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Abstract
We study the impact of import intensity in production of exporters and their suppli-
ers on exchange rate pass-through to export prices. For identification, we use rich 
micro-level databases – domestic firm-to-firm sales and firm-product-level customs 
– from a large emerging market, Turkey. We find that ignoring suppliers’ import 
reliance misses nearly half of the picture: while exporters’ degree of reliance on own 
imported goods is 24%, this number reaches nearly 40% once their suppliers are 
taken into account. A higher degree of import reliance by exporters’ suppliers sig-
nificantly increases pass-through to export prices by inducing higher imports-driven 
marginal costs passing over to downstream exporters. Moreover, exporters with a 
higher concentration in their domestic supply networks have a higher pass-through.
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1  Introduction

Exporters that use imported inputs potentially face higher marginal costs following 
a domestic currency depreciation, and in turn, their producer-currency export prices 
tend to move alongside the exchange rate.1 We show in this paper that the picture 
is potentially far from complete. Using administrative domestic firm-to-firm sales 
and rich product-level customs data from a large emerging market, Turkey, we show 
that (i) the overall import intensity of exporters is in fact much higher when one 
considers their suppliers’ reliance on imported inputs, and (ii) taking into account 
suppliers’ import use unravels a significantly higher exchange rate pass-through into 
export prices.2

It is intuitive to think that import reliance of exporters’ suppliers should also mat-
ter for the overall sensitivity of export prices to exchange rate movements.3 Follow-
ing a domestic currency depreciation, suppliers that rely more on imported inputs 
would likely pass the increasing costs to the exporter, which in turn would leave 
the exporter to set higher prices to the extent it relies on such suppliers. Identifying 
whether such a mechanism is in place is challenging, as it requires having data on 
firm-to-firm linkages, tracing the whole international trade flows of domestic firms 
at a micro-level (at a firm, product, imports by source, and exports by destination 
level) together with firm balance sheets. By studying these datasets from Turkey, we 
show in a well-identified way how exporters’ pricing is driven by their reliance on 
import-intensive domestic suppliers.

We use an extensive administrative dataset including firm-to-firm sales that cover 
virtually all inter-firm trade,4 firm-product-destination country-level exports and 
firm-product-source country-level imports that cover the whole universe of interna-
tional trade flows, and complete balance sheet and employment information of the 
universe of firms operating in Turkey. Our sample runs from 2006 to 2016 on an 
annual basis. We start by calculating for each exporter its own reliance on imports, 
which we label as own import intensity, as the ratio of total imports to total cost 
of sales. We then calculate indirect import intensity for each exporter by weighting 
the own import intensity of its supplier firms (with weights proportional to by how 
much the exporter rely on each supplier in its total supplier purchases) and multiply-
ing the resulting number with by much exporter relies on supplier purchases for pro-
duction, i.e., with the ratio of total supplier purchases to total cost of sales.

2  Indeed, Amiti et  al. (2014) acknowledge for Belgian exporters that some of imports are likely to be 
made not directly by exporters but through other firms, and they note that they are unable to control for 
suppliers’ imports without more detailed data. Our use of firm-to-firm sales database suggests that a sig-
nificant portion of exporters’ reliance on imports may be due to their suppliers.
3  No firm exists in a vacuum. On the contrary, economic outcomes of a firm are very likely to arise from 
and propagate through its supply network (Acemoglu et al. 2016; Barrot and Sauvagnat 2016; Tintelnot 
et al. 2017; Bernard et al. 2021), including pricing behavior (Duprez and Magerman 2018).
4  The database covers firm-to-firm transactions above a modest threshold of 5000 TL (which, on aver-
age, corresponds to about 2500 US dollars).

1  For other explanations, see excellent surveys by Goldberg and Hellerstein (2008) and Burstein and 
Gopinath (2013), and also Amiti et al. (2014) for the role of mark-up channel. See also Gopinath (2015) 
who shows that exchange rate pass-through into import prices may be substantially high.
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We then study how import-intensive exporters, directly by using imported inputs 
or indirectly by working more with import-intensive suppliers, change their export 
prices following a domestic currency depreciation, compared to firms that export 
the same product category at the Combined Nomenclature (CN) 8-digit level to the 
same destination country at the same year.5 This identification strategy helps us 
absorb any demand-side effects or common shocks to marginal costs across these 
exporters. To shed light on the underlying mechanism, we then use firm-product-
source-level imports to measure how direct/indirect reliance on imported inputs 
entails an increase in production costs following a domestic currency depreciation 
and finally assess the relevance of marginal cost channel due to exporters’ direct or 
indirect import intensities.

Our results are as follows:
First, almost all exporters use imported inputs, directly or through their suppli-

ers. On average over our sample period, while 61% of exporters import themselves, 
this figure rises as high as 95%, and exporters’ import intensity raises from 24% to 
40%, once we also take into account exporters’ suppliers’ use of imported inputs. 
These findings underline that focusing on exporters’ own import intensity misses an 
important ingredient of exporters’ ‘true’ import reliance: the degree of their suppli-
ers’ reliance on imported inputs.

Second, we find that exporters working with import-intensive suppliers have a 
significantly higher exchange rate pass-through into producer-currency export 
prices. Numerically, following a 10% domestic currency depreciation, an exporter 
at the 90th percentile of indirect import intensity raises its producer-currency (Turk-
ish lira) prices by 3.6 percentage points more compared to an exporter at the 10th 
percentile that exports the same good to the same destination country at the same 
year. Exporters’ own import intensity matters as well for the pass-through, with a 
somewhat stronger effect than the indirect effect. Numerically, an exporter at the 
90th percentile of the distribution of own import intensity raises its export prices by 
4.8 percentage points more compared to an exporter at the 10th percentile.6 We later 
show that these results are qualitatively robust to using weighted least squares, to a 
sub-sample of large exporters or high value exports, and confining interest to export-
ers’ major products. We also find that these results hold particularly for wholesale 
traders – who in part intermediates exports in Turkey.

Third, we investigate the underlying mechanism. In particular, for each firm (an 
exporter or its suppliers) importing a product from a source country, we first cal-
culate change in import costs as a result of exchange rate movements. We label the 
sum of changes (for a given firm summing across different import products and 
source countries) as the marginal increase in costs due to using imported inputs. 

5  The Turkish customs database follows EUROSTAT and uses the Combined Nomenclature (CN) classi-
fication for classifying exported or imported goods. The CN coincides with the Harmonized System (HS) 
classification up to the sixth digit.
6  Summing up the direct and indirect import intensities, one can also obtain an aggregate measure of 
import intensity for exporters. When we do so, we find that exporters with higher aggregate import inten-
sity raise their export prices by 6.2% more.
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We find that, facing a higher import bill following a domestic currency deprecia-
tion, exporters do shift away from source countries – currencies of which get more 
valued against the domestic currency – or goods – that happen to be more expensive 
in domestic currency terms. This adjustment, however, appears insufficient to avoid 
passing a portion of increases in costs to their export prices. A one-percentage-
point increase in production costs due to imports leads to a 0.17% increase in export 
prices. We find a milder impact on export prices due to marginal increase in export-
ers’ suppliers’ imports-driven costs (0.11%). Having a finer measure of marginal 
costs, these results hold for both wholesale and non-wholesale trader exporters.

Lastly, we explore the role of exporters’ market power in domestic supply net-
works for the exchange rate pass-through. Intuitively, an exporter relying on only a 
few suppliers may have lower bargaining power over its suppliers and in turn find it 
harder to vary its mark-ups. Eventually, such exporters may reflect an exchange rate 
depreciation more onto its product prices. In line with this intuition (Kikkawa et al. 
2019), we find that exporters with higher concentration in their domestic supply 
networks raise their export prices significantly more following a domestic currency 
depreciation. Moreover, our previous findings on how direct or indirect marginal 
cost channel affect the pass-through continue to hold.

Our study adds to the recent literature that links exchange rate pass-through to 
imported inputs, market structure, productivity, or quality of exports (Amiti et  al. 
2014; Berman et  al. 2012; Auer and Schoenle 2016; Garetto 2016; Bernini and 
Tomasi 2015; Lewis 2017). Most relatedly, Amiti et al. (2014) develop a theoretical 
framework on how exporters’ pricing of their export goods is linked to their import 
intensity and destination market shares, and show that exporters that rely more 
on imports raise their export prices significantly more following an exchange rate 
depreciation, with the marginal cost and mark-up channels contributing to the pass-
through with similar strengths.7 Our results unravel that exporters’ import intensity 
can in fact be significantly higher once their suppliers’ use of imported inputs is 
taken into account, and that exporters’ indirect import intensity significantly matters 
for the pass-through.

Another strand of literature that our work relates to is the recently growing 
production network literature (Acemoglu et  al. 2016; Bernard et  al. 2015; Dhyne 
et  al. 2015; Barrot and Sauvagnat 2016; Lim 2017; Tintelnot et  al. 2017; Duprez 
and Magerman 2018; Kikkawa et  al. 2019; Bernard et  al. 2021; and for an in-
depth review, Carvalho and Tahbaz-Salehi 2018). Barrot and Sauvagnat (2016), for 
instance, show that suppliers affected by natural disasters pass substantial output 
losses on their customers, especially when they produce specific inputs. Using Bel-
gium firm-to-firm sales, Bernard et al. (2021) examine the role of inter-firm linkages 
for firm size heterogeneity, and Tintelnot et al. (2017) how international trade shocks 
affect real wages and efficiency of firms, including even those that do not directly 
export or import. More related to our paper are Duprez and Magerman (2018) and 

7  Amiti et al. (2014) use destination currency pricing and therefore report lower pass-through as a result 
of higher import intensity. In producer currency pricing, which we use, their results would point to 
higher pass-through.
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Amiti et  al. (2019). Duprez and Magerman (2018) study how firms adjust their 
domestic prices in response to cost shocks and changes in competitors’ prices. Amiti 
et  al. (2019) explore an alternative transmission channel for import pass-through 
into domestic prices by studying the effect of import intensity across competitors.8

Our contribution is threefold. First, we show that exporters’ suppliers are more 
import intensive than an average firm in the economy. This suggests that calculat-
ing import intensity by using sector-level input–output tables, a route often fol-
lowed in policy reports, e.g., OECD (2019), is likely to underestimate true import 
intensity. To our best knowledge, our paper is the first to document the contribution 
on exchange rate pass-through of exporters’ import intensity due to their domestic 
suppliers. Our network encompassing import intensity measures may have further 
applications for the wider literature estimating the impact of using imported inputs 
on firm-level economic outcomes such as productivity and product scope (Goldberg 
et al. 2010; Halpern et al. 2015).

Second, we extend Amiti et al. (2014) by incorporating a rich database on export-
ers’ domestic supply network (firm-to-firm sales). We show that exporters’ indirect 
reliance on imports (through their reliance on import-intensive suppliers) is eco-
nomically large, the indirect marginal cost channel is operational, and it increases 
the exchange rate pass-through significantly and to a sizable degree.

Finally, our findings on how a weaker domestic currency raises production costs 
of exporters that work with import-intensive suppliers, and how it eventually raises 
export prices, complement Duprez and Magerman (2018) who study how firms 
change their prices within domestic markets. More recently, Bruno and Shin (2019) 
study the finance channel of exports. They show that exporters that are more reliant 
on US dollar funding (via working with banks funded more with US dollars) can 
expand their exports significantly less following a stronger dollar, underlining that 
the finance channel may even dominate the competitiveness channel. Our paper also 
complements Bruno and Shin (2019), by showing that the competitiveness chan-
nel, that was previously shown to be weaker due to exporters’ reliance on imports, 
may even be weaker once import use within exporters’ supply network is taken into 
account. In this regard, our results are particularly relevant for emerging markets 
with high reliance on imported goods for production, as the results also suggest 
that it is harder for such countries to ameliorate the loss in domestic absorption and 
eventually grow in the aftermath of domestic currency depreciations.

The paper proceeds as follows. Section 2 presents the theoretical framework. Sec-
tion 3 discusses the empirical approach and defines the variables of interest. Sec-
tion 4 presents the databases in detail. Section 5 presents the empirical results. Sec-
tion 6 discusses the heterogeneity and robustness of the results. Section 7 concludes.

8  Moreover, while the mechanism in our paper operates through import-intensive domestic suppliers, 
similar spillover effects can further be prevalent in an international setting. For instance, a shock to a 
supplier abroad may affect their downstream across-the-border firms. For instance, di  Giovanni et  al. 
(2018) and Auer et  al. (2019) show evidence for how global supply linkages may render comovement 
of business cycles or prices across countries. Based on French micro-level data, Giovanni et al. (2020) 
show that firms that import intermediate inputs react significantly more to foreign shocks, and lay out the 
quantitative importance of large ‘granular’ firms in transmitting foreign shocks to the French economy.
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2 � Theoretical Motivation

The channel works through cost pass-through within a production network economy, 
where in our setting that corresponds to exporters that rely more on import-intensive 
suppliers facing higher increase in their input costs following a domestic currency 
depreciation (ceteris paribus). To formally elaborate this, we follow the model in 
Bernard et al. (2021).

Consider, for instance, a production network economy where an exporter f source 
inputs from a set of import-intensive domestic suppliers (in addition to labor and 
own imported inputs) and produces via

where yf ,t is the output, zf ,t is the productivity, lf ,t is the amount of labor used, � 
is the share of labor, mf ,t is the imported inputs, 𝜅 > 0 a scaling parameter, and t 
denotes the time. vf ,t is a constant elasticity of substitution (CES) bundle of inputs 
from suppliers n ∈ Nf ,t with cost share �f  , given by

where �nf ,t is the input purchased from supplier n. The corresponding unit cost for 

exporter f of buying this input bundle is given by Pf ,t =
�∑

n∈Nf ,t
p1−�
nf ,t

� 1

1−� , where 
pnf ,t is the unit price charged by supplier n to exporter f. The marginal cost of pro-
duction for exporter f is then proportional to the cost of buying this input bundle and 
is given by

where wf ,t is the unit labor cost (wage) and zf ,t is the cost of imported inputs. Assum-
ing a symmetric production technology for suppliers and a monopolistically com-
petitive market, pnf ,t = �MCn,t where � is a constant mark-up and MCn,t (marginal 
cost) is proportional to the weighted average bilateral exchange rates that supplier n 
faces over its import source countries. Assuming costly switching across suppliers, 
equation (3) then reflects the sensitivity of marginal production costs for exporter f 
to changes in the exchange rate.

While the model is stylized, it reflects key features of the mechanism. First, sup-
pliers’ reliance on imported goods passes on their downstream (exporter) firms 
( MCf ,t ∝ Pf ,t ). Second, to the extent the set of suppliers is sticky (e.g., Nf ,t ≈ Nf  
assuming switching across suppliers infinitely costly), exporters face a higher Pf ,t 
following a domestic currency depreciation against the currency of countries its 

(1)yf ,t = �zf ,tl
�

f ,t

(
m

1−�f
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v
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)1−�
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suppliers’ source their imports from.9 Third, in principle, the cost pass-through 
occurs as we move further down the production network (suppliers’ marginal cost of 
production, mcn,t , also depends on suppliers’ suppliers’ marginal production costs). 
The extent to which the set of suppliers of suppliers are sticky will then determine 
the extent of cost pass-through at each level of the production network. The second-
order effect appears not empirically relevant as we study below.

Consider further the demand an exporter faces in its destination markets. Here, 
we draw upon Amiti et al. (2014) who show that import intensity (proxying for the 
sensitivity of marginal costs to the exchange rate) and export market share (proxying 
for elasticity of markups to prices) constitute a sufficient statistic for the exchange 
rate pass-through within sector-destination markets. In particular, exporter f’s mar-
ket share in the destination market k for a given sector at a given time is given by

given a nested CES demand over a variety of products, where �k,f  is a firm-destina-
tion specific preference parameter, � is the elasticity of substitution across the varie-
ties within sectors, Px

k,f
 is the exporter’s price, and Px

k
 is the sectoral price index. 

Given monopolistic competition in sector-destination markets, exporters set a 
markup, �x

k,f
= �k,f∕(�k,f − 1) , over their costs, where �k,f ≡ �(1 − Sk,f ) + �Sk,f  is the 

effective demand elasticity and � the elasticity of substitution across sectoral aggre-
gates (satisfying 𝜌 > 𝜂 ≥ 1 ). Amiti et al. (2014) show that the markup (as well as the 
elasticity of markup to prices) is increasing in the market share of the exporter. In 
equilibrium, optimal price set by exporter f for destination market k is a function of 
markup and marginal costs, i.e., Px∗

k,f
= �

x
k,f
MC∗

f ,t
 , for which export market shares 

and overall import intensity form sufficient statistics.

3 � Empirical Framework

3.1 � Measuring Import Intensity

We define import intensity of a firm as the ratio of its total imports to the total cost 
of sales. Starting with exporters’ own import intensity, �own

f ,t
 , we calculate

(4)Sk,f = �k,f

(
Px
k,f

Px
k

)1−�

∈ [0, 1]

(5)
�
own
f ,t

≡

∑
c∈Cf ,t

∑
i∈If ,t

Import Valuef ,i,c,t

Cost of Salesf ,t
=

Import Valuef ,t

Cost of Salesf ,t

9  As we show in Section 4, change in import intensity of suppliers (change in indirect import intensity) 
is on average close to zero, implying that exporters cannot easily switch to suppliers with lower import 
intensities.
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where the numerator is the total imports of an exporter f at year t (the sum of the 
value of exporter f’s all imported goods indexed by i from source countries indexed 
by c at year t). We use total imports for the baseline estimations, and the total inter-
mediate goods imports for robustness. The denominator, Cost of Sales f ,t , is the sum 
of total labor costs and material costs of exporter f at year t.

To estimate the import intensity of an exporter due to its direct suppliers’ imports, 
which we call indirect import-intensity for the rest of the paper, we use the formula 
shown in equation (6). First, we define wf ,n,t , the weight of a given supplier firm n 
among all Nf ,t firms that supply to the exporter f at year t. The import intensity of 
supplier firms is calculated similar to equation (5) (by dividing total imports of sup-
plier n to its total cost of sales for each n ∈ Nf ,t ), and then, are weighted according 
to wf ,n,t , to construct a weighted average import intensities of the supplier firms for 
the exporter f. Afterward, we multiply this measure with the exporter f’s reliance on 
suppliers (namely, the ratio of purchases from suppliers to the cost of sales). There-
fore, we reach the following indirect import intensity measure:

Alternatively, we define an aggregate measure of import intensity of exporters, �agg

f ,t
 , 

as the sum of own and indirect import intensity measures:

Since the import intensity measures, �own
f ,t

 and �indirect
f ,t

 , are normalized by total cost 
of sales, their sum never exceeds 1. Since one would expect own and indirect import 
intensities to affect the pass-through with different strengths, using the aggregate 
import intensity naturally loses some information. On the positive side, it is a com-
plete measure of import intensity of inputs in the final product of a given exporter. 
Later for robustness, we also study higher-order indirect import intensities (for 
instance, an exporter’s reliance on imports due to its suppliers’ suppliers’ use of 
imports) and re-define the aggregate measure of import intensity accordingly.10

3.2 � Identification Strategy

Our identification is based on cross-sectional variation in import intensities, own or 
indirect, of exporters selling products in the same CN-8 category to the same desti-
nation country in the same year. In particular, we estimate

(6)�
indirect
f ,t

≡
Supplier Purchasesf ,t

Cost of Salesf ,t

Nf ,t∑
n=1

wf ,n,t

Import Valuen,f ,t

Cost of Salesn,f ,t

(7)𝜑
agg

f ,t
≡ 𝜑

own
f ,t

+ 𝜑
indirect
f ,t

< 1

10  To include all imported inputs in a firm’s supply network, the Leontief inverse of import intensity 
could be calculated as �f ,t = [I − Ω]−1M =

∑∞

k=0
ΩkM , where wi,j,t ∈ Ω is the share of inputs from firm 

i in j, and M is a vector of own import intensities of direct importers. The Leontief inverse of import 
intensity takes into account all imports within a firm’s supply chain and does not differentiate between 
different orders of suppliers. As we show later, the majority of supplier import intensity is from first 
order suppliers.
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The dependent variable, Δpf ,i,k,t , is the (log) change in the producer currency (Turk-
ish lira) price of the exported good i of firm f to destination country k from year t − 1 
to t. Goods (is) are defined at the CN 8-digit level. The price is proxied by its unit 
value, namely, the ratio of export values to export volume, given by 
Δpf ,i,k,t ≡ Δlog

(
Export valuef ,i,k,t

Export volumef ,i,k,t

)
 , where volume corresponds to volume, amount, 

quantity, or weight. Δek,t denotes the (log) change in the nominal exchange rate of 
domestic currency vis-a-vis the destination country k’s currency. Thus defined, a 
positive Δek,t implies a depreciation in the domestic currency.

Our identification is based on the variation in the import intensity, own or indi-
rect, of exporters that export ‘same’ goods to the same destination country at the 
same year. To do so, we saturate the model with good×destination×year fixed effects 
( �i,k,t).11 �i,k,t further absorb any effects from common shocks to marginal costs 
across exporters of good i at year t to destination country k as well as the level of 
change in the exchange rate.

We are primarily interested in the interactions of Δek,t with �own
f ,t−1

 and �indirect
f ,t−1

 . 
Positive estimated values for �1 or �2 imply that an exporter with higher import 
intensity, through its own reliance on imports ( �1 ) or through its reliance on import-
intensive suppliers ( �2 ), raises its export prices more following a domestic currency 
depreciation, compared to exporters exporting to the same good to the same destina-
tion country at the same year. Moreover, we cluster standard errors at the destination 
country level, to take into account possible dependence in residuals for a given des-
tination country across goods and years, which appears to provide more conserva-
tive standard errors than simple heteroskedasticity robust or firm- or product-level 
clustered standard errors.

To control for the mark-up channel in pricing, we proxy for the (ex-ante) mar-
ket share of each exporter at a destination-good market, Sf ,i,k,t−1 . It is defined as the 
export share of firm f in total exports of Turkish firms to a given destination-good 
market in year t − 1 . Defining market shares based on a broader good category, e.g., 
the CN 4-digit level, yields very similar results. The mark-up channel, under cer-
tain conditions, suggests that the larger the market share, the lower the elasticity of 
demand facing the firm (see, e.g., Goldberg and Hellerstein 2008), which in our set-
ting, corresponds to testing for whether � attains a positive value.

Note also that exporters’ import intensities might be correlated with their destina-
tion-good market shares. In particular, exporters with a higher degree of reliance on 
imports may systematically have higher market shares within their destination-good 
markets. We later show that this is indeed the case in our data set (Table 2). Hence, 
excluding export market share would cause omitted variable bias.

(8)
Δpf ,i,k,t =

(
�1�

own
f ,t−1

+ �2�
indirect
f ,t−1

+ �Sf ,i,k,t−1

)
Δek,t +…

⋯ + b1�
own
f ,t−1

+ b2�
indirect
f ,t−1

+ aSf ,i,k,t−1 + �i,k,t + �f ,i,k,t

11  As we show in the Robustness section, we find virtually the same results if we were to exploit varia-
tion within the CN 4-digit good level.
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We use firm-level averages of import intensities over the sample period to avoid 
potential noise in the import intensity measure caused by temporary shifts or 
responses to the exchange rate. Supporting our use of sample averages, we find that 
a firm’s degree of reliance on imports is by and large an underlying characteristic of 
the firm. Our auxiliary regressions of �own

f ,t
 or �agg

f ,t
 on firm fixed effects yield an R2 of 

0.91 and 0.90, respectively.12 We later show that using lagged and contemporary 
values of import intensities in the regressions does not significantly alter the results.

We extend our baseline specification on two fronts. First, we directly estimate the 
impact of the marginal change in import costs due to exchange rate variations on 
export prices. Second, we include proxies in our baseline specifications for exporter 
market shares within the domestic supply network.

Marginal Cost Channel. We assess whether the marginal cost channel due to reli-
ance on imports is operational. Intuitively, due to imported goods becoming more 
expensive in domestic currency terms following a domestic currency depreciation, 
exporters’ with higher direct/indirect reliance on imported goods potentially face a 
greater upward pressure on overall production costs. Along these lines and using 
firm-product-source country-year-level imports database, we incorporate a measure 
of imports-driven marginal costs in our baseline specification.

We start with calculating imports-driven marginal costs, by aggregating changes 
in import costs across goods and source countries for a given firm and year, and nor-
malizing the resulting number with total cost of sales:

In equation (10) below, we further introduce the exposure of an exporter to suppli-
ers’ imports-driven marginal costs. Similar as above, we calculate imports-driven 
increase in production costs for each supplier. We then take weighted average of 
these cost changes – using each supplier’s share in exporter’s total supplier pur-
chases as weights, and finally, adjust the resulting number with by how much the 
exporter relies on supplier purchases for production:

where ΔM̂Cf ,n,t denotes imports-driven increase in production costs for supplier n of 
exporter f.

(9)
ΔM̂Cf ,t

own
≡

∑
c∈Cf ,t

�
∑
i∈If ,t

Δec,tImport Valuef ,i,c,t

�

Cost of Salesf ,t

(10)ΔM̂Cf ,t

indirect
≡

Supplier Purchasesf ,t

Cost of Salesf ,t

Nf ,t∑
n=1

wf ,n,tΔM̂Cf ,n,t

12  A potential reason for why exporters have their import intensities largely unchanged following 
changes in the exchange rate might be due to costly adjustment in changing the production structure or 
buyer-supplier linkages (e.g., exporters may not easily switch to suppliers with low import use after a 
domestic currency depreciation). For evidence that inter-firm linkages are in general costly to adjust, see 
Huneeus (2018).
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Along these lines, we modify our baseline specification by including ΔM̂Cf ,t

own
 

and ΔM̂Cf ,t

indirect
 as our focus variables, given by

where OTHERS include all the variables in our baseline specification (own and indi-
rect import intensities as well as export market shares – in levels and in interaction 
with changes in the exchange rate). If, for instance, indirect import intensity operates 
through the marginal cost channel, we would expect indirect import intensity losing 
its predictive power once indirect marginal cost is included.

Exporters’ Domestic Market Power. Second, motivated by Kikkawa et al. (2019) 
who show that market power within the domestic supply network can lead to signifi-
cant mark-ups, we extend our baseline specification with exporters’ market concen-
tration within their domestic supply networks. In particular, we define a Herfindahl-
Hirschman concentration index within the domestic supply market of each exporter 
at each year, given by

where higher values of Cf ,t imply a higher domestic supplier market concentration 
for the exporting firm f.13 Not controlling for domestic market concentration may 
also be introducing omitted variable bias to the estimation if it is correlated with 
import intensities. We use the lagged value of C in the estimations to account for the 
possibility that exporters may dynamically adjust their supplier composition.

To this end, our most saturated specification is given by:

4 � Data

We use several large-scale administrative databases. The first database is the cus-
toms data for the universe of firms in Turkey that export and/or import, with details 
including the value, amount, destination/source country and product code at the CN 

(11)Δpf ,i,k,t = �1ΔM̂Cf ,t

own
+ �2ΔM̂Cf ,t

indirect
+ OTHERS + �i,k,t + �f ,i,k,t

(12)Cf ,t =

√√√√ Nf ,t∑
n=1

(
Purchased Valuen,f ,t

Supplier Purchasesf ,t

)2

(13)

Δpf ,i,k,t =
(
�1�

own
f ,t−1

+ �2�
indirect
f ,t−1

+ �Sf ,i,k,t−1 + �Cf ,t−1

)
Δek,t + �1ΔM̂Cf ,t

own

+ �2ΔM̂Cf ,t

indirect
+…

⋯ + b1�
own
f ,t−1

+ b2�
indirect
f ,t−1

+ aSf ,i,k,t−1 + gCf ,t−1 + �i,k,t + �f ,i,k,t

13  Alternatively, as a proxy for an exporter’s market power within its suppliers, we also calculate the 
share of the largest supplier in an exporter’s total supplier purchases. When we use this measure in our 
regressions – to be presented below, our results remain strongly robust.
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12-digit level for each customs transaction.14 This database is provided by the Turk-
ish Ministry of Customs. The second database, provided by Turkish Ministry of 
Treasury and Finance, provides complete balance sheets and income statements for 
virtually all the firms.15 Third, we use Social Security Institute records of employ-
ment (from December of each year) to construct firm labor costs. The final database 
is firm-to-firm sales. It is provided by the Turkish Ministry of Treasury and Finance, 
is based on the invoices for value-added tax purposes. It provides all firm-to-firm 
transactions above a relatively small threshold, 5,000 TL (which on average cor-
responds to about 2,500 US dollars based on average exchange rate over our sample 
period) together with buying and selling firm identifiers. All databases are matched 
at the Entrepreneurship Information System (EIS) of the Turkish Ministry of Indus-
try and Technology. Our sample period runs from 2006 to 2016 on an annual basis.

We supplement our administrative supervisory datasets with exchange rate data. 
A recent literature has documented that movements in the currency of invoicing 
determines exchange rate pass through. Unfortunately, our data do not include the 
currency of invoicing at the transaction level. We can, however, use aggregate-level 
data to proxy for the currency of invoicing in Turkey (Amiti et al. 2020a; Chen et al. 
2019). A large majority of Turkish exports are invoiced in USD or Euros (47% in 
Euros and 46% in US dollars).16 For the baseline or unless otherwise noted, we 
use the TRY against Euro exchange rate for exports to European Monetary Union 
(EMU) countries and the TRY against the USD exchange rate for the remaining 
countries. The same pattern persists for imports (33% in Euros and 61% in US dol-
lars) and we use the same proxy for invoice currency of imports when we estimate 
changes in import marginal costs. We further use bilateral exchange rates of Turkish 
lira against source and destination country currencies as a robustness test.

We limit the sample to exports where the absolute value of the change in export 
price does not exceed 100%, since changes in the prices of goods defined at a CN 
8-digit level, however, highly disaggregate it is, may still reflect compositional 
changes or measurement errors. In order to rule out outliers or potential measure-
ment errors, we exclude very small exports which we define as below 100 US dol-
lars. Finally, since our dependent variable is in terms of changes, an exporter-good-
destination-level transaction is included in our sample if it is observed consecutively 
for two years.

Our final sample consists 64,387 exporting firms, which export to 215 countries 
(including special administrative units, e.g., Gibraltar, Marshall Islands, French 

14  Classification of goods at a CN 8-digit level follows an international standard, and we use this level of 
disaggregation in our estimations. More disaggregated classifications, e.g., CN 12-digit level as reported 
by the Turkish Ministry of Customs, may be used, but would be too restrictive since our dependent vari-
able is in terms of changes (i.e., we would then include only those that export the same CN 12-digit level 
good for two consecutive years). The results are strongly robust, though, to using CN 12-digit classifica-
tion (available upon request).
15  Firms with annual gross sales above a relatively modest threshold of around 200,000 Turkish liras 
(c.a. 100,000 US dollars) report their balance sheets. Since exporters are on average larger than the rest 
of the firms, we have balance sheet and income statements for almost all the exporters.
16  See https://​www.​ticar​et.​gov.​tr/​istat​istik​ler/​dis-​ticar​et-​istat​istik​leri for details.

https://www.ticaret.gov.tr/istatistikler/dis-ticaret-istatistikleri
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Guiana, Dutch Antilles). There are 739,091 firms that directly supply to export-
ers, implying on average that there are more than 11 suppliers for each exporter 
(Table 1). In sum, a significant number of firms in the economy eventually contrib-
utes to the exporting activity.

Consistent with the literature that documents for a wide range of countries how 
exporting firms in general differ from the rest of the firms (see, e.g., Melitz 2003; 
Mayer and Ottaviano 2007; Amiti et al. 2014), we find that exporters are more likely 
to import. We also find that exporting firms are on average larger (they have more 
than three times as many employees as supplier firms or other firms in the firm-to-
firm trade), have higher sales and are more productive – higher sales per employee 
(Table 1).

Importantly, suppliers’ use of imports counts for exporters’ overall degree of reli-
ance on imports. For instance, an exporter’s probability of being also an importer is 
61%, but once their suppliers are taken into account, this figure raises as high as 95% 
(Table 1). Moreover, the distribution of exporters’ import intensity shifts right and 
become considerably flatter (Fig. 1).17

Finally, we check how exporters’ import intensity has evolved over time (Fig. 2). 
We plot exporters’ own, indirect as well as aggregate import intensities, weighted 
by export values to have a time-aggregate figure. Exporters’ own intensity fluctuates 
around 25%. Once their reliance on import-intensive supplies is taken into account, 
the aggregate import intensity reaches close to 40%. We observe a mild decline in 
aggregate import intensity after 2013 and particularly after 2008 (during which 
Turkish lira depreciated sharply).

In sum, the key message is that focusing on exporters’ own import intensity 
misses an important ingredient of their ‘true’ import reliance: the degree of their 
suppliers’ reliance on imports. Once suppliers are taken into account, exporters’ reli-
ance on imports almost doubles, and the cross-sectional variation in the degree of 
exporters’ reliance on imports increases strongly.

Market concentration within exporters’ domestic supply networks ( C ) may also 
matter for the pass-through, not only due to reflecting a potential mark-up channel 
but also ignorance of which may entail an omitted variable bias if it is correlated 
with import intensities. Indeed, as Table  2 shows, exporters with a higher degree 
of own or aggregate import intensity have a lower degree of concentration in their 
domestic supplier markets. For exporters with higher indirect import intensity, we 
observe a higher supplier market concentration.

Table 3 presents the summary statistics of the variables used in the main regres-
sion analyses. When evaluating economic impacts, we will refer to the 10th and the 
90th percentiles of the variable of interest. The table further shows that the average 
annual change in both own import intensity and indirect import intensity are close to 
0, which support the suggestion that changing suppliers is costly.

17  An increase in the cross-sectional variation in exporters’ import intensity also helps for better identi-
fication.
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5 � Empirical Results

5.1 � Import Intensity Results

Table  4 presents the baseline results for import intensity. We start with a modest 
specification that includes exporters’ own import intensity and export market shares, 
and saturate the model with good×destination and year fixed effects (column 1). 
Good×destination fixed effects absorb time-invariant destination country demand for 
a given product, and year fixed effects any demand or marginal cost shocks com-
mon to all exporters. The aggregate pass-through estimate, evaluated at the means 
of own import intensity and export market share, is 22%. That is, following a 10% 
domestic currency depreciation, firms raise their producer-currency export prices by 
2.2%. The estimated pass-through is low compared to short-run exchange rate pass-
through estimates in Turkey, but is in line with the estimate of Bussière et al. (2014), 
who find a long-run exchange rate pass-through of 28% for Turkish exports. Since 
our data are on an annual basis, we expect our pass-through estimate to be closer to 
long-run estimates. Moreover, as given by the estimated coefficient for the interac-
tion of own import intensity with the change in the exchange rate, exporters that rely 
more on imports raise their export prices significantly more following an exchange 
rate depreciation. Lastly, having a larger share at a destination×good market has an 
increasing effect on the exchange rate pass-through.

Our preferred specification controls for any time-varying common demand-side 
effects or marginal costs across exporters within the same good-destination market, 
by including good×destination×time fixed effects (columns 2 to 5). Column (2) con-
firms previous literature, in that exporters with greater reliance on imported inputs 
raise their producer-currency export prices significantly more. Numerically, and 
using the percentile values reported in Table 1, we estimate that moving an exporter 
from the 10th to the 90th percentile of own import intensity would raise the esti-
mated pass-through by 3.5 percentage points.

In column (3), we include indirect import intensity into the picture. We find 
that exporters relying more on import-intensive suppliers have significantly higher 

Table 1   Summary Statistics: Exports, Suppliers, and Other Firms in the Supply Network

Suppliers are firms that supply to at least one exporting firm (regardless of whether the supplier itself 
is an exporter or not). Non-exporters include all firms that do not export in any year (but may supply an 
exporting firm)

Exporters Suppliers Non-Exporters

Prob. of being an importer 0.61 0.17 0.06
Prob. of being an importer (agg) 0.95 – –
Employment 43.61 12.66 6.64
Net sales (log) 14.93 13.51 12.74
Sales per employment (000s, TL) 924.06 661.55 548.78
N 64,387 739,091 1,302,840
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pass-through. Numerically, evaluated at the respective percentiles, exporters with 
higher indirect import intensity have an estimated degree of pass-through by 3.6 
percentage points higher (whereas the effect of own import intensity on the pass-
through is 4.7 percentage points). The economic significance of indirect import 
intensity is lower than that of first-order intensity, indicating that the supplier can 
absorb some of the change in costs due to the exchange rate or the exporters’ ability 
to switch suppliers.

Table 2   Summary Statistics: Pairwise Correlations of Import Intensity with Export Market Share and 
Supplier Concentration

All pairwise correlations are statistically significant at the 1% level

Own import 
intensity

Indirect 
import 
intensity

Aggregate 
import inten-
sity

Export market 
share

Supplier 
concen-
tration

Own import 
intensity

1

Indirect import 
intensity

-0.1351 1

Aggregate import 
intensity

0.8654 0.3797 1

Export market 
share

0.106 0.0879 0.1434 1

Supplier concentra-
tion

−0.2699 0.1838 −0.159 −0.0005 1

0
2

4
6

8

0 .2 .4 .6 .8 1

Own import intensity Aggregate import intensity

Fig. 1   Import intensity of exporters. Notes: The figure plots the density estimates of exporters’ own 
(solid line) and aggregate (dashed line) import intensities. Aggregate import intensity is the summation 
of own and indirect import intensities. Own import intensity for an exporter is defined as the ratio of its 
total imports to the total cost of sales (the sum of total labor costs and material costs). Indirect import 
intensity of an exporter is defined as supplier purchases-to-total cost sales ratio multiplied by weighted 
average of own import intensities of its suppliers
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The fourth and the final columns of Table  4 use aggregate import intensity of 
exporters, obtained by adding up exporters’ own and indirect import intensity meas-
ures. As we move an exporter from the 10th to the 90th percentile of the aggregate 
import intensity measure, the exchange rate pass-through gets higher by 6.2 percent-
age points. Comparing this estimated magnitude with column (2) (which includes 
only the own import intensity of exporters) clearly demonstrates that the effect of 
import intensity on exchange rate pass-through is underestimated if the indirect 
import intensity is not accounted for.

5.2 � Alternative Measurements of Import Intensity

There are alternative ways to measure import intensity. In this section, we conduct 
several robustness tests to ensure that our results reflect the impact of direct or indi-
rect import intensities on the exchange rate pass-through (Table  5). Column (0) 
reports the baseline estimates for ease of comparison.

5.2.1 � Third‑Order Indirect Import Intensity

So far, we show that within a product-destination market at a given year, exporters 
working more with import-intensive suppliers raise their prices significantly more 
following a domestic currency depreciation. Adding another layer of suppliers, we 
now construct third-order import intensity (where the first corresponding to own 
import intensity, and the second corresponding to indirect import intensity).

In particular, for each supplier n, we calculate the import intensity of its sup-
pliers, i.e., for all suppliers m ∈ Mn,t of a supplier n to an exporter firm f, and 
then weight these intensities with the volume of supplied amount (namely, wn,m,t , 

.1
.2

.3
.4

.5

2007 2009 2011 2013 2015

Own import intensity
Indirect import intensity
Aggregate import intensity

Fig. 2   Exporters’ Import Intensity over Time. Notes: The figure plots how exporters’ own, indirect or 
aggregate import intensities have evolved over time. In aggregating these import intensity measures, we 
weight the intensity of each exporter by its total export volume at a given year
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the weight of a firm m among all Mn,t firms that supply to the supplier n ∈ Nf ,t 
at year t). We, therefore, obtain the indirect import intensity of supplier n. The 
indirect import intensity of the supplier is then weighted by the share of pur-
chases from suppliers in the cost of sales of the supplier firm n, and the resulting 
weighted import intensity measure are summed using the supplier weights wf ,n,t 
and the share of purchases from suppliers in the cost of sales of the main export-
ing firm f. The resulting formula, similar in intuition to equation (6), reads as

Columns (1) and (2) show the effects of third-order indirect import intensity on 
exchange rate pass-through to export prices. Column (3) reports a positive yet insig-
nificant effect of third-order import intensity on the pass-through, suggesting that 
the effect of import intensity wanes as we move further down the supply chain. In 
column (2), we re-define aggregate import intensity, by summing up own, indirect 
and third-order import intensities. The estimated effect is only slightly higher com-
pared to baseline estimated effect.

(14)

�
Third-Order
f ,t

≡
Supplier Purchasesf ,t

Cost of Salesf ,t

Nf ,t∑
n=1

wf ,n,t

[
Supplier Purchasesn,t

Cost of Salesn,t

(
Mn,t∑
m=1

wn,m,t

Import Valuen,m,t

Cost of Salesn,m,t

)]

Table 4   Baseline Results

Standard errors are clustered at the destination level, and given in parentheses. In all columns, the levels 
of interacted variables are also included (not reported for brevity). ***Significant at 1%, **Significant at 
5%, and *Significant at 10%

Dependent variable: Log-change in 
export price ( ΔPf ,i,k,t)

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

Δ ERk,t * Own Import Intensity 0.0162 0.0801*** 0.1084***
(0.0279) (0.0250) (0.0265)

Δ ERk,t * Indirect Import Intensity 0.1607***
(0.0387)

Δ ERk,t * Aggregate Import Intensity 0.1157***
(0.0252)

Δ ERk,t * Export Market Share 0.0554*** 0.0688*** 0.0654*** 0.0659***
(0.0166) (0.0212) (0.0210) (0.0211)

Δ ERk,t 0.2209***
(0.0178)

Good x Destination and Year FE Yes – – –
Good x Destination x Year FE No Yes Yes Yes
Observations 2,646,190 2,646,190 2,646,190 2,646,190
R-squared 0.056 0.208 0.209 0.209
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5.2.2 � Time‑Varying Import Intensities

As we have discussed previously, so far we take the sample average of import inten-
sity mainly to avoid noise in the estimations. To show that our results are robust to 
this assumption, we now use lagged (or contemporaneous) values of import inten-
sities (columns 3 and 4, respectively). The results are qualitatively robust – with 
stronger results when we use contemporaneous import intensities, possibly due to 
our using low frequency (annual) data.

5.2.3 � Sector‑Level Import Intensities

In the absence of micro-level data, the standard approach to estimating import inten-
sity of production is to use sector-level input–output and import values. We use 
the estimates of Ozcan  Tok and Sevinc (2019) who estimate the import intensity 
of production using Turkish Statistical Institute data to measure import intensity at 
the sector level.18 They calculate both direct import intensity using the ratio of sec-
tor-level imports to output and indirect import intensity using the Leontief inverse 
of sector-level input–output tables from 2012. They find that the aggregate import 
intensity of production to be around 19.3% in Turkey. 10.6% of this figure is from 
direct imports of the sector and 8.7% is from indirect supply linkages. The results 
in column (4) suggest that sector-level import intensity is too noisy to accurately 
capture the effect on exchange rate pass-through. Direct import intensity has a posi-
tive, though statistically insignificant effect. Indirect import intensity is positive and 
statistically significant but nearly 4 times as large as the baseline micro-level esti-
mate. The larger coefficient estimate is likely due to the systematic underestimation 
of import intensity at the sector level since both exporters and their suppliers are 
more likely to import than other firms.

5.2.4 � Bilateral Exchange Rates

So far, we have assumed that exports to the EMU countries are invoiced in Euros (a 
natural assumption), and to other countries in US dollars. This assumption is not as 
restrictive as it may seem since for exports to non-EMU countries, 87% are invoiced 
in US dollars. For completeness, we now use the bilateral exchange rates of Turkish 
lira against the currency of each destination country (column 6).

While we continue to find a positive impact of exporters’ own import intensity on 
the pass-through, it loses its statistical significance. For indirect import intensity, we 
find significant yet weaker estimates than the baseline. These results are inline with 
the fact that US dollar or Euro exchange rates are important drivers of Turkish firms’ 
import costs,19 and in turn, potentially has a bearing on their pricing of exports to 
third-party countries.

18  In Ozcan Tok and Sevinc (2019), the level of aggregation is close to the 2-digit NACE level, but some 
sectors are aggregated by Turkish Statistical Institute to the 1-digit level.
19  Turkish Statistical Institute reports that 61% of Turkish imports (of exporters and non-exporters) are 
invoiced in US dollars, and 33% in Euros (on average over our sample period).
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5.2.5 � Intermediate Import Goods

The key mechanism behind our results is that, following an exchange rate depre-
ciation, exporters with a higher degree of direct or indirect reliance on imports face 
higher cost of production and in turn are left to raise their export prices more. Before 
we study this mechanism in the next section in more detail, we would like provide 
further evidence. We now exclude imports classified as a final good (using Broad 
Economic Categories, BEC, Rev.4), and use only the intermediate import goods 
when calculating the import intensities of exporters or their suppliers (column 7). 
The results are strongly robust. Exporters that rely more on imported intermediate 
goods, directly or through their suppliers, raise their prices significantly more fol-
lowing an exchange rate depreciation.

5.2.6 � Estimates at the CN 4‑digit Good Level

So far we have been using export goods defined at a CN 8-digit level, the highest 
level of disaggregation that complies with the international standards. An alternative 
would be to use a coarse definition for goods, which on the one hand, provides more 
observations per goods per destination country, and thus, may help us reach better 
inferences, but on the other, entails the risk of having weakly comparable goods. 
In case this trade-off is resolved in favor of the former, we now study export goods 
defined at the CN 4-digit (column 8). The own and indirect import intensity con-
tinue to have a positive impact on the pass-through, with weaker estimates for the 
latter.20

5.3 � Marginal Costs and Domestic Market Power

The mechanism, as we also argued above, for why exporters with higher degrees of 
direct or indirect import intensities set higher prices following a domestic currency 
depreciation is the marginal cost channel. By using firm-product-source country-
year-level imports database, we modify our baseline specification by including firm-
level imports-driven change in costs (of the exporter due to own imports, M̂Cf ,t

own
 , 

or indirectly through its suppliers’ imports, M̂Cf ,t

indirect
 ) and evaluate whether our 

import intensity measures continue to matter (see equation 11).
We start Table  6 with a modest specification that includes M̂Cf ,t

own
 and �i,k,t 

(column 1). Among exporters exporting the same good i to the same destination 
country k at year t, exporters with a higher increase in production costs raises 
its export prices significantly more – due to its importing goods from countries, 
currencies of which on average got more valued against the domestic currency–. 
Numerically, the estimated coefficient implies that a one-percentage-point 

20  Our results are also strongly robust to exploiting the cross-sectional variation in import intensities 
of exporters that export the same – but wider – product category to the same destination country at the 
same year. When we replaced good×destination×year fixed effects, �i,k,t , in our baseline regression (equa-
tion  8) with sector×destination×year fixed effects, where sectors are defined more broadly than goods 
(CN 4-digit-level sectors vs. CN 8-digit-level goods), our results remained similar.
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increase in marginal costs due to to imports raises export prices by around 0.13%. 
Alternatively, moving an exporter from the 10th percentile to the 90th percen-
tile of M̂Cf ,t

own
 implies an increase in export prices by 0.49%. In column (2), 

we include own import intensity and export market share. We observe that own 
import intensity loses its predictive power, implying that the marginal cost chan-
nel is operational.

In columns (3) and (4), we then include indirect marginal costs. We find that 
exporters with higher indirect marginal costs, too, raise their export prices more. 
Economically, the estimated coefficients imply that a one-percentage-point increase 
in indirect (direct) marginal costs raises export prices by 0.156% (0.152%). Evalu-
ated at respective percentiles, the effect of indirect marginal costs is smaller than 
that of direct marginal costs. Moving an exporter from the 10th to the 90th per-
centile of indirect marginal costs raises export prices by 0.23% more, whereas for 
direct marginal costs that estimate corresponds to 0.63%. Indirect import intensity 
remains statistically significant in column (4), where the coefficients for both the 
indirect marginal cost and import intensity are smaller than the baseline estimates. 
This likely reflects the multicollinearity between these two variables.

In remaining columns, we conduct a few additional tests. In column (5), we use 
bilateral exchange rates with destination country currencies. Our result is largely 
robust: own or indirect marginal cost significantly matters (with the former playing 
a larger role), and own or indirect import intensities losing their predictive power or 
getting weaker.

In columns (6) and (7), we further include supplier concentration (the market 
concentration of suppliers for a given exporter) to reflect the domestic mark-up 
channel. Intuitively, if the mechanism, suppliers’ passing on increasing costs to their 
downstream exporters, is in place, we would expect exporters with lower bargaining 
power within their supply network to set higher prices after a depreciation in the 
exchange rate. Moreover, controlling for supplier concentration may also be impor-
tant for our estimations since it is correlated with import intensity measures. Inline 
with this intuition, we find supportive evidence that exporters with a higher concen-
tration within their domestic supplier markets have higher pass-through into export 
prices (statistically significant in column (6), though not in column (7)).

We conduct a similar analysis in Table 7, except that here we calculate own and 
indirect marginal costs using changes in EUR/TRY exchange rate for imports from 
EMU countries and changes in USD/TRY exchange rate for imports from the rest 
of the economies. The results suggest a stronger role for the marginal cost chan-
nel (particularly for the indirect reliance on imports). Indirect import intensity is 
no longer significant once indirect marginal costs are included, which suggests that 
simplifying the exchange rate currencies to match invoice currencies more precisely 
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captures the change in import costs. Moreover, we find more robust results for the 
domestic market concentration: a higher degree of price pass-through for exporters 
with a higher concentration within their domestic supplier markets.

If the domestic currency depreciates against the currency of a source coun-
try, exporters may choose to lower their imports from the source country and 
switch to other countries, or rely less on that imported good. Figure 3 confirms 
this intuition, where we plot the distribution of ex-ante and realized changes in 
imports-driven production costs. We calculate ex-ante changes in imports-driven 
production costs at t by assuming that costs of sales and the country and good 
composition of imports at t − 1 had remained unchanged. The figure shows a 
clear shift to the left for the realized changes in costs, suggesting that export-
ers are adjusting their imports to limit the likely increase in costs due to reliance 
on imports. In Appendix, we formally test to what extent exporters’ adjustments 
of imported inputs by shifting away from source countries and goods when the 
domestic currency depreciates against the source country currency.

6 � Robustness and Heterogeneity

In this section, we provide several tests on the robustness and heterogeneity of the 
effects. We present the results for the specification with import intensity and change 
in marginal costs in Tables 8 and 9, respectively. Column (0) reports the baseline 
estimates for ease of comparison.

6.1 � Weighted Estimates

So far, we treated each observation as equally relevant for the estimates. Consider, 
however, the possibility that import-intensive exporters may be exporting dispropor-
tionately more variety of goods to various destination countries but constitute only 
a small fraction of overall exports. In this case, our previous estimates would imply 
an upper bound for the effect of import intensities on the pass-through. We therefore 
re-estimate our baseline specification by assigning higher weights to higher export 
values. In particular, we use the log of export value at t − 1 as the weight for each 
observation, and employ weighted least squares. The estimates, reported in column 
(1), are similar in magnitude to the baseline results (column (0)) for both import 
intensity and marginal costs.

6.2 � Large Exporters

We next test whether there is an heterogeneity in the impact of import intensity on 
exchange rate pass through based on firm size. In column (2), we present the results 
for a limited sample of product-destination-level transactions with a value exceeding 
10,000 USD.21 In column (3), we limit our sample to exporters with more than 49 
employees of which there are 11,694. Limiting the sample to high value transactions 
21  As evident from the number of observations, 10,000 USD is close to the sample median.
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change the results little. On the other hand, for large firms, the estimated effects dif-
fer from the baseline. Direct import intensity does not have a statistically significant 
effect for the large firm sample and the change in the indirect marginal cost has an 
effect that is nearly twice as large as effect of the change in own marginal cost. One 
explanation might be that large firms are able to absorb shocks to own import costs 
by adjusting their cost structure but cannot adjust for cost shocks to their suppliers.

Focusing on large firms has the added advantage of serving as a robustness test 
for a potential bias due to a correlation between the pass-through of import costs to 
prices and currency denomination of exports. Even though 93% of Turkish exports 
are made in US dollars or Euros, currency choice may still affect the results. If firms 

0
20

40
60

80

-.05 0 .05 .1 .15

Change in Own Marginal Costs (Realized)
Change in Own Marginal Costs (Ex-ante)

0
20

40
60

-.05 0 .05 .1 .15

Change in Own+Indirect Marginal Costs (Realized)
Change in Own+Indirect Marginal Costs (Ex-ante)

Fig. 3   Ex-ante vs. Realized Change in Import Costs. Notes: The figure plots the density estimates of ex-
ante or realized change in own import costs (upper panel) or of own+indirect import costs (lower panel). 
We restrict the sample to those where ex-ante change in import costs (own or own+indirect) is positive, 
and plot the density of realized and ex-ante changes for this sample, to essentially show that import-
intensive exporters are only partially able to limit the resulting increase in production costs following 
domestic currency depreciations
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that use destination country currencies are more likely to have high import inten-
sity and exchange rate pass-through, our results may be upward biased. Amiti et al. 
(2020b) find that large firms are more likely to use US dollars in exports from Bel-
gium. If a similar trend holds for Turkey, we would expect the sample of firms with 
more than 49 employees to pre-dominantly use US dollars or Euros for their exports. 
While the effects are in fact smaller for own import intensity, the results remain 
robust for own and indirect marginal costs and indirect import intensity.

6.3 � Wholesale Exporters

A natural test for whether import intensities matter for the pass-through is to focus 
on a subset of firms which are less able to shift increasing marginal costs to other 
inputs like labor following a cost shock, and assess whether our key results hold. 
Wholesale traders can serve this purpose. In particular, we define wholesale export-
ers as those exporters in the NACE-2.46 industry (“Wholesale trade, except of motor 
vehicles and motorcycles”). Columns (4) and (5) show the results are for wholesale 
and non-wholesale exporters separately. It is worth noting that wholesale traders 
make-up a third of the export transactions in Turkey during our sample period.

For a given increase in direct or indirect import intensity, the estimated effects for 
wholesale traders on the pass-through are at least twice as high as the baseline esti-
mates. This increase is observed for the change in own marginal costs as well, where 
the coefficient increases by around 50%. On the other hand, the effect of import 
intensity measures are insignificant for non-wholesale trade exporters. The effect of 
the change in marginal costs are also smaller (though still statistically significant 
and positive) for the non-wholesale exporter sample. Results imply that wholesale 
traders are more likely to pass through changes in their import costs and that the 
measure for the change in the marginal cost is more likely to capture smaller effects 
on exchange rate pass-through.

It is also important to understand the role wholesale traders play for Turkish 
exports. The own import intensity of wholesale trader exporters is much lower than 
that for the rest of the exporters (0.3% vs 9.9%, comparing the medians). This sug-
gests that they are not merely re-exporting imported products. Moreover, whole-
sale trader exporters make more than 60% of their firm-to-firm purchases from the 
manufacturing sector -a key source of export products in Turkey. This suggests that 
wholesale trader exporters act as an intermediary for the manufacturing exporters 
in Turkey. In fact, the manufacturing sector as a whole makes nearly 45% of their 
firm-to-firm sales to wholesale traders, which further confirms the wholesale trad-
ers’ intermediary role.
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6.4 � Major Export Products

Firms generally produce not only a single product but many, and the production 
technology for each good may differ (Eckel and Neary 2010; Chatterjee et al. 2013). 
Exporters should be no exception. For example, a firm in our sample exports an 
average of 3 unique CN-2-level varieties.22 Since there are no data on the use of 
imported goods or cost of production for each variety produced by a firm, it is prac-
tically not feasible to differentiate the role of import intensity across varieties within 
an exporter. As a remedy, we make a plausible assumption that import use is par-
ticularly relevant for the main products of an exporter. We define main products of 
an exporter as those product categories (defined at the CN 2-digit level) that make-
up at least 10% of its total exports during the sample period.23 We then re-estimate 
our baseline specification for only the main products.

Column (6) shows that our results remain qualitatively robust. Own and indirect 
import intensities and changes in marginal costs are estimated to increase the pass-
through significantly.

Moreover, following Eckel and Neary (2010) and Chatterjee et  al. (2013), we 
may hypothesize that the pricing behavior of exporters would be more depend-
ent on import intensity and its effect on the marginal cost of a product if they are 
less competitive outside of their main products. Indeed, we find somewhat smaller 
estimated effects than the baseline estimates, implying that import intensity has a 
greater impact on pass-through for products outside of an exporter’s main product 
categories.

7 � Conclusion

There is growing acknowledgment that behavior of individual firms is closely 
related to the supply chains they are a part of. With increasing data availability, we 
are able to better map out how supply chains affect final pricing behavior of firms. 
In this paper, we apply this idea to exchange rate pass through to export prices for an 
emerging market economy, Turkey. For identification, we study rich administrative 
databases, the universe of domestic firm-to-firm sales, firm-product-level exports 
and imports – with destination and source countries, and firm balance sheets. We 
explore whether – and if so, to what extent – exporters’ import use through their 
domestic supply network matters for the exchange rate pass-through to export prices.

We show that exporters’ direct use of imports is half of the picture. Once export-
ers’ suppliers are taken into account, almost all exporters import and exporters’ 
import intensities nearly double. We then provide robust evidence that exporters that 
rely more on import-intensive suppliers raise their export prices significantly more 
following a domestic currency depreciation. The effect of exporters’ indirect import 

22  The precise average number of unique CN-2-level varieties per exporter is 3.089.
23  When we construct the distribution of export shares by product category for each firm, the 10% cutoff 
coincides with the 25th percentile of the product share in exports distribution. That is, by focusing on 
main products, we loose about 25% of observations.
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intensities on the pass-through is quantitatively similar in size compared to own 
import intensity. These effects are confirmed by a large battery of robustness tests.

We confirm that own and indirect import intensity influences exchange rate pass-
through into export prices through their effect on the marginal cost of importing 
exporters. Firms try to avoid these costs by switching away from source countries 
and even reducing imports, but their adjustment remains limited. We further show 
that similar to market share in the export market, market concentration within the 
supplier network has consequences for exchange rate pass-through. Firms with 
greater supplier concentration experience higher exchange rate pass-through.

Our results are likely to be applicable to all exporting countries but may be par-
ticularly relevant for countries where there is a large domestic production network 
and indirect import intensities are prevalent. Along these lines, a key insight is that 
policies that miss exporters’ production network may not be able to accurately pre-
dict the impact of an exchange rate depreciation on export prices. Future research on 
how import intensity within production networks of exporters affect other outcomes 
like productivity or product scope is likely to lead to further insights.

Appendix A1 – Exporters’ Dynamic Adjustments of Imports

We test exporters’ adjustments in imported goods on two dimensions: a shift away 
from source countries or from goods when the domestic currency depreciates 
against the source country currency. In doing so, we first aggregate the firm-prod-
uct-source-year-level imports database at the firm, CN 4-digit-level product cat-
egory, source country and year level. We use a wider definition of goods (CN 4-digit 
instead of CN 8-digit) to account for the possibility that exporters may switch within 
CN 4-digit products from a given source country.24 In particular, we estimate

where the dependent variable is (i) the change in the share of a source country s in 
total imports of a product category j of exporter f from t − 1 to t ( ΔYf ,j,s,t ), or (ii) 
the change in the value of total imports of j by exporter f from t − 1 to t ( ΔYf ,j,t ), 
where ΔY  is defined as ( Yt − Yt−1)∕((1∕2) ∗ (Yt + Yt−1)) , to account for the exten-
sive margin. Nf ,j,t−1 is the total number of source countries for imports of j in t − 1 
by exporter f. �f  , �s , and �j,t stand for firm, source country, and CN-4 product cat-
egory×year fixed effects, respectively.

Table  10 presents the results. Column (1) indicates that an exporter facing an 
increase in import bill due to importing from a particular source country reduces 
the share of that source country in its imports of CN-4 products. Numerically, a 
one percent ex-ante increase in production costs due to domestic currency losing its 

(15)ΔYf ,j|s,t =
(
� + �Nf ,j,t−1

)
Importsf ,s,t−1Δes,t + �f + �s + �j,t + �f ,j|s,t

24  To give an example, an exporter importing "17021100.Lactose or lactose syrup containing by weight 
99% or more lactose" may switch to importing "17023010.Glucose and glucose syrup, not containing 
fructose or containing in the dry state less than 20% by weight of fructose". By having a wider definition 
of goods – for the sake of this example, using “1702.Other sugars, including chemically pure lactose, 
maltose, glucose, and fructose, in solid form”– accounts for this possibility.
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value against the source country currency is estimated to reduce the share of imports 
from that country by 13%. Column (2) further shows when a product becomes more 
expensive to import due to borrowing from a source country for which the domestic 
currency gets less valued against, the exporter reduces its total imports of that prod-
uct. A 1% increase in costs is now associated with a 5% reduction in imports of that 
good.

In columns (3) and (4), we further shed light on whether exporters’ shifting away 
from source countries or goods entail frictions. This essentially serves as a verifica-
tion test for the data since shifting sources of imports or goods should be costly as it 
requires looking for alternative foreign/domestic suppliers or changing the produc-
tion structure, a friction one could expect to hold in the data. We look into a particu-
lar aspect of such frictions: whether having higher number of source countries for a 
particular imported product ameliorates such frictions. If shifting entails frictions, 
than exporters that work with a wider range of source countries should be better 
positioned. Indeed, as columns (3) and (4) show, exporters that ex-ante import the 
same product category from a higher number of countries reduce the source country 
share more strongly and decrease their reliance on importing such product category 
less mildly.
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