
= γs ln

(
p
′
Ds

pDs

)
+

1

1− σs
ln

(∫ Ns

0
ωi

(
sDi
s′Di

) γs
1−εs

(1−σs)
di

)
,

where ωi denotes firm i’s share in sectoral value added. Equation (12) shows
that shocks to firms’ ability to source inputs from abroad affect consumer prices
through two channels. First, there is a direct effect stemming from firms in
sector s changing their intensity to source inputs internationally - this is the
last term in (12). Importantly, this term can be directly computed from the
micro data. Second, there is an indirect effect as the price of domestic inputs
changes because of input-output linkages, p

′
Ds/pDs. Because of the structure of

roundabout production in (9), this indirect effect can be computed from the
system of equations in (12). This is the content of our main proposition.

Proposition 1. Consider a shock to firms’ import environment and let P and
P
′

be the consumer price indices before and after the shock. Define the direct cost
reduction of input trade in sector s as

(13) Λs =
1

1− σs
ln

(∫ Ns

0
ωi

(
sDi
s′Di

) γs
1−εs

(1−σs)
di

)
.

10This assumes that the data on value added does not record firms’ expenses to attain their sourcing
strategies. If it did, one should express (11) in terms of sales or employment.
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The change in consumer prices is then given by

(14) ln

(
P ′

P

)
= α′

(
Γ (I −Ξ× Γ)−1 Ξ + I

)
×Λ,

where Λ = [Λ1,Λ2, ...,ΛS ], Λs is given in (13), Ξ =
[
ζsj

]
is the S × S matrix

of production interlinkages, α is the S × 1 vector of demand coefficients, I is an
identity matrix and Γ = diag (γ), where γ is the S×1 vector of input intensities.

In the special case of a reversal to input autarky, the increase in consumer
prices is given by (14), where Λs is given by

(15) ΛAuts =
1

1− σs
ln

(∫ Ns

0
ωis

γs
1−εs

(1−σs)
Di di

)
≥0.

Proof. See Section A in the Appendix.

Proposition 1 shows that the micro data on value added and changes in do-
mestic shares is sufficient to fully characterize the consumer price consequences
of trade-induced shocks in the class of models considered in this section. In par-
ticular, the change in consumer prices can be directly computed by using (13)
and (14) given parameters for consumer demand and production.11 Moreover,
these equations highlight that the micro data is required only to compute the
direct cost reductions of input trade, i.e. Λs. The other terms in (14) reflect the
general equilibrium effect of input-output linkages across firms, by which changes
in importers’ unit costs diffuse through the economy. To see this, note that in
the case of a single sector economy (14) simplifies to

ln

(
P ′

P

)
=

Λ

1− γ
,

that is, the change in the consumer price index is simply given by the direct
cost reduction Λ, inflated by 1/ (1− γ) to capture the presence of roundabout
production.

A key aspect of Proposition 1 is that it allows to measure changes in consumer
prices without specifying many details of the micro part of the model. In par-

11As in Feenstra (1994) and Broda and Weinstein (2006), our results focus on changes in consumer
prices and therefore may not capture the full welfare effects of input trade if firms need to spend resources
to find their trading partners. This feature is not specific to theories of importing but also arises in
models of exporting. For example, the welfare formula of Arkolakis, Costinot and Rodŕıguez-Clare
(2012) precisely relies on the condition that profits are a constant share of aggregate income. Whether or
not this condition is satisfied depends on details of the environment which we did not have to specify to
derive Proposition 1. We note, however, that the change in consumer prices provides an upper bound for
the change in welfare in all models in our class. In Section III.D, we provide examples of fully-specified
models of importing where this bound is tight or where consumer prices and welfare are substantially
different.
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ticular, we do not have to parametrize (and estimate) the import environment
[pci, qci, hi, βi] or characterize firms’ sourcing strategy Si. Hence, we do not need
to take a stand on whether firms’ extensive margin is shaped by the presence of
fixed costs or a process of search or network formation. These aspects are irrele-
vant for consumer prices conditional on the data on size and domestic spending.
Moreover, any estimated model in our class will arrive at the exact same number
as long as it is successfully calibrated to the observable micro data.

Proposition 1 can be applied to the analysis of observed policies, i.e. in situa-
tions where the researcher has access to both sDi and s′Di. To the extent that the
change in domestic shares can be attributed to the policy, the effect of the policy
on consumer prices can be readily calculated from equation (14).12 A special case
of interest is a reversal to input autarky. Because firms’ counterfactual domestic
shares are given by unity, the change in domestic spending between the current
trade equilibrium and autarky is simply given by their level in the observed equi-
librium. Input autarky is therefore a policy which is trivially observable in any
firm-level dataset that contains information on firms’ domestic spending patterns.
The data contained in Figures 1 and 2 is therefore sufficient to calculate the gains
from input trade. We measure these gains for the French economy in Section III
below.

An advantage of our methodology relative to approaches that estimate an entire
model of import behavior is related to computational complexity. Our approach
allows for multiple sectors with a rich input-output structure, strategic pricing,
and takes general equilibrium interactions into account. Antràs, Fort and Tin-
telnot (2017) for example assume that wages are not affected by input trade
but determined in an outside sector. Halpern, Koren and Szeidl (2015) use a
single sector partial equilibrium framework. Estimating these models in full gen-
eral equilibrium with sectoral interlinkages and variable markups would entail
substantial computational difficulty. The reason is that the solution to firms’ op-
timal sourcing problem, which is already challenging in models with fixed costs,
interacts with finding the equilibrium market clearing prices.

A limitation of our methodology is that it cannot be directly applied when
firms’ domestic shares after the shock are not observed. In this case, the entire
import environment [pci, qci, hi, βi] and the extensive margin mechanism need to
be spelled out in the context of a particular model.

Variable Markups. — While Proposition 1 was derived for the familiar CES
monopolistic competition environment, it can be extended to more general set-
tings where competition among firms, and hence the distribution of mark-ups,

12In practice, one needs to use changes in firms’ domestic shares that are only due to the policy. In the
context of a trade liberalization episode, one can often use the change in policy to construct instruments.
Note that a similar identification challenge arises in structural exercises. Gopinath and Neiman (2014)
for example assume that the entire decline in aggregate import spending is due to an increase in foreign
import prices caused by the devaluation.
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responds endogenously to changes in the trading environment. This might be im-
portant in the context of input trade. If markups are increasing in productivity
and importing increases productivity differentially across firms, changes in trade
policy will change firms’ relative unit costs and hence the markups they post. In
particular, if large, productive firms have higher import shares, the possibility
of input trade increases the dispersion in unit costs and hence the dispersion of
markups and the extent of misallocation. This channel, by which input trade
may be anti-competitive, is different from the mechanisms studied in the litera-
ture where imports of final goods promote domestic competition - see Edmond,
Midrigan and Xu (2015).

Our methodology is well suited to take these considerations into account. In
Section C of the Appendix, we show that the data on domestic expenditure shares
and firm size continues to be sufficient to calculate the change in consumer prices
in any model where markups are only a function of relative prices. One specific
example where this is the case is the Atkeson and Burstein (2008) model with
either Cournot or Bertrand competition. We derive the analogue of Proposition 1
for that model in Section C of the Appendix.

II. The Importance of Firm Heterogeneity

The analysis so far established that size and the domestic expenditure share
are the only two relevant dimensions of firm heterogeneity as far as the effect
of trade shocks on consumer prices is concerned. Existing approaches in the
literature either abstract from firm heterogeneity altogether and rely on aggregate
statistics or do not target the joint distribution of domestic expenditure shares
and size. In this section, we use Proposition 1 to assess the extent to which this
is consequential.

The Bias of Aggregate Models. — Consider first aggregate approaches where
firms’ domestic expenditure shares are by construction equalized - see Eaton, Kor-
tum and Kramarz (2011), Caliendo and Parro (2015) and Costinot and Rodŕıguez-
Clare (2014). The gains from input trade relative to autarky in these models can
be computed via Proposition 1 with direct price reductions ΛAuts given by

(16) ΛAutAgg,s =
γs

1− εs
ln
(
sAggDs

)
,

where sAggDs is the aggregate domestic expenditure share in sector s. Hence, as
in Arkolakis, Costinot and Rodŕıguez-Clare (2012), these frameworks have the
benefit of only requiring aggregate data. Figure 1, however, shows that their
implication of equalized domestic shares is rejected in the micro data and Propo-
sition 1 shows that this has aggregate consequences. Using (15) and (16), we
define the bias from measuring the price reduction in sector s through the lens of
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an aggregate model as

Biass ≡ ΛAutAgg,s − ΛAuts =
γs

εs − 1
× ln


(∫ Ns

0 ωis
χs
Didi

)1/χs

∫ Ns
0 ωisDidi

 ,(17)

where χs = γs (σs − 1) /(εs − 1). As long as χs 6= 1, the heterogeneity in im-
port shares induces a bias in the estimates of the gains from trade of aggregate
models. The magnitude of the bias depends on the underlying dispersion in do-
mestic shares and their correlation with firm size - we quantify it in our empirical
application below. The sign of the bias, however, depends only on parameters
and not on the underlying micro-data. In particular, (17) together with Jensen’s
inequality directly implies that

(18) Biass > 0 if and only if χs =
γs (σs − 1)

εs − 1
> 1.

As long as χs > 1, which is the case when consumer demand is elastic (σs is
large) or the elasticity of unit costs with respect to the domestic share is large
(γ/(ε − 1) is high), an analysis based on aggregate data would imply consumer
gains that are too large. The economic intuition of this result is as follows.
Because the current trade equilibrium is observed in the data, quantifying the
gains from trade boils down to predicting consumer prices in the counterfactual
autarky allocation. Such prices are fully determined from producers’ efficiencies,
i.e. ϕ̃σ−1

i . As these are unobserved, they are inferred from data on value added
and domestic shares. More specifically, given the data on value added, (11) shows
that ϕ̃σ−1

i is proportional to sχDi. In the same vain as dispersion in prices is valued
by consumers whenever demand is elastic, dispersion in domestic shares is valued
as long as χ > 1. In this case, the autarky price index inferred by an aggregate
model is too high, making the gains from trade upward biased.13

Note also that ΛAutAgg,s provides a bound for the change in consumer prices re-

sulting from trade-induced shocks. More specifically, (17) and (18) directly imply
that if χ > 1 (χ < 1) an aggregate model provides an upper (lower) bound for the
effect of input trade on consumer prices for any model that is calibrated to the
aggregate domestic share. Thus, aggregate approaches in the spirit of Arkolakis,
Costinot and Rodŕıguez-Clare (2012) can be used to derive a bound in cases where

13The following example may be instructive. Consider an economy where firms differ in their domestic
shares but value added is equalized across producers. Looking at the data through the lens of an aggregate
model, one would conclude that innate efficiency is also equalized across firms. (11) however implies that
firm efficiency has to vary given a common level of value added. Whether or not consumers prefer
the misspecified autarky allocation with equalized efficiency depends on χ. If χ > 1, the absence of
productivity dispersion will imply higher consumer prices and therefore higher gains from trade in an
aggregative framework.
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the micro data is not available. In the quantitative analysis in Section III.D, we
show that this intuition carries over to counterfactuals beyond autarky.

The Bias of Firm-based Models. — On the other side of the spectrum are firm-
based models of importing. These models generate heterogeneity in firms’ import
shares, typically via sorting into different import markets, thereby inducing a
non-degenerate joint distribution of import intensity and firm size. Gopinath and
Neiman (2014) and Ramanarayanan (2012) for example assume that firms differ
only in their efficiency and thus generate a perfect negative correlation between
domestic shares and value added conditional on importing. They also imply that
all importers are larger than domestic firms. Figure 2, however, shows that the
correlation between firm size and domestic spending is negative but far from
perfect, and that many importers are small. Because models with a single source
of firm heterogeneity cannot match these features of the data, they will yield
biased estimates of the gains from trade by construction. Moreover, by assigning
the largest unit cost reductions to the most efficient firms, these models tends to
magnify the aggregate gains from trade.

Antràs, Fort and Tintelnot (2017) and Halpern, Koren and Szeidl (2015) allow
for heterogeneity in efficiency and fixed costs and thus generate a non-trivial
distribution of value added and domestic spending. The question is whether the
model-implied joint distribution of domestic shares and firm size looks like the
one in the data. In Section III.D, we show quantitatively that failing to match
such data can lead to substantial differences in the estimates of the gains from
trade both for the case of autarky and other counterfactuals.

III. Empirical Application

We now take the framework laid out above to data on French firms to measure
the effect of input trade on consumer prices. In order to emphasize the link
between input trade and domestically produced goods, we focus our analysis on
manufacturing firms. We first focus on a reversal to input autarky and compute
the resulting change in consumer prices directly from the observed micro data.
We then study shocks that make foreign inputs more expensive without leading
the economy into autarky.

A. Data

The main source of information we use is a firm-level dataset from France.14 A
detailed description of how the data is constructed is contained in Section B of the

14This dataset is also used in Eaton, Kortum and Kramarz (2011) and Blaum, Lelarge and Peters
(2017). Similar data is available for many countries, among other Hungary (Halpern, Koren and Szeidl
2015), Belgium (De Loecker 2011), Slovenia (De Loecker and Warzynski 2012), Indonesia (Amiti and
Konings 2007) and Chile (Kasahara and Rodrigue 2008).
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Appendix. We observe import flows for every manufacturing firm in France from
the official custom files. Manufacturing firms account for 30% of the population
of French importing firms and 53% of total import value in 2004. Import flows are
classified at the country-product level, where products are measured at the 8-digit
(NC8) level of aggregation. Using unique firm identifiers, we match this dataset
to fiscal files which contain detailed information on firm characteristics. Most
importantly, we retrieve the total input expenditures from these files and then
compute domestic spending as the difference between total input expenditures and
total imports. The final sample consists of an unbalanced panel of roughly 170,000
firms which are active between 2002 and 2006, 38,000 of which are importers.
Table B1 in the Appendix contains some basic descriptive statistics. We augment
this data with two additional data sources. First, we employ data on input-
output linkages in France from the STAN database of the OECD. Second, we use
global trade flows from the UN Comtrade Database to measure aggregate export
supplies, which we use to construct an instrument to estimate the elasticity of
substitution ε.

B. Estimation of Parameters

Our approach relies on both micro and aggregate data. We use the micro data
to estimate the production function parameters, i.e. the material elasticities γs
and the elasticities of substitution εs, as well as the sector-specific demand elas-
ticities σs. We identify the input-output structure ζsj and the aggregate demand
parameters αs from the input-output tables. This allows us to account for the
non-manufacturing sector and doing so is quantitatively important.

Identification of α and ζ . — We compute the demand parameters αs and the
matrix of input-output linkages ζsj using data from the French input-output tables
on the distribution of firms’ intermediate spending and consumers’ expenditure
by sector.15 Sectors are classified at the 2-digit level. Letting Zsj denote total
spending on intermediate goods from sector j by firms in sector s and Es total
consumption spending in sector s, our theory implies

ζsj =
Zsj∑S
j=1 Z

s
j

and αs =
Es∑S
j=1Ej

.(19)

We aggregate all non-manufacturing sectors into one residual sector, which we
denote by S, and construct its consumption share αS and input-output matrix ζSj
directly from the Input-Output Tables. The results for the consumption shares

15See Section ?? of the Online Appendix for a detailed description of how we construct the input-
output matrix.
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αs for each sector are contained in column one of Table 1 below. The non-
manufacturing sector is important as it accounts for a large share of the budget
of consumers. For brevity, we report the input-output matrix ζsj in Section ?? of
the Online Appendix.

Table 1—Structural Parameters

Industry ISIC αs σs γs Value added sAggDs
(percent) share

(percent)

Mining 10-14 0.02 2.58 0.33 1.28 0.90

Food, tobacco, beverages 15-16 9.90 3.85 0.73 15.24 0.80

Textiles and leather 17-19 3.20 3.35 0.63 3.96 0.54
Wood and wood products 20 0.13 4.65 0.60 1.67 0.81

Paper, printing, publishing 21-22 1.37 2.77 0.50 7.96 0.75
Chemicals 24 2.04 3.29 0.67 12.91 0.60

Rubber and plastic products 25 0.44 4.05 0.59 5.88 0.63

Non-metallic mineral products 26 0.24 3.48 0.53 4.54 0.72
Basic metals 27 0.01 5.95 0.67 2.07 0.60

Metal products 28 0.26 3.27 0.48 9.27 0.81

Machinery and equipment 29 0.66 3.52 0.62 7.00 0.69
Office and computing machinery 30 0.43 7.39 0.81 0.35 0.59

Electrical machinery 31 0.47 4.49 0.60 3.99 0.64

Radio and communication 32 0.63 3.46 0.62 1.92 0.64
Medical and optical instruments 33 0.35 2.95 0.49 3.83 0.66

Motor vehicles, trailers 34 4.31 6.86 0.76 9.99 0.82

Transport equipment 35 0.37 1.87 0.35 4.72 0.64
Recycling, nec. 36-37 1.79 3.94 0.63 3.42 0.75

Non-manufacturing 73.39 na 0.41 1
Note: σs denotes the demand elasticity, which is measured with industry-specific average markups.
Markups are constructed as the ratio of firm revenues to total costs, which are computed as the sum
of material spending, labor payments and the costs of capital. The costs of capital are measured as
Rk where k denotes the firm’s capital stock and R is the gross interest rate, which we take to be 0.20.
αs denotes the sectoral share in consumer expenditure, which is taken from the Input-Output Tables
according to (19). γs denotes the sectoral share of material spending in total costs, which is measured
at the firm level and then averaged at the sector level. “VA share” is the sectoral share of value added

in manufacturing, computed from the firm-level data. sAggDs are the sectoral aggregate domestic shares,

computed as sAggDs = Σni=1sDis × ωis, where ωis is the firm share in sectoral value added. See Appendix
for the details.

Estimation of ε, σ and γ. — To identify the elasticity of substitution ε, the inter-
mediate input share γ and the demand elasticity σ, we turn to the French micro
data. We follow Oberfield and Raval (2014) to measure the demand elasticities
σs from firms’ profit margins, i.e. the ratio of revenue to total costs,

(20)
piyi

Costi
=

σ

σ − 1
,

where piyi is firm revenue and Costi denotes production costs, encompassing the
wage bill and total input expenditure. We compute averages at the sector level to
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obtain σs. Column two of Table 1 contains the estimates which, consistent with
the literature, are between 3 and 4.

To identify ε, note that firm output can be written as

(21) yi = ϕ̃is
− γs
εs−1

Di l1−γsi mγs
i ×B,

where mi is total material spending by firm i and B collects all general equilibrium
variables, which are constant across firms within an industry. By expressing
output in terms of spending in materials instead of quantities, (21) shows that
we can identify εs from variation in domestic expenditure shares holding material
spending fixed. Intuitively, the domestic share is akin to a productivity shifter.
We implement this idea with two complementary approaches. Our first method
relies on simple accounting identities using firms’ factor shares. It has the benefit
that it is straightforward to implement and maps directly into our theory. Our
second approach follows the recent literature on production function estimation,
in particular De Loecker (2011), and is discussed in more detail in Section B of
the Appendix.

The approach based on observed factor shares is a simple and easy-to-implement
benchmark (see e.g. Syverson (2011) and Oberfield and Raval (2014)). According
to our theory, we can identify γ directly from firms’ spending shares16, i.e.

(22)
mi

piyi
= γ

σ − 1

σ
.

To estimate ε, we express (21) in terms of firm revenue:

(23) ln (piyi) = Φ + ρ̃ ln (li) + γ̃ ln (mi) + ln (ϑi) ,

where Φ contains general equilibrium variables, ρ̃ = (1− γ) (σ− 1)/σ, γ̃ = γ(σ−
1)/σ and

ln (ϑi) =
1

1− ε
γ̃ ln (sDi) +

σ − 1

σ
ln (ϕ̃i) .(24)

Given estimates for γ and σ, we can use (23) to recover the productivity residual
ln (ϑi) up to a constant. We can then use (24) to estimate ε from the variation
in changes in firms’ domestic expenditure shares.

Clearly, we cannot estimate (24) via OLS as the required orthogonality restric-

16In our analysis we assume that material shares are constant. With non-constant material shares,
firms’ unit costs would be determined from the micro data on domestic shares and material shares. We
discuss this case in more detail in Section ?? of the Online Appendix. Empirically, the dispersion in
domestic shares exceeds the one of material shares. Focusing on the sample of importing firms, the
average interquartile range of material spending shares (domestic expenditure shares) within 2-digit
industries is 0.25 (0.42). The average difference between the 90th and 10th percentile is 0.46 (0.71).
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tion fails: most models of import behavior predict that changes in firms’ domestic
share are correlated with changes in firm efficiency ϕ̃i. Hence, we employ an in-
strumental variable strategy. In particular, we follow Hummels et al. (2014) and
instrument sD with shocks to world export supplies, which we construct from the
Comtrade data. More precisely, we construct the instrument

(25) zit = ∆ ln

(∑
ck

WESckt × sprecki

)
,

where WESckt denotes aggregate exports of product k from country c in year t to
the entire world excluding France, sprecki is firm i’s import share on product k from
country c prior to our sample, and ∆ denotes the change between year t− 1 and
year t. Hence, zit can be viewed as a firm-specific index of shocks to the supply
of the firm’s input bundle. Movements in this index induce exogenous variation
in firms’ domestic shares as long as changes in firm efficiency ϕ̃ are uncorrelated
with changes in aggregate exports of the countries in the firm’s initial sourcing
set. Intuitively, if we see China’s global exports of product k increasing in year t,
French importers that used to source product k from China will be relatively more
affected by this positive supply shock and should increase their import activities.
Hence, we estimate ε from the second stage regression

(26) ∆ ln
(
ϑ̂ist

)
= δs + δt +

1

1− ε
×∆γ̃s

̂ln
(
sDist
)

+ uist,

where δ are sector and year fixed effects, ∆ ln
(
ϑ̂ist

)
is the change in firm resid-

ual productivity, and ∆γ̃s ̂ln (sDist) is the change in domestic shares, which is
instrumented by (25).

We implement this procedure in the following way. First, we augment the
production function to include capital, i.e. we consider yis = ϕil

φlsxγsk1−φls−γs .17

Second, we measure all parameters φls, γs and σs at the two digit sectoral level.
The estimated material elasticities γs are reported in column three of Table 1. To
construct our instrument (25), we define products at the 6-digit level and take
firms’ respective first year as an importer to calculate the pre-sample expenditure
shares sprecki . Finally, to increase the power of the estimation, we estimate (26) by
pooling all firms from all sectors and estimate a single ε.

Table 2 contains the results. In the first column, we show the first stage relation-
ship between changes in world export supply zit and firms’ changes in domestic
spending. Reassuringly, there is a negative relationship that is statistically signif-

17Naturally, we include capital in our measure of total costs in (20) and calculate Costsi = wli+mi+
Rki, where we assume a rental rate of 20 percent. We redid our analysis for a rental rate of 10 percent
with quantitatively very similar results. These are available upon request. Similarly, we augment (23)
to include capital and infer the labor elasticity φl from the optimality condition mi/wli = γ/φl.
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Table 2—Estimating the Elasticity of Substitution

Reduced form estimates:
First ∆ ln ∆ ln
stage productivity value added ε N

Full sample All weights -0.019*** 0.014*** 0.050*** 2.378*** 526,687
(0.003) (0.004) (0.005) (0.523)

Pre-sample -0.017*** 0.024*** 0.068*** 1.711*** 443,954
weights (0.004) (0.004) (0.006) (0.166)

Importers All weights -0.010*** 0.005 0.030*** 2.322** 65,799
(0.004) (0.004) (0.006) (1.014)

Pre-sample -0.010** 0.009** 0.033*** 1.892*** 54,604
weights (0.005) (0.004) (0.006) (0.541)

Note: Robust standard errors in parentheses with ***, **, and * respectively denoting significance at
the 1 percent, 5 percent and 10 percent levels. The table contains the results of estimating (26) with the
instrument given in (25). We employ estimates of γs and σs based on (22) and (20), which are contained
in Table 1. We use data for the years 2002-2006. The pre-sample period is 2001. In column 1 we report
the first stage relationship between our instrument and the changes in firms’ domestic expenditure shares.
The F-statistic for the main specification is 10.5. Columns 2 and 3 show that the instrument is correlated
with two measures of firm performance, productivity and value added. Column 4 reports the implied
value of ε as per (26). In the top panel we include all firm, in the bottom panel we only focus on the set
of importing firms. In rows 1 and 3 we exploit the entire panel and calculate firms’ pre-sample import
shares from their expenditure pattern from the first year they appear as importers in the data. In rows 2
and 4 we take the first year in our data as the pre-sample period and hence only include firm, who were
already active in that year. We retrieve ε̂ from (26) using the delta-method. The obtained estimator is

convergent and asymptotically Gaussian. Because γ̂s and ̂1/ (1− ε) are estimated in separate regressions,
we estimate the standard error associated with ε̂ using a bootstrap procedure with 200 replications.

icant, i.e. firms whose trading partners see an increase in their total world exports
reduce their domestic spending. Columns two and three show the reduced form
results of regressing performance measures such as changes in productivity or log
value added on the export supply shock zit. As expected, there is a positive corre-
lation. Column four then contains the results for ε. In our preferred specification,
which does not condition on import status and where we calculate firms’ initial
expenditure shares sprecki from the year before they start importing, we estimate
this elasticity to be 2.38. If we keep the year used for the pre-sample weights sprecki
fixed for all firms, the implied elasticity is lower. When we restrict our sample
to continuing importers, these point estimates are essentially unchanged. Note,
however, that the standard errors increase substantially as we lose a large amount
of data by conditioning on import status.18

As a complementary approach to identify γ and ε, we also consider methods
to structurally estimate production functions - see e.g. Levinsohn and Petrin
(2003), De Loecker (2011) and Ackerberg, Caves and Frazer (2015), who build

18Our estimates are close to the ones of Antràs, Fort and Tintelnot (2017) who rely on cross-country
variation. Kasahara and Rodrigue (2008) find estimates of the elasticity of substitution in the range of
3.1 to 4.4 using a related approach for Chilean data. However, they do not use an external instrument
for firms’ imported intermediates. Halpern, Koren and Szeidl (2015) use Hungarian data and derive a
production function equation analog to (23), as well as an import demand equation. They also find an
elasticity of substitution of 4. The main difference with our approach is that they obtain the parameters
of their structural model by simultaneously estimating the production function and import demand
equations. In contrast, we identify ε mainly by using exogenous variation in input supplies.
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on the seminal work by Olley and Pakes (1996). A description of this approach
and its application is contained in Section B of the Appendix. We estimate εs
by treating the domestic share as an additional input in a production function
estimation exercise. In contrast to the factor shares approach, we estimate all
parameters simultaneously and allow ε to vary by sector. For the majority of
industries, the point estimates are precisely estimated and in the same ballpark as
the pooled estimate from the factor shares approach. For a few other industries,
we lack precision and we cannot reject that ε is below one. The existence of
non-importers, however, implies that ε has to exceed unity. We therefore take
the estimate stemming from the factor shares approach, i.e. ε = 2.38, as the
benchmark for the remainder of the paper. While we lock in to this particular
point estimate, we report confidence intervals for all quantitative results which
take the sampling variation in this benchmark estimate into account. Because
the estimated elasticities from the production function approach are within the
sampling variation of the factor share estimate, our quantitative results will also
be informative for these estimates.

C. Consumer Prices in Autarky

With the structural parameters at hand, we now quantify the gains from input
trade in France using Proposition 1. We focus on one particular observed shock -
a hypothetical reversal to input autarky, which can be directly analyzed using
the cross-sectional data on firm-size and domestic shares displayed in Figures 1
and 2. The crucial ingredient to quantify the aggregate gains from input trade is
the distribution of unit cost changes in the population of firms, which are simply
given by (γs/(1− ε)) ln (sD) (see (7)). We depict this distribution in Figure 3 and
summarize it in Table 3. We see that there is substantial heterogeneity across
firms. While the median firm would see its unit cost increase by 11.2 percent
if moved to autarky, firms above the 90th percentile of the distribution would
experience losses of 85 percent or more.19

Table 3—Moments of the Distribution of Producer Gains in France

Mean Quantiles
10 25 50 70 90

24.87 0.64 2.79 11.18 33.74 85.73
Note: The table reports quantiles of the empirical distribution of the firm-level gains from input trade

relative to autarky shown in Figure 3, i.e.
(
s
γs/(1−ε)
Di − 1

)
× 100 - see (7). The data for the domestic

expenditure shares corresponds to the cross-section of French importing firms in 2004. The values for ε
and γs are taken from Tables 1 and 2.

19This heterogeneity is partly systematic in that bigger firms and exporters see higher gains. When
we condition on import status, the positive relation between firm size and the firm-level gains essentially
disappears. This is consistent with the pattern documented in Figure 2. See Section ?? of the Online
Appendix for details.
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Figure 3. The Firm-Level Gains from Input Trade in France

Note: The figure reports the empirical distribution of the firm-level gains from input trade relative to

autarky, i.e. (s
γs/(1−ε)
Di − 1)× 100 - see (7). The data for the domestic expenditure shares corresponds

to the cross-section of French importing firms in 2004. The values for ε and γs are taken from Tables 1
and 2.

We now turn to Proposition 1 to aggregate these firm-level cost-changes to the
change in aggregate consumer prices. Panel A in Table 4 contains the results.
We find that the price level in the manufacturing sector would be 27.5 percent
higher if French producers were forced to source their inputs domestically. When
the non-manufacturing sector is taken into account, the consumer price gains
amount to 9 percent. The reason why these economy-wide gains are substantially
smaller is that the non-manufacturing sector (which in our setting is assumed to
be closed to trade) experiences only a 3 percent reduction in prices but accounts
for 70 percent of consumers’ budget (see Table 1).20 21

To quantify the importance of firm heterogeneity, we report the consumer price
gains predicted by an aggregate approach that only uses data on domestic spend-
ing at the sector level. This aggregate approach implies gains of 31.4 percent and
9.9 percent in the manufacturing sector and the entire economy, respectively. Ig-

20Allowing for variable markups, as in Edmond, Midrigan and Xu (2015) and Atkeson and Burstein
(2008), does not affect this estimate substantially. As we show in Section C of the Appendix, we find that
consumer prices would be 28.7 to 28.9 percent higher in autarky, when markups are allowed to respond
to input trade.

21Note also that Proposition 1 infers unobserved physical productivity ϕ from data on firm value
added. This procedure is valid if value added is only generated domestically or if firms do not vary in
their export intensity. As we discuss in Section ?? of the Online Appendix, when export participation is
a function of firm productivity, the formula in Proposition 1 continues to apply once the weights ω are
calculated with domestic sales only. In this case, the economy-wide gains from input trade would amount
to 8.2 percent and the gains in the manufacturing sector would be 24.4 percent. Finally, we note that
these results are robust to using different weighting schemes. We redid the analysis weighting firms by
employment and sales, instead of value added, and found very similar results. These are available upon
request.
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noring the heterogeneity in firms’ import behavior within sectors therefore results
in an over-estimation of the consumer price gains by 3.4 and 1 percentage points
for the manufacturing sector and the entire economy, respectively. The aggregate
approach is upward biased because the estimated parameters imply that, for most
sectors, Λs is a convex aggregator of firms’ domestic shares - see (17)-(18).

To assess our confidence in these estimates, we calculate 90-10 confidence in-
tervals of the bootstrap distribution.22 These are reported in italics in Table 4.
Note that the uncertainty in the point estimates stems from two sources. First,
because we base our analysis on a large but finite sample, there is uncertainty in
our aggregate statistics for given parameters. Second, the structural parameters
ε, γs and σs are estimated with error. These two forces induce quite a bit of
variation in the estimates, with the majority of the variation stemming from the
estimation of ε. With 80 percent probability, the consumer price gains in the
manufacturing sector lie between 21 percent and 36 percent and the gains for
the entire economy lie between 7 percent and 12 percent. We also find that the
aggregate approach yields more uncertain estimates (second row) and leads to an
over-estimation of the gains with 80 percent probability (third row).

In Panel B of Table 4, we provide additional details of the gains from input
trade. More specifically, we report the gains by sector and provide a decomposi-
tion to isolate the importance of production linkages across sectors. In column 3
we report the sectoral consumer price gains, PAuts /Ps, which measure the change
in the price of the output bundle of sector s. We find substantial heterogeneity
in the effect of input trade across sectors. For example, while prices for textile
products would be 56 percent higher if producers were not allowed to source their
inputs from abroad, this effect is only 18 percent for metal products. Columns 1
and 2 decompose these price changes into the direct price reduction from firms in
sector s sourcing internationally, Λs, and the indirect gains stemming from firms
in sector s buying domestic inputs from other firms who in turn may engage in
trade, pAutDs /pDs. We find that interlinkages are important as they account for
roughly 50 percent of the sectoral price gains. Note also that the importance of
interlinkages varies substantially across industries as a result of the underlying
heterogeneity in the input-output matrix: sectors that rely on relatively open
sectors more intensively benefit more from input trade as their upstream sup-
pliers experience larger unit cost reductions. To assess the importance of such
heterogeneous interconnections, consider the case without cross-industry input-
output linkages, where each sector uses only its own products as inputs. In this
case, we find a point estimate for the consumer prices gains from trade of 12
percent. Compared to the actual gains of 9 percent, the economy without inter-
linkages over-estimates the aggregate gains by about a third. The reason is that

22We explain the details of the bootstrap procedure in Section ?? of the Online Appendix. A sketch
of the procedure is as follows. For each bootstrap iteration, we construct a new sample of the French
manufacturing sector by drawing firms from the empirical distribution with replacement. We then redo
the analysis of Section III.B and obtain new estimates for the structural parameters. Finally, for each
iteration, we recalculate the consumer price gains and the other statistics of interest.
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the non-manufacturing sector is not only important for final consumers but also
as a provider of inputs to other manufacturing firms. As this sector is not a direct
beneficiary of foreign sourcing in the model, such linkages actually dampen the
aggregate effect of input trade.

Finally, Panel B of Table 4 also contains the direct price reductions that arise
from an aggregate model, ΛAggs , at the sectoral level. In 12 of the 18 manufacturing
sectors the gains based on aggregate data are upward biased. The reason for this
pattern goes back to the condition in (18) which characterizes the sign of the
bias as a function of parameters encapsulated in χs. It turns out that for most
sectors our estimated parameters imply that χs > 1 (see last column) so that
the aggregate models are upward biased. Note also that the bias can be quite
substantial. Consider for example the office and computing machinery sector.
While the aggregate approach would imply a direct price reduction of 37 percent,
the exact firm-based formula tells us that this number should be only 20 percent.
Taken together, our results suggest that the heterogeneity in firms’ domestic
expenditure shares is important to credibly quantify the gains from input trade.

D. Beyond Autarky: A Shock to Import Prices

We now extend the analysis to shocks that make all foreign varieties more
expensive without leading the economy into autarky, as is for example the case
under a currency devaluation (see e.g. Gopinath and Neiman (2014)). While the
effect of the shock on consumer prices is still fully determined from the changes
in firms’ domestic shares, such changes are no longer observed and one needs
a model to predict them. Hence, we now specify additional components of the
theory. Doing so also allows us to quantify the effect of input trade on welfare,
taking into account the resources (if any) spent by firms to attain their sourcing
strategies. The main goal of this section is to assess whether the observable micro
data is important to quantify the effects of counterfactuals which - by construction
- are unobserved. To do so, we consider different models of importing which vary in
the extent to which they match the micro data and compare their counterfactual
implications.

A Model of Import Behavior. — To construct a model of firms’ domestic
shares, we start from the general framework laid out in Section I and impose
restrictions.23 For brevity, we provide all derivations in Section ?? of the Online
Appendix. We consider settings where firms’ extensive margin is limited through
the presence of fixed costs so that firms choose their sourcing strategy by trading
off the import-induced reduction in unit costs vs the payment of fixed costs. While
this seems a natural starting point, one could extend the analysis to other models
of the extensive margin.

23For expositional simplicity, we consider a one-sector version of the model. See the Online Appendix
for the analysis with multiple sectors.
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We assume that the fixed cost of sourcing from a given country is constant
across countries but potentially varies across firms. In this case, firms select their
sourcing countries based purely on their price-adjusted qualities and the sourcing
strategy reduces from a set S to a scalar, a price-adjusted quality cutoff.24 We
also impose the following functional form assumptions: (i) the import bundle xI
takes a CES form with elasticity of substitution κ and (ii) country quality qc
is Pareto distributed, i.e. Pr (qc ≤ q) = 1 − (qmin/q)

θ, where θ > min [1, κ− 1].
Setting the price of imported inputs, pc, to unity, these assumptions imply that
the import price index only depends on the mass of countries sourced from and
takes a convenient power form:

A (S ) =

(∫
c∈S

q−(1−κ)
c dc

) 1
1−κ

(27)

=
1

qmin

(
θ

θ − (κ− 1)

) 1
1−κ

n−( 1
κ−1) ≡ zn−η = A (n) .

Here n is the share of countries the firm sources foreign inputs from and z and η are
auxiliary parameters which depend on the parameters governing the distribution
of quality (qmin, θ) and the elasticity of substitution across foreign varieties κ. In
particular, z parametrizes the average quality-adjusted price of foreign inputs.
We will consider changes in z as our counterfactual shock. While the reversal to
autarky considered above corresponds to z →∞, we are now able to study finite
increases in z.

Under the above assumptions, the firm’s profit maximization problem is given
by

(28) π = max
n

{
u (n)1−σ ×B − w (nf + fII (n > 0))

}
,

where f denotes the fixed cost per country, fI is an additional fixed cost to start
importing, and I (·) is an indicator of import status. Finally, B is defined as
B ≡ (1/σ) (σ/(σ − 1))1−σ P σ−1S, with P and S denoting the consumer price
index and aggregate spending, which are determined in general equilibrium. The
unit cost function u(·) is given by the analogues of equations (5) and (6), which
we replicate here for convenience:

24More precisely, as long as fixed costs are constant across countries, if country c with price-adjusted
quality qc/pc is an element of S so are all countries c′ with qc′/pc′ > qc/pc. Computing firms’ optimal
sourcing strategies can be challenging when prices, qualities and fixed costs vary by country in an arbitrary
way - see Antràs, Fort and Tintelnot (2017). Allowing for country-specific fixed costs will only matter
for normative questions as long as it translates into a different predicted distribution of domestic shares.
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ui(n) ≡ 1

ϕ̃i
w1−γ

(
pD
qD

)γ
sDi (n)

γ
ε−1(29)

sDi (n) =

(
1 +

(
1− βi
βi

)ε((pD
qD

)
1

z
nη
)ε−1

)−1

.(30)

While (29) shows that the effect of input trade on firms’ unit costs is fully summa-
rized by the domestic share, (30) now contains a theory of domestic shares: these
can be small either because the firm sources from many countries (n is large) or
because of a technological bias towards foreign inputs (β is low).

Equations (28)-(30) fully describe firms’ optimal import behavior.25 To close
the model in general equilibrium, we impose equilibrium in the labor market and
balanced trade between the domestic economy and the rest of the world. In
particular, we assume that foreigners demand the output of local firms with the
same CES demand structure as domestic consumers and producers and that the
supply of foreign inputs from country c is perfectly elastic. Letting yROWi be the
foreign demand for firm i’s production, balanced trade requires that

(31)

∫
i
piy

ROW
i di =

∫
i
(1− sDi)midi,

where mi denotes material spending of firm i, so that (1− sDi)mi is firm i’s
spending on imported varieties, and pi is firm i’s price. An equilibrium is attained
when firms maximize profits, consumers maximize utility, trade is balanced and
labor and good markets clear.

In this context, it can be shown that the equilibrium change in consumer welfare
relative to autarky is given by

(32)
W

WAut
=
PAut

P
×
(
L−

∫
i lS i

di

L

)
,

where W denotes consumer welfare and
∫
i lS i

di denotes the aggregate resource
loss due to fixed costs. Hence, the welfare gains from input trade consist of two
components. First, there is the reduction in consumer prices associated with
input trade. This is the main focus of our paper. Second, there is the resource
loss due to fixed costs, which results in (weakly) fewer workers left for production.
Because this second term in (32) is weakly smaller than unity, the change in the
consumer price index provides an upper bound for the change in welfare in the

25In Section ?? in the Online Appendix, we fully characterize the solution to this problem. There we
also show that, conditional on importing, the optimal mass of sourcing countries n is increasing in ϕ and
decreasing in f .
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class of models of Section I. While we calculate
∫
i lS i

di within a model of fixed
costs, we note that (32) is consistent with any extensive margin mechanism. For
example, if importers found their trading partners through a process of network
formation, (32) would still hold but the environment to calculate

∫
i lS i

di would
be different.

Dimensions of Firm Level Heterogeneity. — We now calibrate this model to
the French micro data. In order to generate the rich distribution of domestic
shares and value added shown in Figures 1 and 2, we have to allow for (at least)
two sources of firm heterogeneity. As is standard, we allow firms to differ in
efficiency ϕ̃i. For the second source of heterogeneity, we consider two options.
Our first option is a model with heterogeneous fixed costs where firms differ in
their fi. For simplicity, we assume that the fixed cost to start importing fI is
constant across firms. Second, we consider a model with heterogeneous home bias
where firms differ in their βi. In this model, we assume there are no fixed costs
of importing per country (f = 0), but still assume a positive fixed cost to start
importing (fI > 0) to match the existence of non-importing firms.

As ϕ̃i and the endogenous unit costs reduction through input trade are comple-
ments, there is a firm-specific efficiency cutoff, either ϕ (fi) or ϕ (βi), above which
firms select into importing. This sorting generates overlap in the size distribution
of importers and non-importers as seen in Figure 2. Furthermore, both models
generate variation in import intensity conditional on size. While the heteroge-
neous fixed cost model generates dispersion in import shares fully via variation in
the extensive margin ni, the bias-model is the polar opposite in that firms gain
differentially from international trade because of variation in βi.

In order to calibrate these parameterizations of the model to the data, we adopt
the following strategy. First, we use the estimates of ε, γ and σ from Section III.B
above.26 Next, for the model with heterogeneous fixed costs we need to estimate
η, which determines the price index of the import bundle and hence the demand
for foreign varieties (see (27)). We estimate η directly from the micro data and
identify it from the cross-sectional relationship between firms’ extensive margin
of trade and their domestic shares.27 Without loss of generality, we can normalize
the quality of the domestic variety (qD) to unity.

Finally, we parametrize the distributions of firm heterogeneity. For efficiency,
we take a log-normal distribution with variance σ2

ϕ. We normalize mean efficiency
to unity. For the heterogeneous fixed cost model, we parametrize the conditional
distribution of fixed costs also as log-normal and denote the mean of log fixed

26Section III.B provides estimates of σ and γ by sector. In this section, we use value-added weighted
averages of these sectoral estimates, which yield σ = 3.83 and γ = 0.61.

27In particular, (30) predicts a log-linear relation between n and (1− sD) /sD, with a slope given by η.
See Section ?? in the Online Appendix for details and results. Our preferred specification yields a value
of η of 0.382 that is precisely estimated. This implies that the elasticity of substitution between foreign
varieties κ is given by κ = 1 + η−1 = 3.63. Note also that we do not require η for the heterogeneous bias
model as all firms decide to source from all countries (conditional on importing), i.e. n = 1, see (30).
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costs by µf , their variance by σ2
f and their correlation with efficiency by ρfϕ.

Similarly, we assume that the degree of home-bias, β̃ ≡ β/(1 − β) ∈ [0,∞], is
conditionally log-normally distributed with mean µβ̃, variance σ2

β̃
and correlation

with efficiency ρβ̃ϕ.28

Calibration. — Our calibration strategy is as follows. The distributions of firm
heterogeneity are parametrized by four parameters. For the model with hetero-
geneous fixed costs (resp. home bias), such parameters control the dispersion
in efficiency, the dispersion in fixed costs (resp. home bias), the average fixed
cost (resp. home bias) and the correlation of fixed costs (resp. home bias) with
efficiency. For each model, we calibrate these parameters by targeting salient
features of the joint distribution of value added and domestic shares displayed
in Figures 1 and 2. In particular, we match the aggregate domestic share, the
dispersion in value added, the dispersion in domestic shares and their correla-
tion with value added. Finally, we also need to calibrate the fixed cost to start
importing fI and to do so we target the share of non-importing firms.

To assess the value of the micro data, we also calibrate the above models without
targeting the moments associated with the heterogeneity in domestic shares, i.e.
their dispersion and correlation with firm size. As we drop these two moments,
we also drop two parameters in each model. In the heterogeneous fixed costs
model, we set σf = ρfϕ = 0, which corresponds to assuming constant fixed costs
across firms as in Gopinath and Neiman (2014) and Ramanarayanan (2012). We
call this parametrization the homogeneous fixed cost model. In the heterogeneous
home bias model, we set σβ = ρβϕ = 0, which corresponds to a homogeneous
home bias model. Finally, we consider a model with no fixed costs of any kind,
fi = fI = 0 and a constant home bias. This version of the model implies that
firms’ import intensities are equalized and aggregate statistics are sufficient. We
therefore refer to it as the aggregate model.

Table 5 summarizes the five parameterizations of the model we consider and
contains the calibration results. In Panel A, we report the calibrated parameters.
Panel B contains the model-generated moments, as well as the targeted ones in
bold letters. We first note that all versions of the model match the targeted
moments exactly. As expected, the aggregate model (column 5) generates full
participation in import markets and equalized domestic shares. The homogeneous
fixed cost and home bias models (columns 3 and 4) improve on these margins by
allowing for fixed costs. However, because they feature efficiency as the single
source of firm heterogeneity, these models predict too strong a correlation between
firm-size and domestic shares relative to the data, as well as no overlap in the

28Formally, we assume that ln (ϕ̃) ∼ N
(
−(1/2)σ2

ϕ, σ
2
ϕ

)
and parametrize the conditional distri-

bution of fixed costs and home bias as ln (f) |ln(ϕ̃) ∼ N
(
a0 + aϕ ln (ϕ̃) , σ2

f |ϕ

)
and ln

(
β̃
)
|ln(ϕ̃) ∼

N
(
b0 + bϕ ln (ϕ̃) , σ2

β̃|ϕ

)
.
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size distribution of importers and domestic firms. By allowing for an additional
dimension of heterogeneity, the heterogeneous fixed costs or home-bias models
(columns 1 and 2) improve the fit along these dimensions. First, they increase
the dispersion in domestic shares by introducing variation in import demand
conditional on efficiency. Second, they reduce the correlation between size and
domestic shares. Intuitively, to be consistent with the low correlation of size and
import intensity both parameterizations require that some efficient firms have a
lower incentive to import compared to a model with a single source heterogeneity.
This is achieved by having a positive correlation between firm efficiency and fixed
costs (resp. home bias).

Results. — With the calibrated models at hand, we can now study the effect of
any shock to the trading environment on both consumer prices and welfare. We
focus on two counterfactuals: (i) a reversal to input autarky (z → ∞) and (ii)
an increase in the relative price of all foreign inputs. More precisely, the latter
exercise corresponds to increasing z to attain a decrease in the aggregate import
share of 5 percent, 10 percent or 20 percent. Table 5 contains the results, from
which we draw three main conclusions.

First, we find that the two models that match the micro data on size and
domestic shares predict the same counterfactual change in consumer prices. To
see this, consider the two models in columns 1 and 2. While both models perfectly
match the four moments of the joint distribution of value added and domestic
shares, their underlying micro-structure is very different. They nevertheless give
very similar predictions for the change in consumer prices across the different
counterfactuals. That this result is exact for a reversal to input autarky (Panel
C) is the content of Proposition 1: both models predict an increase in consumer
prices of 38 percent.29 Panel D shows that this is also the case for the non-autarky
counterfactuals: the difference in the implied changes in consumer prices between
the two models is less than 1 percent.

Second, the models that do not match the data on domestic shares and value
added (columns 3 - 5) yield quantitatively meaningful biases. In panel C, we
report the change in consumer prices relative to autarky: the three models predict
changes that are 14 to 18 percent too high. That such biases are not confined to
the autarky-counterfactual is seen in Panel D. The estimated effects of the three
devaluations are also upward biased by similar magnitudes. To understand why
these biases are positive it is helpful to go back to our theoretical results. That
the aggregate model in column 5 predicts the largest change in consumer prices in
the autarky counterfactual follows from our characterization of the bias in (18):
because γ (σ − 1) / (ε− 1) > 1, the aggregate model provides an upper bound for

29This number does not coincide with that reported for the Manufacturing sector in Table 4 above,
i.e. 27.5 percent. The reason is that we calibrated a one-sector version of the model of Section I to
moments obtained from pooling all industries. Additionally, we targeted only five moments of the joint
distribution of size and domestic shares.
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any model of importing. It is also intuitive that the models with homogeneous
fixed costs and home-bias are upward biased viz-a-viz the models that match the
micro data on firm-size and domestic shares. By relying on efficiency as the single
source of firm heterogeneity, the models in columns 3 and 4 generate a perfectly
negative correlation between efficiency and the domestic share. This means that
more efficient firms experience a larger reduction in their unit cost, a feature that
tends to make input trade more attractive.

Finally, we also calculate the change in welfare taking the resource loss of fixed
costs into account. We report the results for the reversal to autarky in the last
row of Panel C. In contrast to the results for consumer prices, the implications for
welfare can vary substantially across models, even conditional on fully matching
the micro data. Specifically, columns 1 and 2 in Panel C show that the heteroge-
neous fixed cost and home bias models predict very different changes in welfare
relative to input autarky. While the former predicts an increase of 17 percent
in welfare, the latter predicts an increase of 36 percent.30 Thus, the share of
the consumer price gains that is lost by firms’ attaining their sourcing strategies
crucially depends on the underlying source of variation in firms’ domestic shares.

Elasticity Bias. — In the above experiments, we keep the elasticity of substitu-
tion ε constant across models. In particular, we treat ε as a production function
parameter and estimate it directly from the micro-data. In contrast, approaches
that rely on aggregate data often discipline this parameter with the aggregate
trade elasticity - see e.g. Costinot and Rodŕıguez-Clare (2014). We do not target
this moment in our calibration exercises of Table 5 and, as a result, the implied
trade elasticity varies across models. In particular, the model with heterogeneous
fixed costs generates an aggregate trade elasticity of 4.5, while the aggregate
model features an elasticity of 1.38.31 Hence, while the elasticity of substitution
ε and the aggregate trade elasticity coincide in aggregate Armington-style mod-
els (note that indeed 1.38 = ε − 1), this is not the case in models with richer
firm heterogeneity. For example, in the model with heterogeneous fixed costs,
the additional extensive margins of adjustment directly affect the trade elasticity
and dissociate it from the structural parameter ε. In our context, we find that
the relatively low estimate for ε stemming from micro data is perfectly consistent

30Note that this difference is not due to the fact that the home bias model does not feature any fixed
cost per sourcing country. The homogeneous home bias model of column 4 does not feature any fixed
costs per country either, but implies that the fixed costs to start importing account for about 40 percent
of the consumer price gains. The reason why heterogeneity in the efficiency of using imported inputs
generates a tighter bound between welfare and consumer prices is the discrepancy between the marginal
importer, whose cost reductions determine the calibrated value of fixed costs, and the set of inframarginal
firms, who might benefit from input trade substantially.

31Formally, we calculate the trade elasticity as d ln ((1− sD)/sD) /d ln τ , where d ln τ denotes the
increase in iceberg trade costs (or relative foreign prices). Empirically, this elasticity is usually estimated
from the cross-country variation in trade costs and import shares conditional on origin and destination
fixed effects. We therefore hold the domestic price level pD constant when calculating the elasticity in
the model. The implied trade elasticities in the remaining models of Table 5 are between 1.5 and 3.5.
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with an aggregate trade elasticity between 4 and 5, which is close to the con-
sensus estimates in the literature (see e.g. Costinot and Rodŕıguez-Clare (2014),
Edmond, Midrigan and Xu (2015), Simonovska and Waugh (2013) or Simonovska
and Waugh (2014)).

We explore an alternative approach where the aggregate trade elasticity is kept
constant across models. In particular, for the aggregate model to generate an
aggregate trade elasticity of 4.5 as in the heterogeneous fixed cost model, the
implied elasticity of substitution has to be equal to 5.5. With this higher value
of ε, the aggregate model predicts an increase in consumer prices of 11 percent
under input autarky, instead of the 45 percent predicted by the baseline aggregate
model of Table 5. Relying on aggregate data therefore results in a substantial
reduction in the predicted gains from trade via the estimated value of ε.32 This
negative “elasticity bias” of aggregate models is in sharp contrast to the positive
bias found in Table 5 holding ε constant and further highlights the importance of
using micro-data to draw aggregate conclusions.

IV. Conclusion

Firms around the world routinely engage in input trade to reduce their costs of
production, thereby benefiting domestic consumers through lower prices. More-
over, firms differ vastly in the intensity with which they participate in interna-
tional markets. In this paper, we develop a methodology to measure how con-
sumer prices are affected by input trade in environments which explicitly take the
heterogeneity in import behavior into account.

Our main theoretical result is a sufficiency result that shows that the change in
consumer prices due to changes in the import environment (e.g. a change in trade
costs or a change in foreign prices) is fully determined from the joint distribution
of firm size and changes in domestic expenditure shares. Importantly, a wide class
of models used in the literature features the same predictions for consumer prices
as long as they are calibrated to the same micro data. Approaches that abstract
from firm heterogeneity altogether and rely on aggregate statistics give biased
results. A focal point of our analysis is the case of a reversal to input autarky. As
firms’ counterfactual domestic shares in autarky are equal to unity, the gains from
input trade are fully determined from firms’ value added and domestic shares. In
our application to France, we find that consumers would face 27 percent higher
prices for manufacturing products under input autarky.

We then show quantitatively that this result extends to non-autarky counter-
factuals such as an increase in the price of foreign inputs. In the context of a

32We conduct this exercise for the aggregate model only, as this model implies common domestic shares
across firms and hence is inconsistent with the approach of Section III.B which estimates ε from variation
in such shares. Of course, we re-calibrate all other parameters to still match all moments reported in
Table 5. Similarly, we find smaller effects from the different experiments analyzed in Panel D of Table 5.
For example, an increase in foreign input prices that reduces the aggregate import share by 10 percent
increases consumer prices by 2.6 percent instead of 4.4 percent. See Section ?? in the Online Appendix
for details.
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model with fixed costs, we find that parameterizations of the model that are cal-
ibrated to the micro data on firm size and domestic shares imply similar changes
in consumer prices. Conversely, models that do not match this data give biased
predictions. We conclude that the information contained in the joint distribution
of firm-level domestic shares and size is crucial to quantify the effect of input
trade on consumer prices in settings with heterogeneous importers.
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Appendix A. Proof of Proposition 1

The consumer price index associated with (8) is given by

P =
S∏
s=1

(
Ps
αs

)αs
where Ps =

(∫ Ns
0 p1−σs

is di
) 1

1−σs ,(A1)

and Ps is the price index for sector s. Using (A1), the consumer price gains from
input trade can be expressed as

G ≡ ln

(
PAut

P

)
=

S∑
s=1

αs ln

(
PAuts

Ps

)
.

We now express PAuts /Ps in terms of observables. Note that monopolistic com-
petition implies a constant markup pricing rule, pis = (σs/(σs − 1))uis. Using
the expression for the firm’s unit cost in terms of its domestic expenditure share
in (6), we find that

Ps =
σs

σs − 1

(
1

γs

)γs ( 1

1− γs

)1−γs
(A2)

×
(
pDs
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)γs (∫ Ns

0
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i (sDi)

γs
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)1−σs
di

) 1
1−σs

which is (10) in the main text. Given the aggregator in (9), the price index of
the domestic bundle is given by

(A3) pDs = ζ∗s

S∏
j=1

P
ζsj
j where ζ∗s ≡

∏S
j=1

(
ζsj

)−ζsj
Note that (A2) implies

PAuts
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=

(
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where ωi is firm i′s share in total value added in sector s and the second equality

follows from vai = κsϕ̃
σs−1
i s

γs(σs−1)/(1−εs)
Di . With (A4) at hand, we can express

the consumer price gains as

(A5) G =

S∑
s=1

γsαsπs +

S∑
s=1

αsΛs

where πs ≡ ln
(
pAutDs /pDs

)
and Λs is given by (13) in the main text. As Λs are

observable from the micro-data, obtaining G reduces to solving for [πs]
S
s=1 . Note

that (A3) and (A4) jointly imply

(A6) πs =

S∑
j=1

ζsj γjπj +

S∑
j=1

ζsjΛj .

(A6) gives an S×S system of equations that characterizes the equilibrium [πs]
S
s=1.

Letting π ≡ [π1, π2, ..., πs] be a column vector, we can express the system in (A6)
in matrix form as π = ΞΓπ + ΞΛ. Its solution is given by π = (I −ΞΓ)−1 ΞΛ.
Using (A5), the consumer price gains G are therefore given by

(A7) G = α′Γπ +α′Λ = α′Γ (I −Ξ× Γ)−1 ΞΛ +α′Λ.

For counterfactuals other than autarky, (A4) should be replaced by

P ′s
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,

where s
′
Di denotes the counterfactual domestic share and P ′s, p

′
Ds denote the coun-

terfactual price indices. It follows that the consumer price gains associated with
the policy, G ≡ ln (P ′/P ), are given by (A7) where Λs is given by (13). This
proves Proposition 1.
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Appendix B. Additional Results for Empirical Analysis

B1. Data Description

Our main data set stems from the information system of the French custom
administration (DGDDI) and contains the majority of import and export flows
by French manufacturing firms. The data is collected at the 8-digit (NC8) level.
A firm located within the French metropolitan territory must report detailed
information as long as the following criteria are met. For imports from outside
the EU, reporting is required from each firm and flow if the imported value exceeds
1,000 Euros. For within EU imports, import flows have to be reported as long as
the firm’s annual trade value exceeds 100,000 Euros.33 However, some firms that
are below the threshold (ca. 10,000 firm-year observations out of ca. 130,000)
voluntarily report.34

In spite of this limitation, the attractive feature of the French data is the pres-
ence of unique firm identifiers (the SIREN code) that is available in all French
administrative files. Hence, various datasets can be matched to the trade data
at the firm level. To learn about the characteristics of the firms in our sample
we employ fiscal files.35 Sales are deflated using price indices of value added at
the 3 digit level obtained from the French national accounts. To measure the ex-
penditure on domestic inputs, we subtract the total import value from the total
expenditure on wares and inputs reported in the fiscal files. Capital is measured
at book value (historical cost).

Finally, we incorporate information on the ownership structure from the LIFI-
DIANE (BvDEP) files. These files are constructed at INSEE using a yearly
survey (LIFI) that describes the structure of ownership of all firms in the private
sector whose financial investments in other firms (participation) are higher than
1.2 million Euros or have sales above 60 million Euros or have more than 500
employees. This survey is complemented with the information about ownership
structure available in the DIANE (BvDEP) files, which are constructed using the
annual mandatory reports to commercial courts and the register of firms that are
controlled by the State.

Using these datasets, we construct a non-balanced panel dataset spanning the
period from 2001 to 2006. Some basic characteristics of importing and non-

33This threshold was in effect between 2001 and 2006, which is period we focus on. Between 1993 and
2001, the threshold was ca. 40,000 euros. After 2006, it was raised to 150,000 euros and to 460,000 euros
after 2011.

34The existence of this administrative threshold induces a censoring of small EU importers. In results
available upon request, we use the time-variation in the reporting thresholds (see footnote 33) to show
that this concern is unlikely to severely affect our results. The reason is related to the weak relation
between domestic expenditure shares and firm size shown in Figure 2.

35The firm level accounting information is retrieved from two different files: the BRN (“Bénéfices Réels
Normaux”) and the RSI (“Régime Simplifié d’Imposition”). The BRN contains the balance sheet of all
firms in the traded sectors with sales above 730,000 Euros. The RSI is the counterpart of the BRN for
firms with sales below 730,000 Euros. Although the details of the reporting differs, for our purposes these
two data sets contain essentially the same information. Their union covers nearly the entire universe of
French firms.
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importing firms are contained in Table B1. For comparison, we also report the
results for exporting firms.

Table B1—Characteristics of importers, exporters and domestic firms

Full Importers Non- Exporters Non-
sample Importers Exporters

Employment 25 92 8 81 9
Sales 5,455 21,752 1,379 19,171 1,468
Sales per worker 126 208 105 196 105
Value added 1,515 5,972 400 5,294 416
Value added per worker 45 55 43 55 43
Capital 2,217 8,728 588 7,661 634
Capital per worker 44 64 40 61 40
Inputs 2,600 10,225 693 8,943 756
Domestic share 0.943 0.698 1 0.790 0.986
Share of importers 0.200 1 0 0.677 0.061
Share of exporters 0.225 0.762 0.091 1 0
Share of firms that are part 0.029 0.131 0.004 0.113 0.005
of an international group
Productivity (factor shares) 39.173 65.450 32.989 63.858 32.359

Number of observations 650,401 130,135 520,266 146,496 503,905
(firm × year)
Number of firms 172,244 38,240 148,619 44,648 146,423

Note: All amounts are expressed in thousand Euros. Sales, wages, expenditures on imports or exports
are expressed in 2005 prices using a 3-digit industry level price deflator. Our capital measure is the book
value reported in firms’ balance sheets (“historical cost”). A firm is member of an international group if
at least one affiliate or the headquarter is located outside of France.

As expected, importers are larger, more capital intensive and have higher rev-
enue productivity - see also Bernard et al. (2012). Furthermore, import and
export status are highly correlated.

B2. Estimation of Parameters

Table B2 contains the full results of the factor share approach, where we com-
pute standard deviations with a bootstrap procedure (with 200 replications). Re-
member that this method imposes the assumption of constant returns, so that
φks + φls + γs = 1.

We now describe a complementary approach to identify γ and ε based on meth-
ods to structurally estimate production functions - see e.g. Levinsohn and Petrin
(2003), De Loecker (2011) and Ackerberg, Caves and Frazer (2015), who build on
the seminal work by Olley and Pakes (1996). Our implementation and identifica-
tion strategy closely follows De Loecker (2011).
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Table B2—Production Function Coefficient Estimates, by 2-digit Sector: Factor Shares

Industry ISIC φk φl γ

Mining 10-14 0.374*** 0.293*** 0.333***
(0.039) (0.017) (0.043)

Food, tobacco, beverages 15-16 0.098*** 0.177*** 0.725***
(0.004) (0.003) (0.006)

Textiles and leather 17-19 0.081*** 0.293*** 0.626***
(0.003) (0.009) (0.012)

Wood and wood products 20 0.113*** 0.285*** 0.602***
(0.004) (0.006) (0.006)

Paper, printing, publishing 21-22 0.134*** 0.362*** 0.504***
(0.007) (0.011) (0.011)

Chemicals 24 0.124*** 0.204*** 0.671***
(0.008) (0.01) (0.014)

Rubber and plastic products 25 0.124*** 0.289*** 0.587***
(0.005) (0.007) (0.011)

Non-metallic mineral products 26 0.178*** 0.294*** 0.529***
(0.01) (0.012) (0.015)

Basic metals 27 0.124*** 0.202*** 0.674***
(0.01) (0.015) (0.021)

Metal products 28 0.108*** 0.412*** 0.479***
(0.002) (0.008) (0.009)

Machinery and equipment 29 0.071*** 0.313*** 0.616***
(0.003) (0.015) (0.018)

Office and computing machinery 30 0.037*** 0.150*** 0.813***
(0.012) (0.032) (0.04)

Electrical machinery 31 0.096*** 0.306*** 0.598***
(0.008) (0.011) (0.014)

Radio and communication 32 0.055*** 0.322*** 0.624***
(0.006) (0.048) (0.052)

Medical and optical instruments 33 0.071*** 0.435*** 0.494***
(0.004) (0.026) (0.029)

Motor vehicles, trailers 34 0.106*** 0.135*** 0.759***
(0.009) (0.016) (0.014)

Transport equipment 35 0.152*** 0.499*** 0.349***
(0.019) (0.03) (0.044)

Recycling, nec. 36-37 0.084*** 0.283*** 0.633***
(0.003) (0.009) (0.012)

Note: The table contains the production function parameters based on observed factor shares. See
Section III.B in the main text for details. Bootstrapped standard errors in parentheses with ***, **, and
* respectively denoting significance at the 1 percent, 5 percent and 10 percent levels.
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Estimation. — In this section, we show how the set-up laid out in Section III can
be used to retrieve structural estimates of γs and εs, as an alternative approach
to he baseline factor share approach of Section III.B. First, we augment firms’
production function to include physical capital and also explicitly introduce time
subscripts to clarify the timing assumptions underlying our structural estimation.
We therefore write our production function as

(B1) yits = ϕit.k
φks
it .lφlsit .x

γs
it ,

where φks and φls denote the capital and labor elasticities in sector s. We make the
standard assumption that the productivity term ϕit can be decomposed into two
components according to ϕit = ϕobsit exp(εit), where ϕobsit is observed by the firm
and εit captures both measurement error and idiosyncratic shocks to production.
We assume that εit is i.i.d. across firms and time and is independent of all other
shocks. We also assume that log productivity follows a flexible AR(1) process

(B2) ln(ϕobsit ) = n(ϕobsit−1) + χit,

where χit is an iid shock.

In equation (B1), we can again replace the (unobserved) physical quantities of
intermediate inputs xit with the (observed) level of spending in materials and
express the appropriate deflator via the firm’s domestic share (see (5)), This
implies that firm output is given by

(B3) yits = ϕobsit .s
− γs
εs−1

Dit .kφksit .lφlsit .m
γs
it × β

εsγs
εs−1

i ×Bst × exp(εit),

where mit is total material spending by firm i and Bst collects general equilibrium
variables which are common to all firms in industry s. Importantly, notice that by
not directly observing physical quantities of intermediate inputs (but only expen-

ditures), the firm’s production function includes the term β
εsγs/(εs−1)
i . Allowing

for heterogeneity in terms of this home-bias βi will break the usual identifying
assumptions for the production function parameters: even if intermediate inputs
are strictly increasing in ϕit (see Ackerberg, Caves and Frazer (2015) and Levin-
sohn and Petrin (2003)), variation in βi will still affect both yits and the demand
for intermediary inputs. Alternatively, the “compound” productivity variable

ϕ̃it = ϕit× βεsγs/(εs−1)
i does not satisfy the structure in (B2) but contains a fixed

component, which is generically correlated with firms’ material spending.36 We
therefore assume in this section that there is no such heterogeneity in home-bias,

36Introducing fixed effects would fix this problem, but at the usual cost of worsening measurement
error problems (Griliches and Hausman 1986).



VOL. VOL NO. ISSUE GAINS FROM INPUT TRADE 47

i.e. βi = β.
To turn (B3) into an estimation equation, note that in our data firms’ physical

output is not directly observable - the fiscal files only report firm revenue. We
therefore follow De Loecker (2011) and rely on specific assumptions about the
demand structure.37 In particular, the CES demand implies that prices can be
written by

pi
Ps

=

(
yi
Ys

)− 1
σs

exp(ξist),

where s denotes the industry in which the firm operates. Additionally, we include
ξist as an unobserved demand shock. We follow De Loecker (2011) and De Loecker
et al. (2016) and decompose this demand shock into two components: ξist =
ξst + ξ̃it. Here, ξs will be captured by industry dummies, and the residual shocks
ξ̃it are assumed to be i.i.d. across firms and time. Firm revenue can therefore be
written as

Revijs = pijs.yijs = y
σs−1
σs

ijs Y
1
σs
s Ps × exp(ξj + ξs + ξ̃it).

Taking logs and substituting (B3) yields the estimating equation

ln(Revist) =
σs − 1

σs
ln(ϕit) + φ̃ks ln(kist) + φ̃ls ln(list)(B4)

+ γ̃s ln(mist)−
γ̃s

εs − 1
ln(sDist) + ln(Cst) + ξ̃it + εit.

where γ̃s = γs(σs − 1)/σs. and φ̃ks and φ̃ls are defined accordingly. Furthermore,
Cst collects all terms that are common to all firms in a same industry s (and are
controlled for using time dummies).

Identification and estimation of this equation follows closely De Loecker (2011)
and Edmond, Midrigan and Xu (2015). The precise timing assumptions are as
follows.38 The firm:

1) observes the state variables (kit, lit,Sit) as well as the realization of produc-
tivity ϕobsit = n(ϕobsit−1) + χit,

2) observes the prices of intermediate inputs (both domestic and internation-
ally sourced) and makes optimal input choice,

3) observe the shocks εit and ξit,

37In our baseline specification, firms operate in a common segment such that σs is not identified. If
we assume, as in De Loecker (2011), that firms operate in different sub-segments js facing however the
same demand elasticity, then we would identify σs.

38These timing assumptions are very similar to Halpern, Koren and Szeidl (2015).
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4) sets prices and produces output,

5) makes choices on future state variables (kit+1, lit+1,Sit+1).

Given this timing, the estimation procedure is as follows:

1) We follow Levinsohn and Petrin (2003) and rely on material demand to
proxy for productivity ϕobsit by inverting m:

(B5) mit = ms(kit, lit,Sit, ϕ
obs
it )⇐⇒ ln(ϕobsit ) = hs(mit, kit, lit,Sit).

In practice we proxy firms’ sourcing strategy by firms’ import status and
the number of varieties sourced internationally. Note that since the firm
is a price taker on input markets, the price of inputs (conditional on the
sourcing strategy) does not depend on ϕobsit . This ensures that ms (.) is
invertible.

2) We rely on hs to proxy for firm productivity. Under our assumptions in (B2),
χit is uncorrelated with the state variables as well as with lagged values of
all inputs. Hence, we can estimate the production function technological
parameters φ̃ks, φ̃ls, γ̃s and εs using the following moment conditions:

(B6) E


χit ×



kit
lit
kit−1

lit−1

mit−1

mit−2

zit




= 0,

where zit is the Bartik type of instrument in (25). Note that this instrument
is indeed exogenous under our timing assumptions if foreign supply shocks
are unexpected. See also Hummels et al. (2014). We take advantage of
these moments in a the IV regression framework suggested by Levinsohn
and Petrin (2012) and Wooldridge (2009). More specifically, we consider
the equation

ln (Revist) = φ̃ks ln(kit) + φ̃ls ln(lit) + γ̃s ln(mit)−
γ̃s

εs − 1
ln(sDit) +

θs − 1

θs
n (hs (Xt−1)) +Dt + χit + ξ̃it + εit,

where
n (hs (Xt−1)) = n (hs (mit−1, kit−1, lit−1,Sit−1))
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is the control function for productivity (see (B5)) and n (.) stems from the
productivity process (see (B2)). In practice we parametrize n (h (.)) by a
first-order polynomial and use the instruments in (B6).

Besides this parametrization with Cobb-Douglas technology, we also implement
a more flexible translog specification, where we continue to assume a constant
output elasticity for materials but allow for higher order terms in capital and
labor.39

Results. — We report the parameters of interest for both specifications in Ta-
ble B3. For the majority of industries the point estimates are precisely estimated
and in the same ballpark as the pooled estimate from the factor shares approach.40

For a few other industries, we lack precision and we cannot reject that ε is below
one: the existence of non-importers, however, implies that ε has to exceed unity.
Overall and reassuringly however, the estimated elasticities from the production
function approach are within the sampling variation of the factor share estimates.

39More specifically, we included the squared terms ln (k)2 and ln (l)2 and the interaction term ln (k)×
ln (l).

40This suggests that the relatively low value for ε found in the pooled factor shares approach is not
a result of the sectoral pooling of our data. This is in contrast to estimations on aggregate data, which
find a downward bias (Imbs and Mejean 2015).
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Appendix C. Variable Markups

In this section we extend our analysis to a settings where competition among
firms, and hence the distribution of mark-ups, endogenously responds to changes
in the trading environment. We follow Edmond, Midrigan and Xu (2015) and con-
sider an extension of the economy in Section I to allow for variable markups as in
Atkeson and Burstein (2008). We first extend the sufficiency result in Proposi-
tion 1 to this environment with variable markups (Section C.C1). We then apply
this result to estimate the gains from input trade in the French manufacturing
sector (Section C.C2).

C1. Variable Mark-Ups: Theoretical Results

Demand is given by (8) above, together with

Cs =

(∫ Ns

0
c
σs−1
σs

js dj

) σs
σs−1

and cjs =

Njs∑
i=1

c
θs−1
θs

ijs


θs
θs−1

,(C1)

where θs ≥ σs.
41 Instead of each variety j ∈ [0, Ns] being produced by a mo-

nopolistic firm, it is now given by another CES composite produced by a number
Njs of firms. As in Atkeson and Burstein (2008), we assume that firms behave
strategically vis a vis other firms producing their variety j, but take all other
prices as given. In particular, we assume that firms compete a la Cournot. In
this context, the change in consumer prices resulting from a shock to the import
environment is given by Proposition 1 where Λs is now

(C2) ΛVMs =
1

1− σs
ln


∫ Ns

0

Njs∑
i=1

ωi

(
sDi

s′Di

) γs
1−εs

(1−θs)
µ′i

([
ωi,

sDi
s′
Di

])
µi (ωi)


1−θs

1−σs
1−θs

ωjsdj

 .

Here, ωjs denotes variety js’s share in total spending, ωi denotes firm i’s share
in variety spending, and µi, µ

′
i denote firm i’s markup in the current and coun-

terfactual equilibria. Note first that ΛVMs reduces to Λs in the constant markup
case when θs = σs as mark-ups do not respond to the trade shock (i.e. µi = µ′i).

Importantly, the notation in (C2) makes explicit that firms’ counterfactual
mark-ups µ′i are again fully determined from firms’ domestic shares and size.
To see how (C2) is calculated, note that current markups µi can be obtained
from firms’ observed revenue market shares via

(C3) µi =
1

1−
(

1
σωi + 1

θ (1− ωi)
) .

41As before, we assume that the domestic input aggregator in (9) takes the same form as consumer
demand in (8) and (C1), where the Cobb-Douglas weights in (8) are given by

[
ζsk
]
.



52 AMERICAN ECONOMIC JOURNAL MONTH YEAR

The distribution of counterfactual markups µ′i can then be obtained from the
following system of non-linear equations

(C4)
1

1
σs
− 1

θs

((
θs − 1

θs

)
− 1

µ
′
i

)
=

(µ′i)
1−θs ai∑

ν (µ′ν)1−θs aν
,

where

(C5) ai ≡ µi−(1−θs)ωi

(
sDi
s′Di

) γs
1−εs

(1−θs)
.

As [ai] in (C5) are a function of observables in the micro data (and parameters),
so are firms’ counterfactual mark-ups [µ′i] stemming from (C4). Once again, the
micro data on firms’ revenue and domestic expenditure shares [ωi, sDi/s

′
Di] is

sufficient to compute the change in consumer prices.

Proof. We now prove equations (C2)-(C5). Consumer preferences in (8) and (C1)
imply that firm i’s demand is given by

(C6) yi =

(
pi
pjs

)−θs (pjs
Ps

)−σs
Ys,

where the variety and sector-level price indices are

pjs =

Njs∑
i=1

p1−θs
i

 1
1−θs

(C7)

Ps =

(∫ Ns

0
p1−σs
js dj

) 1
1−σs

(C8)

Firm revenue ri can be written as

(C9) ri ≡ piyi = pΦjs.

Assuming that firms compete in a la Cournot, the profit maximization problem
is given by

max
yi

(pi (yi, y−i)− ci) yi,

where ci denotes firm i’s marginal cost and pi (yi, y−i) is defined by (C6)-(C8).
As in Atkeson and Burstein (2008), firms internalize the effect of their pricing
decisions on yjs but not on Ys. The profit-maximizing price can therefore be
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written as

(C10) pi =

(
1
σωi + 1

θ (1− ωi)
)−1(

1
σωi + 1

θ (1− ωi)
)−1 − 1

× ci ≡ µi × ci,

where µi denotes the markup over marginal cost. (C10) provides a system of
equations that characterizes optimal prices [pi] given marginal costs [ci]. Using
(C6), it is straightforward to show that

(C11) ωi ≡
piyi
pjsyjs

=

(
pi
pjs

)1−θs
,

where ωi denotes the variety-level expenditure share on firm i’s good. In partic-
ular, note that (C11) implies that µi = µ (pi/pjs), i.e. markups are a function of
relative prices. (C10) and (C11) establish (C3) in the main text.

The change in sectoral price indices are

(C12) ln

(
P ′s
Ps

)
=

1

1− σs
ln

(∫ Ns

0

(
p′js
pjs

)1−σs
ωjsdj

)
,

where we used that

ωjs =
p1−σs
js∫ Ns

0 p1−σs
js dj

.

In turn, the change in variety-level price indices is

(C13)
p′js
pjs

=

Njs∑
i=1

(
p′i
pi

)1−θs
ωi

 1
1−θs

.

Computing the change in the consumer price index therefore reduces to computing
[p′i/pi]. Equation (C10) implies

(C14)
p′i
pi

=
µ
(
p′i
p′js

)
µi

× c′i
ci
,

where µi can be computed with data on the firm’s revenue share ωi via (C3).
Using (6), we have that

(C15)
c′i
ci

=

(
s′Di
sDi

) γs
εs−1

(
p′Ds
pDs

)γs
.
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It follows from (C14)-(C15) that computing p′i/pi reduces to computing the coun-
terfactual relative prices p′i/p

′
js and p′Ds/pDs. Combining (6) and (C10), we obtain

(C16) p′i = µ

(
p′i
p′js

)
µ−1
i r

1
1−θs
i

(
s′Di
sDi

) γs
εs−1

(
p′Ds
pDs

)γs
Φ
− 1

1−θs
js ,

where we used (C9) to substitute for unobserved efficiency:

ϕ̃i = r
1

θs−1

i µis
γs
εs−1

Di pγsDsΦ
1

1−θs
js .

Using (C7), (C16) can be expressed as

(C17)

(
p′i
p′js

)1−θs

=

(
µ
(
p′i
p′js

)
µ−1
i

)1−θs
ωi

(
s′Di
sDi

) γs
εs−1

(1−θs)

∑Njs
ν=1

(
µ
(
p′ν
p′js

)
µ−1
ν

)1−θs
ων

(
s′Dν
sDν

) γs
εs−1

(1−θs)
.

(C17) provides a system of equations that characterizes counterfactual relative

prices
[
p′i/p

′
js

]
given data [ωi, s

′
Di/sDi]. Given the expression for µ

(
p′i/p

′
js

)
in (C10), we can derive equation (C4) in the main text. Equations (C12)-(C13)
together with (C14)-(C15) imply:

ln

(
P ′s
Ps

)
= γs ln

(
p′Ds
pDs

)
+ Λs,

where Λs is defined in (C2) in the main text. This completes the proof.

C2. Variable Mark-Ups: Empirical Results

We now implement this procedure for our specific application. According
to (C2)-(C5), we require only two additional pieces of information. First, we need
to make a choice regarding the level of aggregation of the “lower” market seg-
ment of the CES demand structure. Second, we need to estimate the additional
demand elasticity θs. We then simply solve for the counterfactual distribution
of mark-ups from (C4) and calculate the change in consumer prices according
to (C2) and Proposition 1.

We follow Gaubert and Itskhoki (2016) and model the lower segment of de-
mand as a 3-digit industry. In our data, this leaves us with 106 subsectors. To
discipline the two elasticities (θs, σs), we require the variable mark-up economy
to be consistent with the same moment as the constant markup economy, namely
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the aggregate revenue-cost ratio.42 The model implies that:

1

RCRs
= 1− 1

θs
(1− Ωs)−

1

σs
Ωs,(C18)

where RCRs denotes the aggregate revenue cost ratio in sector s and Ωs is defined
as Ωs =

∑
j∈s ωjsHjs, where ωjs is the share of subsector j in sector s and Hjs

is the Herfindahl index of firms’ market shares in subsector j. Equation (C18)
defines a schedule of (θs, σs) that are consistent with RCR. To select among
them, we consider two approaches: (i) selecting arbitrary values of θs to explore
the sensitivity of our results to this parameter and (ii) choosing θs to match the
dispersion of markups.

For the first approach, we consider two cases: one where θs is large relative
to σs (we take θs = 2 × σs) and one where it is small (we take θs = 1.1 × σs).
The changes in consumer prices are very similar in the two cases: in the high θs
case, consumer prices in the manufacturing sector would be 28.9 percent higher
in autarky; in the low θs case, the corresponding number is 28.7 percent. These
estimates are quantitatively very similar to our earlier estimate of 27.5 percent
in the constant markup economy. We note, however, that the importance of the
mark-up channel varies substantially across sectors and, in particular, that input
trade is pro-competitive in some industries and anti-competitive in others. This
can be seen in Table C1, which contains the calibrated demand elasticities (σs, θs)
and the price gains by sector for each of the two cases. For comparison, we also
report the demand elasticity and the sectoral price gains of the constant mark-up
economy (see Tables 1 and 4).

In our second approach, we bring an additional moment to identify (θs, σs). It
is natural to exploit the information about the dispersion in markups. The model
implies that:

(C19) qp1/µ,s − q
q
1/µ,s =

(
1

σs
− 1

θs

)
×
(
q1−p
ω,s − q1−q

ω,s

)
,

where qτ1/µ,s (qτω,s) denotes the τ quantile of the distribution of the inverse of

mark-ups µ−1 (the within subsegment market shares ωij).
43 (C18) and (C19) are

sufficient to identify the parameters (θs, σs). Empirically, we find it challenging
to find solutions to these equations that satisfy the theoretical restriction 1 ≤
σs ≤ θs. To see the source of the problem, consider Table C2 below. In this table
we report - for all industries s - the data on RCRs, Ωs, q

0.1
1/µ − q

0.01
1/µ and q0.99

ω,s −
q0.9
ω,s.

44 To calculate the dispersion of mark-ups, we rely on two measures of mark-

42The aggregate revenue-cost ratio is computed as the sector level average of firms’ profit margins -
see (20).

43See below for a derivation of equations (C18) and (C19).
44Here we decided to focus on the tail of large firms as these are arguably the firms, where the Atkeson
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ups. To be consistent with our treatment of the RCRs we consider the simple
accounting equation µACCi = piyi/(wli+mi+Rki). As an alternative we follow the
approach pioneered by Jan De Loecker and measure mark-ups from firms’ cost-
minimizing behavior as µCMIN

i = φl/(wli/piyi), where φl is the output elasticity
of labor in the production function. The results are contained in columns 2 -
5 in Table C2. In columns 6 and 7 we report the implied values for σs and θs
according to (C18) and (C19). It is clearly seen that all but one σs is smaller
than unity and that many θs are negative. The reason is that the dispersion in
measured mark-ups is large relative to the dispersion in market shares. Hence,
(qp21/µ− q

p1
1/µ)/(q1−p1

ω,s − q1−p2
ω,s ) is large, which tends to reduce both σs and θs. One

reason for this disconnect could be measurement error, if measured mark-ups are
more affected than market shares. While a possibility, the implied measurement
error must be quite large. Even if qp21/µ− q

p1
1/µ was only half as large, most implied

σs would still be below one.
We also pursued an alternative calibration strategy, which follows Edmond,

Midrigan and Xu (2015) closely. Using the observed mark-ups, we could have
estimated σ and θ from (C3). Edmond, Midrigan and Xu (2015) measure mark-
ups from firms’ labor shares (i.e. they use µCMIN

i ). Mark-ups and market shares
are related via (wli)/(pyi) = β0 + β1ωi + ui, where β0 = φl(θ − 1)/θ and β1 =
−φl (1/σ − 1/θ). Hence, the two demand elasticities are related via

(C20) θ =
β0 + β1

β0
σ + β1

.

It can be shown that together with (C19), this implies

(C21) σs =

 β0,s
β0,s+β1,s

(1− Ωs) + Ωs

RCR−1
RCR − β1,s

β0,s+β1,s
(1− Ωs)

 ,

which identifies σs directly from moments in the data. The results of this exercise
are contained in columns 8 -11. In columns 8 and 9 we report the estimates for
β0 and β1 and the corresponding standard errors. Reassuringly, our estimates for
β1 are consistently negative as required by the theory. Column 10 contains the
implied σs from (C21) and column 11 the corresponding θs. As before, we find
estimates for σs, which are often below unity and implied values for θs, which
are negative.45 We can also compare our results with Edmond, Midrigan and Xu
(2015). They consider the exact same specification for Taiwanese firms but do not
allow for their parameters to vary at the sector level. They estimate β0 = 0.64 and

and Burstein (2008) model is most applicable. We tried many other combinations of quantiles, which all
yielded qualitatively similar results. These results are available upon request.

45As a third possibility, we also allowed for β0 to differ at the sub-segment level (by including sub-
segment fixed effects) and only used β1 = −φl (1/σ − 1/θ) (together with an estimate of φl) for identifi-
cation. This strategy gave qualitatively similar results, which are available upon request.
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β1 = −0.5 and arrive at σ = 1.24 and θ=10.5.46 Hence, their “upper” demand
elasticity σ is also small. In particular, from θ = (β0 + β1)/((β0/σ) + β1) it is
easy to see that θ can only be positive if σ < 1.28.47

We conclude that the model is unable to rationalize the observed dispersion in
mark-ups for parameters (θs, σs) that are consistent with (C18) and satisfy the
theoretical restriction 1 ≤ σs ≤ θs. The French data therefore seems to ask for a
richer model of pricing than the Atkeson and Burstein (2008) model. While we
do find that mark-ups are increasing in sub-sector market shares, the relationship
is quite noisy, i.e. there is ample cross-firm dispersion in mark-ups that is not
explained by the variation in market-shares. Addressing this issue is beyond the
scope of this paper and we thus focus on the two examples mentioned in the text.

Derivation of equations (C18) and (C19). — As we showed above, the equilib-
rium mark-up of firm i is given by

(C22) µi =
θs(1− ωijs) + σsωijs

θs(1− ωijs) + σsωijs − 1
.

Here ωijs is firm i’s sales share in segment j of sector s. Our calibration strategy
is to calibrate the demand elasticities (θs, σs) to match the aggregate revenue-
cost ratio, i.e. RCRs = (

∑
i piyi)/(

∑
i Costi), which is the same moment as in

our benchmark economy (see (20)) and a moment related to the dispersion in
mark-ups. Using (C22) it is easy to show that

RCRs =

∑
i piyi∑

i piyiµ
−1
i

=
1∑

i
piyi∑
i piyi

µ−1
i

=
1∑

i
piyi∑
i∈j piyi

∑
i∈j piyi∑
i piyi

µ−1
i

=

(∑
i

ωijωjs

(
1−

(
1

θ
(1− ωij) +

1

σ
ωij

)))−1

=

1− 1

θ

1−
∑
j∈s

ωjs
∑
i∈j

ω2
ij

− 1

σ

∑
j∈s

ωjs
∑
i∈j

ω2
ij

−1

.(C23)

Here ωij denotes firm i′s market in subsector j and ωjs denotes the share of
subsector j in industry s. Note that Hjs ≡

∑
i∈j ω

2
ij is simply the Herfindahl

46Their strategy is to calibrate σ within the context of a model to match the aggregate trade elasticity.
Given σ they then use their estimate for β0 and β1 to identify θ. Note that their notation is different.
They use γ instead of θ and θ instead σ.

47When we pool all the data and estimate a common β1 and β0 we find β1 = −0.517 and β0 = 0.33.
Hence, we estimate the exact same slope parameter and a lower intercept. The difference in the intercept
stems from the fact that we use revenue, while they use value added. According to the theory, this should
not make a difference. Quantitatively, the results in Table C2 imply that σs < 1 for many sectors even
if β0 = 0.6.
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index of subsector j so that Ωs =
∑

j∈s ωjsHjs is the (weighted) average of the

Herfindahl indices in sector s. Using the definition of Ωs and (C23) yields (C18).
To derive (C19), note that C22 implies a linear relationship between inverse mark-
ups and market shares, i.e.

µ−1
i =

θ − 1

θ
−
(

1

σ
− 1

θ

)
ωij .(C24)

Using the definition of quantiles, (C19) follows directly from (C24). Combining
(C18) and (C19), we can solve for the parameters in terms of data moments. In
particular, for any two quantiles p1 and p2 we get

σs =
RCRs

RCRs − 1 + (1− Ωs)RCRs
q
p2
1/µ
−qp1

1/µ

q
1−p1
ω,s −q

1−p2
ω,s

(C25)

θs =

(
1

σs
−

qp21/µ − q
p1
1/µ

q1−p1
ω,s − q1−p2

ω,s

)−1

.(C26)


