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Abstract

We use Hungarian Customs data on product-level imports of manufacturing firms to document that the
import price of a particular product varies substantially across buying firms. We relate the level of import
prices to firm characteristics such as size, foreign ownership, and market power. We develop a theory of
“pricing to firm” (PTF), where markups depend on the technology and competitive environment of the
buyer. The predictions of the model are confirmed by the data: import prices are higher for firms with greater
market power, and for more essential intermediate inputs (with a high share in material costs). We take
account of the endogeneity of the buyer’s market power with respect to higher import prices and unob-
served cost heterogeneity within product categories. The magnitude of PTF is big: the standard deviation of
price predicted by PTF is 21.5%.

1. Introduction

This paper analyzes the variation of import unit values of particular goods across dif-
ferent importing firms. We use the Hungarian Customs Statistics to construct a rich
panel dataset of the product-level export and import flows of Hungarian manufactur-
ing firms. This enables us to identify the use and pricing of imported goods directly at
the firm level.

A first look at our data reveals several interesting features. First, import prices vary
hugely across buyers (the standard deviation of log price within products is 1.37), the
more so, the more differentiated the product is. Secondly, a significant part of this vari-
ation is specific to buyers. That is, some firms buy most of their inputs at a higher price
than others. Across the whole range of products, 14% of the total variance is explained
by firm fixed effects. In contrast, market and year fixed effects account for only 6% of
the variance. In other words, knowing who buys the product is more than twice as infor-
mative of its price as knowing when and where the trade originates. This means that
micro information at the firm level is at least as important as macro phenomena (e.g.
exchange rate movements, monetary and fiscal policy) in explaining import prices.
Thirdly, the variation across firms relates meaningfully to observable firm characteris-
tics, such as firm size, ownership, use of intermediates, and performance. In particular,
the relationships conform to our theory of buyer-specific product differentiation.

In contrast to most international trade models that postulate organized goods
markets with anonymous buyers and sellers, we build a model in which sellers choose
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PRICING TO FIRM 575

to differentiate their goods across buyers and charge different markups based on the
observable characteristics of the buyer. We term the phenomenon of buyer-specific
markups “pricing to firm” (PTF).

It is standard practice to assume that products are differentiated by producers, for
example, Budweiser is an imperfect substitute for Heineken. (See an excellent survey
in Helpman, 1999.) Intuitively, producers are motivated to develop different brands so
that they can extract monopolistic rents from consumers. According to Rauch (1999,
p. 16), differentiated goods comprised 65%—-67% of world merchandise trade in 1990.

However, most of international trade takes place in a setting where not only buyers
are able to identify the producers but producers also see who they sell their product
to. A growing body of literature documents the empirical relevance of buyer—seller
relationships in trade. As Egan and Mody (1992, p. 326) document, the relationship
between buyers and cross-border sellers lasts for an average of eight to 12 years in five
developed economies. Existing theoretical (McLaren, 1999; Antras and Helpman, 2004;
Grossman and Helpman, 2005) and empirical works (Gereffi, 1999; Hummels et al.,
2001; Hanson et al., 2005) on this topic usually focus on developed-country producers
outsourcing some of their activities to developing countries. The main themes of the
literature are (i) why and when producers choose global outsourcing over domestic
production, and (ii) how the buyer—supplier link enables suppliers to keep up with
quality requirements of their buyers. To the best of our knowledge, this paper is the
first to look at firm-level import data to uncover patterns of buyer-specific product dif-
ferentiation. An additional difference of our approach to previous studies lies in our
focus on transition economy firms as buyers and (plausibly) industrial-country suppli-
ers,! that have the potential to price-discriminate across buyers.

We focus on a particular aspect of buyer—seller relationships, namely, on how sellers
price their products. Obviously, in order to be able to charge different prices for dif-
ferent buyers, the supplier needs to segment its output markets effectively. Otherwise,
arbitrage across buyers would prevent any price differential. We believe that a wide
range of products entering international trade is actually tailored for the buyer’s needs,
preventing profitable resale. Buyer-specific elements may include customization, instal-
lation, and after-sales services.?

We then test the implications of the model by looking at how various firm charac-
teristics affect the price at which they acquire their imports. One obvious reason for
the wide dispersion of product prices across buyers is the heterogeneity within product
categories. Even in the six-digit Harmonized System classification that we use, prod-
ucts with very different unit values can be grouped together. Several recent papers
(Schott, 2004; Hummels and Klenow, 2005; Hallak, 2006) document that export prices
vary across exporting countries even within narrowly defined product categories. In
particular, high-income countries tend to export any given product at higher prices,
possibly because these countries specialize in high-quality variants of the product.

A key question in our empirical strategy is how we can distinguish cost differences
(quality heterogeneity) from markup differences (pricing to firm). In particular, we
need to make sure that the buying firm’s demand for quality is not correlated with the
characteristics that we focus on. We employ two alternative identification strategies.
First, we look for instrumental variables that are not correlated with the demand for
quality. More specifically, we use measures of the intensity of Hungarian and Euro-
pean competition within each product category as instruments. Secondly, we assess the
performance of our model in a “control group” of homogeneous products. These
exhibit substantial quality and cost heterogeneity but are not subject to PTF because
of the competitive nature of their markets. If the demand for quality is similar in the
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576 LdaszIlé Halpern and Miklés Koren

control group of homogeneous products and in the treatment group of differentiated
products, then the differences in estimates for the two groups reflect the presence of
PTFE.

Our results can be summarized as follows. First, both the market power and the tech-
nology (e.g. share of the particular input among intermediates) of the buyer have a
significant impact on the import price. Importantly, we distinguish two concepts of
market power with very different consequences: the share of the firm in the import
market lowers the import price, whereas its power in the export market raises the price
of inputs. Secondly, the magnitude of the effect on the import price is big. The stand-
ard deviation of price predicted by PTF is 21.5%. Finally, we show that even if unob-
served cost heterogeneity within product categories is substantial, it is uncorrelated
with our variables of interest. In other words, we only find evidence of PTF in differ-
entiated product markets and not in homogeneous product categories.

The result that the buyer’s technology has an impact on import prices can be under-
stood in the context of third-degree price discrimination and pricing to market. The
demand for inputs that are essential in production will be less elastic and sellers can
hence charge a higher markup for these. The result that the buyer’s market power in
its output market raises the import price is a manifestation of double marginalization.
Monopolistic buyers will have highly inelastic input demand and hence incur a high
markup on their import purchases.

2. A Model of Pricing to Firm

In explaining the observed price differences across buyers, we allow for three chan-
nels: (i) differences in production costs (e.g. due to quality), (ii) differences in trans-
port costs, and (iii) differences in markups (e.g. due to price discrimination). First, some
firms may buy higher-quality products (within the same product category) than others.
Importantly, the demand for quality may be related to particular characteristics of the
firm (export orientation, size, etc.). Secondly, ad valorem transport costs may depend
on the quantity being shipped and are likely to be lower for bulk buyers. Thirdly, the
price sellers charge may depend on the demand elasticity of specific buyers. In par-
ticular, buyers with less elastic demand will face higher markups and higher prices.

In what follows, we introduce a simple model that incorporates these three channels
of price dispersion.

Buyers

Buyers decide on input purchases, taking input prices as given. They decide on two
aspects of an input: the quality and quantity they wish to purchase. We treat these deci-
sions as two separate but potentially related decisions.

On the one hand, we discuss these decisions separately, because we do not want to
restrict our attention to any particular model of quality. On the other hand, we allow
quality decisions to be correlated with decisions on quantity, because the demand for
input quality may vary with the size of the firm, its market power, and technology, vari-
ables which clearly influence how much the firm is willing to buy of certain inputs.

We can derive the firm’s demand for inputs from its profit-maximization problem.
In general terms, the firm is maximizing revenue minus costs subject to the demand
function it faces and the technology to produce its output in a given quantity and
quality. The firm is a price taker in the input markets but may have nonzero market
power in its output market. In other words, its sale price may depend on its output.
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The demand for the output of firm k depends on its price (P;), quality (i), and
exogenous market conditions (@), leading to an inverse demand function P(Q,, L,
@y). The firm maximizes profits, sales minus the wage bill, and spending on intermedi-
ates (we abstract from capital for brevity):

max P(Ox, i, @) Qs = wi Ly — ZRikXik, (1)

Ok k> Lie, { Xike, ik }

subject to a quantity and a quality production function,

]/¢ _ _ ¢/(¢_1)
Oc=[(1-p) "L+ x| 2)
6/(6-1)
Xe=|Zopa | ®
Wi = min{,ulk, cees UNK } (4)

Output (Qy) is produced using labor (L) and intermediate inputs (X}). The firm
combines labor and intermediate inputs with elasticity of substitution ¢. Intermediate
input is, in turn, a constant-elasticity-of-substitution composite of the individual inputs,
Xu’s, with a substitution elasticity of 6. We assume that 6> ¢; that is, an intermediate
input is a closer substitute of another input than of labor. The share of intermediates
in total cost is governed mainly by the parameter 3., which may vary across firms. The
positive technology parameters b;’s act as demand shifters for inputs and may vary
across products and firms.’ The wage rate is denoted by wy, the price of an individual
input i is R;. In general, this price will be firm-specific.

Production technology is the same irrespective of the quality of inputs.’ The quality
of output (1), on the other hand, only depends on the quality of the individual com-
ponents (1) but not on the quantities used. More specifically, the quality of the output
is as good as that of its worst component. This reflects the enormous complementar-
ities of the qualities of individual inputs, which is suggested by the many examples
in Kremer (1993). In optimum, the firm will only purchase inputs that are exactly
of quality y, (it would be useless to purchase a higher quality component). That is,
U= forali=1,..., N.

We can measure the quantity choice (output, employment, input usage) quite exten-
sively. The obvious empirical challenge is that quality choices are unobserved. This is
important because we want to be able to distinguish variations in input price (R;) that
are due to variations in the input’s quality (u;) from those due to strategic pricing by
the seller of the input.

Demand is isoelastic, so that the inverse demand function is

P(Q. e 1) = Al @,)Q; . 5)

Here A(u, @) is a multiplicative demand shifter and &(, @) is the price elasticity of
demand. Both may depend on the quality of the product (1) and market conditions
(@)

Taking logs of the first-order condition with respect to X, (lower-case letters denote
logs of their upper-case counterparts) and substituting in marginal revenue from (5),

1 1 1 1 1 1 1
w=In[ 1—— [+—(1 +Inby)+ar+| ——— |ge +| = — — | — = xix. 6
Tik Il( Sk) (P(nﬁk n k) ay ((I) ek)CIk (0 ¢)xk exk (6)
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To derive the price elasticity of input demand, we log-differentiate equation (6) with
respect to x:

%_(1_1)%{1_1)&_1
8x,-k a ¢ Ex 8x,»k 0 ¢ 3x,~k 0

z(l_i)aik +(l_l)sik —1, (7)
o & 0 ¢ 0

where oy = Ry X/ (WiLi + Z;R; X ) is the share of input i in the total cost of firm k, and
Si = Ry Xu/ ZiRy X is the share of input i in total spending on intermediates. The last
equation follows from the fact that the firm is a price taker in its input markets, so it
pays the factors the value of their marginal products. This implies that the elasticity of

production with respect to an input equals its cost share.
We can then express the inverse elasticity of demand for input 7, 1/0y, as:

1 1 (1 1 1 1
o ) U g L ®

The elasticity of demand for input i depends on

(i) whether other intermediates are good substitutes (6);
(ii) the share of input i among intermediates (s;);
(iii) the share of input i in total cost (o);
(iv) the elasticity of demand for the firm’s output (&).

First, if it is easier to substitute away from input i, the buyer will cut its demand more
in response to a given price increase. Highly substitutable inputs will generate highly
elastic demand.

Secondly, the demand elasticity depends on the share of an input among interme-
diates. In the special case when the share of input i is negligible (s; = oy = 0), we obtain
the usual Dixit-Stiglitz result that the elasticity of demand equals the elasticity of
substitution, 1/c;, = 1/6. However, this is not the case if the input represents a non-
negligible share of production costs, because then a change in the input’s price also
changes the demand for the basket of intermediate inputs. As long as 0> ¢, that is,
intermediate inputs are closer substitutes than other factors of production, we antici-
pate demand for more important inputs (high s;,) to be less elastic. This is because, for
high s;, a rise in the input’s price also raises the price of the input basket substantially,
therefore the relative price increase, which determines the demand for this particular
good relative to overall spending on intermediates, is smaller.

Thirdly, if the input constitutes a non-negligible share of total cost (o is big), then
a rise in input price also raises marginal cost. A rising marginal cost results in a decline
of demand for the final-good producer’s output, hence a decline of demand for inter-
mediate inputs. This makes the demand for high-o;; inputs more elastic than that for
low-o;, inputs.

Finally, the stiffer the competition in the output market (& is higher), the higher the
elasticity of input demand. At one extreme, perfectly competitive firms cannot toler-
ate any (firm-specific) change in their marginal cost so their input demand will be
highly elastic. At the other extreme, if the buyer has considerable market power, it can
pass on large swings in its marginal cost to consumers without changing its output too
much. Such a firm will be less price-sensitive in its input markets.
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Suppliers

Inputs are classified in two categories: differentiated products (D) and nondifferenti-
ated products (N). Differentiated inputs are produced by a single producer (for
example, an IBM computer is an imperfect substitute for a Dell computer) and the
costs of arbitrage/resale across buying firms are sufficiently large. In contrast, non-
differentiated inputs are sold by atomistic suppliers with no market power.

Differentiated inputs Differentiated input suppliers price their buyers individually
according to third-degree price discrimination. When supplier i sells to buyer k, he
faces an inverse demand function R (Xj,...) specified in equation (6). This input
demand function depends on the actions of other suppliers. Differentiated product sup-
pliers engage in Cournot competition; that is, they take the quantities sold by other
suppliers as given.®

The supplier maximizes profit taking competitors’ quantities as given:

n)l(fiXRik(Xik, X—ik)Xik —Ti(Xik)—ﬂikZiXik- (9)

The price of the input (R;) depends on the quantities sold by all suppliers. This is a
ci.f. (cost, insurance, freight) price, which includes all shipping costs. These shipping
costs (7;) have to be subtracted to obtain the revenue received by the supplier. Note
that shipping costs may depend on the quantity sold. The supplier then subtracts the
production cost of the input, 1 Z; per unit, where u; denotes the input’s quality. That
is, better quality inputs have a proportionately higher marginal cost of production.’
The first-order condition for (9) implies that the price charged to buyer k will follow
the “inverse elasticity rule.” The markup over marginal cost (including marginal ship-
ping costs) depends on the inverse of the price elasticity of input demand, 1/0y. The
higher the elasticity of demand of a particular buyer, the lower the price for that buyer:

1
Ri = Tl, Xi + i Zi .
1 1oy [T/ Xa) + paZi]

Taking a log-linear approximation,

r,»k=L+ln/.t,«k+z,-+LAXU()EL+IH‘U,-;(+Z,»+(D,«1{, (10)

Oik Hixli O

where @, = 7/(Xy)/(UxZ;) denotes the ad valorem marginal cost of shipping good i to
buyer k.

This formula suggests that there may be three reasons for price heterogeneity across
buyers of a given product: (i) their demand elasticity is different, (ii) they purchase
variants with different quality,® or (iii) they face different ad valorem shipping costs.
We will discuss each of these explanations for price dispersion below.

Nondifferentiated inputs Nondifferentiated inputs, in turn, are priced at marginal cost
(including shipping costs). In logs,

r,—k=ln/,t,-k+z,-+a),-k. (11)
Buyers may pay different prices for a particular product for two reasons: First, they
may purchase variants with different marginal costs. More specifically, products may

differ in terms of their quality (and hence their marginal cost) even within narrowly
defined product categories. So, in this sense, the product is not homogeneous (there
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580 LdaszIlé Halpern and Miklés Koren

may be different variants within a product category) but is nondifferentiated, hence it
is priced at marginal cost. Secondly, buyers may face different transport costs, for
example, depending on the quantity they purchase. This difference will also be reflected
in c.i.f. prices.

Empirical Implications and Specification
From equations (8), (10), and (11), we can express the price of a given product i as

1 (1 1) (1 1) e
Ui +Zi+ 0+ =+ ——=|su —| ——— |ax  ifieD,
Tk = 6 \¢o 0 o &

Mi +Zi + O ifieN.

(12)

We observe the cost shares of a particular input (s, and ¢;) and we can provide proxies
for the elasticity of demand (¢&,). However, quality (u;), marginal cost (z;), and ship-
ping cost (w;) are unobserved, and are potentially correlated with observables. We can
control for variation in z; across products by introducing product fixed effects.” We also
know from (4) that the quality of inputs at a firm are identical, be they differentiated
or nondifferentiated. As for shipping costs, we assume that all differences across firms
arise from the fact that they purchase different quantities."” We can then control for
;. by controlling for the quantity purchased.

Our preferred regression specification for the log import price of product i sold in
year ¢ to firm k is then

Dike =€ TV +V1Sipe + Vo2 Olige + V3l + VaXiky +V5Zgg + Uigy. (13)

Here ¢; is a product, v, is a year fixed effect, m,, is a proxy for the output demand
elasticity of firm k in year t, x;, is the quantity purchased by the firm (scaled by total
Hungarian imports of product i to make different products comparable), z,, is a vector
of firm-level controls (firm size, dummy for foreign ownership), and uy, is an idio-
syncratic error term representing unobserved heterogeneity in marginal costs and
shipping costs (z; + ).

As proxies of the (inverse) elasticity of demand in output markets, we include two
measures of market power:

(i) the firm’s export unit value relative to the Hungarian average, averaged across
products;
(ii) the ratio of sales to labor and material costs.

As discussed above, the key econometric issue is that uy, is likely correlated with the
explanatory variables, especially with the firm’s market power, m,,. For example, if
high-quality products can be sold at higher markups, markup will be correlated with
the unobserved quality of input purchases, introducing an upward bias in the coeffi-
cient of m,. This problem is especially pronounced when we look at export prices as
a measure of demand conditions, as higher-quality products are indeed likely to be
more expensive.!! However, it is not so clear that higher input quality would be cor-
related with higher markups above costs. Theoretically, the correlation can go either
way, so the direction and magnitude of the bias is less clear in this case."

We pursue two identification strategies to address this problem. First, we use market-
specific competitiveness indicators (such as the importance of Hungarian and
European competitors) as instruments. We calculate

(i) the Herfindahl-Hirschman index (HHI) of concentration of Hungarian firms

exporting the same products as the firm;
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(ii) the average share of total Hungarian exports in the EU imports of the given
products.

These instruments are correlated with the firm’s markup in its European export market
but are unlikely to be correlated with firm-specific errors in import prices."

Our second identification strategy is to compare regression results for differentiated
and nondifferentiated inputs. Nondifferentiated inputs have zero markup, so our model
of PTF should not apply to them (see (12)). Any potential correlation between the
price of a nondifferentiated input and the buyer’s market power (as well as the tech-
nological variables) only captures the correlation between these measures and the
input’s quality. Moreover, (4) implies that the quality of differentiated and nondiffer-
entiated inputs purchased by a particular firm are the same. Hence, if the unobserved
quality of inputs represents an omitted variables bias, we should see significant corre-
lations of the price of nondifferentiated inputs with our right-hand-side variables.

For differentiated products, we expect y; to be positive as inputs with a bigger share
among intermediates tend to have less elastic demand. On the other hand, y, should
be negative, since inputs with a higher share in total cost significantly affect the mar-
ginal cost of production, thereby having a more elastic demand. Higher output
markups mean lower elasticity, which should lead to higher input prices, y; >0, as
less competitive firms are more inert in the input markets, too. We anticipate y, to be
negative because firms buying more of a certain product would face lower per-unit
shipping costs.

For nondifferentiated products, we generally expect insignificant coefficients, with
the exception of y,, which should remain negative, because nondifferentiated products
are also subject to nonlinear shipping costs.

3. Data and Specification Issues

The dataset consists of a panel of Hungarian exporting companies from 1992 to 2001.
It has three major dimensions: firms, products, and time. Data were matched from three
different sources: the Customs Statistics, the firms’ balance sheet and earnings state-
ment data, and Eurostat’s Extra-EU Trade Statistics.

The Customs Statistics dataset contains the annual export and import traffic of the
firms, both in value (forints) and in tons, so we are able to calculate unit value meas-
ures. We use unit value as a proxy for price. The traffic is divided into product
categories broken down to the six-digit Harmonized System (HS) level. In addition,
we observe whether the shipment originated in (or went to) one of the 15 countries
of the pre-2004 European Union (EU-15). Other than that, we do not have informa-
tion on the partner countries. The Data Appendix provides detailed information on
the variables we use.

The sample consists of 2043 large exporting companies which exported more than
100 million forints (HUF) in any of the years. These were further broken down into
two categories: domestic (less than 33% foreign ownership) and foreign-owned firms
(foreign ownership exceeds 33%). Table 1 displays how these firms are represented in
each of the years of this unbalanced panel. The average spell in the sample is 5.38 years
for domestic firms and 6.52 years for foreign firms."* During this decade, one of the
most important developments in Hungary was the growing number and market share
of foreign firms. This may have important implications for our study because, arguably,
foreign firms have better access to international markets, hence both their export and
import market powers are vastly different from those of domestic firms.
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Table 1. Firms in the Sample

Year Domestic Foreign Total
1992 504 387 891
1993 584 528 1112
1994 645 614 1259
1995 653 675 1328
1996 701 762 1463
1997 745 828 1573
1998 746 878 1624
1999 725 834 1559
2000 729 800 1529
2001 689 795 1484
Total 1249 1089 2043
Average spell (years) 5.38 6.52 6.77

Notes: The table displays the number of domestic- and foreign-owned
firms in the sample. Firms with more than 33% of foreign ownership are
classified as foreign. Since firms may change ownership status over the
sample, the total number of firms is smaller than the sum of those ever
classified as foreign or domestic.

Based on the Broad Economic Classification (BEC) of products, we restricted our
sample to products that are most likely to be intermediate inputs, namely primary and
processed industrial supplies (BEC 21 and 22), primary and processed fuels (BEC 31
and 32), capital good components (BEC 42), and transport equipment components
(BEC 53). We hence excluded food, consumer products, transport equipment,
and capital goods from the analysis. This resulted in 2764 products. The group of dif-
ferentiated products includes processed industrial supplies (BEC 22), capital good
components (BEC 42), and transport equipment components (BEC 53). Nondifferen-
tiated products comprise primary industrial supplies (BEC 21) and primary and
processed fuels (BEC 31 and 32).

As Table 2 shows, firms in our sample cover the bulk of total Hungarian exports
(ranging from 47% in 1992 to a peak of 76% in 1999) and imports (ranging from 31%
to 62%). We have data on exports for each firm from two sources: their financial
statement and disaggregated customs statistics. The correlation between these two
measures across firms is reassuringly high: 0.953.

On average, firms in the sample source 61% of their intermediates from abroad (see
Table 3). Import intensity is increasing over time and is about twice as high for foreign-
owned firms as for domestic firms. This stark difference in the import intensity of
foreign and domestic firms motivates us to analyze their import prices separately.

Import prices vary quite substantially across buyers even within six-digit HS cat-
egories in any given year. Table 4 reports the standard deviation of log unit values
within a six-digit category for various aggregate product categories. In the full sample,
the within-product standard deviation is 1.37, with technology-intensive products dis-
playing a higher price dispersion. Nevertheless, even seemingly homogeneous prod-
ucts such as meat and vegetable products, foodstuff, and minerals command a widely
dispersed unit value. This suggests that there is substantial product heterogeneity
within HS categories, probably due to quality differences.”® Overall, 14% of the
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Table 2. Sample Coverage

Share in total Hungarian

Year Exports (%) Imports (%)
1992 47 31
1993 57 31
1994 58 37
1995 67 45
1996 69 53
1997 75 58
1998 74 60
1999 76 62
2000 66 56
2001 72 57

Note: The table reports the sample’s share in total Hungarian exports
and imports.

Table 3. Share of Imported Inputs

Year Domestic (%) Foreign (%) Total (%)
1992 24 51 31
1993 26 43 33
1994 29 50 39
1995 36 47 42
1996 39 63 53
1997 34 68 58
1998 44 73 67
1999 48 76 71
2000 42 81 73
2001 35 67 62
Total 37 70 61

Notes: The table reports the average ratio of intermediate input imports
to total material costs. Firms are weighted by their material costs.

within-product variation is explained by firm X year fixed effects; that is, this fraction
is attributable to firm-specific shocks to prices. In contrast, market-specific (EU vs non-
EU) year dummies account for only 6% of the variation. Not surprisingly, the impor-
tance of firm-specific factors is higher for differentiated products, whereas market
factors are more important for relatively homogeneous products. This variation will
prove useful in our identification strategy.

4. Results

The first part of Table 5 contains the results of pooled OLS regressions. Columns (1)
and (2) contain regressions for differentiated products. As predicted by our model of
PTF, products having a higher share in intermediate costs trade at a higher price,
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Table 4. Within-product Price Dispersion

Market- Firm-
Price specific specific
Product category dispersion  shocks (%)  shocks (%)
Section I: Animal Products 0.832 13 0
Section II: Vegetable Products 0.882 12 0
Section III: Animal or Vegetable Fats 0.970 16 0
Section IV: Prepared Foodstuff, Beverages, Tobacco 0.907 11 1
Section V: Mineral Products 1.293 5 5
Section VI: Chemicals 1.188 9 8
Section VII: Plastics 1.305 6 12
Section VIII: Leather and Products 1.144 10 12
Section IX: Wood and Products 1.282 2 11
Section X: Paper and Products 1.391 5 6
Section XI: Textile and Apparel 1.013 11 11
Section XII: Footwear 1.070 13 6
Section XIII: Stone and Glass 1.400 2 14
Section XIV: Jewelry 1.556 5 14
Section XV: Metals 1.377 5 15
Section XVI: Machinery 1.547 4 17
Section XVII: Vehicles 1.338 5 17
Section XVIII: Instruments 1.553 4 15
Section XIX: Arms and Ammunition 1.119 3 6
Section XX: Miscellaneous 1.390 7 17
Section XXI: Works of Art 1.377 0 45
Total 1.374 6 14

Notes: The 21 sections correspond to the Harmonized System classification. For each section we report
unweighted average values for six-digit products. Price dispersion is measured as the within-product stan-
dard deviation of the log unit value. The second column reports the share of the total price variation
explained by market times year dummies. The third column reports the share explained by firm times year
dummies.

whereas share in total costs lowers the price. Both measures of markup have a highly
significant and large impact on the import price: a firm with 10% higher markup pays
1.0%-1.4% more for its imports. Imported quantity has a large negative effect on
import prices, potentially because firms buying more can economize on shipping costs.

Columns (3) and (4) contain the same specification for the control group of homo-
geneous products. We see that cost shares and the markup are unrelated to import
price. A higher export price, on the other hand, is associated with a higher import price,
suggesting that there is within-product cost heterogeneity even for homogeneous goods.
Nonetheless, column (4) confirms that buyer markups are uncorrelated with the cost
of imported products. Note that the within-group variation of import unit values is not
significantly smaller for homogeneous products, indicating a large role for unobserved
cost heterogeneity. What is important, though, is that this heterogeneity is orthogonal
to our explanatory variables.

More formally, we can look at the difference between differentiated and non-
differentiated product coefficients. The coefficient of export price is higher for
nondifferentiated products, reflecting the fact that much of the variation in export
price may be correlated with the quality (and hence price) of imported inputs. The
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coefficient of our markup measure is significantly lower (and not significantly differ-
ent from zero) for nondifferentiated products. This suggests that the causal impact of
a 10% higher markup on import price is at least 10 x (0.096 — 0.009) = 0.87%.

Among the additional control variables, we see that size and foreign ownership
increase the import price, though (as expected) this effect is less significant for homo-
geneous products. Interestingly, if the firm both exports and imports the “same”
product, it tends to pay a lower price, especially for differentiated products. This is con-
sistent with a story of processing trade: these firms buy the product at a lower grade
(hence cheaper) to re-export it after some labor-intensive processing.

Columns (5) through (8) of Table 5 contain the instrumental variables (IV) estim-
ates, where both measures of markup are instrumented with the Herfindahl-
Hirschman concentration index of Hungarian exporting firms and their overall share
in the EU. The predictions of PTF remain true in this specification, too. More import-
antly, once export prices and markups are instrumented, we do not see any impact of
cost shares and markups on the import prices of homogeneous products; that is, these
are indeed uncorrelated with cost differentials. The difference between the differenti-
ated and nondifferentiated good coefficients suggests that a firm that operates in a less
competitive market and is able to charge a 10% higher export price will expect to pay
10 % (0.546 — 0.136) = 4.1% more for its inputs. The difference between the markup
coefficients is even bigger but it is not statistically significant. The control variables
remain robust in the I'V specification.

Foreign firms are typically more externally oriented than domestic firms. We are
therefore interested in whether import prices behave differently in these two
subgroups. Tables 6 and 7 contain regression results for domestic and foreign firms,
respectively. In general, the coefficients are very robust across the two subsamples,
suggesting that PTF is prevalent for both domestic- and foreign-owned firms.

A notable difference is that the import price of domestic firms is almost twice as
sensitive to the purchased quantity as that of foreign firms. That is, a percentage point
increase in the import market share of a domestic firm lowers its import price by
0.7%—-0.8 %, while this number is only 0.4 %-0.5% for foreign firms. In all other respects
(technology parameters, the impact of markup, intraindustry trade), the two groups are
remarkably similar.

5. Concluding Remarks

We documented that the import price of a particular product varies substantially across
Hungarian manufacturing firms. We related the level of import prices to firm charac-
teristics such as size, foreign ownership, and market power. We developed a theory of
“pricing to firm” (PTF), where markups depend on the technology and competitive
environment of the buyer because they affect the elasticity of input demand.

We distinguished two concepts of market power with very different consequences.
On the one hand, the share of the firm in the import market lowers the import price
(buyers of bigger quantities face lower prices) because the buyer can economize on
trade costs. Nonlinear pricing schemes or differences in bargaining power may also be
at play. On the other hand, firms with big market power in their export market face
higher input prices because their price sensitivity is lower.

The predictions of the model were confirmed by the data: import prices are higher
for firms with greater output market power, especially for intermediate inputs with a
high share in total costs, and lower for firms with a bigger share in Hungarian imports.
We took account of the endogeneity of the buyer’s market power and the unobserved
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quality heterogeneity within product categories. As expected, PTF is prevalent for dif-
ferentiated products but not for homogeneous products.

Given that PTF is so important in explaining import prices, we see two avenues for
further research in this area. First, we may need to rethink a number of questions about
relative prices in international macro, such as the exchange rate passthrough debate
or the real exchange rate debate. Recently, Imbs et al. (2005) demonstrated how aggre-
gation conceals important time-series properties of relative prices (e.g. a fairly quick
mean reversal to the law of one price). We believe that the firm-level analysis can con-
tribute to these debates.

Secondly, there may be a nontrivial interaction between the quality of a product and
the pricing decision of its supplier. Recent analysis of product-level world trade flows
(Schott,2004; Hallak and Schott,2005; Hummels and Klenow, 2005; Hallak,2006) iden-
tifies variations in unit values with variations in quality. We show that, even at the firm
level, a substantial part of the variation is due to variable markups. Explaining both
sources of price variation in a unifying framework would be desirable.

Data Appendix

The definitions of variables used are below. The source(s) for each variable are given
in square brackets.

e Import price: the c.i.f. unit value (HUF/ton) of total import shipments to the firm in
a given year in a given six-digit HS category. [Customs Statistics]

¢ Foreign ownership: a firm is considered foreign-owned (dummy = 1) if foreign own-
ership exceeds 33% of equity and regarded domestic otherwise. [Balance Sheet]

e Employment: average annual employment. [Balance Sheet]

e Share of good among intermediates: the total HUF value of import shipment of the
good divided by total material cost. [Customs Statistics, Financial Statement]

e Share of good in total costs: the total HUF value of import shipment of the good
divided by total cost. [Customs Statistics, Financial Statement]

e Relative export price: the free-on-board (f.0.b.) export unit value of the good rela-
tive to the average EU unit value. [Customs Statistics, Eurostat]

¢ Average relative export price: the relative export price averaged across all the prod-
ucts exported by the firm. [Customs Statistics, Eurostat]

e Import share: the share of the firm in the HUF value of total Hungarian imports of
the given product in the given year. [Customs Statistics]

e Export HHI: the export Herfindahl-Hirschman index of product k in year ¢ is con-
structed from the firm’s share in total Hungarian exports as HHI,, = Z( X/ X yu )™
[Customs Statistics, Hungarian Statistical Office]

¢ Differentiated product: product classified as processed industrial supplies, capital,
and transport equipment components are called differentiated, while primary sup-
plies and fuels are nondifferentiated. [Broad Economic Categories]
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Notes

1. Although we do not observe the source country of imports at the firm level, we have to note
that, in 2001, 69.4% of Hungarian imports originated from developed countries.

2. Theoretically, it is in the best interest of the producer to provide customization to erode the
value of outside alternatives and to lock-in the buyer in a long-term relationship.

3. This is a flexible way to introduce heterogeneity across products. Clearly, firms will purchase
different quantities from different products and a symmetric production function will not be
appropriate.

4. We only require that the elasticity of substitution across inputs does not vary with
quality.

5. In what follows, we suppress the dependence on (i, @,) in notation, referring to A, and &,
but the reader should keep in mind that these may be correlated with both quality and market
conditions.

6. We make the assumption of Cournot competition for analytical convenience. In an Appen-
dix available from the authors on request, we show that the qualitative results survive if we
assume Bertrand competition among sellers; however, the optimal price can only be expressed
with a highly nonlinear function in that case.

7. This is just a convenient definition of units of quality.

8. Note that we attribute all differences in factory-gate marginal costs across suppliers to quality
differences.

9. This is necessary, because different products have different units of measurement, so their
prices are not directly comparable.

10. Given the small size of the country and the high concentration of import-intensive firms in
industrial cities close to the border, geography is unlikely to play a large role in input price vari-
ations across firms.

11. Furthermore, given the big variations in relative prices, the relative export price is likely to
suffer from a measurement error.
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12. In fact, with Cournot competition, high-cost firms have lower market shares and hence lower
markups. A similar pattern holds with any demand system where the elasticity of residual
demand rises with price (for example, with linear demand curves).

13. We construct the HHI and market share for each product and then take the average for
each firm across the products it exports. Similar results would be obtained by taking the HHI
and market share for the largest export product of each firm.

14. Note that some firms change ownership status during the sample. This typically means a
domestic firm being bought by foreign investors. Hence, the relatively short spell of domestic
firms.

15. Even crude oil prices vary substantially with grade.
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