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ABSTRACT 
 

          Essay 1 is the first attempt to explore tariff pass-through at the firm level, and to 

investigate how it depends on firm heterogeneity in productivity and product differentiation in 

quality. Using an extended version of the Melitz and Ottaviano (2008) model, the essay shows 

that exporting firms absorb tariff changes by adjusting both their markups and product quality, 

which leads to an incomplete tariff pass-through. Moreover, the absolute value of tariff 

absorption elasticity negatively depends on firm productivity for products with high scope for 

quality differentiation, but positively depends on firm productivity for products with low scope 

for quality differentiation.  Essay 2 studies how market structure impacts tariff pass-through. The 

essay explores this with a model in which both export firms and import firms have some market 

power. It shows that tariff pass-through is negatively related to the market power of export firms, 

but is ambiguously related to the market power of import firms. This is due to the impact of their 

market power on the markup distribution between export firms and import firms.  Essay 3 studies 

how tariff changes of a country impact trade prices between its trade partners. The essay uses a 

simple model to show that, when a foreign country reduces its tariffs (either MFN or non-MFN 

tariffs), domestic exporting firms raise their prices toward third countries, which is referred to as 

“tariff spillover effect”. The existence of the effect depends on the assumption of increasing 

marginal cost. The essays use the U.S. transaction-level export or import data and find empirical 

evidence for the predictions of the models.  
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Abstract: Previous studies on tariff pass-through have been conducted at the in-
dustry level. This paper is the first attempt to explore tariff pass-through at the firm level,
and to investigate how it depends on firm heterogeneity in productivity and product differ-
entiation in quality. Using an extended version of the Melitz and Ottaviano (2008) model,
we show that exporting firms absorb tariff changes by adjusting both their markups and
product quality, which leads to an incomplete tariff pass-through. Moreover, the absolute
value of tariff absorption elasticity (the percentage change in the tariff-exclusive export
price in response to a one percent change in the gross tariff rate) negatively depends on
firm productivity for products with high scope for quality differentiation, but positively
depends on firm productivity for products with low scope for quality differentiation. Us-
ing the U.S. transaction-level export data and plant-level manufacturing data, we find
evidence for these predictions. The firm-level tariff absorption elasticity is −0.87 on av-
erage. Pooled regressions reveal that the tariff absorption elasticity is higher (in terms of
absolute value) for low productivity firms (−1.27) and lower for high productivity firms
(−0.44). Estimation done separately on quality differentiated goods and quality homo-
geneous goods finds that the inverse relationship between tariff absorption elasticity and
firm productivity is more pronounced for quality differentiated goods and non-existent for
quality homogeneous goods, which is consistent with the model.
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1. Introduction

This paper is the first attempt to explore tariff pass-through at the firm level, and to

investigate how it depends on firm heterogeneity in productivity and product differenti-

ation in quality. Using an extended version of the Melitz and Ottaviano (2008) model,

we show that exporting firms absorb tariff changes by adjusting both their markups and

product quality, which leads to an incomplete tariff pass-through. Moreover, tariff ab-

sorption elasticity (the percentage change in the tariff-exclusive export price in response

to a one percent change in the gross tariff rate) negatively depends on firm productiv-

ity for products with high scope for quality differentiation, but positively depends on

firm productivity for products with low scope for quality differentiation. Using the U.S.

transaction-level export data and plant-level manufacturing data, we find evidence for

these predictions: The firm-level tariff pass-through is indeed incomplete, and tariff ab-

sorption does depend on firm productivity and product quality as the model predicts,

especially for quality differentiated goods.

This paper derives its motivation from the literature in two areas: the incompleteness

of tariff pass-through, and the heterogeneous firm models of international trade. The

incompleteness of tariff pass-through is the source of terms-of-trade effect of trade policies.

It says that when a large country raises its tariff rate on a product, foreign countries that

sell in its market may absorb part of the tariff increase by lowering their tariff-exclusive

exporting prices1. Thus the tariff-inclusive consumer prices increase by a magnitude less

than the tariff increase, and the impact of tariff change on market demand is mitigated.

Tariff increase improves terms of trade for the home country and worsens the terms of

trade of its trading partners2. This terms-of-trade effect is the basis for the optimal tariff

argument and a driving force for international trade agreements, as shown in Edgeworth

(1894), Broda, Limão and Weinstein (2008), Bagwell and Staiger (2009), and Ludema

1For this reason we also refer to incomplete tariff pass-through as “tariff absorption” hereafter. Graph-
ically, tariff-absorption is represented by the downward movement along the upward-slopping foreign
export supply curve of the home country.

2Similarly, tariff reduction of a large country leads to increases of the tariff-exclusive prices of foreign
countries that sell in its market, and thus has an opposite terms-of-trade effect.
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and Mayda (2010).3

There have been several empirical studies on the incompleteness of tariff pass-

through. Feenstra (1989) finds that around 40 percent of the U.S. tariff increase in 1980s

against the imports of Japanese automobiles was passed on as lower prices to Japanese

automobile exports to the U.S. Kreinin (1961) finds that more than two-thirds of U.S.

tariff reductions in Geneva Round were passed on as higher prices to countries exporting

to the US. Mallick and Marques (2007) find similar qualitatively results for India’s trade

liberalization in 1990s.

However, all the existing studies on tariff pass-through have been done at the indus-

try level. That is, they study how the average price of all firms in an industry responds

to a tariff change4. In these studies, it was not clear whether the industry-level price

response to tariff change is caused by the intra-industry reallocation between firms with

different prices, or the firm-level price change due to cost change or markup adjustment.

Feenstra (1989) controls for the marginal cost of production in his estimation of the tar-

iff pass-through elasticity. However, it is still not clear whether the industry-level price

change is caused by firm-level markup adjustment or intra-industry reallocation.5 Thus

firm-level studies are needed to investigate this.

For this purpose, we turn to the second literature relevant to this paper — hetero-

geneous firm models of international trade, since these models focus on the intra-industry

reallocation between firms. Heterogeneous firm models were spurred by empirical studies,

beginning with Bernard and Jensen (1995)6, which use plant or firm-level data to docu-

ment that exporting firms are on average larger and more productive than non-exporting

firms. These models are characterized by firm heterogeneity in productivity, and focus

3The optimal argument says that, the lower is the export supply elasticity that a country faces, the
higher is the optimal tariff that the country could and would set to exploit the terms-of-trade gain. Broda,
Limão and Weinstein (2008) examine this with the tariff schedules of non-WTO countries; Bagwell and
Staiger (2009) consider this with changes in the tariff schedules of recent WTO accession countries;
Ludema and Mayda (2010) explore this with MFN tariffs set by existing WTO members.

4This is partly due to the data availability constraints faced by the researchers.
5In another paper, Feenstra and Weinstein (2010) estimate the magnitude of markup reduction and

welfare gain in the liberalizing country, instead of the markup adjustment of foreign firms exporting to
the liberalizing country, and hence it is not directly related to tariff pass-through.

6Others include Roberts and Tybout (1997), Bernard and Jensen (1999), Bernard, Jensen, Redding,
and Schott (2007), etc.
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on the intra-industry reallocation between firms caused by changes in trade environment.

The representative models include Melitz (2003) and Bernard, Eaton, Jensen, and Kor-

tum (2003). Melitz (2003) shows the exposure to trade induces the more productive firms

to enter the export market, some less productive firms produce only for domestic market,

and the least productive firms to exit the market. Thus the exposure to trade leads to

inter-firm reallocations towards more productive firms.

None of the heterogeneous firm models focuses directly on how firm heterogeneity

impacts tariff pass-through, though most of them have some implications for this. The

first-generation heterogeneous firm models assume constant marginal cost as well as CES

utility, with the latter implying constant markups. With constant marginal cost and

markups, firms do not have any room for price adjustment. Thus the firm-level tariff

pass-through is complete, and the observed incomplete tariff pass-through at the industry

level must be completely due to the intra-industry reallocation between firms with different

prices. For intra-industry reallocation to explain incomplete tariff pass-through, it must be

that, after tariff increase, the surviving exporting firms, which are more productive than

the exiting firms, should have lower-than-average prices, so that the average industry price

after the tariff increase is lower than before. However, this contradicts the prediction of a

large body of heterogeneous firm models that incorporate product quality into CES utility,

such as Baldwin and Harrigan (2007), Kugler and Verhoogen (2008), Mandel (2008), and

Gervais (2009), among others. These models predict that more productive firms could

have higher-than-average prices since they produce high quality differentiated goods. The

researchers also provide empirical evidence supporting this prediction. Therefore the first-

generation heterogeneous firm models based on CES utility and constant markups are not

very convincing in explaining the incompleteness of tariff pass-through.

Given this consideration, we switch to the second-generation heterogeneous firm

models, beginning with Melitz and Ottaviano (2008). These models feature linear demand

and variable markups. With variable markups, the firm-level tariff pass-through could

be incomplete, since firms could adjust their markups and hence their exporting prices

in response to a tariff change, even if they have constant marginal cost. Antoniades
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(2008) incorporates product quality into the Melitz and Ottaviano (2008) model. Given

the empirical evidence supporting heterogeneous firm models with quality dimension, this

model is a good starting point for analyzing firm-level tariff pass-through.

Our model is similar to Antoniades (2008). The difference is that the quality-

upgrading cost in his model only contains a quantity-invariant R&D cost, but in our

model we add another type of quality-upgrading cost, the quantity-dependent component-

upgrading cost. This extension makes it easier to justify that a firm chooses different

quality levels for different markets, which is crucial to guarantee a closed form solution to

the model. In our model, exporting firms absorb the tariff change not only by adjusting

their markups due to the linear demand structure, but also by adjusting the quality of

their products. Both these two adjustments lead to an incomplete tariff pass-through.

Moreover, high productivity firms have high absolute magnitude of quality adjustment

and tariff absorption. For products with high scope for quality differentiation, the relative

tariff absorption, i.e., tariff absorption elasticity, is lower for high productivity firms,

since their initial prices are higher. In contrast, for products with low scope for quality

differentiation, the tariff absorption elasticity is higher for high productivity firms, since

their initial prices are low. In sum, the model predicts that tariff pass-through depends

on both firm heterogeneity in productivity and product differentiation in quality.

In order to empirically test these predictions, we need to use firm-level data on

trade and productivity, as well as product level data on quality scope. From the U.S.

Linked/Longitudinal Firm Trade Transaction Database (LFTTD) we construct the U.S.

firm-level export price changes over time for each exported product to each destination

country. From the World Integrated Trade Solution (WITS) we get the changes of tariff

rates of other countries against U.S. exports of different products. We also use the U.S.

Census of Manufacturing (CMF) data to construct the firm-level productivity, and use

the R&D/sales ratio data from the National Science Foundation or Rauch classification

to derive the quality scope of different industries/products. Then we link the tariff data,

the firm productivity data, and the product quality scope data to the export price data.

We use the combined data in 1997-1998 (part of the applied period of Uruguay Round),
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during which there are a wide range of large tariff changes and relatively accurate data for

firm productivity and product quality scope, to test model predictions. We conduct the

empirical analysis for the full sample, quality homogeneous goods, and quality differen-

tiated goods, respectively. For each sample, we test the price-productivity schedule, and

check whether the firm-level tariff pass-through is incomplete as well as how the absolute

and relative tariff absorption depends on firm productivity.

We find evidence supporting the predictions of the model. First, we find that firm-

level tariff pass-through is indeed incomplete: The firm-level tariff absorption elasticity is

−0.87 on average. Second, pooled regressions reveal that products in the sample on av-

erage fit the definition of quality differentiated goods, and the tariff absorption elasticity

is higher (in terms of its absolute value) for low productivity firms (−1.27) and lower for

high productivity firms (−0.44), as the model predicts for products with high scope for

quality differentiation. The overall tariff absorption elasticity and that for low productiv-

ity firms are very high (in terms of the absolute value), since firms change not only their

markups but also their product quality in response to tariff changes. Third, estimation

done separately on quality differentiated goods and quality homogeneous goods finds that

the inverse relationship between tariff absorption elasticity and productivity is more pro-

nounced for quality differentiated goods and non-existent for quality homogeneous goods,

which is consistent with the model.

To our knowledge, this is the first paper that (1) finds empirical evidence for in-

complete tariff pass-through at the firm level, and (2) investigates, both theoretically and

empirically, how tariff pass-through depends on firm productivity and product quality.

Both of these two are contributions of the paper to the tariff pass-through literature. The

second one is also a contribution of the paper to the literature on heterogeneous firm

models in international trade.

The paper is organized as follows. Section 2 presents the theoretical model. Sec-

tion 3 describes the data used. Section 4 contains the empirical strategies and results.

Conclusions are included in section 5.
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2. The Model

2.1. Consumers and Demand

As mentioned in section 1, our model is based on Melitz and Ottaviano (2008) and

Antoniades (2008). Consider a world consisting of a Home country (h) and a Foreign

country (f), with consumers L
h and L

f in each country. Preferences are defined over a

homogeneous good chosen as numeraire, and a continuum of horizontally-differentiated

varieties indexed by i ∈ Ω. Consumers in both countries share the same quasi-linear

utility function as in Antoniades (2008):

U = q
c
0 + α

�

i∈Ω
(qci + zi)di−

1

2
γ

�

i∈Ω
(qci − zi)

2
di− 1

2
η

��

i∈Ω
(qci −

1

2
zi)di

�2

, (1)

where qc0 and q
c
i represent, respectively, the individual consumption levels of the numeraire

good and variety i; zi stands for the quality level of variety i, and thus indexes the

vertical differentiation of the variety. If the quality level for all varieties is 0 (zi = 0

for all i), then the utility function boils down to that in Melitz and Ottaviano (2008).

The demand parameters α and η index the substitution pattern between the numeraire

and the horizontally-differentiated varieties, while the parameter γ indexes the degree of

horizontal differentiation between the varieties. They are all positive.

The utility function implies the following linear market demand for variety i in

country l ∈ {h, f}:

q
l
i ≡ L

l
q
c
i =

αL
l

ηN l + γ
− L

l

γ
p
l
i +

ηN
l
L
l

(ηN l + γ)γ
p̄l + L

l
z
l
i −

1

2

ηN
l
L
l

ηN l + γ
z̄l, (2)

where p
l
i and z

l
i are, respectively, the price and quality of variety i in country l; N l is the

measure of varieties actually consumed in country l (with q
l
i > 0); p̄l = 1

N

�
i∈Ωl p

l
idi and

z̄l = 1
N

�
i∈Ωl z

l
idi are the average price and quality (across both local and foreign firms

selling in country l) of these consumed varieties, where Ωl ⊂ Ω is the subset of varieties

that are consumed. The demand function implies: (1) The demand for variety i is nega-

tively related to its own price but positively related to its own quality; (2) It is positively

related to the average price of all varieties and negatively related to the average quality
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of all varieties, and (3) All these relationships are linear.

2.2. Firms, Production and Export

Each firm in each country produces a differentiated variety and faces a fixed en-

try cost fE, which is common across firms. Subsequent production of firm i incurs the

following total cost function:

TCi = ciqi + bqizi + θ(zi)
2
. (3)

where qi and zi are the quantity and quality of the variety that the firm produces. The first

term on the right hand side, ciqi, depends on the quantity but not the quality of output,

and could be interpreted as “processing cost” of a firm. The third term, θ(zi)2, depends

on the quality level of the output but fixed with respect to the quantity of output, which

captures the definition of “R&D cost” for quality upgrading. The second term, bqizi,

depends on both the quantity and the quality of the output, which captures the definition

of “component-upgrading cost” associated with quality upgrading. A firm could choose

a component with one quality level for the home market but another component with

another quality level for the foreign market.

There are three things worth pointing out. First, both the “processing cost” and the

“R&D cost” exist in Antoniades (2008), but the “component-upgrading cost” is what we

add to his model. The purpose of this extension is to justify that a firm can choose different

product quality levels for different markets, which is crucial to ensure a closed form

solution to the model, as will be shown below. Second, ci is a firm-specific constant which

indexes the marginal processing cost; parameters b and θ are product-specific constants

which index the “toughness” of quality upgrading for a product, but they are common

across all firms producing different varieties of the same product. Third, ci is the marginal

“processing” cost of the firm, and the overall marginal cost of the firm is MCi = ci +

bzi, where zi is a function of ci (as will be shown shortly). 1/ci indexes the processing

productivity of the firm, and 1/MCi indexes the overall productivity of the firm.

The timing of firms’ decisions is as follows. First, firms learn about product-specific,
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quality-upgrading costs b and θ, the distribution of firm processing cost G(c), and the

fixed entry cost fE, all of which are common knowledge, and they decide whether to enter

the industry or not. Second, after they enter the industry by making the irreversible

investment fE, they learn about their individual processing cost ci, and decide on the

quality and price for the product that they will produce.

Consider a firm in the Home country h with parameter c. The firm faces both

domestic and foreign markets. Assume (1) the two markets are segmented, and (2) the

firm chooses separate levels of product quality for the two markets. As mentioned above,

the validity of the second assumption is based on the “component-upgrading cost” that

we add to Antoniades (2008). These two assumptions, together with the assumption of

constant marginal “processing cost” c, imply that the firm independently maximizes the

profits earned from domestic and export sales:

π
hh =p

hh
q
hh − cq

hh − bq
hh
z
hh − θ(zhh)2,

π
hf =

p
hf

τ f
q
hf − cq

hf − bq
hf
z
hf − θ(zhf )2,

(4)

where phh and p
hf denote its prices in the domestic and foreign markets; qhh and q

hf stand

for the corresponding quantities sold in the two markets; τ f > 1 is the ad valorem gross

tariff rate imposed by the foreign country. Note that the tariff-exclusive export price of

the firm is p∗ = p
hf
/τ

f .

Solutions to the profit maximization problems are:

p
hh =

1

2
(chh + c) +

γ + b

2
z
hh
,

p
hf =

τ
f

2
(chf + c) +

γ + τ
f
b

2
z
hf
,

z
hh =λ

hh(chh − c),

z
hf =τ

f
λ
hf (chf − c),

(5)

where c
hh = sup{c : π

hh
> 0} and c

hf = sup{c : π
hf

> 0} are cost upper bounds

for firms to earn positive profits from domestic and export sales; λ
hh = (γ−b)Lh

4γθ−(γ−b)2Lh

and λ
hf = (γ−τf b)Lf

4γθτf−(γ−τf b)2Lf . We can show that c
hf = c

ff
/τ

f . Assume that γ − b > 0,
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γ − τ
f
b > 0, 4γθ − (γ − b)2Lh

> 0 and 4γθτ f − (γ − τ
f
b)2Lf

> 0 to ensure z
hh and z

hf

to be positive.

We can also show that the level of quality upgrading that the firm chooses (zhh

or z
hf ) is increasing in (i) the processing productivity of the firm (1/c), (ii) the market

size (Lh or L
f ), and (iii) the degree of product horizontal differentiation (γ), but it is

decreasing in (i) the toughness for quality upgrading (θ and b), and (ii) the foreign tariff

rate (τ f ). The intuition for these conclusions is straightforward and thus is omitted here.

2.3. Equilibrium and Price Structure

The free entry condition implies that the expected profits from domestic and export

sales should be equal to the fixed entry cost, fE, that is,

� chh

0

π
hh
dG(c) +

� chf

0

π
hf
dG(c) = fE (6)

where G(c) is the distribution of the “processing cost” c. Assume that this cost has

a Pareto distribution with parameter k and upper bound cM : G(c) = (c/cM)k, where

c ∈ [0, cM ]. Substituting this and (4)-(5) into (6), doing the same thing for the free-entry

condition in the foreign country, and using c
hf = c

ff
/τ

f , we get the two cost bounds:

c
hh =

�
γφ

Lh[1 + (γ − b)λhh]
· 1− ρ

f
σ
f

1− (ρfσf )(ρhσh)

� 1
k+2

,

c
hf =

�
γφ

Lf [1 + (γ − b)λff ]
· 1− ρ

h
σ
h

1− (ρhσh)(ρfσf )

� 1
k+2

/τ
f
,

(7)

where φ = 2(k + 1)(k + 2)ckMfE, ρl = (τ l)−k−1, σl = 1+(γ−τ lb)λjl

1+(γ−b)λll , and l, j ∈ {h, f}, l �= j.

Equations (5) and (7) determine the closed form solutions to the model.

It is very helpful to have a careful examination for the structure of the equilibrium

export price. As mentioned before, the incompleteness of tariff pass-through is equivalent

to “tariff absorption” of exporting firms, i.e., an adjustment of their tariff-exclusive prices.
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Here we focus on the tariff-exclusive price:

p
∗ =

p
hf

τ f

=
1

2

�
c
hf + c

�
+

(γ + τ
f
b)

2

z
hf

τ f

≡p
∗
q + p

∗
z

=
1

2

�
c
hf + c

�
+

(γ + τ
f
b)λhf

2

�
c
hf − c

�

=(1− B)chf +Bc.

(8)

where B = 2γθτf−γ(γ−τf b)Lf

4γθτf−(γ−τf b)2Lf , and 1− B = 2γθτf+τf b(γ−τf b)Lf

4γθτf−(γ−τf b)2Lf > 0.

The first equality is the definition of the tariff-exclusive export price. The second

equality shows that the price consists of two components: the first term, 1
2

�
c
hf + c

�
, is

derived from the quantity processing; the second term, (γ+τf b)
2

zhf

τf , is derived from the

quality upgrading. We refer to these two terms as the quantity component p
∗
q and the

quality component p∗z, respectively — as indicated by the third equality (equivalence).

The forth equality shows the relationship between these two components and firm

processing productivity. The quantity component, p∗q =
1
2

�
c
hf + c

�
, is negatively related

to firm processing productivity (1/c), i.e.,

∂p
∗
q

∂(1c )
< 0. (9)

We refer to this as the “processing effect”: the higher is firm processing productivity, the

lower is the marginal processing cost, and hence the lower is the unit price. The quality

component, p∗z =
(γ+τf b)λhf

2

�
c
hf − c

�
, is positively related to firm productivity (1/c), i.e.,

∂p
∗
z

∂(1c )
> 0. (10)

We refer to this as the “quality effect”: the higher is firm processing productivity, the

higher is the product quality level that the firm will choose (as mentioned in section 2.2),

and thus the higher is the quality-upgrading cost and the unit price.

The fifth (the last) equality describes the relationship between the overall price and
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firm processing productivity. From this equality we can get

∂p
∗

∂(1c )
< 0 if B > 0, i.e.,

�
2θ

Lf
+ b

�
τ
f
> γ, (11)

∂p
∗

∂(1c )
> 0 if B < 0, i.e.,

�
2θ

Lf
+ b

�
τ
f
< γ. (12)

The intuition is as follows. The condition
�
2θ
Lf + b

�
τ
f
> γ implies that (1) the

quality-upgrading toughness for the product, θ and b, are relatively high, (2) the foreign

tariff rate, τ f , is relatively high, (3) the market size, Lf , is relatively small, and (4) the

product horizontal differentiation γ is relatively low. All these imply that the quality level

chosen by all firms (producing different varieties of the same product) is relatively low (as

mentioned in section 2.2), and the product has low scope for quality differentiation. As

the result, the “processing effect” dominates the “quality effect”, and hence the overall

price is negatively related to firm processing productivity — We refer to this type of

products as “quality homogeneous goods”. In contrast, the condition
�
2θ
Lf + b

�
τ
f
< γ

implies that the opposite is true: the product has high scope for quality differentiation,

and the overall price is positively related to firm processing productivity — We refer to

this type of products as “quality differentiated goods”.

An interesting observation here is that the horizontal differentiation of a product

γ is related to the vertical differentiation or quality scope of the product. A product

with low horizontal differentiation γ is also likely to have low vertical differentiation or

quality scope, and thus is likely to be a quality homogeneous good. A product with high

horizontal differentiation γ is also likely to have high vertical differentiation or quality

scope, and thus is likely to be a quality differentiated good.

2.4. Tariff Absorption, Firm Productivity and Product Quality

Now we shall turn to explore how a tariff change impacts the tariff-exclusive price

12



p
∗. From (8) we can derive that the absolute magnitude of this impact is

∂p
∗

∂τ f
=− ∂B

∂τ f
(chf − c) + (1− B)

∂c
hf

∂τ f

<0.

(13)

The last inequality holds since we can show that ∂B
∂τf > 0, 1 − B > 0, and ∂chf

∂τf < 0, and

c
hf − c > 0 by definition of cost bound. The relative magnitude of the impact is

Θ∗ ≡∂p
∗

∂τ f

τ
f

p∗

=

�
− ∂B

∂τ f
(chf − c) + (1− B)

∂c
hf

∂τ f

�
τ
f

(1− B)chf +Bc

<0.

(14)

The negative signs of the absolute and relative price changes in response to a tar-

iff change imply the incompleteness of tariff pass-through, i.e., “tariff absorption”: the

tariff-exclusive export price increases in response to a tariff reduction7. Θ∗ is the tariff ab-

sorption elasticity: the percentage increase in the tariff-exclusive export price in response

to a one percent decrease in the gross tariff rate.

There are three things worth pointing out. First, we can verify that both the

quantity component and the quality component of the tariff-exclusive export price increase

in response to a tariff reduction, that is,
∂p∗q
∂τf < 0 and ∂p∗z

∂τf < 0. The increase of the quantity

component of the price is essentially an increase in its markup, i.e., ∂uq

∂τf < 0, where

uq = p
∗
q − c = 1

2(c
hf − c), since the processing cost c is fixed. This markup adjustment

is possible because of the linearity of the demand structure. The increase of the quality

component of the price is caused by the quality upgrading of the product in response

to the tariff reduction, that is, ∂zhf

∂τf < 0.8 In sum, when exporting firms face a tariff

7Note that here, and hereafter, we interpret “tariff absorption” in terms of the increase of the tariff-
exclusive price in response to a tariff reduction, instead of the decrease of the tariff-exclusive price in
response to a tariff increase (as in section 1). This is mainly because that most tariff changes in the real
world are tariff reductions instead of tariff increases, as will be indicated in section 4.

8We can also show the following. (1) The increase of the quality component of the price caused
by the quality upgrading is due to the increase of quality-upgrading cost, i.e., ∂cz

∂τf < 0, where cz =
[bqhfzhf + θ(zhf )2]/qhf is the unit quality-upgrading cost. (2) However, the sign of the markup change
associated with quality-upgrading, ∂uz

∂τf , is ambiguous, where uz = p
∗
z − cz.

13



reduction, they will not only increase their markups due to the linear demand structure,

but also upgrade the quality level of their products. That is, they will transfer the cost

advantage due to tariff reduction to higher markups and quality advantage. Thus the

model shows that both markup adjustment and quality adjustment are sources of firm-

level tariff absorption.

Second, we can show that the absolute magnitude of tariff absorption, in terms of

its absolute value, positively depends on firm processing productivity, i.e.,

∂|∂p∗/∂τ f |
∂(1c )

> 0. (15)

We can also verify that, the absolute increase of the quantity component of the tariff-

exclusive price in response to a tariff reduction is independent of firm processing produc-

tivity, that is,
∂|∂p∗q/∂τf |

∂( 1c )
= 0.9 However, the absolute increase of the quality component

of the tariff-exclusive price in response to a tariff reduction is positively related to firm

processing productivity, that is, ∂|∂p∗z/∂τf |
∂( 1c )

> 0; this is because that firms with high process-

ing productivity will upgrade their product quality more than firms with low processing

productivity, i.e., ∂|∂zhf/∂τf |
∂( 1c )

> 0, since their ability for quality upgrading is high.

Third, the relative magnitude of tariff absorption, i.e., the tariff absorption elasticity,

depends on firm processing productivity in the following way:

∂|Θ∗|
∂(1c )

> 0 if B > 0, i.e.,

�
2θ

Lf
+ b

�
τ
f
> γ, (16)

∂|Θ∗|
∂(1c )

∼ 0 if B < 0, i.e.,

�
2θ

Lf
+ b

�
τ
f
< γ, (17)

∂|Θ∗|
∂(1c )

< 0 if B � 0, i.e.,

�
2θ

Lf
+ b

�
τ
f � γ, (18)

where the notation “∼” in (17) denotes “greater than, equal to, or less than”, and “�”

in (18) denotes “far less than”. Notice that the condition 2θ
Lf + b > γ implies that the

9This is due to the following reason. From equation (8) we can see that p
∗
q consists of two additive

components (which is determined by the linear demand function): the first component (chf ) depends
on foreign tariff rate but not firm processing productivity, and the second component (c) depends on
firm processing productivity but not foreign tariff rate. When foreign tariff rate changes, only the first
component changes, which does not depend on firm processing productivity.
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product is a quality homogeneous good, 2θ
Lf + b < γ implies that the product is a quality

differentiated good, and 2θ
Lf + b � γ implies that the product is a quality differentiated

good and the scope for quality differentiation is very high.

These results could be explained by the impacts of firm processing productivity

(1/c) on both the numeraire and the denominator of the tariff absorption elasticity

(Θ∗ ≡ ∂p∗

∂τf
τf

p∗ ). As for the numeraire (∂p∗/∂τ f ), we have seen that the absolute mag-

nitude of tariff absorption, in terms of its absolute value, positively depends on firm

processing productivity, as indicated in (15). As for the denominator (p∗, the initial ex-

port price), its relationship with firm processing productivity is determined by product

quality scope. For quality homogenous goods, the initial export price is negatively related

to firm processing productivity, as indicated in (11). Thus the tariff absorption elasticity,

in terms of its absolute value, is positively related to firm processing productivity (1/c),

as indicated in (16). In contrast, for a quality differentiated good, the initial export price

is positively related to firm processing productivity, as indicated in (12). Thus the rela-

tionship between the tariff absorption elasticity, in terms of its absolute value, and firm

processing productivity is ambiguous (as indicated in (17)), depending on whether the

numeraire or the denominator effect is dominant. If the product quality scope is suffi-

ciently high, then the denominator effect dominates the numeraire effect, and thus the

tariff absorption elasticity (in terms of its absolute value) is negatively related to firm

processing productivity, as indicated in (18).10

These results could also be explained in another way. We can verify that, the relative

increase of the quantity component of the tariff-exclusive price in response to a tariff

reduction is positively related to firm processing productivity, that is,
∂|Θp∗q |
∂( 1c )

> 0, where

Θp∗q ≡
∂p∗q
∂τf

τf

p∗q
< 0. 11 We can also refer to this as “processing effect”, as our interpretation

for (9). However, the relative increase of the quality component of the tariff-exclusive

price in response to a tariff reduction is negatively related to firm processing productivity,

that is,
∂|Θp∗z |
∂( 1c )

< 0, where Θp∗z ≡
∂p∗z
∂τf

τf

p∗z
< 0; this is because that firms with high processing

10We can also show with numerical examples that there indeed exist model parameters that make this
case possible.

11This is due to two facts:
∂|∂p∗

q/∂τ
f |

∂( 1
c )

= 0 and
∂p∗

q

∂( 1
c )

< 0.

15



productivity will upgrade their product quality by a less percentage, i.e.,
∂|Θ

zhf
|

∂( 1c )
< 0,

where Θzhf ≡ ∂zhf

∂τf
τf

zhf < 0, since their initial quality level is already high and thus the

quality-upgrading cost is also high. We can also refer to this as “quality effect”, as our

interpretation for (10). For quality homogenous goods, the “processing effect” dominates

the “quality effect”, and thus we see a positive relationship between the overall tariff

absorption elasticity (|Θ∗|) and firm processing productivity (1/c), as indicated in (16).

For quality differentiated goods with high scope for quality differentiation, the “processing

effect” is dominated by the “quality effect”, and thus we see a negative relationship

between the overall tariff absorption elasticity (|Θ∗|) and firm processing productivity

(1/c), as indicated in (18). For quality differentiated goods with medium scope for quality

differentiation, it is not quite clear which effect is dominant, and thus we end up with

an ambiguous relationship between the overall tariff absorption elasticity (|Θ∗|) and firm

processing productivity (1/c), as indicated in (17).

Table 1 summarizes the model predictions for comparative statics regarding (i) price

and productivity, (ii) tariff absorption, (iii) absolute tariff absorption and productivity,

as well as (iv) relative tariff absorption and productivity.

Notice that in (11)-(12) and (15)-(18), we focus on the relationship between export

price or tariff absorption and firm “processing” productivity (1/c). We can show that,

for exported goods, the overall marginal cost is MC = ∂TC
hf
/∂q

hf = c + bz
hf = c +

bλ(chf − c) = bλc
hf + (1 − bλ)c. Under the condition 1 − bλ > 0 (which we assume is

true), the overall marginal cost MC and the marginal “processing” cost (c) are positively

correlated. Then all the relationships mentioned above ((11)-(12) and (15)-(18)) could be

re-written and re-interpreted in terms of firm overall productivity (1/MC).

3. Data

Now we turn to the empirical side. We use the U.S. export data to test the model predic-

tions on how tariff absorption depends on firm heterogeneity in productivity and product

differentiation in quality. Four types of data are needed for empirical analysis: trade data,

tariff data, firm productivity data, and product quality scope data.
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3.1. Trade Data

The trade data are used to compute firm-level export prices. The data that we use

is the U.S. Linked/Longitudinal Firm Trade Transaction Database (LFTTD), which was

assembled by Bernard, Jensen and Schott (2008). The data link all individual U.S. im-

port and export transactions to the respective U.S. importing and exporting firms. The

dataset comes from two sources: the first one is the foreign trade data (FTD) assembled

by the U.S. Census Bureau and U.S. customs, which contains all U.S. international trade

transactions between 1992 and 2005 inclusive; the second is the Longitudinal Business

Database (LBD) of the U.S. Census Bureau, which records annual employment and sur-

vival information for most U.S. establishments. We use the export data in the LFTTD

database. For each export transaction, the database records its product category (at

HS10 level), quantity, (tariff-exclusive) value, exporting firm, destination country, year

and month in which the transaction occurs, etc.

Before constructing export prices we clean the data in the following way. (1) We

drop transactions with missing values in value, quantity, product category, export firm,

destination country, or time. (2) Since measurement error in values or quantities causes

measurement error for the constructed prices and leads to biased estimation, we remove

the transactions (around 5 percent of the total) with extraordinary computed prices which

are 20 times higher or lower than the average price of all transactions in the same product-

firm-country-year cell. (3) We also remove related party transactions12 (around 30 percent

of the total), since the price behavior for related party transactions is quite different from

normal arm’s length transactions. For the rest of transactions, we construct firm-level

prices (unit values) as P
∗
ifct = Vifct/Qifct, where Vifct and Qifct are the total value and

quantity of product i (HS10) exported by firm f to country c in year t. The constructed ex-

port prices are tariff-exclusive since export values are tariff-exclusive. Among all product-

firm-country-year cells for which we constructed export prices, we keep those surviving in

two consecutive years, and computer changes of absolute prices ∆P
∗
ifct = P

∗
ifct − P

∗
ifc(t−1)

12Related-party transactions refer to trade between U.S. companies and their foreign subsidiaries and
trade between U.S. subsidiaries of foreign companies and their affiliates abroad.
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and changes of log prices ∆lnP
∗
ifct = lnP

∗
ifct − lnP

∗
ifc(t−1).

3.2. Tariff Data

The tariff data contain the tariff rates of other countries against U.S. exports of dif-

ferent products. The data were collected by the World Integrated Trade Solution (WITS)

at the World Bank. They are annual data at the HS6 level, and thus are more aggregate

than the trade data in both time and product dimensions. Since tariff rates are annual,

the time dimension t of all variables in all regressions is also year. The actual tariff rate

may vary across HS8 or HS10 products within a same HS6 category. For each HS6 cate-

gory, the data include the maximum, minimum, and mean tariff rates of all HS8 or HS10

products within the category. We only include HS6 categories within which there is no

tariff variation (that is, the maximum, minimum and mean tariff rates are all identical),

since it is only for these HS6 categories that we can calculate accurate tariff change over

time for products at HS10 level13, ∆τict. These tariff changes are then merged to U.S.

export price changes of corresponding products to corresponding destination countries.

3.3. Firm Productivity Data

Firm productivity is constructed from the U.S. Census of Manufactures (CMF)

collected and maintained by the U.S. Census Bureau. For years ending with 2 or 7 (1987,

1992, 1997, etc.), the dataset records the production information (output, capital stocks,

labor hours, energy and materials inputs, etc.) for all U.S. manufacturing establishments

(plants). From this data we construct plant-level TFP from the typical constant returns

to scale index form:

lnTFPpt = lnQpt − φK lnKpt − φLlnLpt − φElnEpt − φM lnMpt

where TFPpt is the TFP of plant p in period t; Q, K, L, E and M represent plant-level

output (value of shipment), capital stocks, labor hours, and energy and materials inputs;

13For a HS6 industry within which there is tariff variation across HS8 or HS10 products, we can only
calculate the change of average tariff rate for the HS6 industry, but not the accurate tariff change for
each HS8 or HS10 product.
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and the φ’s are the factor elasticities for the corresponding inputs. The firm-level pro-

ductivity, TFPft, is computed as the average of the productivity of the plants within the

same firm weighted by their output shares14, and is then merged to the U.S. export price

changes of corresponding firms.

3.4. Product Quality Scope Data

The model predicts that the relationship between tariff absorption and firm pro-

ductivity depends on product scope for quality differentiation. Thus we also need data

to identify product quality scope. Since product quality is not directly observed, it is

hard to find a very good criterion to identify the quality scope of a product. A potential

criterion is the price-productivity schedule for each individual product. According to the

model, if a product has a negative price-productivity schedule, then it could be classified

as a quality homogeneous good; if it has a positive price-productivity schedule, then it

could be classified as a quality differentiated good. We can even possibly use the slope of

price-productivity schedule to measure the magnitude of the quality scope of a product.

However, this method may cause an endogeneity problem: if we use the price-productivity

schedule to classify the products in the first stage, and then explore the relationship be-

tween price changes (in response to tariff changes) and firm productivity for each group

of products in the second stage, the dependent variable and the independent variables

in the first stage are related to those in the second stage, and thus there may exist an

endogeneity problem between these two stages.

Given this consideration, we turn to exogenous criteria for product quality scope.

The first one that we are going to use is the Rauch classification. Rauch (1999) clas-

sifies products into commodities and differentiated goods: goods traded on organized

exchanges or with reference prices are classified as commodities, and others are classified

as differentiated goods. Intuitively speaking, products traded on organized exchanges or

with reference prices should have relatively low scope for quality differentiation, and other

products should have relatively high scope for quality differentiation. Thus we treat com-

14Total factor productivity corresponds to the “overall” firm productivity 1/MC instead of the “pro-
cessing” productivity 1/c in section 2.
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modities in Rauch classification as quality homogeneous goods, and differentiated goods

in Rauch classification as quality differentiated goods.

The second criterion that we use to identify the product quality scope is the R&D

investment for different industries/products. The model implies that quality upgrading

is associated with both R&D cost and component-upgrading cost. The higher are those

costs in an industry, the higher should be the scope for quality differentiation. Data for

component upgrading cost are hard to find, while R&D investment data are available for a

wide range of industries at the U.S National Science Foundation (NSF). The data contain

U.S R&D investment at the 2-digit or 3-digit SIC (Standard Industry Classification)

industry level for the period 1995-1997. The R&D investment comes from three different

sources: federal funds, company funds and other funds. The data on federal funds in

many industries are not publicly available for confidential consideration, but the data

on company and other funds are available for almost all industries. The data contain

the company and other R&D investment for each industry as a percent of the net sales

of the same industry, the R&D/sales ratio. We merge the data to the trade and tariff

data by using a concordance between SIC classification and HS classification, which was

created by Pierce and Schott (2009). Then we use the R&D investment for different

industries to classify products: If a product is in an industry with a low R&D/sales ratio,

then it is classified as a quality homogeneous good; otherwise, it is classified as a quality

differentiated good15.

People may question that the Rauch classification may reflect horizontal differen-

tiation instead of quality (vertical) differentiation, and the R&D investment may also

be used to make horizontal differentiation instead of quality (vertical) differentiation for

a product. This is indeed true. However, as shown in section 2.3, the level of quality

(vertical) differentiation of a product is positively related to the level of horizontal differ-

entiation of the product: products with low level of horizontal differentiation (low γ) are

more likely to be quality homogeneous goods, and products with high level of horizon-

15We can also further classify quality differentiated goods into two subcategories in terms R&D/sales
ratio, those with medium-level scope for quality differentiation and those with high scope for quality
differentiation, and then test the model predictions separately with three categories of products.
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tal differentiation are more likely to be quality differentiated goods. Thus even though

using the Rauch classification or the R&D investment to identify product quality scope

may not be accurate, they are not too bad approximation, especially when there are no

other better alternatives. As will be seen in section 4, using these two criteria to classify

products does result in estimates consistent with model predictions.

We also use GDP data to measure the market size, and use GDP change and ex-

change rate change as control variables. Both the GDP data and exchange rate data come

from the Penn World Table.

3.5. Sample Selection

The benchmark sample that we use for the empirical analysis contains the above-

mentioned data for the period 1997-1998. The choice of this period is based on the joint

consideration of the following facts: (1) The firm productivity data is only available for

1992, 1997 and 2002, (2) the R&D data is only available for 1995-1997, and (3) there

are a wide range of large tariff changes occurred around 1997 in the tariff data. In the

benchmark 1997-1998 sample, export price changes and tariff changes are from 1997 to

1998, and firm productivity is for the base year 1997.16 For R&D data, since the R&D

investment may have a lag effect, we average the R&D/Sales ratios for each industry for

1995, 1996 and 1997, and use this average ratio as the indicator for R&D cost of the

industry in 1997, the base year in the benchmark sample.

Panel a in table 2 lists the summary statistics for the full benchmark 1997-1998

sample, including number of industries (HS2 and HS6), products (HS10), exporting firms,

and destination countries, as well as the total export value in the base year (TVt−1) and

summary statistics for the main variables in the data.17

16We have found that there is a huge change in firms’ productivity from 1997 to 2002, both in the
absolute magnitude and in the relative ranking. Thus we restrict our analysis to the price changes from
1997 to 1998, without extending to the years beyond (1998 to 1999, etc.); otherwise, the firm productivity
data (in 1997) will not be an accurate measure for the actual firm productivity in the base year.

17Note that the sample size is constrained by the following operations: (i) As mentioned in the beginning
of this subsection, many export transactions were dropped when we constructed the export price and
their changes. (ii) When we combined the export price changes with tariff changes, firm productivity,
and R&D/sales ratios, we also dropped HS6 products within which there is tariff variation, transactions
conducted by firms for which we do not have the TFP data, as well as products (industries) for which
we do not have the R&D data.
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An observation from the table is the structure of tariff change. The table shows that,

observations with tariff reduction account for 43 percent of all observations, those without

any tariff change account for 53 percent, and those with tariff increase only account for 4

percent. Thus most of the tariff changes are tariff reductions, and the regression results

about tariff absorption in next section could be interpreted as the increases of the tariff-

exclusive prices in response to tariff reductions.

4. Empirical Strategies and Results

We now turn to test the model predictions on tariff pass-through. Since the export prices

we will get from the trade data are tariff-exclusive, we will focus on exploring how tar-

iff changes impact the tariff-exclusive prices, i.e., tariff absorption, and how this impact

depends on firm productivity and product quality. The main predictions of the model

are: (i) The firm-level tariff pass-through is incomplete, that is, firms do absorb tariff

change (see (13) and (14)). (ii) The absolute tariff absorption (in terms of its absolute

value) positively depend on firm productivity, for both quality homogeneous goods and

quality differentiated goods (see (15)). (iii) The relationship between the relative tariff

absorption (tariff absorption elasticity) and firm productivity depends on the scope for

quality differentiation of the product (see (16)-(18)). We test these predictions in two

different ways: by pooling all products in the sample, and by dividing them into “quality

homogeneous goods” and “quality differentiated goods”.

4.1. All Products Pooled

In this subsection, we pool all products in the sample, without dividing them into

quality homogeneous goods and quality differentiated goods, to test the model predictions.

We conduct the test for two samples: the first one is the full benchmark sample for 1997-

1998, and the second one is a sub-sample which only contains the U.S. exports to certain

countries with large tariff changes during this period.

4.1.1. Full Sample We start with the full benchmark sample. Table 3 contains

the empirical specifications and results for this full sample.
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In column 1, we use the following specification to check whether the products, on

average, are quality homogeneous goods or quality differentiated goods:

lnP
∗
ifc(t−1) =βlnTFPf(t−1) + δic + µifc(t−1).

(− : homogeneous)

(+ : differentiated)

(19)

where lnP
∗
ifc(t−1) denotes the log tariff-exclusive price of product i exported by firm f

to country c in the base period t − 1 (1997), lnTFPf(t−1) represents the log total fac-

tor productivity of firm f in period t − 1, δic stands for a product-country fixed effect,

and uifc(t−1) is the error term. Here we use a product-country fixed effect to control

any product-country specific determinants for export prices, so that the only variation in

export prices unexplained by this fixed effect is the firm level variation. In this specifi-

cation, coefficient β measures the price-productivity schedule, i.e., how export prices are

related to firm productivity: if β is negative, then the products, on average, are quality

homogeneous goods (see (11)); if β is positive, then the products, on average, are quality

differentiated goods (see (12)). The estimated β is positive (0.06) and significant: a 10

percent increase of firm TFP leads to a 0.6 percent increase of the export price. Accord-

ing to the model, this positive price-productivity schedule indicates that all products on

average fit the definition of quality differentiated goods.

In column 2, we use the following specification to check whether the absolute tariff

absorption depends on firm productivity or not:

∆P
∗
ifct =β1∆τict + β2lnTFPf(t−1) + β12[∆τict × lnTFPf(t−1)] + δi + δc + µifct,

(−) (−)
(20)

where∆P
∗
ifct denotes the absolute change of the tariff-exclusive price of product i exported

by firm f to country c from period t− 1 to period t, ∆τict is tariff change of country c on

product i from period t− 1 to period t
18, TFPf(t−1) is the TFP of firm f in the base year

18Tariff changes are typically announced by governments before the actual changes occur, and export
contracts are typically set before the actual transactions occur. When exporting firms learn the informa-
tion of future tariff changes, they can adjust their contracts beforehand accordingly by (i) changing their
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t− 1, and δi and δc stand for the product fixed effect and the country fixed effect. We use

the product fixed effect and the country fixed effect to control for any product-specific

shocks and country-specific shocks (such as exchange rate changes and demand changes)

on export price changes19. The reason for using these two fixed effects instead of using a

product-country fixed effect is that the latter will absorb the effect of tariff change, which

is product-country specific (since the tariff change is just for one period, from 1997 to

1998). In this specification, the coefficient of the tariff change term, β1, measures the

absolute change of the tariff-exclusive price of a benchmark firm (with lnTFPf(t−1) = 0)

in response to the tariff change. This coefficient should be negative according to (13), and

the estimated one is indeed negative (though insignificant) in column 2; however, since the

absolute magnitudes of export price changes for different products are not comparable,

the magnitude of β1 is meaningless. The coefficient of the interaction term between tariff

change and firm TFP, β12, measures how firm productivity impacts the absolute change

of the export price in response to the tariff change. According to (15), this coefficient

should be negative20, and the estimated one is indeed negative (though insignificant) in

column 2. The separate TFP term is added in this specification in case firm productivity

(or cost) has a direct effect on price change, but the model does not have an unambiguous

prediction about the sign of this direct effect, captured by coefficient β2.

In cloumn 3, we use the following regression to estimate tariff absorption elasticity:

∆lnP
∗
ifct =β∆ln(1 + τict) + δi + δc + µifct,

(−)
(21)

Notice that we now have logs for both the price change and the tariff change. Thus

export prices for transactions that will occur when the tariffs change (contemporaneous effect), and/or
(ii) change their export prices for transactions that will occur before the tariffs change (lead effect), if they
want to smooth their price changes. Here the coefficient for the tariff change term, ∆τict, only captures
the contemporaneous effect but not the lead effect, and thus should be lower than the total effect of tariff
changes on price changes. We could add another term, ∆τic(t+1), to capture the lead effect.

19Note that since the specification that we use is first order difference, we have already removed all
time-invariant fixed effects (including product, firm, country, product-firm, product-country, firm-country,
and product-firm-country fixed effect) on price levels. The fixed effects here and those in the regressions
hereafter refer to fixed effects on price changes.

20Notice that a negative coefficient β12 means that, for firms with high productivity, the impact of tariff
change on tariff-exclusive price is even more negative, i.e., higher in terms of absolute value (indicated
by (15)). This is due to the fact ∂p∗/∂τf < 0.
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coefficient β measures the percent change of tariff-exclusive prices in response to percent

change of tariff rates, that is, it measures tariff absorption elasticity.21 Again here we use

both product and country fixed effects. According to (14), the tariff absorption elasticity

β should be negative. The estimated overall tariff absorption elasticity is indeed negative

(−0.87) and significant. This indicates that the firm-level tariff absorption does exist: on

average exporting firms absorb 87 percent of the tariff reduction by increasing their tariff-

exclusive prices. In other words, the firm-level tariff pass-through is indeed incomplete:

only 13 percent of the tariff reduction is passed on to consumers as lower consumer prices.

You may wonder why the tariff absorption elasticity (in terms of absolute value) is

so high comparing to the estimates in previous studies at the industry level22. There are

two possible reasons for this. First, the tariff absorption we get here is at the firm-level

and is for incumbent firms after tariff reductions. As shown in the model, these firms

not only increase their markups but also upgrade their product quality in response to

tariff reductions, and hence their price increase is high. Second, according to the model,

the new entrants caused by tariff reductions (which are less productive than incumbents)

may have lower-than-average prices since they produce lower quality goods, and thus the

average industry-level prices after tariff reductions only increase by a smaller magnitude,

which is consistent with the previous smaller estimates at the industry level.

In column 4, we add firm productivity and its interaction with the relative tariff

change to estimate its direct effect on price change and its impact on tariff absorption:

∆lnP
∗
ifct =β1∆ln(1 + τict) + β2TFPHf(t−1) + β12[∆ln(1 + τict)× TFPHf(t−1)]

(−) (− : homogeneous)

(± : modestly differentiated)

(+ : highly differentiated)

+ δi + δc + µifct

(22)

21Also notice that we have gross tariff rate (1 + τict) on the right hand side since that is the tariff rate
in the theoretical model. In specification (20) we have the absolute change of net tariff rate since that is
equivalent to absolute change of gross tariff rate, i.e., ∆τict = ∆(1 + τict).

22Recall that in Feenstra (1989), the tariff absorption in the automobile industry is only 40 percent.
In Kreinin (1961), the average tariff absorption in all industries is higher at around 67 percent, but still
much lower than the estimate in this paper.
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This specification is a counterpart of (20), but with two differences: (1) Here we have

logs for both the price change and the tariff change; (2) Here we use a high TFP dummy

TFPHf(t−1) to replace the level of firm TFP — This dummy is set to 1 if the TFP of the

exporting firm f in the base year t− 1, TFPf(t−1), is higher than the average TFP of all

firms exporting the same product i to the same destination country c, and 0 otherwise.

Now the coefficient for the tariff change, β1, measures the tariff absorption elasticity

for low productivity firms. According to the model, it should be negative (by (14)). The

estimation is indeed negative (−1.27) and significant. A tariff absorption elasticity less

than −1 implies that, when low productivity firms face a tariff reduction, they increase

their tariff-exclusive prices so much that the tariff-inclusive consumer prices actually in-

crease instead of decreasing. This is known as the “Metzler Paradox”. The possible reason

again lies in quality upgrading: the initial product quality for low productivity firms is

low; when they face a tariff reduction, they upgrade their product quality by a significant

relative magnitude, which leads to a high increase in their tariff-exclusive prices. Thus,

quality upgrading provides a reasonable explanation for the “Metzler Paradox”.

The coefficient for the interaction term between tariff change and the high TFP

dummy, β12, measures the difference between the tariff absorption elasticity for high

productivity firms and the elasticity for low productivity firms. A negative β12 implies

that high productivity firms have a higher tariff absorption elasticity (in terms of its

absolute value) than low productivity firms, since the elasticity itself is negative, while

a positive β12 implies that the opposite is true. According to the model, β12 should be

negative for quality homogeneous goods (by (16)), ambiguous for quality differentiated

good with medium-level scope for quality differentiation (by (17)), but positive for quality

differentiated goods with high scope for quality differentiation (by (18)).23 The estimated

β12 is positive (0.83) and significant, indicating that high productivity firms actually have

lower (in terms of its absolute value) tariff absorption elasticity, which is −0.44 (−1.27 +

0.83 = −0.44). This is consistent with the model prediction for quality differentiated

23Again, notice that the signs of these coefficients are seemingly opposite to, but actually consistent
with, the expressions and word interpretations in terms of absolute values ((16)-(18)). This is again
caused by the fact ∂p∗/∂τf < 0.
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goods with high scope for quality differentiation. Thus, on average the products in the

full sample have a relatively high scope for quality differentiation.

In column 5, we add two other control variables, exchange rate changes and GDP

changes of the destination countries:

∆lnP
∗
ifct =β1∆ln(1 + τict) + β2TFPHf(t−1) + β12[∆ln(1 + τict)× TFPHf(t−1)]

(−) (− : homogeneous)

(± : modestly differentiated)

(+ : highly differentiated)

+ β3∆lnXRc(t−1) + β4∆lnGDPct + δi + µifct,

(−) (+)

(23)

Notice that here the change of log exchange rate (measured as units of foreign currency

per U.S. dollar), ∆lnXRc(t−1), is one period ahead of the tariff change24. A dollar ap-

preciation should cause U.S. exporting firms to lower their export prices denominated in

U.S. dollars25, and thus β3 should be negative. The change of log GDP of the destination

country, ∆lnGDPct, is used to control for the change of market demand. An increase of

the market demand should push up export prices, and thus β4 should be positive. Since

these two variables are country specific, we drop the country fixed effect and only keep

the product fixed effect in the regression. The estimates for these two controls are not

significant26, but including them in the regression changes the tariff absorption elasticities

to −0.89 for low productivity firms and −0.05 (−0.89 + 0.84 = −0.05) for high produc-

24We use the exchange rate changes one-period ahead, because exchange rate changes are not announced
beforehand, and thus it will take exporting firms some time to adjust their contracts, which are typically
set before the actual transactions occur. Hence exchange rate changes typically have a lag effect on price
changes, as shown in the exchange rate pass-through literature. This is quite different from the impacts
of tariff changes on price changes, where there are a contemporaneous effect and a lead effect, as discussed
in footnote 17.

25As shown in the exchange rate pass-through literature.
26As you will see, even though we get significant tariff pass-through elasticities in almost all regressions

throughout the paper, we do not get significant exchange rate pass-through elasticity in any regression.
Two possible explanations are: (1) As we indicated earlier, exchange rate pass-through has a lag effect,
but the length of the lag effect depends on the nature of contracts of trade transactions, which is very
complicated in reality, and thus our specification of one-period lag effect may be inaccurate. (2) In many
cases firms regard exchange rate changes as temporary changes, but tariff changes as permanent changes.
Thus firms’ response to exchange rate changes is less prominent than their response to tariff changes.
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tivity firms. The lower (in terms of its absolute value) elasticity for higher productivity

firms is still consistent with the model prediction for products with high scope for quality

differentiation.

In cloumn 6, we add the market size and the initial tariff of the destination country,

as well as their interaction with the relative tariff change, to estimate their impacts on

price change and tariff absorption:

∆lnP
∗
ifct =β1∆ln(1 + τict) + β2TFPHf(t−1) + β12[∆ln(1 + τict)× TFPHf(t−1)]

(−) (− : homogeneous)

(± : modestly differentiated)

(+ : highly differentiated)

+ β3∆lnXRc(t−1) + β4∆lnGDPct

(−) (+)

+ β5ln(1 + τic(t−1)) + β15[∆ln(1 + τict)× ln(1 + τic(t−1))]

+ β6lnGDPc(t−1) + β16[∆ln(1 + τict)× lnGDPc(t−1)] + δi + µifct,

(24)

where τic(t−1) is the initial tariff rate in the base year, and GDPc(t−1) is GDP of country c

in the base year, which measures its market size in the base year. The model shows that

these two factors do affect price changes and tariff absorption, as indicated by (8) and (14).

However, the model does not have an unambiguous prediction about the signs of their

impacts on price changes (captured by coefficients β5 and β6), or the signs of their impacts

on tariff absorption (captured by coefficients β15 and β16). Here we add these terms as we

wanted to empirically check the nature and significance of their impacts. The estimates

show that none of these impacts is significant. Notice that in this specification the estimate

for the coefficient of the tariff change term (−4.96) measures the tariff absorption elasticity

for low productivity firms (TFPH = 0) exporting to a country with a hypothetical

tariff rate for the product (ln(1 + τ) = 0) and a hypothetical GDP (lnGDP = 0), and

thus its magnitude is meaningless. However, the positive coefficient for the interaction

term between the relative tariff change and the high TFP dummy (0.83) still shows that

28



firms with high productivity have lower (in terms of its absolute value) tariff absorption

elasticity, which is consistent with the model prediction for products with high scope for

quality differentiation.

4.1.2. Sub-sample with Large Tariff Changes Next, we conduct the same

analysis as above for a sub-sample that only includes countries with large tariff changes

for certain products during the period 1997-1998. More specifically, we only include 38

countries for which there is at least one HS6 industry with tariff change higher than 5

percentage points; but for each of these countries, we keep all industries no matter whether

they have large tariff change or not. The purpose of choosing this sample is to ensure

that there are enough observations with large tariff changes to induce price changes and,

at the same time, there are also enough observations with small tariff changes for the

purpose of comparison. The countries contained in the sub-sample are listed in table 4.

People may wonder whether the construction of the sub-sample containing only

countries with large tariff changes will lead to selection bias. To address this concern,

we compare the full benchmark sample and the sub-sample by including the summary

statistics for the sub-sample in panel b of table 2. The comparison between these two

samples shows that even though the sub-sample only contains two thirds of the countries

(38 vs. 61) in the full sample, all the other indicators in the two samples are pretty

close to each other, which indicates that the sub-sample is quite representative for the

full sample. This is because that the countries contained in the sub-sample not only

include all the large trade partners of the U.S. (such as Canada, Mexico, European Union

countries, Japan, China, etc.), but also include middle-size countries (such as Egypt,

Turkey, Argentina, etc.) and small countries (such as Dominica, Salvador, Honduras,

Ecuador, etc.).

Table 5 contains the regression results for this sub-sample. This table shows the

qualitatively same results as those in table 3. First, there is a positive and significant

price-productivity schedule (with estimate 0.05), which shows that all products on average

fit the definition of quality differentiated goods. Second, the firm-level tariff pass-through

is indeed incomplete, and the overall tariff absorption elasticity is −0.65, as shown in
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column 3. Third, the absolute magnitude of tariff absorption (in terms of absolute value)

is positively related to firm productivity, as shown by the negative (though insignificant)

estimate for the interaction term between the absolute tariff change and firm TFP in

column 2. Next, tariff absorption elasticity (in terms of absolute value) is higher for low

productivity firms, and lower for high productivity firms, as shown by the positive and

significant estimates (0.90) for the interaction term between the relative tariff change and

the high TFP dummy in columns 4-6. This is consistent with the model predictions for

products with high scope for quality differentiation. Finally, the impacts of initial tariff

rate and market size on tariff absorption are insignificant, as shown by the estimates for

the interaction terms between tariff change and GDP as well as initial tariff rate.

In short, the results presented in this subsection show that (1) firm-level tariff ab-

sorption does exist, i.e., firm-level tariff pass-through is indeed incomplete; (2) all products

on average fit the definition of quality differentiated goods, as they have a positive price-

productivity schedule; and (3) tariff absorption elasticity (in terms of absolute value) is

higher for low productivity firms and lower for high productivity firms, which is consistent

with the model prediction for products with high scope for quality differentiation.

4.2. Quality Homogeneous Goods vs. Quality Differentiated Goods

In this subsection we divide all products in the benchmark full sample into two

groups, “quality homogeneous goods” and “quality differentiated goods”, and run the

regressions specified above separately for the two groups. As mentioned in section 3, we

classify the products by two criteria: Rauch classification and R&D/sales ratio.

4.2.1. In terms of Rauch Classification The first criterion that we use

to classify products is the Rauch classification: We treat commodities in terms of the

Rauch classification as quality homogeneous goods, and treat differentiated goods in

terms of Rauch classification as quality differentiated goods. Among the 84,902 observa-

tions (product-firm-country-year cells) in the benchmark full sample, only 6,171 belong to

quality homogeneous goods, and the other 65,277 belong to quality differentiated goods.

Table 6 and table 7 present the regression results for these two groups, respectively.
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In table 6 (for commodities), the slope for the price-productivity schedule is not

significant and even not negative, as shown in column 1. This indicates that it may

not be accurate to treat all commodities in terms of the Rauch classification as quality

homogeneous goods. The relationship between absolute magnitude of tariff absorption

and firm productivity is not significant, as shown in column 2. Column 3 shows that the

overall tariff absorption elasticity is indeed negative and significant (−1.21), indicating

that firm-level tariff pass-through is indeed incomplete27. The estimates in columns 4-6

for the interaction term between the relative tariff change and the high TFP dummy are

all negative (though insignificant), which shows that high productivity firms have a higher

(but not significant) tariff absorption elasticity (in terms of its absolute value) than low

productivity firms. This is qualitatively consistent with the model prediction for quality

homogeneous goods. The impacts of initial tariff rate and market size on tariff absorption

are again insignificant.

In table 7 (for differentiated products), we do find a positive and significant price-

productivity schedule, as shown in column 1, which shows that differentiated products in

terms of the Rauch classification fit the definition of quality differentiated goods. Column

2 shows that the absolute magnitude of tariff absorption (in terms of its absolute value)

is positively (though not significantly) related to firm productivity, which is consistent

with model predictions. Column 3 shows that the overall tariff absorption elasticity for

this group is indeed negative and significant (−0.80), which implies that firm level tariff

pass-through is indeed incomplete. Column 4 shows that the tariff absorption elasticity

is higher (in terms of its absolute value) for low productivity firms (−1.30), and lower

(in terms of its absolute value) for high productivity firms (−1.30 + 1.04 = −0.26),

which is consistent with the model prediction for products with high scope for quality

differentiation. The positive estimates for the interaction term between tariff change and

the high TFP dummy in columns 5-6 show the same conclusion. Again the impacts of

initial tariff rate and market size on tariff absorption are insignificant.

27A surprising finding here is that the tariff absorption elasticity is higher than 1 in terms of its absolute
value, that is, “Metzler Paradox” also exists for commodities, for which there should be no large quality
adjustment in response to tariff change.
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4.2.2. In terms of R&D/Sales Ratio The second criterion that we use to

classify products is the R&D/sales ratio for different industries/products. We treat goods

with R&D/sales ratios lower than the 25th percentile of R&D/sales ratios for all products

in the full benchmark sample as quality homogeneous goods, and other goods as quality

differentiated goods. The reason for using the 25th percentile as the cutoff is that, com-

paring to the mean or median, this cutoff leads to 15,408 observations in the group of

quality homogeneous goods and 69,494 observations in the group of quality differentiated

goods, which are close to sample sizes of the two groups under the Rauch classification28.

Table 8 and table 9 present the regression results for these two groups, respectively.

In table 8 (for products with low R&D/sales ratios), we did not find a negative and

significant price-productivity schedule, as shown in column 1, which indicates that it may

not be accurate to treat all products with low R&D/sales ratios as quality homogeneous

goods. Again the absolute magnitude of tariff absorption (in terms of its absolute value) is

positively (though not significantly) related to firm productivity, as shown by the negative

estimate for the interaction term between tariff change and TFP in column 2. Column

3 shows that the overall tariff absorption elasticity is not significant for this group of

goods. The estimates in columns 4-6 for the interaction term between the relative tariff

change and the high TFP dummy are all insignificant, which shows that the impact of

firm productivity on tariff absorption is insignificant for this group of goods. The last

column shows that the impacts of initial tariff rate and market size on tariff absorption

are also insignificant.

In table 9 (for products with high R&D/sales ratios), we do have a positive and

significant price-productivity schedule, as shown in column 1, which shows that products

with high R&D/sales ratios do fit the definition of quality differentiated goods. Again

column 2 shows that the absolute magnitude of tariff absorption (in terms of its abso-

lute value) is positively (though not significantly) related to firm productivity, which is

consistent with the model prediction. Column 3 shows that the overall tariff absorption

elasticity is −1.01 and significant for this group, which again confirms the incompleteness

28The correlation between these two classifications is 0.30.

32



of firm-level tariff pass-through and the “Metzler Paradox”. Column 4 shows that the

tariff absorption elasticity is higher (in terms of its absolute value) for low productiv-

ity firms (−1.60), and lower (in terms of its absolute value) for high productivity firms

(−1.60 + 1.23 = −0.37), which is consistent with the model prediction for products with

high scope for quality differentiation. The positive estimates for the interaction term be-

tween the relative tariff change and the high TFP dummy in columns 5-6 show the same

conclusion. Again the last column shows that the impacts of initial tariff rate and market

size on tariff absorption are insignificant.

In short, the regression results presented in this subsection show that the inverse

relationship between tariff absorption elasticity and productivity is more pronounced for

quality differentiated goods and non-existent for quality homogeneous goods, which is

consistent with the model. Note that the group of quality homogeneous goods that we got

in terms of the two criteria (the Rauch classification and the R&D/Sales ratios) does not

fully fit the definition of quality homogeneous goods, since they do not have a significant

negative price-productivity schedule. Thus, even though we did not find a significant

positive relationship between tariff absorption elasticity and productivity for this group

of products (as the model predicts), we attribute this to the empirical measurement error

instead of the failure of the model.

5. Conclusions

This paper explores the incompleteness of tariff pass-through at the firm level, as well as

its dependence on firm heterogeneity in productivity and product differentiation in quality.

On the theoretical side, we use an extended version of the Melitz and Ottaviano (2008)

model and show that, when exporting firms face a foreign tariff change, they will absorb

part of the tariff change by adjusting both their markups and their product quality, which

leads to an incomplete tariff pass-through. Moreover, tariff absorption elasticity (in terms

of its absolute value) and firm productivity are negatively correlated for products with

high scope for quality differentiation, but positively correlated for quality homogeneous

goods.
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On the empirical side, we use the U.S. transaction-level export data and plant-

level manufacturing data, and find evidence for the predictions of the model. The firm-

level tariff absorption elasticity is −0.87 on average. Pooled regressions reveal that the

tariff absorption elasticity is higher (in terms of its absolute value) for lower productivity

firms (−1.27) and lower for high productivity firms (−0.44). Estimation done separately

on quality differentiated goods and quality homogeneous goods finds that the inverse

relationship between tariff absorption elasticity and productivity is more pronounced for

quality differentiated goods and non-existent for quality homogeneous goods, which is

consistent with the model.
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Tables

Table 1. Summary of Model Predictions for Comparative Statics:

Products with Different Scopes for Quality Differentiation

Item Comparative Low Scope Medium Scope High Scope

Statics
�
2θ
Lf + b

�
τ
f
> γ

�
2θ
Lf + b

�
τ
f
< γ

�
2θ
Lf + b

�
τ
f � γ

Price and ∂p
∗
/∂( 1c ) − + +

∂p
∗
q/∂(

1
c ) − − −

Productivity ∂p
∗
z/∂(

1
c ) + + +

Absolute Tariff ∂p
∗
/∂τ

f −

Absorption ∂p
∗
q/∂τ

f −

∂p
∗
z/∂τ

f −

Relative Tariff Θ∗ ≡ ∂p∗

∂τf
τf

p∗ −

Absorption Θp∗
q
≡ ∂p∗

q

∂τf
τf

p∗
q

−

Θp∗
z
≡ ∂p∗

∂τf
τf

p∗
z

−

Absolute Tariff ∂|∂p∗/∂τf |
∂( 1

c )
+

Absorption and
∂|∂p∗

q/∂τ
f |

∂( 1
c )

0

Productivity ∂|∂p∗
z/∂τ

f |
∂( 1

c )
+

Relative Tariff ∂|Θ∗|
∂( 1

c )
+ ± −

Absorption and
∂|Θp∗q |
∂( 1

c )
+ + +

Productivity
∂|Θp∗z |
∂( 1

c )
− − −
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Table 2. Summary Statistics for Two Samples

a. Full Sample b. Sub-sample

No. of HS2 85 85

No. of HS6 2,005 1,979

No. of HS10 2,735 2,679

No. of Firms 14,404 13,275

No. of Countries 61 38

TVt−1 5.28× 1010 4.26× 1010

Variables No. of Obs. Mean Std.Dev. No. of Obs. Mean Std.Dev.

∆lnPifct 84,902 -0.010 1.474 65,227 -0.009 1.431

∆τict : all 84,902 -0.006 0.023 65,227 -0.008 0.026

∆τict < 0 36,175(43%) -0.019 0.028 34,612(53%) -0.019 0.028

∆τict = 0 45,125(53%) 0 0 27,047(41%) 0 0

∆τict > 0 3,602(4%) 0.035 0.034 3,568(6%) 0.035 0.035

lnTFPf(t−1) 84,902 1.888 0.577 65,227 1.889 0.581

Notes:

(1) Full Sample: 1997-1998. (Benchmark Sample)

(2) Sub-sample: 1997-1998, countries with large tariff change (higher than 5 percentage points) in at

least one HS6 industry.
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Table 3. Tariff Absorption: Full Sample, All Products

Dependent Variable lnP
∗
ifc(t−1) ∆P

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct

Regressors (1) (2) (3) (4) (5) (6)
∆τict -516

(33000)

lnTFPf(t−1) 0.06*** 1,500***
(0.01) (548)

∆τict × lnTFPf(t−1) -1700
(16000)

∆ln(1 + τict) -0.87** -1.27*** -0.89** -4.96
(0.35) (0.42) (0.38) (5.1)

TFPHf(t−1) 0.02** 0.02** 0.02**
(0.01) (0.01) (0.01)

∆ln(1 + τict)× TFPHf(t−1) 0.83* 0.84* 0.83*
(0.50) (0.50) (0.50)

∆lnXRc(t−1) 0.03 0.03
(0.07) (0.07)

∆lnGDPct -0.0002 -0.01
(0.05) (0.05)

ln(1 + τic(t−1)) 0.12
(0.12)

lnGDPc(t−1) 0.0005
(0.004)

∆ln(1 + τict)× ln(1 + τic(t−1)) 4.12
(3.42)

∆ln(1 + τict)× lnGDPc(t−1) 0.14
(0.19)

Fixed Effects product product product product product product
×country +country +country +country

No. of Obs. 84,902 84,902 84,902 84,902 84,902 84,902
R

2 0.81 0.14 0.03 0.03 0.03 0.03

Notes: Standard errors are reported in parentheses. *, **, and *** denote the 10, 5, and 1 percent of
significance levels.
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Table 4. Countries in the Sub-sample: with Large Tariff Change (|∆τict| > 0.05)

in at Least One HS6 Industry

Country No. of product-firm Ranking Country No. of product-firm Ranking

-country-year cells -country-year cells

with |∆τict| > 0.05 with |∆τict| > 0.05

Dominica 457 1 Guatemala 36 21

U.K. 402 2 Sri Lanka 32 22

Canada 279 3 Denmark 29 23

Germany 271 4 Poland 28 24

France 225 5 Brazil 25 25

Nethelands 154 6 China 23 26

Phillipines 154 7 Austria 22 27

Italy 128 8 Venezuela 19 28

El Salvador 111 9 Turkey 10 29

Sweden 111 10 Greece 7 30

Ireland 93 11 Argentina 6 31

Egypt 87 12 Colombia 6 32

Mexico 76 13 Norway 4 33

Belgium 68 14 Hungary 3 34

Costa Rica 62 15 Mauritius 2 35

Panama 61 16 Uruguay 2 36

Honduras 53 17 Ecuador 2 37

Finland 46 18 Madagascar 2 38

Japan 45 19

Spain 43 20
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Table 5. Tariff Absorption: Sub-sample (with Large Tariff Change), All Products

Dependent Variable lnP
∗
ifc(t−1) ∆P

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct

Regressors (1) (2) (3) (4) (5) (6)
∆τict -2,200

(38000)

lnTFPf(t−1) 0.05*** 1,800**
(0.01) (695)

∆τict × lnTFPf(t−1) -620
(973)

∆ln(1 + τict) -0.65* -1.08** -0.75** -6.96
(0.35) (0.43) (0.38) (5.3)

TFPHf(t−1) 0.03*** 0.03** 0.03**
(0.01) (0.01) (0.01)

∆ln(1 + τict)× TFPHf(t−1) 0.90* 0.90* 0.90*
(0.50) (0.50) (0.50)

∆lnXRc(t−1) 0.04 0.04
(0.08) (0.08)

∆lnGDPct -0.07 -0.07
(0.10) (0.10)

ln(1 + τic(t−1)) 0.03
(0.15)

lnGDPc(t−1) 0.001
(0.006)

∆ln(1 + τict)× ln(1 + τic(t−1)) 3.23
(3.62)

∆ln(1 + τict)× lnGDPc(t−1) 0.22
(0.19)

Fixed Effects product product product product product product
×country +country +country +country

No. of Obs. 65,227 65,227 65,227 65,227 865,227 65,227
R

2 0.82 0.14 0.04 0.04 0.04 0.04

Notes: Standard errors are reported in parentheses. *, **, and *** denote the 10, 5, and 1 percent of
significance levels.

41



Table 6. Tariff Absorption: Benchmark Sample, Commodities
— In terms of the Rauch Classification

Dependent Variable lnP
∗
ifc(t−1) ∆P

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct

Regressors (1) (2) (3) (4) (5) (6)
∆τict 231

(7,700)

lnTFPf(t−1) 0.23 -37.4
(0.15) (207)

∆τict × lnTFPf(t−1) 47.5
(6,100)

∆ln(1 + τict) -1.21** -0.73 -0.67 22.4*
(0.60) (0.72) (0.65) (13.6)

TFPHf(t−1) 0.007 0.008 0.008
(0.02) (0.02) (0.02)

∆ln(1 + τict)× TFPHf(t−1) -1.14 -1.10 -1.18
(0.92) (0.91) (0.92)

∆lnXRc(t−1) 0.19 0.17
(0.17) (0.18)

∆lnGDPct 0.16 0.15
(0.10) (0.10)

ln(1 + τic(t−1)) 0.11
(0.18)

lnGDPc(t−1) -0.01
(0.01)

∆ln(1 + τict)× ln(1 + τic(t−1)) -3.41
(8.16)

∆ln(1 + τict)× lnGDPc(t−1) -0.86*
(0.49)

Fixed Effects product product product product product product
×country +country +country +country

No. of Obs. 6,171 6,171 6,171 6,171 6,171 6,171
R

2 0.86 0.07 0.08 0.08 0.07 0.07

Notes: Standard errors are reported in parentheses. *, **, and *** denote the 10, 5, and 1 percent of
significance levels.
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Table 7. Tariff Absorption: Benchmark Sample, Differentiated Products
— In terms of the Rauch Classification

Dependent Variable lnP
∗
ifc(t−1) ∆P

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct

Regressors (1) (2) (3) (4) (5) (6)
∆τict -1,300

(40,000)

lnTFPf(t−1) 0.05*** -1,600
(0.01) (592)

∆τict × lnTFPf(t−1) -1,300
(18,000)

∆ln(1 + τict) -0.80** -1.30*** -0.93** -6.73
(0.38) (0.46) (0.41) (5.37)

TFPHf(t−1) 0.02** 0.2** 0.02**
(0.01) (0.01) (0.01)

∆ln(1 + τict)× TFPHf(t−1) 1.04* 1.05* 1.04*
(0.54) (0.54) (0.54*)

∆lnXRc(t−1) 0.03 0.02
(0.07) (0.08)

∆lnGDPct -0.02 -0.03
(0.06) (0.06)

ln(1 + τic(t−1)) 0.13
(0.13)

lnGDPc(t−1) 0.001
(0.005)

∆ln(1 + τict)× ln(1 + τic(t−1)) 4.37
(3.62)

∆ln(1 + τict)× lnGDPc(t−1) 0.20
(0.20)

Fixed Effects product product product product product product
×country +country +country +country

No. of Obs. 78,731 78,731 78,731 78,731 78,731 78,731
R

2 0.80 0.14 0.03 0.03 0.03 0.03

Notes: Standard errors are reported in parentheses. *, **, and *** denote the 10, 5, and 1 percent of
significance levels.
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Table 8. Tariff Absorption: Benchmark Sample, Quality Homogeneous Goods
— With Low R&D/Sales Ratios

Dependent Variable lnP
∗
ifc(t−1) ∆P

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct

Regressors (1) (2) (3) (4) (5) (6)
∆τict -38

(528)

lnTFPf(t−1) 0.24 -0.86
(0.25) (19)

∆τict × lnTFPf(t−1) -47
(550)

∆ln(1 + τict) -0.60 -0.64 -0.43 3.30
(0.49) (0.56) (0.43) (7.26)

TFPHf(t−1) 0.006 0.006 0.006
(0.017) (0.017) (0.017)

∆ln(1 + τict)× TFPHf(t−1) 0.08 0.10 0.11
(0.59) (0.59) (0.59)

∆lnXRc(t−1) 0.32** 0.33 **
(0.15) (0.15)

∆lnGDPct 0.05 0.05
(0.10) (0.10)

ln(1 + τic(t−1)) 0.02
(0.16)

lnGDPc(t−1) -0.002
(0.008)

∆ln(1 + τict)× ln(1 + τic(t−1)) 3.97
(4.49)

∆ln(1 + τict)× lnGDPc(t−1) -0.19
(0.28)

Fixed Effects product product product product product product
×country +country +country +country

No. of Obs. 15,408 15,408 15,408 15,408 15,408 44,167
R

2 0.82 0.01 0.04 0.04 0.04 0.04

Notes: Standard errors are reported in parentheses. *, **, and *** denote the 10, 5, and 1 percent of
significance levels.
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Table 9. Tariff Absorption: Benchmark Sample, Quality Differentiated Goods
— With High R&D/Sales Ratios

Dependent Variable lnP
∗
ifc(t−1) ∆P

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct ∆lnP

∗
ifct

Regressors (1) (2) (3) (4) (5) (6)
∆τict -3,900

(24,000)

lnTFPf(t−1) 0.03** 1,500**
(0.01) (609)

∆τict × lnTFPf(t−1) -3,400
(29,000)

∆ln(1 + τict) -1.01** -1.60*** -1.15** -8.90
(0.46) (0.56) (0.50) (7.10)

TFPHf(t−1) 0.03** 0.03** 0.03**
(0.01) (0.01) (0.01)

∆ln(1 + τict)× TFPHf(t−1) 1.22* 1.23* 1.23*
(0.66) (0.66) (0.66)

∆lnXRc(t−1) -0.003 -0.013
(0.081) (0.082)

∆lnGDPct -0.008 -0.018
(0.06) (0.06)

ln(1 + τic(t−1)) 0.13
(0.15)

lnGDPc(t−1) 0.002
(0.005)

∆ln(1 + τict)× ln(1 + τic(t−1)) 3.52
(4.38)

∆ln(1 + τict)× lnGDPc(t−1) 0.28
(0.26)

Fixed Effects product product product product product product
×country +country +country +country

No. of Obs. 69,494 69,494 69,494 69,494 69,494 69,494
R

2 0.79 0.14 0.03 0.03 0.03 0.03

Notes: Standard errors are reported in parentheses. *, **, and *** denote the 10, 5, and 1 percent of
significance levels.
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1. Introduction

Motivation This paper studies how market structure impacts tariff pass-through. The

paper derives its motivation from the literature on incompleteness of tariff pass-through.

As is well known, when the tariff rates of a large country increase, foreign export firms

may absorb part of the tariff increase by lowering their tariff-exclusive export prices29,

and only pass the rest of the tariff increase to domestic import firms, so that the impact

of tariff changes on domestic prices and market demand is mitigated. Thus tariff increase

improves terms of trade of the home country. Similarly, domestic import firms may

also adjust consumer prices, and only pass part of the tariff increase they receive to

domestic consumers, so that the impact of tariff changes on consumer prices and final

market demand is further mitigated; but the price adjustment of domestic import firms

will in turn affect how much of the tariff increase that foreign export firms will pass to

domestic import firms. Incomplete tariff pass-through is the source of the terms-of-trade

effect of tariffs, which is the basis for the optimal tariff argument and a driving force

for international trade agreements, as shown in Edgeworth (1894), Broda, Limão and

Weinstein (2008), Bagwell and Staiger (2009), and Ludema and Mayda (2010).30

The price adjustment of foreign export firms and domestic import firms are due to

either (1) cost change, which could occur with either perfectly or imperfectly competitive

markets, or (2) markup adjustment, which could only occur with imperfectly competitive

markets. With imperfectly competitive markets, markup adjustment is an important

source of price adjustment. However, the magnitude of markups of export firms and

import firms is affected by market structure, i.e., the competition between export firms

and that between import firms. Thus one might wonder how market structure impacts

the tariff pass-through to import prices.

29For this reason we also refer to incomplete tariff pass-through as “tariff absorption”. Graphically,
this is represented by the downward movement along the upward-slopping foreign export supply curve of
the home country.

30The optimal argument says that, the lower is the export supply elasticity that a country faces, the
higher is the optimal tariff that the country could and would set to exploit the terms-of-trade gain. Broda,
Limão and Weinstein (2008) examine this with the tariff schedules of non-WTO countries; Bagwell and
Staiger (2009) consider this with changes in the tariff schedules of recent WTO accession countries;
Ludema and Mayda (2010) explore this with MFN tariffs set by existing WTO members.
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Literature Feenstra (1989) has a classic theoretical model on how tariff pass-

through is determined, which he uses to estimate tariff pass-through to US imports of

Japanese trucks. Rezitis and Brown (1999) use the model to estimate tariff pass-through

to US imports of tobaccos. Mallick and Marques (2007) use the model to estimate tariff

pass-through to Indian imports of a large variety of goods. Feenstra’s model is charac-

terized by Betrand duoploy – one foreign export firm competing in price with a domestic

producer, with their products imperfect substitutes. He derives an equation which shows

that import prices are determined by foreign producer costs, prices of the domestic rivals,

domestic demand, exchange rates and tariffs. Then he uses this equation to estimate

tariff pass-through elasticities. However, Feenstra does not analyze the case with multi-

ple export firms, and how the competition between them affects tariff pass-through. In

addition, he does not study the role of import firms in tariff pass-through, either.

Francois and Wooton (2006) consider the interaction between perfectly competitive

export firms and oligopoly import firms. They do analyze how market power of import

firms affects tariff pass-through to import quantities (not to import prices), but they do

not study the case in which export firms also have some market power, and how this

affects tariff pass-through.

Horn and Wolinsky (1988) analyze a duoploy in which firms acquire inputs through

bilateral monopoly relations with suppliers. They combine a bargaining model with a

duopoly model to examine how input prices are affected by the structures of the up-

stream and downstream industries. Durham (2006) studies the double marginalization

problem between a monopoly upstream firm and a monopoly/competitive downstream

firm. However, Neither of these two studies extends the analysis to tariff pass-through

from upstream export firms to downstream import firms.

Contribution This paper has two contributions to the literature.

First, we theoretically analyze how market structure impacts tariff pass-through in a

more general and more realistic framework: both export and import firms have some but

limited market power. We study how the degree of their market power impacts tariff pass-

through. The model predicts that tariff pass-through is negatively related to the market
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power of export firms, but is ambiguously related to the market power of import firms.

The intuition is as follows. If foreign export firms that sell in the domestic market have

high market power, they will get high markups in price bargaining, and hence absorb more

of the tariff change by markup adjustment, and pass less of the tariff change to domestic

import firms. If domestic import firms have high market power, they will force foreign

export firms to lower markups in price bargaining on the one hand; On the other hand,

they also have a high ability to transfer their costs to domestic consumers, and thus export

firms will set high markups in price bargaining. The net impact on the actual markups of

foreign export firms, and hence the net impact on their tariff absorption and pass-through,

depends on the comparison of these two opposite effects. Thus, the relationship between

the market power of import firms and tariff pass-through is ambiguous, and should be

investigated empirically.

Second, we use a newly-developed dataset, the U.S. Linked/Longitudinal Firm Trade

Transaction Database (LFTTD) for U.S. imports, to test the model predictions regarding

the relationship between market structure and tariff pass-through. This dataset contains

all the necessary information to calculate import prices, tariffs, and market power of

export and import firms (measured by the concentration of export and import firms).

Thus it is very good to be used to test how market structure affects tariff pass-through.

The estimation results support the predictions of the model.

The paper is organized as follows. Section 2 presents the theoretical model. Section

3 contains the empirical specification. Section 4 describes the dataset. Section 5 includes

the estimation results. Conclusions and forward research are included in section 6.

2. The Model

Environment Following Horn and Wolinsky (1988), we assume that the import market

of a product (either an intermediate input or a consumption good) consists ofM upstream

foreign export firms, indexed by m ∈ {1, 2, ...,M}, and N downstream domestic import

firms, indexed by n ∈ {1, 2, ..., N}. Domestic import firms could be either producers (if

the imports are intermediate inputs) or retailers (if the imports are consumption goods),
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and each of them will eventually provide a differentiated variety of the product to domestic

consumers. To account for both these two cases, we assume that the technology of import

firm n displays constant return to scale: import quantity qun generates output qdn = q
u
n ≡ qn,

where the superscripts u and d denote upstream and downstream, respectively, and could

be omitted. If its import price is p
u
n and its final sale price is p

d
n, then the profit of the

import firm is

Πd
n = (pdn − p

u
n)qn. (25)

Foreign export firms could also be either producers or retailers of the product, and their

unit cost is a constant, b, which is the same across export firms. They face an ad valorem

tariff, τ , imposed by the domestic government. The profit of the export firm that supplies

the product to import firm n is

Πu
n =

�
p
u
n

1 + τ
− b

�
qn. (26)

The events in the industry take place in two stages. In the first stage, export firms

and import firms bargain with each other in the upstream market over the import prices

of the product. In the second stage, import firms interact in the downstream market,

deciding on the quantities they will produce and thus the quantities they will import.

The two-stage structure captures the situation in which input prices are determined for a

relatively long period while production or purchasing decisions are made for a relatively

shorter period. As usual, we will solve the problem in the downstream market first, and

then use backward induction to solve the problem in the upstream market.

Problem in Downstream Market In the downstream market we assume im-

port firms are Cournot quantity setters. The inverse demand for the variety provided by

firm n is

p
d
n = a− c

�

j �=n

qj − qn, (27)

where c ∈ (0, 1) measures the substitutability between different varieties of the product
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provided by different import firms31. The maximization problem of import firm n is

max
qn

Πd
n = (pdn − p

u
n)qn =

�
a− c

�

j �=n

qj − qn − p
u
n

�
qn. (28)

Solving this problem32, we get the following equilibrium quantity as a function of upstream

import prices

qn(p
u
n, p

u
−n) =

a(2− c)− [2 + (N − 2)c]pun + c
�

j �=n p
u
j

(2− c)[2 + (N − 1)c]
, (29)

and the equilibrium profit

Πd
n(p

u
n, p

u
−n) =

�
a(2− c)− [2 + (N − 2)c]pun + c

�
j �=n p

u
j

(2− c)[2 + (N − 1)c]

�2
= [qn(p

u
n, p

u
−n)]

2
, (30)

where p
u
−n ≡

�
p
u
j

�
j �=n

.

Problem in Upstream Market In the upstream market, foreign export firms

and domestic import firms bargain over the import prices of the product. If an export

firm and import firm n agree on the price p
u
n, their payoffs are

�
Πu

n[p
u
n, (p

u
−n)

∗],Πd
n[p

u
n, (p

u
−n)

∗]
�
, (31)

where the superscript ∗ denotes equilibrium prices, Πu
n[p

u
n, (p

u
−n)

∗] is determined by equa-

tions (26) and (29), and Πd
n[p

u
n, (p

u
−n)

∗] is determined by equation (30). If they disagree

with each other, the export firm can export to another import firm k (k �= n) at equilib-

rium price (puk)
∗ with probability η(N), and import firm n can import from another export

firm at equilibrium price (pun)
∗ with probability δ(M), where η

�(N) > 0 and δ
�(M) > 0.

Thus the disagree point is a pair of payoffs

�
η(N)Πu

n[(p
u
k)

∗
, (pun)

∗
, (pu−k,−n)

∗], δ(M)Πd
n[(p

u
n)

∗
, (pu−n)

∗]
�
. (32)

31
c is assumed to be a constant, which implies the symmetry between differentiated varieties.

32which involves using the symmetry between differentiated varieties.
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The export firm and import firm n maximize the Nash product

max
pun

�
Πu

n[p
u
n, (p

u
−n)

∗]− η(N)Πu
n[(p

u
k)

∗
, (pun)

∗
, (pu−k,−n)

∗]
�
×

�
Πd

n[p
u
n, (p

u
−n)

∗]− δ(M)Πd
n[(p

u
n)

∗
, (pu−n)

∗]
�
.

(33)

Equilibrium Substituting (26) (29) (30) into (33), and using the equilibrium

condition p
u
k = p

u
n and qk = qn, we can solve for the equilibrium upstream price:

p
u
n =

a(2− c)λ(M) + b(1 + τ)[2 + (N − 2)c] [λ(M) + 2φ(N)]

(2− c)λ(M) + [2 + (N − 2)c] [λ(M) + 2φ(N)]
, (34)

where λ(M) = 1 − δ(M) and φ(N) = 1 − η(N). Obviously λ
�(M) = −δ

�(M) < 0,

and φ
�(N) = −η

�(N) < 0. λ(M) is the probability that an import firm could not find

an export firm, and thus it measures the market power of export firms in the upstream

market. φ(N) is the probability that an export firm could not find an import firm, and

thus it measures the market power of import firms in the upstream market.

Next, from (29) we can get the equilibrium import quantity qn (omitted here), and

then from (27) we can get the equilibrium downstream price:

p
d
n =

a(2− c)[2 + (N − 1)c]λ(M) + {a+ b(1 + τ)[1 + (N − 1)c]} [2 + (N − 2)c] [λ(M) + 2φ(N)]

(2− c)[2 + (N − 1)c]λ(M) + [2 + (N − 1)c][2 + (N − 2)c] [λ(M) + 2φ(N)]
.

(35)

Note that the markup of the upstream firm is

MK
u
n =

p
u
n

1 + τ
− b

=
a− b(1 + τ)

(1 + τ)
· (2− c)λ(M)

(2− c)λ(M) + [2 + (N − 2)c] [λ(M) + 2φ(N)]
,

(36)

and the markup of the downstream is

MK
d
n =p

d
n − p

u
n

=
a− b(1 + τ)

2 + (N − 1)c
· [2 + (N − 2)c] [λ(M) + 2φ(N)]

(2− c)λ(M) + [2 + (N − 2)c] [λ(M) + 2φ(N)]
.

(37)
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The share of the markup of the upstream firm out of the total markups is

SMK
u
n =

MK
u
n

MKu
n +MKd

n

=
1

1 + (1+τ)
(2−c) ·

�
1− c

2+(N−1)c

�
·
�
1 + 2φ(N)

λ(M)

� ∈ [0, 1]. (38)

Market Structure and Tariff Pass-through From equation (10) we can cal-

culate the tariff pass-through elasticity

Θ ≡ ∂p
u
n

∂(1 + τ)

(1 + τ)

pun

=
1

1 + a(2−c)

b(1+τ)[2+(N−2)c][1+ 2φ(N)
λ(M) ]

∈ [0, 1]. (39)

Then we can explore the relationship between tariff pass-through and market structure,

more specifically, the market power of export firms and that of import firms.

First, notice that the market power of export firms only exists in the upstream

market (in the bargaining over the upstream price) and is captured by λ(M). Thus its

impact on tariff pass-through is captured by the term λ(M) in equation (39). We can

show that
∂Θ

∂λ(M)
< 0. (40)

This inequality says that tariff pass-through is negatively related to the market power of

export firms. The intuition is the following: The higher is the market power of export

firms, the higher are the markups they can get through the upstream market bargaining

(we can show that ∂MKu
n

∂λ(M) > 0 and ∂SMKu
n

∂λ(M) > 0), the more of the tariff change they will

absorb through markup adjustment, and the less of the tariff change they will pass to

import firms.33

Second, notice that the market power of import firms not only exists in the upstream

market (in the bargaining over the upstream price), which is captured by φ(N), but also

exists in the downstream market (in the competition in downstream sales), which is

captured the inverse of the number of import firms (1/N). Thus its impact on tariff

pass-through is captured by the two terms, φ(N) and N , in equation (39). We can show

33One extreme case is: δ(M) = 1 and thus λ(M) = 0, i.e., export firms do not have any market power
in the upstream market. Then we can get pun = b(1 + τ), MK

u
n = 0, and SMK

u
n = 0 (by (34), (36), and

(38), respectively), i.e., their prices are equal to their costs, and they do not have any markups. In this
case, export firms have to pass all tariff changes to import firms, that is, Θ = 1 (by (39)).
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that
∂Θ

∂φ(N)
> 0, (41)

∂Θ

∂( 1
N )

< 0. (42)

These two inequalities indicate that the market power of import firms have two opposite

effects on tariff pass-through:

Inequality (41) says that tariff pass-through is positively related to the market power

of import firms in the upstream market. The intuition is opposite to what we have

discussed for (40): The higher is the market power of import firms in the upstream

market, the lower are the markups that export firms can get through the upstream market

bargaining (it is easy to see that ∂MKu
n

∂φ(N) < 0 and ∂SMKu
n

∂φ(N) < 0), the less of the tariff change

they will absorb through markup adjustment, and the more of the tariff change they will

pass to import firms. 34

Inequality (42) says that tariff pass-through is negatively related to the market power

of import firms in the downstream market. The intuition is as follows: The higher is the

market power of import firms in the downstream market, the more of the costs they can

transfer to consumers, and thus the higher are the markups that export firms will set in

the upstream market bargaining (we can show that ∂MKu
n

∂( 1
N )

> 0 and ∂SMKu
n

∂( 1
N )

> 0), the more

of the tariff change that export firms will absorb through markup adjustment, and the

less of the tariff change they will pass to import firms.

Taking both effects into account, the overall impact of the market power of import

firms on tariff pass-through is ambiguous and depends on the comparison of these two

effects. If the first effect outweighs the second one, then tariff pass-through is positively

related to the market power of import firms; otherwise, they are negatively related to each

other. Hence the overall impact of the market power of import firms on tariff pass-through

should be investigated empirically.

34One extreme case is: η(N) = 1 and thus φ(N) = 0, i.e., import firms do not have any market
power in the upstream market. In this case the markups of export firms (MK

u
n and SMK

u
n) achieve the

maximum (by (36) and (38)), and the tariff pass-through elasticity (Θ) achieves the minimum (by (39)).
Note that the maximum of SMK

u
n is less than 1, and thus the minimum of Θ is greater than 0. This is

because import firms can always get a certain amount of markups by utilizing their market power in the
downstream market.
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There are two things worth pointing out here. First, as we can see from the analysis

above, both the market power of export firms and that of import firms impact tariff pass-

through via markups of export firms: the higher the markups of export firms, the higher

is tariff absorption and the lower is tariff pass-through. Second, some people may wonder

how the market power of domestic import firms impacts the welfare of the home country

and that of the export country, more specifically, whether the failure to prevent market

power domestically could be seen as a beggar-thy-neighbor trade policy. As we can see

from the analysis, the impact of the market power of domestic import firms on initial

markups of foreign export firms and its impact on the magnitude of tariff pass-through

are both ambiguous, and need to be investigated empirically.

3. Empirical Specification

The model predicts that tariff pass-through is negatively related to the market power of

export firms, but its dependence on the market power of import firms is ambiguous and

hence need to be investigated empirically. We use the following benchmark specification

to test these predictions:

∆lnPict =α + β∆ln(1 + τit)

+ λ[∆ln(1 + τit)×DH
x
i(t−1)] + φ[∆ln(1 + τit)×DH

m
i(t−1)]

+ ρDH
x
i(t−1) + σDH

m
i(t−1)

+ γ1∆lnERc(t−1) + γ2∆lnCPIct + γ3∆lnRGDPt

+ FE + εict.

(43)

In this specification, ∆lnPict is the change of log import price (tariff-inclusive) of

the home country of product i imported from country c from period t−1 to period t, and

∆ln(1 + τit) is the change of log gross (ad-valorem) tariff rate imposed by the domestic

country on the product. H
x
i(t−1) is the Herfindahl concentration index of foreign export

firms (from all foreign countries) that export product i to the home country in the base

period t − 1, which is used to measure the market power of export firms; DH
x
i(t−1) is a
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dummy variable, which is set to equal 1 if the the Herfindahl concentration index of foreign

export firms in product i is higher than the average index of foreign export firms across

different products. Similarly, Hm
i(t−1) is the Herfindahl concentration index of domestic

import firms that import product i (from any foreign country) in the base period t − 1,

which is used to measure the market power of import firms; DH
m
i(t−1) is a dummy variable,

which is set to equal 1 if the the Herfindahl concentration index of domestic import firms

in product i is higher than the average index of domestic import firms across different

products. ∆lnERc(t−1) is the change of log exchange rates between the export country c

and the home country one period ahead of the tariff change,35 ∆lnCPIct is the change

of log consumer price index of the export country c, and ∆lnRGDPt is the change of log

real GDP of the home country. FE denotes various fixed effects.

In this specification, the coefficient for the direct term of tariff change, β, measures

the tariff pass-through elasticity when both the market power of export firms and that

of import firms are low. According to (39), it should be positive, with normal range

[0, 1]. The coefficient for the interaction term between the tariff change and the export

Herfindahl index dummy, λ, measures the impact of increasing the market power of export

firms on tariff pass-through; Similarly, coefficient φ measures the impact of increasing the

market power of import firms on tariff pass-through. The theoretical model predicts λ to

be negative but φ ambiguous — this will be the focus of our empirical test. The two direct

terms of the Herfindahl concentration indexes are added to the specification to capture

their direct impacts on import price changes. The model does not have an unambiguous

prediction about the signs of their coefficients, ρ and σ.

The coefficient for the exchange rate changes, γ1, measures exchange rate pass-

through elasticity. When import prices are denoted in the domestic currency, and ex-

change rates are denoted as units of foreign currencies per unit of the domestic currency,

γ1 should be negative, since the appreciation of the domestic currency should lead to a

reduction of import prices denoted in the domestic currency. The CPI changes of export

countries measure the inflation rates and production cost changes in export countries. Its

35We use the exchange rate change one period ahead of the tariff change since exchange rate pass-
through typically has a lag effect, as shown in the exchange rate pass-through literature.
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coefficient γ2 should be positive, since the increase in production cost should lead to an

increase in the import price36. The changes of the real GDP of the home country measures

the demand change of the home country. Its coefficient γ3 should be positive, since the

increase in the market demand should lead to an increase in the import price37.

4. Data

The main dataset that we use in the empirical analysis is the U.S. Linked/Longitudinal

Firm Trade Transaction Database (LFTTD), which was assembled by Bernard, Jensen

and Schott (2008). The database links all individual U.S. import and export transactions

to the respective U.S. firms; in the case of U.S. imports, the database also contains the

information about the foreign export firms. The dataset comes from two sources: one is

the foreign trade data (FTD) assembled by the U.S. Census Bureau (for exports) and U.S.

customs(for imports), which contains all U.S. international trade transactions between

1992 and 2005 inclusive; the other one is the Longitudinal Business Database (LBD) of

the U.S. Census Bureau, which records annual employment and survival information for

most U.S. establishments. We use the U.S. import data in the LFTTD database in the

period 1995-1999, the applied period of Uruguay Round, to investigate how U.S. tariff

reduction caused by Uruguay Round pass through to U.S. import prices. For each import

transaction, the database records its product category (at HS10 level), quantity, (tariff-

exclusive) value, duty paid, exporting country, foreign export firm, U.S. import firm, year

and month in which the transaction occurs, whether the transaction is an arm’s length

transaction or takes place between related parties38, etc.

Import price changes are computed from import values and quantities. Before con-

structing import price changes, We clear the data in the following way. (1) Among all

transactions, we first drop those with missing values in value, quantity, duty, product

category, export country, export firm, import firm, or time. (2) Since measurement error

36It is also easy to prove, from equation (34), that ∂pun/∂b > 0.
37It is also easy to prove, from equation (34), that ∂pun/∂a > 0, where a is the demand shifter (according

to equation (27)).
38Related-party transactions refer to trade between U.S. companies and their foreign subsidiaries and

trade between U.S. subsidiaries of foreign companies and their affiliates abroad.
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in values or quantities causes measurement error for the constructed import prices and

leads to biased estimation, we remove the transactions (around 5 percent of the total)

with extraordinary computed prices which are 20 times larger or smaller than the average

price of all transactions in the same “product-export firm-export country-year” cell. (3)

We also remove related party transactions (around 30 percent of the total), since the

price behavior for related party transactions is quite different from normal arm’s length

transactions. For the rest of transactions, we construct firm-level prices (unit values)

as P
∗
imcnt = Vimcnt/Qimcnt, where Vimcnt and Qimcnt are the total value and quantity of

product i (HS10) exported by foreign firm m from country c to domestic firm n in year

t. Since import values are tariff-exclusive, the constructed import prices are also tariff-

exclusive. We adjust these prices by the tariff rates (which will be discussed below) to

get the tariff-inclusive import prices Pimcnt = P
∗
imcnt(1 + τit). Among all “product-export

firm-export country-import firm-year” cells that we constructed import prices, we keep

those surviving in two consecutive years. For these surviving cells we get the firm-level

changes of log prices ∆lnPimcnt = lnPimcnt−lnPimcn(t−1). Then we average these firm-level

price changes (across different export firms and different import firms) to get the product-

level price changes, ∆lnPict =
�M

m=1

�N
n=1 ∆lnPimcnt/Nmn, where Nmn is the number of

“export firm-import firm” pairs within the same “product-export country-year” cell.

Tariff rates are obtained by combining the LFTTD data and the U.S. Tariff Schedule.

The LFTTD data contain the duties paid for each transaction. Theoretically speaking,

we can compute the tariff rate for each transaction by combining the duties and the

values of the transaction (when ad valorem tariff applies) or quantities of transactions

(when specific tariff applies) or both (when both tariffs apply). However, the LFTTD

data do not indicate whether an ad valorem or specific tariff applies to each transaction.

Thus, we link the data to the US Tariff Schedule, which contains tariff rates at 8-digit

HS level as well as whether the rates are ad valorem or specific rates. We restrict the

analysis to transactions for which (1) only ad valorem tariffs apply and (2) the computed

ad valorem tariff rates (duties/values) and the imputed ad valorem tariff rates (from U.S.

Tariff Schedule) are consistent with each other. The reasons for restricting the analysis to
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transactions with ad valorem tariffs are the following. First, ad valorem tariffs and specific

tariffs are not equivalent, especially when we estimate the tariff pass-through elasticity,

i.e., the percent change of the import price in response to a percent change in the tariff

rate. Second, If we calculate the ad valorem equivalence of a specific tariff using the duty

and the import value, and use it as a regressor, then it will cause an endogeneity problem,

since the import value is affected by the import price, which is the dependent variable in

regressions.

As indicated in section 3, we will use Herfindahl concentration index of export firms

and that of import firms to measure their market power. Since the LFTTD data contain

the information for product category, value, export firm, import firm, and transaction

time for each import transaction, these two index can be constructed easily:

H
x
it =

M�

m=1

(Vmit)2

(
�M

m=1 Vmit)2

H
m
it =

N�

n=1

(Vnit)2

(
�N

n=1 Vnit)2

where Vmit and Vnit are the export value of the export firm m and the import value of the

import firm n, respectively, in product i in period t. 39

The data for exchange rates and GDP come from the PennWorld Table, and the data

for CPI come from International Financial Statistics (IFS) of the International Monetary

Fund.

Table 1 contains some summary statistics for the full sample and the main variables

used in the benchmark regression.40 The upper panel of the table shows that the sample

contains 91 2-digit level HS product categories, and thus it is very representative. There

39When we construct the two Herfindahl concentration indexes, we have excluded export and import
firms that conduct related-party transactions, as what we did for constructing the price changes. How-
ever, when firms that conduct arm’s length transactions make pricing decisions, they may still need to
consider the competition from firms that conduct related-party transactions. Thus an alternative way of
constructing the two Herfindahl concentration indexes is to include export and import firms that conduct
related-party transactions.

40Note that the sample size is constrained by the following operations: (i) As mentioned in the beginning
of this subsection, many import transactions were dropped when we constructed the export price and
their changes. (ii) When we combined the export price changes with tariff changes, we also dropped
transactions with specific tariffs and those for which the computed ad valorem tariff rates (duties/values)
are not consistent with the imputed ad valorem tariff rates (from U.S. Tariff Schedule).
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are a total of over 4,700 8-digit HS products and over 7,500 10-digit HS products within

these product categories. The sample contains 108 countries that export to the U.S.,

including all the main trade partners of the U.S. The imports from these countries occurred

between over 56,000 exporting firms from these countries and over 21,000 importing firms

in the U.S. The lower panel of the table shows that there are a total of over 96,000

observations (“product-export country-year” cells) in the sample. The simple average log

price change of all observations in the sample is −0.016, which means that on average

the tariff-inclusive prices decrease by 1.6 percent. The simple average tariff change is

−0.002, which means that on average the tariff rates reduce by 0.2 percent. The average

exchange rate (units of foreign currencies per unit of the U.S. dollar) change, the average

inflation rate in the exporting countries, and the average GDP growth rate in the U.S. are

6 percent, 5 percent, and 5 percent, respectively. The average Herfindahl concentration

indexes for exporting firms and that for import firms are both around 0.18, which is not

very high and implies that the competition between exporting firms and that between

importing firms are pretty severe on average.

Note that the LFTTD data used in this paper contain all types of import products

of the U.S. We will run the benchmark regression not only for the full sample, but also

for different subgroups of products: commodity goods v.s. differentiated goods, and

intermediate goods v.s. consumption goods.41

5. Empirical Results

This section presents the regression results.

Table 2 contains the regression results for the benchmark full sample with all prod-

ucts pooled together. We run the benchmark regression in three steps, with results in

the three columns: (1) only include the tariff changes as the regressor; (2) add other

controls (exchange rate changes, CPI changes, and GDP changes) to the regressors; (3)

41In the benchmark regression we use concentration indexes as measures of market power to explore
how market structure impacts tariff pass-through. Alternatively, we can also directly divide all industries
into different groups in terms of the number of export firms and import firms in each industry, which
reflects the degree of competition within the industry, and then explore how tariff pass-through varies
across these different groups of industries.
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add the Herfindahl concentration indexes for export firms and import firms and their

interaction with tariff changes. In each regression, we include a product and a year fixed

effect to capture the impacts of any unobserved product-specific and time-specific shocks

on import price changes42. We do not include a country fixed effect, since there are al-

ready two regressors, exchange rate changes and CPI changes, that capture the impacts

of country-specific shocks on price changes.

In column (1), the estimate for the coefficient, which measures tariff pass-through

elasticity, is negative (−0.28) and significant. A negative tariff pass-through elasticity

implies that when foreign export firms face a tariff reduction, they raise their tariff-

exclusive prices by a very large magnitude, so that the tariff-inclusive prices actually

increase instead of decreasing. This is known as the “Metzler Paradox”. A possible

explanation is that export firms not only increase their markups but also upgrade their

product quality in response to a tariff reduction, and hence their tariff-exclusive prices

increase by a very large magnitude43.

In column (2), after we add the other three control variables, the sign of the coeffi-

cient for tariff changes does not change, which again confirms the existence of the “Metzler

Paradox”. The coefficient for exchange rate changes, which measures the exchange rate

pass-through elasticity, is negative (−0.02). This is qualitatively consistent with the ex-

pectation that a U.S. dollar appreciation will lead to a reduction of U.S. import prices.

However, the coefficient is not significant44. The coefficients for the CPI changes of the

export country and the GDP changes of the U.S. (import country) are both positive and

significant (0.004 and 3.27, respectively). This is consistent with the model predictions

that an increase of the production cost and an increase of the market demand both lead

42Note that since we use the first order difference specification, we have actually removed the impacts
of any time-invariant fixed effects (product, country, and product-country) on price levels. The fixed
effects in current regressions capture their impacts on price changes instead of price levels.

43See Ludema and Yu (2011) for an theoretical model and empirical studies on this at the firm-level.
44As you will see, even though we get significant tariff pass-through elasticities in almost all regressions

throughout the paper, we do not get significant exchange rate pass-through elasticity in any regression.
Two possible explanations are: (1) As we indicated earlier, exchange rate pass-through has a lag effect,
but the length of the lag effect depends on the nature of contracts of trade transactions, which is very
complicated in reality, and thus our specification of one-period lag effect may be inaccurate. (2) In many
cases firms regard exchange rate changes as temporary changes, but tariff changes as permanent changes.
Thus firms’ response to exchange rate changes is less prominent than their response to tariff changes.
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to an increase in the U.S. import prices.

In column (3), after we add the Herfindahl concentration indexes for export firms

and import firms, as well as their interactions with tariff changes, the sign of the coefficient

for tariff changes turns to positive (0.30). Note that now the coefficient measures the tariff

pass-through elasticity when both the market power of export firms and that of import

firms are low. In this case, the markups of export firms are relatively low; when they

face a tariff change, they are only able to absorb a small portion of the tariff change, and

hence need to pass a large portion of the tariff change to import firms. This explains why

we get a positive tariff pass-through elasticity for this case. The coefficients for exchange

rate changes, CPI changes of export countries, and GDP changes of the import country

have the same signs as before, which is consistent with model predictions.

More importantly, the coefficient for the interaction term between tariff changes and

the Herfindahl concentration index for export firms is negative (−0.32) and significant,

which implies that tariff pass-through is negatively related to the market power of export

firms. This is perfectly consistent with the model prediction. Meanwhile, the coefficient

for the interaction term between tariff changes and the Herfindahl concentration index for

import firms is also negative (−3.56) but not significant. This is also consistent with the

model prediction that tariff pass-through has an ambiguous relationship with the market

power of import firms. According to the model, the negative estimate implies that the

impact of the market power of import firms through both downstream and upstream

markets outweighs its impact only through the upstream market, and its overall impact

on tariff pass-through is insignificant. The coefficients for the two direct terms of the

Herfindahl concentration indexes are also insignificant, and the model does not have a

clear prediction for these two coefficients.

The estimation results presented above show that the predictions of the model,

especially those on the relationship between tariff pass-through and market structure, are

supported by empirical evidence.

Next, we do some robustness check by running the benchmark regression for four

subsamples: commodity goods v.s. differentiated goods, and intermediate goods v.s. final
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goods.

Table 3 contains the regression results for commodity goods and differentiated goods.

Rauch (1999) classifies products into commodities and differentiated goods: goods traded

on organized exchanges or with reference prices are classified as commodities, and others

are classified as differentiated goods. For each group, we run the benchmark regression in

three steps as in the full sample. An obvious finding is that, for both groups of products,

the coefficients for all estimates in all the three regressions almost have the same signs as

in the full sample case; however, none of these coefficients is significant for the group of

commodity goods, but the significance of estimates for the group of differentiated goods is

similar to the full sample case. This finding indicates that the patterns that we found for

the full sample case are mainly driven by the group of differentiated goods instead of com-

modity goods. A possible explanation is the following. Both the incompleteness of tariff

pass-through and its dependence on market structure are mainly due to markup adjust-

ment, but markups mainly exist in differentiated goods but not commodity goods; hence

both the incompleteness of tariff pass-through and its dependence on market structure

are only significant for differentiated goods but not commodity goods45.

Table 4 contains the regression results for intermediated goods and final goods. Here

we find that for both groups of products, the signs and the significance of all estimates

in all the three specifications are very similar to what we find in the full sample. This is

consistent with the model settings that apply to both intermediate goods and consumption

goods.

6. Conclusions and Forward Research

This paper studies how tariff pass-through depends on market structure, i.e., the compe-

tition between foreign export firms and that between domestic import firms. If foreign

export firms have high market power and hence high markups in their export prices, they

45This argument also holds if quality adjustment is another driving force for incomplete tariff pass-
through, since quality adjustment mainly occurs for differentiated goods (with high scope for quality
differentiation) but not for commodity goods (with low scope for quality differentiation). See Ludema
and Yu (2011) for a more detailed analysis.
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are able to absorb more of the tariff change by adjusting their markups, and thus pass less

of the tariff change to domestic import firms. If domestic import firms have high market

power, they are able to force foreign export firms to lower markups and export prices on

the one hand; On the other hand, they may also be able to accept high markups and

export prices set by foreign export firms, since they have a high ability to transfer the

burden to domestic consumers. The net impact on the actual markups and export prices

of foreign export firms, and hence the impact on their ability to adjust their markups

in response to a tariff change, depends on the comparison of these two opposite effects.

Thus, the relationship between the market power of import firms and tariff pass-through

is ambiguous. The paper uses the U.S. transaction-level import data from 1995 to 1999,

the applied period of Uruguay Round, to test these predictions. The estimation results

show that these predictions are supported by the data.

In this paper, we assume that all export firms in an industry are homogeneous in the

sense that they have the same marginal cost of production, and that all import firms in

the industry are also homogeneous in the sense that they have the same one-to-one input-

output production technology. Due to this assumption, we are able to use the number of

export firms and that of import firms in the theoretical section, and use the Herfindahl

concentration index of export firms and that of import firms in the empirical section, to

measure their market power. Because of this, what we have studied in this paper is how

an industry level characteristic (market structure) impacts tariff pass-through. However,

firms in the real world are actually heterogeneous in terms of their productivity. This has

been indicated in the heterogeneous firm models in international trade, such as Melitz

(2003), as well as relevant empirical studies, such as Bernard and Jensen (1995). A natural

question is: how does firm heterogeneity in productivity impact tariff pass-through? We

would answer this question in another paper, Ludema and Yu (2011).
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Tables

Table 1. Summary Statistics for the Full Sample

No. of HS2 91

No. of HS8 4,745

No. of HS10 7,542

No. of Export Countries 108

No. of Export Firms 56,398

No. of Import Firms 21,648

Variables No. of Obs. Mean Std.Dev.

∆lnPict 96,725 -0.016 0.643

∆τit 96,725 -0.002 0.003

∆lnERc(t−1) 96,725 0.062 0.159

∆lnCPIct 96,725 0.052 0.181

∆lnRGDPt 96,725 0.046 0.003

DH
x
i(t−1) 96,725 0.180 0.384

DH
m
i(t−1) 96,725 0.184 0.388
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Table 2. Tariff Pass-through and Market Structure:
All Products Together

Dependent Variable: ∆lnPict

Regressions (1) (2) (3)

∆ln(1 + τit) −0.28* −0.13* 0.30*
(0.16) (0.07) (0.17)

∆lnERc(t−1) −0.02 −0.02
(0.02) (0.02)

∆lnCPIct 0.004* 0.004*
(0.002) (0.002)

∆lnRGDPt 3.27*** 3.29***
(0.69) (0.69)

∆ln(1 + τit)×DH
x
i(t−1) −0.32*

(0.17)

∆ln(1 + τit)×DH
m
i(t−1) −3.56

(3.39)

DH
x
i(t−1) −0.02

(0.02)

DH
m
i(t−1) 0.03

(0.02)

Fixed Effects product product product
+year +year +year

No. of Obs. 96,725 96,725 96,725
R

2 0.10 0.10 0.10
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Table 3. Tariff Pass-through and Market Structure:
Commodities v.s. Differentiated Goods

Dependent Variable: ∆lnPict

Type of Products Commodity Differentia-
Goods ted Goods

Regressions (1) (2) (3) (1) (2) (3)

∆ln(1 + τit) −0.18 1.16 2.48 −0.16* −0.04* 0.32*
(9.32) (9.34) (9.89) (0.09) (0.02) (2.00)

∆lnERc(t−1) −0.07 −0.07 −0.02 −0.02
(0.08) (0.08) (0.02) (0.02)

∆lnCPIct 0.07 0.07 0.002 0.002
(0.12) (0.12) (0.02) (0.02)

∆lnRGDPt 4.02 4.09 3.15*** 3.17***
(2.33) (2.33) (0.73) (0.73)

∆ln(1 + τit)×DH
x
i(t−1) −0.88 −0.45*

(9.40) (0.23)

∆ln(1 + τit)×DH
m
i(t−1) −4.47 −3.30

(9.02) (3.67)

DH
x
i(t−1) −0.02 −0.02

(0.03) (0.02)

DH
m
i(t−1) −0.004 0.03*

(0.03) (0.02)

Fixed Effects product product product product product product
+year +year +year +year +year +year

No. of Obs. 9,278 9,278 9,278 87,447 87,447 87,447
R

2 0.13 0.13 0.13 0.09 0.09 0.09
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Table 4. Tariff Pass-through and Market Structure:
Intermediate v.s. Consumption Goods

Dependent Variable: ∆lnPict

Type of Products Intermedia- Consump-
te Goods tion Goods

Regressions (1) (2) (3) (1) (2) (3)

∆ln(1 + τit) −0.62* −0.50* 0.01* −0.06* 0.04* 0.44*
(0.32) (0.2) (0.006) (0.03) (0.02) (0.23)

∆lnERc(t−1) −0.04 −0.04 −0.01 −0.01
(0.03) (0.03) (0.02) (0.02)

∆lnCPIct 0.01 0.01 0.01 0.01
(0.04) (0.04) (0.02) (0.02)

∆lnRGDPt 3.93*** 3.96*** 2.01*** 2.03***
(1.07) (1.07) (0.81) (0.81)

∆ln(1 + τit)×DH
x
i(t−1) −1.03* −1.89*

(0.52) (0.95)

∆ln(1 + τit)×DH
m
i(t−1) −1.63 −6.91

(4.84) (4.34)

DH
x
i(t−1) −0.02 −0.004

(0.02) (0.02)

DH
m
i(t−1) 0.03 0.01

(0.02) (0.02

Fixed Effects product product product product product product
+year +year +year +year +year +year

No. of Obs. 55,225 55,225 55,225 40,607 40,607 40,607
R

2 0.10 0.10 0.10 0.08 0.08 0.08
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1. Introduction

This paper studies how tariff changes of a country impact trade prices between its trade

partners. I use a simple model to show that, when a foreign country reduces its tariffs

(either MFN or non-MFN tariffs), domestic exporting firms will raise their prices toward

third countries, which I refer to as “tariff spillover effect”. The existence of the effect de-

pends on the assumption of increasing marginal cost: tariff reduction of a foreign country

leads to an increase of export quantities and the total output of domestic exporting firms,

which leads to an increase of their marginal costs and export prices to all destination

countries. Using the transaction level data on US exports during the period 1995-1999,

the applied period of Uruguay Round, I find empirical evidence for this prediction.

This paper extends the literature in two areas. The first literature related to the

paper is that on “incompleteness of tariff pass-through”. The key claim in this literature

is that, when a foreign country reduces its tariffs, domestic exporting firms will raise

their tariff-exclusive prices toward the liberalizing country, and thus the tariff-inclusive

consumer prices in the liberalizing country only reduce by a magnitude smaller than

the tariff reduction. In other words, domestic exporting firms absorb part of the tariff

reduction, and only pass the rest of the reduction to consumers in the liberalizing country.

Tariff reduction worsens terms of trade for the liberalizing country and improves the terms

of trade of its trading partners. This terms-of-trade effect is the basis for the optimal tariff

argument46, from Edgeworth (1894) to Broda, Limão and Weinstein (2008), Bagwell and

Staiger (2009), and Ludema and Mayda (2010). Empirical evidence of incompleteness

of tariff pass-through could be found in Kreinin (1961), Feenstra (1989), Mallick and

Marques (2007), and Ludema and Yu (2011a, 2011b), among others.

This paper extends the studies on incomplete tariff pass-through by changing the

focus of the studies. Instead of focusing on how domestic exporting firms change their

prices toward the liberalizing country, this paper focuses on how they change their prices

toward third countries in response to the tariff reduction of the liberalizing country. I

46The argument says that, the lower is the export supply elasticity that a country faces, the higher is
the optimal tariff that the country could and would set to exploit the terms-of-trade gain from a tariff
increase.
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found, both theoretically and empirically, that when a foreign country reduces its tariffs,

domestic exporting firms not only raise their tariff-exclusive prices toward the liberalizing

country, but also raise their prices toward third countries. I refer to the latter effect as

“tariff spillover effect”.

The second literature related to this paper is the side effect of trade policies on trade

flows. The studies on this side effect could be traced back to Viner (1950), who showed

that discriminatory trade policies associated with preferential trade agreements (PTAs)

not only have “trade creation effect”, replacing the domestic production with imports

from members of PTAs, but also have “trade diversion effect”, replacing imports from

non-members of PTAs with imports from members of PTAs. This “trade diversion effect”

is a kind of side effect. As an example, Romalis (2002) explores how the North Amer-

ica Free Trade Agreement (NAFTA) and the earlier Canada-US Free Trade Agreement

(CUSFTA) leads to a U.S. import diversion from other exporting countries to Canada and

Mexico. Some other studies (Bagwell and Staiger, 1997, 1999, 2004; Levy, 1997; Ethier,

2004; among others) investigate how preferential policy exceptions in multilateral trade

agreements impact trade flows. All these studies focus on import source diversion. Bown

and Crowley (2007) explores another type of side effect from the perspective of export di-

version. They showed, both theoretically and empirically, how an antidumping/safeguard

tariff of a country (U.S.) leads to a diversion of the export flows of another country (Japan)

to third countries. They refer to this type of side effect as “trade deflection”.

This paper extends the literature on the side effect of trade policies from trade flows

to trade prices. The paper is most related to the studies of Bown and Crowley (2007) on

“trade deflection”. In terms of the main objective, both papers look at how the trade pol-

icy of a country impacts the export of another country to third countries. Moreover, both

papers consider two types of trade policies: discriminatory policies (antidumping or non-

MFN tariffs), which target specific countries, and non-discriminatory policies (safeguards

or MFN tariffs), which are applied equally to all countries. The key difference is: Bown

and Crowley (2007) focus on the impact on export quantities, while my paper focuses

on the impact on export prices. Another difference is: Bown and Crowley (2007) look
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at how U.S. antidumping/safeguard tariffs impact Japanese export (quantities) to third

countries, while my paper looks at how general tariff changes (increases or reductions) of

a large set of foreign countries impact the U.S. export (prices) to third countries.

In terms of the theoretical models, both papers are built on a common assumption,

increasing marginal cost of production. The assumption is essential for the existence of

“trade deflection”: since firms equate the net marginal revenue of production for each

market in equilibrium, anything that affects the cost of selling in one market will cause

firms to reallocate their sales across markets. The assumption is also critical for the

existence of “tariff spillover effect”: with increasing marginal cost, tariff reduction of a

foreign country leads to an increase of the production quantity of the domestic exporting

firms, and hence an increase of their marginal costs and export prices, regardless of their

export destinations. The difference between the models in the two papers is: Bown and

Crowley (2007) use a Cournot model with quantity competition since they look at the side

effect of trade policies on trade flows, while I use a Betrand model with price competition

since I look at the side effect of trade policies on trade prices.47

The paper is organized as follows. Section 2 presents the theoretical model. Section

3 contains the empirical specification. Section 4 describes the dataset. Section 5 includes

the preliminary estimation results. Conclusions are included in section 6.

2. The Model

2.1 The Setup

Assume that there are three countries indexed i, j or k ∈ {a, b, c}. There is one

representative firm in each country, also indexed i or j or k, each produces a differentiated

product. Markets are segmented. Each of the three firms sells in all the three markets.

The three firms that sell in the same market conduct Bertrand competition in prices. The

tariff-inclusive price of the product that firm i sells in country j is pij = p
∗
ij + τij, where

p
∗
ij is the tariff-exclusive price and τij is the tariff that country j imposed on the import

47This difference is not critical. I can use either model in both cases and get the same conclusions. It
is just a natural choice to use a Cournot model to explore quantity reactions and use a Bertrand Model
to investigate price responses.
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from country i. pii = p
∗
ii is the price of the product that firm i sells in its own market,

which is not subject to any tariff, i.e., τii = 0.

Demand of the product that firm i sells in country j is given by the linear function

qij = A− Bpij +Dpkj +Dpjj, (44)

where A > 0, B > 0, and D > 0 are constant. B measures the own price effect, and D

measures the cross price effect of the other two products sold in the same market (country

j). D > 0 implies that products produced by different firms are strategic substitutes.

Assume B > 2D, i.e., the own price effect is higher than the sum of the two cross price

effects48.

The total output of firm i is Qi =
�

j qij = qii + qik + qij. Production technology in

each country is the same and exhibits increasing marginal cost. The total cost function

is c(Qi), where c
�(Qi) > 0 and c

��(Qi) > 0. The objective of firm i is to choose a level of

price for each market, pii, pik, and pij, in order to maximize its profits, i.e.,

Max πi =
�

j

(pij − τij)qij − c(Qi). (45)

The firm’s first order condition is given by

∂πi

∂pij

= qij − B[pij − τij − c
�(Qi)] = 0. (46)

Solving the first order conditions for each j ∈ {a, b, c} yields firm i’s best responses to the

price decisions of the other two firms. A best response function specifies a price for each

market, given the prices of the firm’s two rivals that sell in the same market. Solving the

nine best response functions simultaneously yields the Bertrand Nash equilibrium prices

set by each firm in each market.

Next I explore how a tariff change of one of the three countries impacts the price

of each firm charges for each market. I consider two cases. In the first case, the tariff is

48This assumption implies that if pij , pkj , and pjj increase by the same magnitude, then qij , qkj , and
qjj will decrease, which makes perfect sense.
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a discriminatory tariff against a specific country; it could be an antidumping tariff as in

Bown and Crowley (2007), or any other non-MFN tariff. In the second case, the tariff is

a non-discriminatory tariff applied equally to all countries; it could be a safeguard tariff

as in Bown and Crowley (2007), or any other MFN tariff.

2.2 Comparative Statics for a non-MFN tariff

Without loss of generality, suppose that country a reduces its tariff against country

b, τba, while all the other bilateral tariffs are unchanged.

Proposition 1. For the three country Bertrand Model in which good are differenti-

ated and are strategic substitutes and firms face increasing marginal cost in production, a

unilateral tariff reduction by country a against country b causes

• incomplete tariff pass-through, a decrease in country b’s tariff-inclusive export price

in country a (dpbadτba
> 0), but an increase in the tariff-exclusive price (

dp∗ba
dτba

< 0),

• tariff spillover, an increase in country b’s export price in country c (dpbcdτba
< 0).

Proof: Totally differentiating the nine first order conditions given by (46), dividing

through by dτba, applying Cramer’s rule, and using the condition B > 2D yields the signs

of the following comparative static effects for a change in τba: (1) for goods sold in country

a, dpba
dτba

> 0, dpaa
dτba

> 0, dpca
dτba

> 0; (2) for goods produced in country b,
dp∗ba
dτba

< 0, dpbb
dτba

< 0,

dpbc
dτba

< 0. QED.

The intuition of these results is pretty straightforward. On the one hand, a unilateral

tariff reduction by country a against country b (τba) reduces the tariff-inclusive price of the

goods that country b sells in country a (pba), and further pulls down the prices of its two

rivals in the same market (paa, pca) due to the competition effect. On the other hand, the

reduced tariff-inclusive price that country b charges in country a leads to an increase of

country b’s exports to country a, and in turn an increase of firm b’s total output; this will

pull up its marginal cost of production, and in turn its tariff-exclusive price in country a

(p∗ba) and its prices in the other two markets (pbb, pbc). Thus, the assumption of increasing

marginal cost plays a critical role in the existence of the tariff spillover effect, as it does

for trade deflection in Bown and Crowley (2007).49

49Here the tariff spillover effect is derived from the assumption of increasing marginal cost, along with
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2.3 Comparative Statics for a MFN tariff

Suppose now all the three countries impose MFN tariffs, that is, τba = τca ≡ τa,

τab = τcb ≡ τb, and τac = τbc ≡ τc.50 Without loss of generality, suppose that country a

reduces its tariff τa, while the tariffs in the other two countries (τb and τc) are unchanged.

Proposition 2. For the three country Bertrand Model in which good are differenti-

ated and are strategic substitutes and firms face increasing marginal cost in production, a

tariff reduction by country a against all other countries causes

• incomplete tariff pass-through, a decrease in country b and c’s tariff-inclusive export

prices in country a (dpbadτa
> 0, dpca

dτa
> 0), but an increase in the tariff-exclusive prices

(
dp∗ba
dτa

< 0, dp∗ca
dτa

< 0),

• two-way tariff spillover, an increase in country b’s export price in country c (dpbcdτa
<

0) and an increase in country c’s export price in country b (dpcbdτa
< 0).

Proof: Totally differentiating the nine first order conditions given by (46), dividing

through by dτa, applying Cramer’s rule, and using the condition B > 2D yields the signs

of the following comparative static effects for a change in τa: (1) for goods sold in country

a, dpba
dτa

> 0, dpaa
dτa

> 0, dpca
dτa

> 0; (2) for goods produced in country b,
dp∗ba
dτa

< 0, dpbb
dτa

< 0,

dpbc
dτa

< 0; (3) for goods produced in country c, dp∗ca
dτa

< 0, dpcb
dτa

< 0, dpcc
dτa

< 0. QED.

The intuition of these results is also straightforward and similar to that stated above

for the non-MFN tariff case. The only difference is that, since country a now reduces its

tariff against both country b and country c, all the previous results for country b now also

hold for country c.

the assumption of segmented markets. One might wonder whether we can get the same result with the
assumption of constant marginal cost and integrated markets, or whether market integration will lead
to the same tariff spillover effect. The answer is: in that case, we will get a tariff spillover effect that is
opposite to what we get here, that is, a unilateral tariff reduction by country a against country b causes
a decrease in country b’s export price in country c ( dpbc

dτba
> 0). The intuition is the following. With the

assumption of integrated markets, there should be no arbitrage of the product produced by firm b. A
unilateral tariff reduction by country a against country b leads to a reduction of the tariff-inclusive price
that firm b charges in country a (pba), and thus the price that firm b charges in country c (pbc) should
also reduce, so that there is no arbitrage opportunity for the product between country a and country c.
However, this opposite tariff spillover effect ( dpbc

dτba
> 0) contradicts the empirical findings of this paper,

which will be shown in section 5.
50Note that proposition 2 below only requires MFN tariff in country a, but not necessarily MFN tariffs

in the other two countries.
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In sum, the model predicts that when a country reduces its tariff (either non-MFN

tariff or MFN tariff) against another country, then a country that exports to the liberaliz-

ing country not only raises its tariff-exclusive prices to the liberalizing country (incomplete

tariff pass-through), but also raises its prices to third countries (tariff spillover).

One might wonder whether the tariff spillover effect is larger or smaller for MFN

tariffs than for non-MFN tariffs. The model does not have an unambiguous prediction

about this. The reason is as follows. On the one hand, in the MFN tariff case, country

a’s tariff reduction applies to both country b and country c (MFN tariffs), and thus both

countries will export more to country a. Hence the increase of country b’s export to

country a would be lower than that in the non-MFN tariff case (due to the competition of

country c). Therefore the marginal cost of production in country b, and hence its export

price in country c (pbc), will increase by a smaller amount than in the non-MFN tariff case.

On the other hand, in the MFN tariff case, since country c also increases its export to

country a, the production cost and domestic price in country c (pcc) also increase, which

will push up country b’s export price in country c (the second reason for the increase

of pbc). Thus country b’s export price in country c (pbc) will increase more than in the

non-MFN tariff case. Due to these two opposite effects, the actual increase of country b’s

export price in country c (tariff spillover) in the MFN tariff case could be either lower or

higher than that in the non-MFN tariff case, depending on which effect is dominant.

3. Empirical Specification

I use the following benchmark specification to test the tariff spillover effect:

∆lnP
∗
ifc�t =α + β1∆ln(1 + τic�t) + β2∆ln(1 + τict)

+ γ1∆lnERc�(t−1) + γ2∆lnERc(t−1)

+ η1∆lnRGDPc�t + η2∆lnRGDPct

+ φ∆lnCPIt + θlnTFPf(t−1)

+ FE + εifc�t.

(47)
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Here ∆lnP
∗
ifc�t is the change of log (tariff-exclusive) export price of the product i

exported by firm f in the home country to a third country c
� from period t− 1 to period

t. ∆ln(1 + τic�t) is the change of log gross (ad-valorem) tariff rate by the third country

c
� on the product, and ∆ln(1 + τict) is the change of log gross (ad-valorem) tariff rate by

the liberalizing country c on the product. Thus coefficient β1 measures “tariff absorption

elasticity”, i.e., the percentage change in the tariff-exclusive price that the domestic firm

charges in the third country c
� in response to a one percent change of the gross tariff

rate in that third country; coefficient β2 measures “tariff spillover elasticity”, i.e., the

percentage change in the tariff-exclusive price that the domestic firm charges in the third

country c
� in response to a one percent change of the gross tariff rate in the liberalizing

country c. According to the model, both β1 and β2 should be negative51.

∆lnERc�(t−1) is the change of log exchange rates between the third country c
� and

the home (export) country, and ∆lnERc(t−1) is the change of log exchange rates between

the liberalizing country c and the home (export) country. The impact of a currency

depreciation of the export country is similar to that of a tariff reduction of the import

country. If export prices are denoted in the currency of the home (export) country, and

if exchange rate is expressed as units of foreign (import) country currency per unit of the

home (export) country currency, then coefficient γ1 measures “exchange rate absorption

elasticity”, and γ2 measures “exchange rate spillover elasticity”. Both γ1 and γ2 should

be negative52, as β1 and β2. Notice that the exchange rate changes are those in period

t− 1 (changes from period t− 2 to t− 1). This is because exchange rate changes typically

have a lag effect, as shown in the exchange rate pass-through literature.

∆lnRGDPc�t is the change of log real GDP of the third country c
�, and ∆lnRGDPct

is the change of log real GDP of the liberalizing country c. Coefficient η1 measures

“demand pass-through elasticity”, and η2 measures “demand spillover elasticity”. An

increase of the real GDP of an importing country should lead to an increase of its import

quantities and an increase of its import prices. The increased production of the exporting

51A negative tariff absorption elasticity implies a less-than-one tariff pass-through elasticity, i.e., in-
completeness of tariff pass-through.

52Again, a negative exchange rate absorption elasticity implies a less-than-one exchange rate pass-
through elasticity, i.e., incompleteness of exchange rate pass-through.
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country should then lead to an increase of its marginal production costs and export prices

to all other countries. Hence both η1 and η2 should be positive.

∆lnCPIt is the change of log consumer price index of the home (export) country,

which measures the inflation rate and production cost changes in the home (export)

country.53 Coefficient φ should be positive, since an increase in production cost of the

home (export) country leads to an increase in the export prices. lnTFPf(t−1) is the total

factor productivity of the exporting firm in the base year t− 1, which is the unique firm-

level explanatory variable in the regression. The model is at the product level, and thus

does not have any prediction about the firm-level impacts on export prices. Thus, I do

not have any prior for the sign of coefficient θ. FE denotes various fixed effects.

4. Data

The main dataset that I use in the empirical analysis is the U.S. Linked/Longitudinal

Firm Trade Transaction Database (LFTTD), which was assembled by Bernard, Jensen

and Schott (2008). The database links all individual U.S. import and export transactions

to the respective U.S. firms. The dataset comes from two sources: one is the foreign trade

data (FTD) assembled by the U.S. Census Bureau (for exports) and U.S. customs(for

imports), which contains all U.S. international trade transactions between 1992 and 2005

inclusive; the other one is the Longitudinal Business Database (LBD) of the U.S. Census

Bureau, which records annual employment and survival information for most U.S. estab-

lishments. I use the U.S. export data in the LFTTD database in the period 1995-1999, the

applied period of Uruguay Round, to investigate how tariff reduction of foreign countries

caused by Uruguay Round passes through to US export prices to liberalizing countries

and spills over to U.S. export prices to third countries. For each export transaction, the

database records its product category (at HS10 level), quantity, (tariff-exclusive) value,

U.S. export firm, year and month in which the transaction occurs, whether the transaction

53Note that this change of production cost is a change of cost caused by inflation, which is represented
by the shift of the entire marginal cost curve. It is different from the increasing marginal cost I am
exploring — a change of cost caused by the change of output quantity, which is represented by the
movement along the same marginal cost curve.
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is an arm’s length transaction or takes place between related parties54, etc.

Export price changes are computed from export values and quantities. Before con-

structing export prices, I clean the data in the following way. (1) I drop transactions

with missing values in value, quantity, product category, export firm, destination coun-

try, or time. (2) Since measurement error in values or quantities causes measurement

error for the constructed prices and leads to biased estimation, I remove the transac-

tions (around 5 percent of the total) with extraordinary computed prices which are 20

times higher or lower than the average price of all transactions in the same product-firm-

country-year cell. (3) I also remove related party transactions (around 30 percent of the

total), since the price behavior for related party transactions is quite different from nor-

mal arm’s length transactions. For the rest of transactions, I construct firm-level prices

(unit values) as P ∗
ifct = Vifct/Qifct, where Vifct and Qifct are the total value and quantity

of product i (HS10) exported by firm f to country c in year t. The constructed export

prices are tariff-exclusive since export values are tariff-exclusive. Among all product-firm-

country-year cells for which I constructed export prices, I keep those surviving in two

consecutive years, and computer changes of log prices ∆lnP
∗
ifct = lnP

∗
ifct − lnP

∗
ifc(t−1).

For each destination country c in a specific “product-export firm-year” cell, I not only

have the price change for this country (∆lnP
∗
ifct), but also have the price change for each

of its “other” (third) countries c� to which the firm also exports (∆lnP
∗
ifc�t). I then con-

struct the average price change for all of its “other” (third) countries, and denote it as

∆lnP
∗
ifC�t =

�
c� ∆lnP

∗
ifc�t/Nc� , where Nc� is the number of “other” (third) countries to

which the firm also exports, and the capital C � denotes all these “other” (third) countries.

The tariff data contain the tariff rates of other countries against U.S. exports of

different products. The data were collected by the World Integrated Trade Solution

(WITS) at the World Bank. They are annual data at the HS6 level, and thus are more

aggregate than the trade data in both time and product dimensions. Since tariff rates

are annual, the time dimension t of all variables in all regressions is also year. The actual

tariff rate may vary across HS8 or HS10 products within a same HS6 category. For each

54Related-party transactions refer to trade between U.S. companies and their foreign subsidiaries and
trade between U.S. subsidiaries of foreign companies and their affiliates abroad.
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HS6 category, the data includes the maximum, minimum, and mean tariff rates of all

HS8 or HS10 products within the category. I only include HS6 categories within which

there is no tariff variation (that is, the maximum, minimum and mean tariff rates are

all identical), since it is only for these HS6 categories that I can calculate accurate tariff

change over time for products at HS10 level55, ∆τict. Similar to price change, for each

destination country c in a specific “product-year” cell, I not only have the tariff change for

this country (∆ln(1 + τict)), but also have the tariff change for each of its “other” (third)

countries c� to which the firm also exports (∆ln(1 + τic�t)). I then construct the average

tariff change for all of its “other” (third) countries, and denote it as ∆ln(1 + τiC�t) =
�

c� ∆ln(1+ τic�t)/Nc� . These tariff changes are then merged to U.S. export price changes

of corresponding products to corresponding destination countries.56

The data for exchange rates and real GDP come from the Penn World Table. The

data for CPI are from International Financial Statistics (IFS) of the International Mon-

etary Fund. For exchange rates and real GDP, I also construct the changes to third

countries using the similar method that I used for export price and tariff changes.

Firm productivity (TFP) is constructed from the U.S. Census of Manufactures

(CMF) collected and maintained by the U.S. Census Bureau. For years ending with

2 or 7 (1987, 1992, 1997, etc.), the dataset records the production information (output,

capital stocks, labor hours, energy and materials inputs, etc.) for all U.S. manufacturing

establishments (plants). Here I only use the data for 1997, since the price changes and tar-

iff changes that I am looking at are for the period 1995-1999. From this data I construct

plant-level TFP from the typical constant returns to scale index form. The firm-level

productivity, TFPft, is computed as the average of the productivity of the plants within

the same firm weighted by their output shares, and is then merged to the U.S. export

price changes of corresponding firms.

55For a HS6 industry within which there is tariff variation across HS8 or HS10 products, I can only
calculate the change of average tariff rate for the HS6 industry, but not the accurate tariff change for
each HS8 or HS10 product.

56Note that the final sample size is constrained by the following operations: (i) As mentioned in the
beginning of this subsection, many export transactions were dropped when we constructed the export
price and their changes. (ii) When we combined the export price changes with tariff changes, we also
dropped HS6 products within which there is tariff variation.
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5. Empirical Results

In this section, I will present the empirical results. First of all, I would like to mention

that the results presented below are very preliminary and qualitative, with only signs and

significance of the estimates. Moreover, the regressions only use some of, but not all of,

the regressors mentioned in section 3. Thus both the regressions and results need to be

improved. However, these preliminary results show that the predictions of the model are

supported by the empirical evidence.

I test the model predictions with two samples. One sample is the full sample for

U.S. exports during the period 1995-1999.57 In the other sample, I only include “country-

year” pairs with large tariff changes for certain products during the same period. More

specifically, for each “country-year” pair in the full sample, I calculate the number of 6-

digit HS products with tariff change higher than 5 percentage points. Then I pick the first

six “country-year” pairs with the highest numbers of products with large tariff changes58;

but for each of these “countries-year” pairs, I keep all products no matter whether they

have large tariff change or not. The purpose of choosing this sample is to ensure that

there are enough observations with large tariff changes to induce price changes and, at the

same time, there are also enough observations with small tariff changes for the purpose

of comparison. Table 1 is a list of the “country-year” pairs that I choose, in order of the

number of HS6 products with tariff change higher than 5 percentage points.

Table 2a contains the OLS regression results for the sub-sample. The dependent

variable in all regressions is ∆lnP
∗
ifC�t, the average log price change of product i exported

by firm f to all countries other than country c from period t− 1 to t. In the first column,

I only include one regressor, ∆ln(1 + τict), the change of log gross tariff rate on product

i by country c from period t − 1 to t. I also include a country fixed effect to capture

the impact of country-specific shocks such as exchange rate changes and GDP changes

57The model predicts that tariff spillover effect exists for both MFN tariffs and non-MFN tariffs, while
it does not have an unambiguous prediction on which case has a larger effect. However, it would be
worthwhile to empirically check this by dividing the full sample into two subsamples, one with MFN
tariffs and the other one with non-MFN tariffs, and comparing the tariff spillover effects in the two
subsamples.

58These six “country-year” pairs have much more HS6 products with larger-than-5-percentage-points
tariff change than other “country-year” pairs.
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of country c on firm’s export prices to third countries59. The coefficient is negative and

significant, which is consistent with the model prediction and implies that tariff spillover

effect does exist: when country c reduces its tariff rate on a product, U.S. exporting firms

raise their exporting prices to third countries. According to the model, the main reason

is that the increased export and production quantities caused by the tariff reduction in

country c lead to an increase of marginal production costs of U.S. exporting firms and in

turn an increase of their export prices to all destination countries.

In the second column, I add the firm-specific control variable, lnTFPf , the log total

factor productivity of exporting firms in 1997 and its interaction with the tariff change.

Now the coefficient for the tariff change term measures the tariff spillover effect for a

specific firm with log of productivity equal to 1, but it is not significant. The coefficient

for the firm productivity is not significant neither, which implies that firm productivity

does not have a significant impact on the price change to third countries. However,

the coefficient for the interaction term is negative and significant, which means that firm

productivity does have a significant impact on tariff spillover effect; more specifically, more

productive firms on average have higher tariff spillover effect. A possible explanation is:

more productive firms have a competitive advantage in the export market; when they face

a tariff reduction of country c, they increase their export and production quantities by

a larger magnitude, and hence their marginal production costs and export prices to all

markets increase by a larger magnitude.

In the third and fourth columns, I repeat the regressions in the first two columns, but

change the country fixed effect to product fixed effect to capture the impact of product-

specific shocks on export price changes. As you can see from the table, the regression

results are similar to what I got before: first, tariff spillover effect does exist and is

significant; second, tariff spillover effect is larger for more productive firms. In the last

two columns, I repeat the same regressions, but include both the country and the product

fixed effects. The regression results are still similar to before, with the significance of

59The country fixed effect here captures the “exchange rate spillover effect” and “demand spillover
effect” mentioned in section 3, but not the “exchange rate pass-through” or “demand pass-through”.
Since in the sub-sample I only have one period change for each of the selected countries, I only need a
country fixed effect instead of a “country-year” fixed effect to capture these impacts.
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tariff spillover elasticities becomes a little bit lower.

Next, I explore tariff spillover effect on export quantities, which is called “tariff

deflection” in Bown and Crowley (2007). In table 2b, I repeat all the regressions in table

2a, but change the dependent variable to ∆lnQ
∗
ifC�t, the average change of log export

quantity of product i exported by firm f to all countries other than country c from period

t− 1 to t. In columns (1), (3) and (5), the coefficient for the tariff change term is positive

and significant, indicating that tariff deflection does exist: when country c reduces its

tariff rate on a product, U.S. exporting firms reduce their export quantities to third

countries. This should be because they now charge higher export prices than before due

to the increased marginal costs caused by the increased export and production quantity

to the liberalizing country. In columns (2), (4) and (6), the coefficient for the interaction

term between tariff change and firm TFP is positive and significant, indicating that tariff

deflection is larger for more productive firms. This should be due to the fact that more

productive firms raise their export prices more, as indicated above. Hence, the results on

tariff deflection on export quantities further confirm the results on tariff spillover effect

on export prices.

Finally, I test tariff spillover effect and tariff deflection with the full sample. Table

3a and table 3b contains the regression results for the full sample, in the same structure

as that in tables 2a and 2b. Comparing the results in these two tables with those in

tables 2a and 2b, I can easily find that they are very similar to each other, except that

the significance of both the coefficients for the tariff change term (in columns (1), (3),

and (5)) and the coefficients for its interaction with firm productivity (in columns (2),

(4), and (6)) now becomes lower. This might be due to the fact that in the full sample,

there are relatively less large tariff changes which induce price changes. However, I still

confirms the existence of tariff spillover effect (columns (1), (3), (5) in table 3a) and its

dependence on firm productivity (columns (2), (4) and (6) in table 3a), as well as the

existence of trade deflection and its dependence on firm productivity (in table 3b). As

indicated above, the latter further confirms the former.
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6. Conclusions

This paper extends the studies in incomplete tariff pass-through and trade deflection by

exploring how tariff changes of a country impact trade prices between its trade partners.

Using a simple three-country Bertrand competition model, I show that, when a foreign

country reduces its tariffs, domestic exporting firms not only raise their tariff-exclusive

prices toward the liberalizing country, which is known as “incompleteness of tariff pass-

through” in the literature, but also raise their prices toward third countries, which I

refer to as “tariff spillover effect”. This is true for both a MFN tariff reduction and

a non-MFN tariff reduction. The “tariff spillover effect” on export prices toward third

countries is comparable to “trade deflection” on export quantities toward third countries,

which was studied by Bown and Crowley (2007). As in their paper, the existence of the

“tariff spillover effect” also depends on the assumption of increasing marginal cost: tariff

reduction of a foreign country leads to an increase of export quantities and total output

of domestic exporting firms, which leads to an increase of their marginal costs and export

prices to all export destinations. Using the newly available transaction level data on

U.S. exports during the period 1995-1999, the applied period of Uruguay Round, I find

empirical evidence for the “tariff spillover effect”. The empirical results also show that

this effect is larger for firms with higher productivity.
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Tables

Table 1. “Countries-year” Pairs in the Sub-sample: with Large Tariff Change

(|∆τict| > 0.05) in a Wide Range of HS6 Products

Country year Ranking in terms of

number of HS6 products

with |∆τict| > 0.05

China 1996-1997 1

Pakistan 1998-1999 2

Bangladesh 1998-1999 3

Egypt 1997-1998 4

Indonesia 1995-1996 5

Philippines 1995-1996 6

Table 2a. Tariff Spillover Effect: sub-sample

Dependent Variable ∆lnP
∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t

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

∆ln(1 + τict) −*** + −*** − −* −
lnTFPf − − −
∆ln(1 + τict)

×lnTFPf −*** −*** −***

Fixed effects country country product product country country

+product +product

Note: *, **, and *** denote the 10, 5, and 1 percent of significance levels.

Table 2b. Trade Deflection: sub-sample

Dependent Variable ∆lnQ
∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t

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

∆ln(1 + τict) +*** − +*** + +*** +

lnTFPf − − +

∆ln(1 + τict)

×lnTFPf +*** +*** +***

Fixed effects country country product product country country

+product +product

Note: *, **, and *** denote the 10, 5, and 1 percent of significance levels.
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Table 3a. Tariff Spillover Effect: Full Sample

Dependent Variable ∆lnP
∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t ∆lnP

∗
ifC�t

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

∆ln(1 + τict) −* + −* − −* −
lnTFPf + + +

∆ln(1 + τict)

×lnTFPf −** −* −*

Fixed effects country country product product country×year country×year

×year ×year +product +product

Note: *, **, and *** denote the 10, 5, and 1 percent of significance levels.

Table 3b. Trade Deflection: Full Sample

Dependent Variable ∆lnQ
∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t ∆lnQ

∗
ifC�t

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

∆ln(1 + τict) +* − +* − +* +

lnTFPf − − −
∆ln(1 + τict)

×lnTFPf +* +* +*

Fixed effects country country product product country×year country×year

×year ×year +product +product

Note: *, **, and *** denote the 10, 5, and 1 percent of significance levels.
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