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Abstract

This paper develops a heterogeneous-firm model in which firms in asymmetric countries
in terms of sizes and trade costs export and import intermediate goods subject to selection.
We show that the elasticity with respect to variable trade costs is greater for intermediate
goods than for final goods, mainly due to the extensive margin. Using China Customs data
with tariff-gravity data, we empirically assess the impact of tariffs as well as distances on
China’s imports and find empirical evidence in support of our prediction of the model.
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1 Introduction

Intermediate goods are a large and growing share of international trade relative to final goods.
It is often argued that the advancement in information and communication technology allows
firms organizing production on a global scale to fragment production processes by “outsourcing”
or “offshoring,” which is a key factor in increasing trade flows of intermediate goods. In fact,
there are a lot of studies suggesting that the distinction between intermediate goods trade and
final goods trade is crucial. For example, Johnson and Noguera (2012) show that intermediate
goods account for approximately two thirds of international trade; Yi (2003, 2010) shows that
vertical specialization in intermediate goods amplifies the effect of trade liberalization on trade
in final goods. Despite the stylized facts, few papers have theoretically and empirically explored
a distinctive feature of intermediate goods trade that is absent in final goods trade.

We develop a heterogeneous-firm model in which firms in asymmetric countries in terms of
sizes and trade costs export and import intermediate goods subject to selection. Each industry
is composed of the upstream and downstream sectors, where firms in the former (latter) sector
can export (import) intermediate goods. While firms in the upstream sector incur fixed costs to
export their intermediate goods, firms in the downstream sector also incur fixed costs to source
imported intermediate goods (see Kasahara and Lapham (2013) and Halpern et al. (2015) for
empirical evidence on such fixed costs). Consequently, firms self-select not only into the export
market in the upstream sector but also into the import market in the downstream sector, which
allows us to capture empirical patterns that, just as in exporters, importers are larger and more
productive than non-importers within the same industries (Bernard et al., 2007, 2012, 2018a).
In this setting, we derive a gravity equation of intermediate goods to explore the difference in
the trade elasticities between intermediate goods and final goods.

In our model, the value of intermediate goods trade between country i and country j is

GDPf x GDP/

Tradel;, = .
7 (Trade barriers;;)e

This is similar to a gravity equation of final goods in that the value of trade is positively affected
by sizes of trading countries but is negatively affected by trade barriers between them. In that
sense, the gravity equation also holds for intermediate goods let alone final goods. However,
f;-, we find that
the trade elasticities with respect to trade barriers are endogenously greater for intermediate

when comparing the trade elasticities of the gravity equation of final goods Trade

goods than for final goods, i.e., |¢/| > |¢'|. The difference arises through which trade barriers on
final goods affect selection into only the downstream sector, but trade barriers on intermediate
goods affect selection into both the upstream and downstream sectors. This means that there
is an extra adjustment in the set of firms (extensive margin) in intermediate goods trade that
is absent in final goods trade, thereby raising the trade elasticities of intermediate goods. The
finding could help us obtain a better understanding about rapidly rising trade in intermediate
goods relative to final goods as reviewed above.
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To empirically assess this theoretical prediction, we explore the impact of tariffs as well as
distances on China’s imports combining China Customs data with tariff-gravity data. We first
estimate the gravity equation with full samples without distinguishing between final goods and
intermediate goods. Not surprisingly, we find that both distances and tariffs have a negative
impact on trade flows while GDPs have a positive impact on these trade flows. Further, when
the total imports are decomposed into the extensive and intensive margins, these relationships
are explained relatively more by the extensive margin than the intensive margin, conforming
well with the results in the existing empirical literature. We then estimate the gravity equation
with samples distinguishing between the two types of goods. In this case, several differences
arise between them. We find that the two variable trade costs have a negative impact on trade
flows for final goods and intermediate goods, but the estimated coefficients on these trade costs
are significantly greater for intermediate goods than for final goods. In addition, a large part
of differences in the trade elasticities is significantly explained by differences in the extensive
margin, which is consistent with our theory that the differences come mainly from the extensive
margin. In sum, we find empirical evidence on the elasticity with respect to variable trade costs
in support of our theoretical prediction of the model.

This paper contributes to large literatures of the gravity equation with heterogeneous firms.
In terms of theoretical perspectives, our paper is particularly close to Chaney (2008). As in his
work that applies to final goods trade, the extensive margin plays a key role in developing the
gravity equation of heterogeneous firms in intermediate goods trade as well. In contrast to his
work, we show that intermediate goods trade has an extra adjustment through the extensive
margin, which is not only absent in final goods trade but is also indispensable in understanding
why the trade elasticities are greater for intermediate goods than for final goods. Like ours,
several papers have explored a distinctive feature of intermediate goods trade theoretically and
empirically. Antras et al. (2017), Bernard et al. (2018b) and Melitz and Redding (2014b) are
especially close to our work among others. This paper is different from theirs, however, because
we pay attention to two-sided heterogeneity in which selection into the export (import) market
operates through paying fixed trade costs in the upstream (downstream) sector.

In terms of empirical perspectives, besides the gravity literature that studies the impact of
distances (e.g., Bernard et al., 2007, 2011; Eaton et al., 2004, 2011; Helpman et al., 2008), this
paper is closely related to the emerging literature that tries to identify the impact of tariffs on
the extensive and intensive margins (e.g., Debaere and Mostashari, 2010; Buono and Lalanne,
2012). One of the most crucial differences from these papers is that we make a clear distinction
between final goods and intermediate goods, and show that the trade elasticities with respect to
tariffs as well as distances are significantly greater for intermediate goods than for final goods,
mainly through the extensive margin. We also tackle the well-known problem in interpreting
distances as a proxy of variable trade costs, i.e., we cannot control for country fixed effects along
with distances (see Buono and Lalanne (2012) for detailed discussions). Noticing the fact that
tariffs vary not only along product and country but also along time, we conduct a different set
of specifications and confirm that the result is robust to them.
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The current paper is most closely related to Ara (2019). The main difference from Ara (2019)
is that, allowing for country asymmetry, we can examine the asymmetric impact of reductions
in trade costs on liberalizing and non-liberalizing countries and aggregate trade flows between
these trading countries (Ara (2019) considers only a symmetric-country setup). Exploiting this
model property, we then empirically test the trade elasticity difference between different types
of goods and provide empirical evidence in support of our prediction of the model.

2 Theory

We extend a model setup in Ara (2019) to a multiple-industry, asymmetric-country framework,
which guides us to estimate the gravity equation derived from the model in the next section.
We show that the trade elasticities are greater for intermediate goods than for final goods.

2.1 Setup

There are two potentially asymmetric countries. Each country has S + 1 industries where s = 0
is a homogeneous good, and the remaining s > 1 industries produce differentiated goods. Labor
is only a factor of production and country i is endowed with L; units of labor. The homogeneous
good is produced with one unit of labor and freely tradable, and is chosen as a numeraire of the
model. In contrast, each of the differentiated goods industries is composed of the upstream and
downstream sectors that are monopolistically competitive.

Firm behavior is similar to Melitz (2003). Upon paying fixed entry costs fZ in country 1,
intermediate goods firms draw productivity ¢ from a distribution G/ (¢); final goods firms draw
productivity ¢ from a distribution GZ(¢). When exporting inputs from country j to country i,
,s and fixed trade costs where 7. =1

intermediate goods ﬁrms incur variable trade costs 7, s s

and (77,)7s~! jzs > J ;s- In contrast, When importing inputs from country j to country i, final
goods firms incur fixed trade costs i) 7! ﬁs L.
while those using both domestic
", and ff. Hereafter the

former (latter) firms are referred to as domestic-sourcing (forezgn-sourcmg) firms. Though final

]zs

£ where (7 This means that final goods

jis

firms using only domestic inputs in country ¢ incur only

llS’

inputs in country ¢ and imported inputs from country j incur both f;,

goods firms can also export by incurring variable trade costs 7/;, and fixed trade costs f/;, where
Tl =1and (7

final goods are prohibitively costly to trade across borders by setting 77 Tjis < 00 and E = oo.

jis

Following Helpman et al. (2008) and Melitz and Redding (2014a), it is useful to define

sy = [T [(2) =] ac o

Vi(a®) = / a?~\dGL(a),

*

ﬂs)as ! st > fE ;s> we first assume that intermediate goods are only tradable and

where J" (a*) and V(a*) are strictly decreasing in a* for h € {F,I}.



2.2 Consumers

The preferences of consumers are defined as Cobb-Douglas across industries:

S S
Ui:ZlenQi& ZﬁsZL 5520

s=0 s=0

As noted above, industry s = 0 is the freely-tradable homogeneous good. In the analysis below,
we require that 5 is large enough that all countries produce the homogeneous good. For each of
the differentiated goods industry s > 1, consumers’ preferences are given by a standard C.E.S.
Dixit-Stiglitz form:

Js

Miis os—1 ]\;[ii,s ocs—1 os—1
Qis = / Qiis(w) s dw—i—/ Giis(w) o5 dw , 05> 1,
0 0

where ¢;;s(w) and §;;s(w) are respectively final goods produced by domestic-sourcing firms and

foreign-sourcing firms, while M;;, and M;;, are the masses of these firms in country 1.
Utility maximization yields the demand functions for final goods:

Qiis(w) = RF P'USilpiis (w)igsv

118" 118

Giis(w) = RE PT  piis(w) ™%,

1187 1S

where 1

Miis M;is 1-os
Pis = / piis<w)1_gsdw+/ Piis(w)' ™7 dw
0 0

is the price index of final goods. The Cobb-Douglas upper tier of utility implies that consumers

spend Rf, = B;L; on goods produced by industry s (as aggregate income of country i is L; due to
free entry).
2.3 Final goods firms

Final goods firms’ technologies are also given by a C.E.S. production function with elasticity o,:

gs

Niis os—1 ﬁ
Qiis = ¢ < / Tiis(v) os dv) ,
0 . 1)

N’L'Ls os—1 Njis og—1 os—1
Giis = ¢ </ Ziis(v) s dv—l—/ Tjis(v) os dv> ,
0 0

where z;;5(v), Z4s(v) and Zjs(v) are respectively domestic inputs and imported inputs used

by domestic-sourcing firms and foreign-sourcing firms, while N;;; and Nj;, are the masses of
intermediate goods firms that produce in country 7 and export from country j to country i. To
facilitate the analysis below, we follow Bernard et al. (2018b) in assuming that the elasticity of



substitution between intermediate goods is identical with the elasticity of substitution between
final goods, but this would not affect the qualitative results of the paper. The expenditures of

these firms are given by

Niis
€iis =/ Viis (V) Tiis (V) dv,
0
Niis Njis
€iis =/ %’is(v)fiis(v)dv+/ Yjis (V)T jis(v)dv,
0 0

where 7;;5(v), Jiis(v) and 7,5 (v) are respectively domestic input prices and imported input prices
faced by domestic-sourcing firms and foreign-sourcing firms. These input prices satisfy

Fjis (V) = ThisTiis(v) = Tiviis (0). )
Cost minimization yields the demand functions for intermediate goods:
Ziis (V) = €iis DT a5 () 7%,
Tiis(v) ST 55 (0) %, 3

= €ji
Zjis(v) = (7jis) " Fiis(v),

where I';; and I';, are the unit cost functions for final goods production for each type of firms:

Niis i
s = (/ %‘z‘s(v)lasdv> ,
0
1
- Niis ) Njis . ooy
Lis = (/ Fiis(v)~7*dv +/ Yjis(v) _”de> )
0 0

As will become clear later, these unit cost functions satisfy

o= [1+ () 7oA

7S

[rE, @

where Afis
country i. To understand this, suppose that ijis is sufficiently large that no intermediate goods

I
Jis

is the (endogenous) market share of intermediate goods exporters from country j to
firm exports (A, = 0), which makes the unit cost the same across firms. Evidence suggests,
however, that not all firms access imported inputs and firms using both domestic and imported
inputs have a cost advantage over firms using only domestic inputs (e.g., Halpern et al., 2015).
Thus we restrict attention to the range of Tins that allows for selection into the export market

in the upstream sector (AJI»iS < 1), which makes the unit cost lower for firms using imported
inputs. Intuitively, foreign-sourcing firms using both domestic and imported inputs can exploit
a “love-of-variety” effect and raise their production efficiency.

For now, we will focus on a particular industry s > 1 and drop the s subscript from relevant

variables for notational simplicity.



Substituting (3) into (1) yields

The profits of the two types of firms are then

I
775 = Dii%ii — thi - 5,
P
7l = Puidii — j%‘ - £ =1

The pricing rules are given by

o
-1
o

-1

pii(p) =

i

Q

s |s |

pii(p) =

Q

As usual, the pricing rules are a constant markup over marginal cost. Since the unit cost differs
between the two types of firms, however, the equilibrium price is lower for foreign-sourcing

firms than domestic-sourcing firms for a given productivity level:

Li<Ty = pule) < pile).
Using (4), the equilibrium revenues of the two types of firms are

i (9) = oL B ",

i (p) = o, B "1,

13

where .
BF — (0 —1)7~ RFPo1
O-U

is the index of final goods market demand in country i. Using these equilibrium revenues, we

obtain the equilibrium profits:

F
T(SO) - o—
Wg((p): ”O' _fZIZ:Fll UBiFSO l_fzé?a
~F
~F 75 () F F _ fl—opF, o— F F
ﬂii(@)ziuo_ —Jii — ji:Fz‘ ’B; ¢’ t— ii — Jji-

To characterize the equilibrium of the downstream sector, we identify productivity cutoffs
that realize zero profit for both domestic-sourcing firms and foreign-sourcing firms. While this
cutoff satisfies 7% (¢7;) = 0 for domestic-sourcing firms, the cutoff satisfies 7% (¢7;) = 7% (@) for



foreign-sourcing firms at which firms are indifferent about whether to use imported inputs:

L, Bl (v)" " = [, (5)
AL ()T Bl (g5) 7 = £ (6)
which implies that
~% 0'—1 I 0'—1 F
Dj 1)
y =75 > L (7
Pii Aji f“

In addition we also need to impose the free entry condition for final goods firms, which is
given by [ i nE ($)dGF (o + 5 Gi(p) = fE. Using the definition of JF (-) in section 2.1,
this condltlon is rewrltten as

szzF(SOZ) + fﬁJF(QZ’Z) = fiE. (8)

It is important to note that conditions (5), (6), and (8) cannot characterize the equilibrium of the
downstream sector. As shown by (7), the productivity cutoffs are affected by the market share
of input exporters AJI»Z- that is endogenously pinned down in the upstream sector. Therefore, any
changes in Af; have a critical impact on selection in the downstream sector.

Aggregate expenditure of consumers is R[" = M/ [ i rE (0)dGF (@) + ME o= i (0)dG ()
where MF is the mass of entrants in the downstream sector Using the definition of VZF (),

Rf = oBEMPTI7VE (03) |1+ () =7 REAT] ©)

Jroge

where o
A — Vi (5:)
7 VzF(‘P;Z)

is the (endogenous) market share of foreign-sourcing firms in country ¢, which is a counterpart

to A]I-i in (4). On the other hand, aggregate amount of labor (aggregate labor income from w; = 1)
of final goods firms is LY = MF fF + MF f@” FEAGE (@) + MP [Z(ff + [1)dG] (), where these
firms buy intermediate goods from the market and labor is used for fixed costs only. Using (8),

=RI' - F;

where E; = M [ i e (0)dGE (p) + MF f > il )dGF () is aggregate expenditure of final goods

firms, which is s1mphﬁed to

By = (o = )BFMPTI VI (03) 1+ () =7 A5AL . (10)

From (9), it follows that (10) is a fraction of aggregate expenditure of consumers:

E; = (U_1>Rf.
g




2.4 Intermediate goods firms

Intermediate goods firms’ technologies are represented by a linear cost function of inputs. The
cost function needs to reflect the fact that only a fraction of final goods firms source domestic
and foreign inputs among entrants: the productivity levels for final goods firms who source
domestic (foreign) inputs must be greater than ¢, (3}) among MY entrants. Thus the amounts
of labor used for domestic production and exporting by intermediate goods firms are

= phet | il 0) gr (),

®5i (b
o 7_17,:E i\, ¢
lgl'i = gﬂ"’MzE/N J](;)dGZF(@a
@5

where z;;(p, ¢) and Z;;(¢, ¢) are intermediate goods demands by domestic-sourcing firms and
foreign-sourcing firms respectively (note that z;;(p, ¢) = Z;i(p, ) in equilibrium). The profits of

the two types of firms are then

o < zii(p, @
my = M / Yiitii( 9)dGT () — MF / (j LaG¥ (o) - 1L,
©is 29
o < 1Lji(p, )
wh=MF [ Giile.0)dGE () - ME [ EUEDaGE ) - 1,
29 @i
The pricing rules are given by
. o 1
i (@) = %ii(9) = o109
I
N _ 0 T
,YJZ(QZ)) - o — 1 ¢ N

Thus the pricing rules satisfy (2) for a given productivity level ¢. Substituting the pricing
rules into (3), we obtain intermediate goods demands by domestic-sourcing firms and foreign-

sourcing firms that appear in the intermediate goods firms’ technologies:

Tii(p, ¢) = Tii(p, ) = (0 — 1) (Ua_1> B "¢,

g

. 0) = (0= 1) (T2 ) (oo Ble

Then the equilibrium revenues of the two types of firms are

00 —1\°¢
146 = MF [ u(@)mate 06E (0) = P (1) BV ()or
Pis
0o —1\°¢
) = ME [ 3500250, 0T (0) = MEo (T ) (o) BEVE e
Pii



These revenues can be expressed in terms of intermediate goods market demand. To show this,
note that aggregate revenue of intermediate goods firms R! must equal aggregate expenditure
of final goods firms F; in (10) in equilibrium:

Rl =B Rf—<0_1>Rf,
o

where aggregate expenditure of consumers R! is given in (9). Substituting (9) into the above
equality and rearranging, the equilibrium revenues are expressed as

rl(¢) = oBl¢7,

(23

T’I--((b)—UAF( )1 UBI¢U 1

Je

where
Bl _ (c—1)771

7

N BT

O-O'
is the index of intermediate goods market demand and )/, is the domestic expenditure share of
intermediate goods defined later. The equilibrium profits are then given by

I
r(6) = ’"Z‘Z‘f) _fl= Bl gl

177

AF( )I_UB{QSJ_I _ I

]Z Ju

To characterize the equilibrium of the upstream sector, we again consider the zero profit
cutoff conditions for domestic firms and exporting firms. The productivity cutoffs that satisfy
nl(#%) = 0 and T I( %;) = 0 are respectively given by

B{(¢;)7" = fi, (11)
A I\l—0 I % \o—1 _ ¢l
Aji(m55) 7B (65:)° " = fa (12)
which implies that
N Iyo—1 ¢l
ﬂ) g ! (13)
* AF jj .
<¢7,7, Aji fu

Note importantly the similarity between (7) and (13). Whereas (7) imposes selection into the
import market in the downstream sector, (13) imposes selection into the export market in the
upstream sector.

In addition, we also need to impose the free entry condition for intermediate goods firms,
which is given by f 7l (#)dGH (¢ f $)dGl(¢) = fF. Using the definition of J!(:) in
section 2.1, we can rewrlte thls condltlon as

STl (en) + fhal et = 1P (14)
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Note as in the downstream sector that conditions (11), (12) and (14) cannot solely characterize
the equilibrium in the upstream sector. As shown by (13), the productivity cutoffs are affected
by the market share of foreign-sourcing firms f\f; that is endogenously pinned down in the
downstream sector. Thus, selection into the export/import markets is interdependent through
this channel.

Aggregate expenditure of final goods firms is R/ = NF f $)dG](¢)+NJ f (9)dGi(¢),
where NP is the mass of entrants in the upstream sector. Note that the first (second) subscript
denotes the exporting (importing) country and R/ consists of expenditure on domestic inputs
in country i and imported inputs from country j. Using the definition of V/(.),

R} = o BINFV] (¢7) |14 (7)) 7T ALAL (15)

Jitrge| o

where -
N7 VE(95)

7 NEVI(e3)

is the (endogenous) market share of exporters in the domestic market in (4). Further, from (15),

the domestic expenditure share of intermediate goods in the definition of B/ is given by

o NI r@)cle) | 6
i R[ _1+( )1 UAFAI

1 7177

The domestic share in (16) proves to be useful for calculating the trade elasticity of intermediate
goods in our model. On the other hand, aggregate amount of labor (aggregate labor income from
w; = 1) of intermediate goods firms is L] = N7 [ r/;(¢)dG](¢) + Nf f(;j r{;(¢)dG] (), which
consists of revenues earned by domestic firms and exportlng firms of country i. As with (15),
we can simplify this expression as follows:

I Ernly i xy . NF(I\l—oply I/
Li = oN;"[Bi Vi’ (¢5;) + Aij(7i;) 7 B; Vi (635)]- 17

Finally, we express the unit costs in terms of the productivity cutoffs. On the one hand, the
unit cost of domestic-sourcing firms is T} ° = N/ f;o (vii(¢))'~7dG! (¢), which is expressed as

l—0
_ o .
= (L0) NEV . a8)
On the other hand, the unit cost of foreign-sourcing firms is '} 7 = N/ Jir Gia(9))'—7dG(¢) +
NF f;: (7i(0)) dG(p). Using A}, defined above, we have (4).

This completes the characterization of the model. To show that the trade elasticity is greater
for intermediate goods than for final goods, the next section explores the impact of input trade
liberalization on the equilibrium variables and aggregate trade flows. These results cannot be
obtained without the endogenous interaction between the vertically-related sectors.
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2.5 Equilibrium

Having described the equilibrium conditions in the two production sectors, we now characterize
the key variables of our model. Since there are the twelve equations ((5), (6), (8), (11), (12) and
(14) that hold in countries ¢ and j), these conditions jointly provide implicit solutions for the

following twelve unknowns:
* * ~ % ~k * * * * F F I I
Diis Pijr P Pijr P i Py @5 Bi s Bj, Bj, Bj.

The labor market clearing condition is omitted by the presence of a freely-tradable outside good
where a common wage is measured by the price of that good. The other equilibrium variables,
including the mass of entrants M, NF and the domestic share \/,, can be written as a function
of these twelve unknowns.

In what follows, we focus on trade liberalization of intermediate goods because final goods
are assumed to be non-tradable. In particular, we study reductions in variable trade costs lew
which arises when country ¢ unilaterally reduces its variable trade costs of importing from
country j. Although the equilibrium characterizations thus far apply to general distributions,
we will restrict our attention to a Pareto distribution in the following analysis in order to obtain

the closed-form solutions:

GF((p):l— (@nﬁn)k GI(¢):1— <¢min>k
% © ) % qﬁ )

where ¢ > ¢nin > 0 and ¢ > ¢pnin > 0. For simplicity, we assume a common shape parameter of
the distribution & but different lower bounds ¢in, ¢min. Regarding the shape parameter k&, in
addition to k£ > o — 1 that is usually imposed in the literature, we also restrict the range within
which £ is not too large (i.e., productivity dispersion is not too small).

Assumption 1 The shape parameter of the Pareto distribution £ is not too large.

c—1<k<2(c—-1). (19)

While the intensive margin elasticity is o0 — 1, the extensive margin elasticity is ¥ — (o — 1)
in the downstream and upstream sectors under the distribution. Hence Assumption 1 requires
that the extensive margin elasticity is not too large relative to the intensive margin elasticity,
which is assumed in the analysis below. (Without this assumption, the signs of the equilibrium
variables in Lemmas 1-3 are opposite and trade liberalization reduces aggregate trade flows,
which are less likely in reality.)

Solving the system of the twelve equations simultaneously within the range of Assumption
1 leads to the following lemma regarding the productivity cutoffs of intermediate goods firms
(see Appendix for proof):
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. . I . . . . . .
Lemma 1 Reductions in 7;; give rise to the following impacts on the productivity cutoffs of

intermediate goods firms in the upstream sector:

Ao, Pt Ob*. Ab*.
i, Y0, —2 <0, —L>0.
873-11- GT]IZ- 67‘32 Orfi

Liberalization in country i makes country j a better export base and induces the additional
entry of intermediate goods firms in country j, which allows country j to enjoy a home market
effect in the upstream sector and specialize in differentiated intermediate goods. In contrast,
country ¢ suffers from increased competition from country ;j and faces a decline in the entry of
intermediate goods firms, and instead specializes in a homogeneous good. This effect — known
as firm delocation — has been explored in the recent trade literature assuming the outside good
(see, e.g., Demidova, 2008; Demidova and Rodriguez-Clare, 2013; Melitz and Ottaviano, 2008).
We show that the effect also arises by input trade liberalization in the upstream sector.

Taking account of this impact on the downstream sector (see (7)), we also have the following
lemma regarding the productivity cutoffs of final goods firms:

Lemma 2 Reductions in lez- simultaneously induce changes in the productivity cutoffs of final

goods firms in the downstream sector:

orL T oork oork o arl T
Jt Je Jt Ji

Liberalization in country i makes country i a better import base and induces the additional
entry of final goods firms in country ¢, which allows country 7 to enjoy a home market effect in
the downstream sector and specialize also in differentiated final goods. In contrast, there is no
impact on entry of downstream firms in country ;j because the positive effect of the upstream
sector (i.e., more firms export which raises final goods demand) is exactly offset by the negative
effect in the downstream sector (i.e., less firms import inputs which reduces productivity). One
of the key welfare implications is that, even in the presence of the outside good that induces
firm delocation, a liberalizing country does not always lose from unilateral trade liberalization,
because liberalization in country ¢ raises ¢}; which is one of sufficient statistics of welfare. Thus
welfare in the liberalizing country is more nuanced in the multiple-stage production relative to
the single-stage production.

Finally, noting that the aggregate market demands are functions of the productivity cutoffs
in Lemmas 1 and 2, the following lemma is obtained from the characterization above.

Lemma 3 Reductions in T]-Ii also induce changes in aggregate market demands in both sectors:

oB!

T
8Tj ;

agf oBF an
a1 > 0, T > 07 I
OTjZ- 87'jl- Orji

<0, < 0.
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Liberalization in country i allows country j (country i) to specialize in intermediate goods
(final goods), leading to more intense competition of the upstream (downstream) sector in the
respective country. Since the aggregate market demands are proportional to the price indices
in each production sector, BJI and B! must fall as a result of such liberalization. This intuition
also helps to explain why the opposite is true for B! and Bf .

Having shown the impact of variable trade costs on the equilibrium variables, we next turn
to the impact on aggregate trade flows from country j to country i: RJ]-Z» =N JE qu; rjl»i(qﬁ)dG]I- ().
Following Arkolakis et al. (2008), we can decompose these trade flows into

Ji

k
ko Pmi
I I min E
Rjz k_(o,_l)sz X ( * ) J
| ——

Average sales per firm Firms

Thus, conditional on positive trade flows, the average sales per firm are independent of variable
trade costs, and reductions in these costs increase aggregate trade flows only through the mass
of firms. It is important to note that the mass of entrants in the upstream sector N jE in country
j, in general, depends not only on the sector labor supply for intermediate goods production LJI-
in country j but also on the productivity cutoff ¢7,, in country n = 4, j, which in turn depends on
sector expenditure R’ in country n (see (12)). Clearly, this applies to the mass of entrants in the
downstream sector M JE in country j. Under the Pareto distribution, however, the dependence of
the productivity cutoffs is eliminated and the masses of entrants in the two production sectors

depend only on the sector aggregates R]F ) L§ in country j (see Appendix for proof):

F 1

J ko F’ A F’ (20)

We are interested in trade elasticity differences between final goods and intermediate goods.
To examine this most sharply, suppose completely the opposite situation where final goods are
only tradable but intermediate goods are prohibitively costly by setting Tf; < oo and iji = o0.
Then, aggregate trade flows from country j to country i is expressed as

k

ko Omi

R = ¢F ) ME.
A P VI (@) )

Consequently, the impact of variable trade costs on the average sales per firm and the mass of
firms is similar between final goods trade and intermediate goods trade, so long as the Pareto
distribution is imposed to the two production sectors. We find, however, that critical differences
emerge between these two types of trade when deriving the trade elasticities.

The decompositions under the Pareto distribution allow us to express aggregate trade flows

*

as a gravity equation form. Substituting ¢7, from (12) into N ]E in (20) and ¢}, into M jE gives us

the following proposition.

14



Proposition 1

@) If Tf; = oo, aggregate trade flows of intermediate goods from country j to country i are

L N CE gk

Rl = (B)7 (7)) () 7T (M) 7T, 21)
=

E]I = Z (B£)071 (len)_k( jln)l 7 1(‘7\5‘71)ﬁ
n=t,j

Rf; = 2R (B)# 1 () () e, (22)

As in usual gravity equations, aggregate trade flows in each type of goods R?i are a function
of exporting country size L, importing country demand B}, and trade costs, both variable 7,
and fixed ]}3 While the functional forms in (21) and (22) are very similar to the gravity equation
in Melitz and Redding (2014a), the difference arises through the (endogenous) market share of
foreign-sourcing firms JNXf; which appears only in (21). Under the Pareto distribution,

k E —1 I —k=le=D)  k=(e—1)
5y — (o () (B )
Jt - 7 \Tji o 7 7
N; i fii

which is of course negatively affected by both variable and fixed trade costs.

To see the impact of variable trade costs r]hi in (21) and (22), we need to use the partial trade
elasticities that are only empirically observable as these are estimated from gravity equations
with origin and destination fixed effects where incomes and price indices are held constant (see
Arkolakis et al. (2012) for detailed discussions). This suggests that the market demand B! is
held constant in (21) and (22). Substituting (Aﬁ)ﬁ into (21), the partial trade elasticities are

8lnR][-i k(o —1)

G=- =

7 dlmrf; 200-1)—Fk
F

oF = _8lnRji _

° 81117]-}; ’

where the subscript o is attached to stress “partial.” Comparing them under (19) reveals that
the trade elasticities are greater for intermediate goods than for final goods. This finding could
help understand why intermediate goods trade has been growing faster than final goods trade
in the real world (e.g., Hummels et al., 2001; Hanson et al., 2005; Johnson and Noguera, 2012).
We summarize the above observation in the next proposition.
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Proposition 2 Under Assumption 1, the partial trade elasticities with respect to variable trade
costs are greater for intermediate goods trade than for final goods trade:

¢ > ¢t

The intuition behind the result stems from the impact on the productivity cutoffs in Lemmas
1 and 2. In the case of intermediate goods trade, reductions in variable trade costs Tin induce not
only the entry of exporting firms from country j, but also the entry of importing firms in country
1 by decreasing the export/import productivity cutoffs in the two production sectors. This entry
effect through the extensive margin in both production sectors is important to understand why
the trade elasticity with respect to variable trade costs is greater for intermediate goods than
for final goods. To see this entry effect more formally, following Melitz and Redding (2015) and
using (16), let us take the partial derivative of the domestic expenditure share with respect to
Tin holding NZ, NJE constant:

o ()

31n7'j1i
) Oln]\ﬁ 8lnA][i
==+ _8ln7fi * otk |

As in the Krugman model, reductions in variable trade costs increase the average sales with the

elasticity of o — 1, captured by the first term. At the same time, such reductions also decrease
the export/import productivity cutoffs and induce new and less productive firms to enter the
export/import markets in the two production sectors, captured by the second and third terms.
The fact that the entry arises from both production sectors reflects that reductions in variable
trade costs increase total imports from country j to country i, not only by allowing intermediate
goods firms to export easily in country j but also by allowing final goods firms to import easily
in country i (i.e., the market share of foreign-sourcing firms Aﬁ. increases with reductions in
iji). Under the Pareto distribution, this decomposition is simplified to
c—1Nk—-(c—-1 c—1k—-(c—-1
d- oy ( 2(2[_1)<_k 0, 2@3[_1)(_;{; i

Intensive margin elasticity

Importer extensive margin elasticity Exporter extensive margin elasticity
in downstream sector in upstream sector

Note that while the extensive margin elasticity is given by £ — (¢ — 1) under the distribution,
this margin is weighted by (¢ — 1)/[2(c — 1) — k]| above, which is greater than unity under (19).
This means that, due to the co-movement in the export/import productivity cutoffs, the effect
on the extensive margin is magnified for intermediate goods trade.

In the case of final goods trade, on the other hand, reductions in Tﬁ induce only the entry of
exporting firms in country j (i.e., the productivity cutoff falls only in the downstream sector).

16



This is because intermediate goods firms do not use final goods for their production, and there
is no import productivity cutoff in the upstream sector. The result can be seen from noting that
I

if intermediate goods are prohibitively costly to trade (i.e., 7;; = o0), no intermediate goods firm

export (i.e., ¢7; = o0) and the equilibrium conditions corresponding to (11), (12) and (14) are

Bl ()" = £,

Variable trade costs do not appear in these conditions, and hence neither the productivity cutoff
¢ nor input demand B/ is affected by these costs. Since no additional entry of intermediate
F

goods firms is induced by reductions in 7;;

Ji» the partial trade elasticity is decomposed into

= (o-1) + (k=(0-1)
—— —_——

Intensive margin elasticity Exporter extensive margin elasticity
in downstream sector

which is the same as that in Chaney’s (2008) single-stage production model, though this paper
develops the multiple-stage production model. From the two decompositions, it follows that the
trade elasticity is greater for intermediate goods trade than for final goods trade. As observed
above, even if we confine the extensive margin elasticity in either side of the production sectors,
the elasticity is always greater for intermediate goods trade than for final goods trade in (19).
This is important because, in practice, we cannot distinguish between the exporter/importer
extensive margin elasticities when estimating the trade elasticity from the gravity equation.

It is worth emphasizing that the result in Proposition 2 does not rely on a C.E.S. production
function where a final good requires a lot of intermediate goods. As is immediate from the two
decompositions, our result comes from the difference in the impact of trade liberalization on the
extensive margin that would naturally arise in any production function: reductions in variable
trade costs induce the entry of firms in a different way. From this reason, we empirically test
the theoretical prediction on the elasticity with respect to variable trade costs, paying attention
to their impact on the extensive margin in the next section. In so doing, we exploit the fact that
our theoretical prediction holds even if we confine the extensive margin elasticity in either side
of the production sectors.

While we have focused on variable trade costs 7-;;,
costs Jhl That is, our model predicts that the partial trade elasticity with respect to fixed trade

a similar argument applies to fixed trade

costs is also greater for intermediate goods trade than for final goods trade. From (21) and (22),

T Olfl 20-1)~k 7
8lnRﬁ k

- - .
alnf; oc—1

&-F

Comparing them under Assumption 1 establishes the result that ¢/ > ¢2.
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3 Evidence

This section empirically assesses the relevance of one of our theoretical predictions: the trade
elasticities with respect to variable trade costs are greater for intermediate goods trade than for
final goods trade. We consider both distances and tariffs as a proxy of variable trade costs below.
Section 3.1 discusses the data source, section 3.2 presents the regression specifications, section
3.3 reports the estimation results, and section 3.4 makes some discussions on our analysis.

3.1 Data
3.1.1 Data on China’s import tariffs

The dataset of China’s import tariffs is obtained from the Trade Analysis Information System
(TRAINS) database in the World Integrated Trade Solution (WITS) website. For each product
at the 6-digit HS level, the tariff dataset provides detailed information on tariff lines, average,
minimum and maximum ad-valorem tariffs. Following Buono and Lalanne (2012), we measure
the tariffs imposed on exports of China’s trading partners using effectively applied ad-valorem
tariffs at the product-country-time level from the TRAINS database. We restrict the tariff data
from 2000 to 2007 in order to eliminate the 2008 global financial crisis. Notice importantly that
China joined the WTO in the end of 2001, and the covered time period in our sample begins 2
years before China’s WTO accession.

To test the differences in the trade elasticities with respect to tariffs, we divide the TRAINS
database into the tariffs imposed on intermediate goods and final goods by applying the Broad
Economic Categories (BEC) classification. According to this classification, intermediate goods
include industrial supplies not elsewhere specified; fuels and lubricants other than motor spirit;
parts and accessories of capital goods; parts and accessories of transport equipment; and food
and beverages mainly for an industry. Other goods are defined as final goods.

Table 1 reports the descriptive statistics on the simple-average tariffs imposed on exports
of China’s trading partners in 2005 for the product level and the destination-product level. The
table shows that the tariffs on intermediate goods are relatively smaller than on final goods (in
terms of the mean and the standard deviation) for both the product level and the destination-
product level. To show that the patterns are not specific to a particular year, Figure 1 reports
changes in the simple average of China’s effectively applied tariffs on world exports between
2000 and 2010. During these periods, China’s import tariffs drastically decreased from 21.3%
(14.2%) in 2000 to 10.8% (6.0%) in 2010 for final goods (intermediate goods). As expected, the
tariff reductions are sharper particularly after China’s WTO accession in 2001.

3.1.2 Data on China’s imports

We focus on the import side exploiting the fact that our prediction holds even if we confine the
extensive margin elasticity in either side of the production sectors. The dataset used in the
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TABLE 1 — Descriptive statistics on China’s import tariffs in 2005

Types of imports  No. of obs. Mean S.D. 25th Median 75th

Intermediate goods 3,118 8.00 531 5.00 6.50 10.00
Final goods 1,912 12.34 7.54 8.00 12.00 15.84
(a) Product level

Types of imports  No. of obs. Mean S.D. 25th Median 75th

Intermediate goods 63,090 798 490 5.13 7.50 10.00
Final goods 37,387 11.34 7.04 7.50 10.00 16.00

(b) Destination-product level

Effectively applied tariff (%), simple average
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L

15
L

10
L
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fffff Intermediate goods Final goods

Source: Authors' calculation based on WITS TRAINS database.

FIGURE 1- China’s import tariffs between 2000-2010

estimation is the census of annual firm-level import transactions in China for the periods from
2000 to 2009, collected by China Customs. The dataset contains the information on the trade
value and quantity for each trading partner at the 8-digit HS product classification. We use the
publicly available concordance tables for the 1997, 2002 and 2007 HS codes to make the product
code consistent over time. As noted above, the analysis is restricted to the 2000-2007 data only
and the dataset is divided into intermediate goods and final goods by the BEC classification.
To combine the TRAINS database, the original China Customs dataset at the 8-digit HS
product level is aggregated into the 6-digit HS product level. As in previous work, we restrict
our dataset to manufacturing products, since agricultural products are treated as special cases
in tariff setting. Then, for each product imported from each trading partner in each year, the
total import values are decomposed into the number of importing firms with positive trade flows
(extensive margin) and the average import values conditional on positive trade flows (intensive

margin) in terms of thousand U.S. dollar. Formally, this decomposition is given by

Rl =M, <7, (23)
where cht, M]fct, and fgct are respectively the total import values, the extensive margin, and
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Source: Authors' calculation based on WITS database.

FIGURE 2 — China’s imports between 2000-2010

the intensive margin for product p imported from country c in year ¢, and h = F' (h = I) denotes
final goods (intermediate goods). Note that M]?Ct does not include the number of exporting firms.
We define Rpct =) ,_p; Rhy Mpey =3, Pl M}, and Pyt = Rpet/Mpe for total imports.

The main analysis is devoted to ordinary imports and deletes processing imports, since it is
known that processing trade are systematically different from non-processing trade in China
(e.g., Dai et al., 2016). Relative to processing imports, however, we find that ordinary imports
are a large proportion in terms of the total import values or the number of imported products
in total imports. After deleting processing imports, our dataset covers 155 trading countries
(see Table A.1 in Appendix for the country list) and roughly 4,000 products, and roughly 70,000
observations in total for intermediate goods and final goods at the 6-digit level in each year.

Figure 2 presents China’s imports from trading partners between 2000-2010 for final goods
and intermediate goods. As is evident from the figure, intermediate goods imports are a large
and growing share relative to final goods imports, which accords well with empirical regularity
demonstrated in the literature (e.g., Johnson and Noguera, 2012). Further, the rapid growth is
fostered by China’s WTO accession in 2001, leading to significant reductions in China’s import
tariffs as in Figure 1. These tariff reductions have a more prominent impact on intermediate
goods imports than on final goods imports.

Table 2 presents the descriptive statics on the import growth rates between 2000 and 2007,
decomposing total imports into the extensive and intensive margins. While total imports and
both margins grew over time for both intermediate goods and final goods, the contribution of
the intensive margin is greater (smaller) than the extensive margin for intermediate goods
(final goods). Further, variations in the growth rates are bigger for final goods. These statistics
are comparable with those in Buono and Lalanne (2012) for French total exports between 1993
and 2002, though they consider mainly final goods exports which would be a larger share than
intermediate goods during their periods.

Finally, Figure 3 plots the log of the total import values, extensive margin, and intensive
margin against the log of distances, tariffs and GDPs. For simplicity, each panel of Figure 3

is made without distinguishing between intermediate goods imports and final goods imports.
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TABLE 2 — Descriptive statistics on China’s import growth rates for 2000-2007

Margin  No. of obs. Mean S.D. 25th  Median 75th

Total 23,705 14.8% 94.9% —13.2% 13.6% 41.1%
Extensive 23,705 4.6% 32.0% —7.4% 5.3% 19.3%
Intensive 23,705 10.2% 86.4% —17.1% 7.8% 34.0%

(a) Intermediate goods imports

Margin  No. of obs. Mean  S.D. 25th  Median 75th

Total 14,254 23.2% 116.9% —19.5% 20.9% 64.7%
Extensive 14,254 12.7%  428%  —6.9% 10.5%  31.8%
Intensive 14,254 10.5% 105.1% —28.5% 9.6% 47.2%

(b) Final goods imports

As is well-known, variable trade costs such as distances and tariffs have a negative impact on
trade flows, whereas country size such as GDPs has a positive impact on these flows, which
basically hold not only for the total import values but also for the extensive and intensive
margins. The next subsection will investigate these empirical patterns in the gravity equation
more carefully by connecting our theoretical prediction with the above datasets.

3.2 Specifications

We empirically test the trade elasticities with respect to variable trade costs by estimating the
gravity equations of intermediate goods and final goods derived under the Pareto distribution.
Holding the importer demand B! and market potential E;‘ constant for h € {F, I}, and applying

a log-linear approximation to (21) and (22) leads to the following specification:

In Rgct —al +al'ln Tl?ct +abInLy +al X, +aly, + GZ + 0 + 6th- (24)

Note that, by taking logs, we are throwing out zero trade flows between China and its trading

partner. As usual, the gravity equation includes the variable trade costs T;‘c

, and the exporting
country size L.;. Following the literature, we first treat the variable trade costs and exporting
country size as distances and GDPs, denoted by dist. and GD P, respectively. The specification
includes sets of country-specific and country-time controls, denoted by X. and Y,; respectively.
The first set of controls contains a border dummy and a language (Chinese) dummy. The second
set of controls contains an FTA dummy and a WTO membership dummy, which equals one if
country ¢ has FTAs with China and is a member of WTO in year ¢ respectively. Finally, product

and year fixed effects are included. Substituting (23) into (24), the specification is expressed as

InZl, = af + of Indist. + oy InGD Py + of Xe + off Yoy + 08 + 0] + €y, (25)
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FIGURE 3 — Total import values, extensive margin, and intensive margin in 2005

WhereZ . € {R! ot pct,

that |of | > \al |. In fact, from the log-linearization to (21) and (22), we have for Z
7;& and |af’| = k. Further, the difference comes mainly from M, ht rather than rpct

|a1| =

gat} From the theoretical prediction in Proposition 2, we hypothesize
I, = Rl that

As pointed out by Buono and Lalanne (2012), the critical problem in interpreting distances

as a proxy of variable trade costs is that we cannot control for country fixed effects along with

distances: distances may capture some cultural or historical differences across countries, such

as consumer tastes. To get rid of these factors and study the impact of trade policy instruments

on trade flows, we instead consider tariffs as the measure of variable trade costs. The previous

specification introducing tariffs is

InZ, = By + Bl Indist. + By ntarif fl, + B In GDPy + By Xe + LYoy + 08 + 0] + €l
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where tarif fﬁct =1+ tgct and t;}ct is effectively applied ad-valorem tariffs imposed on product p
from country c in year ¢. Since distances and tariffs are expected to have qualitatively similar
effects on trade flows, we hypothesize that |5{| > |3f| and |84 > |5Y].

The specification in (26), however, may not correctly capture the trade elasticity differences.
As in Figure 1, there are large differences between input tariffs and output tariffs, which would
be particularly crucial if the trade elasticities are not constant and vary with the level of tariffs.
Note that the problem is relevant to only tariffs because distances are common for intermediate
goods and final goods. To adjust differences in the level of tariffs and to obtain reliable results,

we report estimates from the regression of the following form:

tarif f;?ct

tarif f .

InZ), = ~¢ + 7 Indist. + 74 In ( ) + 9 I GDPoy + Yy Xe + A8V + 08 + 0 + by, (27)

where tarif f ., is (weighted) average effectively applied ad-valorem tariffs on all products from
country c in year t. It is natural to expect that the theoretical prediction holds in this setting,
and we hypothesize that [y| > || and |7{| > |7].

We are also interested in checking whether there is a statistically significant difference in
ta'riff;}d
tarif f .,
either non-adjusted or adjusted tariffs. To the above end, we conduct the following regression

the trade elasticities between the two types of imports. Let gb]’,}ct € {tam’ f f;}ct, denote

with an interaction term:

In Zpet = 60 + 01 Indist, + 02 Indist. * intery, + 031n ¢per + 9410 ey * intery, 28)
+05InGDPy + 66 X + 07Yer + ep + 0 + €pct

where inter, is a dummy variable which is equal to one if imports are intermediate goods. In
regressing (28), we pool our dataset on final goods and intermediate goods together, and then
see the coefficients on the variable trade costs for intermediate goods relative to final goods.
From this reason, the superscript 4 should not be attached to the variables of regression (28).
In light of Proposition 2, we hypothesize that d, < 0 and 64 < 0 for Z,.; € {Rpet, Mpet }-

Finally, using the fact that tariffs vary not only along product and country but also along
time, we further replace all time-invariant country characteristics by country fixed effects 6"
in order to have a closer look at the impact of tariffs:

In cht = ng + 77? In <Z>th + 775‘ InGDP. + nQYCt + 9? + 92 + 9? + egct. (29)

This specification is close to that in Buono and Lalanne (2012). As in (28), we also consider the

following specifications with the interaction term:
In Zpet = Ao+ A Ingper + Ao Inper x intery, + A3InGDPey + A\yYo + 0.+ 0, + 01 + €per- (30)

In view of Proposition 2, we hypothesize that || > || and A\ < 0 for Zpet € {Rpet, Mpet -
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3.3 Estimation results
3.3.1 Estimates with the full samples

To compare our results with those in the literature, we first report the estimation results with
full samples without distinguishing among final goods and intermediate goods. We then report
the estimation results with samples distinguishing among final goods and intermediate goods
specified in equations (25)-(30).

The first three columns of Table 3 report the estimation results of (25) with full samples.
As in the usual gravity literature, distances have a negative impact on the total import values,
while GDPs have a positive impact on the import values. When they are decomposed into the
extensive and intensive margins, the negative (positive) relationship between the total import
values and distances (GDPs) is explained relatively more by the extensive margin, which fits in
well with the findings in the existing literature (Bernard et al. 2007, 2011; Eaton et al. 2004).
Having a common language increases China’s imports, whereas the WT'O membership dummy
coefficient is positive and significant, like Helpman et al. (2008) and Buono and Lalanne (2012).
In our analysis, we also find that the coefficients of the border and FTA dummies are negative
and significant. This would probably be explained by the fact that countries sharing national
borders and having FTAs with China are relatively small, developing East Asian countries (see
Tables A.2 and A.3 in Appendix for the lists of these countries).

The estimation results of (26) that introduce tariffs are reported in the next three columns.
Relative to (25), the number of observations is smaller in (26) because some tariffs are missing
in the TRAINS dataset and we drop them from the analysis, as in Buono and Lalanne (2012).
While the elasticity of distances does not change much, the elasticity of tariffs is negative and
significant at the 1% level. In contrast to distances, however, the negative relationship between
the total import values and tariffs is accounted for by the two margins almost equally. Though
the impact of tariffs on the two margins is consistent with previous work, the elasticity of tariffs
in our analysis is much smaller. For example, Buono and Lalanne (2012) report the estimated
coefficients on In R4, In My, and In 7). as —2.87**, —1.73***, and —1.13"** respectively, which
are nearly ten times greater than ours. One potential reason would be related to some special
nature of China’s trade policies on its trade flows, e.g., China imports a relatively small amount
of products with FTA countries. In contrast, the estimated coefficients of distances are similar
to the trade elasticity consensus, including Buono and Lalanne (2012).

Finally, the last three columns show the estimation results of (27) where tariffs are adjusted
by taking the (weighted) average of all products. Even in this case, the estimated coefficients of
adjusted tariffs on the total import values, extensive margin and intensive margin in (27) are
similar with those of (26), which implies that the differences in input tariffs and output tariffs
might not have a critical impact on the trade elasticities of tariffs. The elasticity of distances
does not change much as before. Overall, the estimated coefficients in the gravity equation are
comparable with those in the existing literature, except that the estimated coefficients of tariffs
are significantly smaller than them.
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3.3.2 Estimates with the subsamples

Table 4 presents the estimation results with the samples distinguishing between intermediate
goods and final goods. The estimation results of (26) for intermediate goods are reported in
the first three columns, and those for final goods are then reported in the next three columns.
While the coefficients of distances on the total import values are negative and significant at the
1% level for both intermediate goods and final goods, the coefficient is greater for intermediate
goods than that for final goods. As in the full sample, a large part of the negative relationship
is accounted for by the extensive margin, but that margin plays a small role in intermediate
goods relative to final goods. We find a similar result for the coefficients of tariffs. Interestingly,
the coefficient of the WTO membership dummy is positive and significant only for final goods.
The result may indicate that multilateral tariff reductions in WTO were mainly applied to final
goods, but not necessarily to intermediate goods in China.

The estimation results of (27) with the same subsamples are reported in the last six columns.
Not only do all the coefficient estimates have similar magnitudes and signs with those in (26),
but the elasticities of distances and average-adjusted tariffs remain negative and significant at
the 1% level. Most importantly, the elasticities of these two variable trade costs are greater for
intermediate goods than for final goods in this specification as well.

In Table 5, we also present the estimation results of (28) that includes the interaction term.
Note first that, in contrast to (26) and (27), we use the pooled dataset for estimates of (28), and
hence the estimated coefficients in Table 5 are almost the same as those in Table 3 except for
the interaction term. The coefficients of distances and adjusted-tariffs on the interaction term
are negative and significant at the 1% level, which is consistent with our theoretical prediction.
(The coefficient of non-adjusted tariffs on the interaction term is not significant, probably due
to the differences between input tariffs and output tariffs.) The coefficient of distances on the
interaction term further shows that the negative relationship between the total import values
and distances is significantly explained only through the extensive margin. In contrast, the
coefficient of adjusted tariffs on the interaction term shows that the tariffs have a significant
impact on both the margins.

The estimation results of (29) that control for country fixed effects are reported in Table 6.
The tariff coefficients — both non-adjusted and adjusted — are still negative and significant at
the 1% level. As in Table 4, we find that the elasticities of these two sets of tariffs are greater
for intermediate goods than for final goods. In contrast to Table 4, however, once we control for
country fixed effects, the coefficient of the WTO membership dummy is positive and significant
for intermediate goods rather than final goods. The reason is that the specification in (29) has
a different interpretation from that in (26). In (26), the WTO membership dummy means that
the WTO membership of existing countries (such as Japan that has already been a member of
the WTO during our sample period) increases final goods exports to China. In (29), that dummy
means that the WTO accession of new membership countries (such as Vietnam that joined the
WTO in 2007) increases intermediate goods exports to China.
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Table 5 — Estimates of (28) with the interaction term

In Rpet In Mpet In 7pe In Rt In M In 7
In dist. L0718 0516 —0.202°  —0.716"F  —0.514** 2,01
(0.022)  (0.010)  (0.015)  (0.023)  (0.010)  (0.015)
Indist, * intere  —0.064**  —0.054***  —0.010  —0.058** —0.052"*  —0.007
(0.020)  (0.013)  (0.019)  (0.029)  (0.013)  (0.019)
Intarif fpe L0151 —0.082***  —0.069**
(0.022)  (0.008)  (0.017)
Intarif fpe * inter 0.006 —0.010 0.016
(0.032)  (0.012)  (0.025)
n (L”f fw) C0.101%*  —0.058%**  —0.043%
tariff .
(0.022)  (0.009)  (0.017)
('Z; J;J;tf) x inter, —0.126%*  —0.056*** —0.070***
) (0.042)  (0.019)  (0.028)
InGDPy 0773 04817  0.202%*  0.764*** 0477 (.288"
(0.012)  (0.006)  (0.006)  (0.012)  (0.006)  (0.006)
border, C0.6955*  —0.465"*  0.230F  —0.691F  —0.462°*  0.229%*
(0.028)  (0.012)  (0.019)  (0.028)  (0.012)  (0.019)
Chinese, 0715 0.580%*  0.126%*  0.703***  0.583"*  (.120**
(0.030)  (0.015)  (0.018)  (0.030)  (0.015)  (0.018)
WTO, 0.081*  0.046*  0.033 0.063 0.038** 0.025
(0.044)  (0.017)  (0.031)  (0.043)  (0.017)  (0.030)
FT Ay 0.001  —0.132°%  0.134*  0.026  —0.118"*  (0.144**
(0.026)  (0.010)  (0.019)  (0.025)  (0.009)  (0.019)
No. of observations 575,669 575,669 575,669 575,669 575,669 575,669
Adj. R? 0.403 0.498 0.388 0.403 0.498 0.388

Note: Standard errors clustered at product-level are in brackets. Product and year fixed effects are included.

*p < 0.10, **p < 0.05, ***p < 0.01
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Table 7 — Estimates of (30) with the interaction term

In Rpet In Mpet In 7peq In Ryt In Mpet In 7
Intarif fpet —0.132"*  —0.064*** —0.068***
(0.021) (0.008) (0.017)
Intarif fpe * inter. 0.006 —0.006 0.012
(0.031) (0.012) (0.024)
In (M) —0.073"*  —0.043***  —0.030*
tarif f o,
(0.022) (0.009) (0.017)
n (%) x intere —0.123F  —0.061*  —0.062**
) (0.034) (0.015) (0.024)
InGDP, 0.340*** 0.138*** 0.202%** 0.336*** 0.136™*  0.200***
(0.044) (0.014) (0.038) (0.044) (0.014) (0.038)
WTOg 0.079*** 0.018* 0.061** 0.085*** 0.022** 0.063**
(0.030) (0.010) (0.025) (0.030) (0.010) (0.025)
FTA, —0.062***  —0.090*** 0.028 —0.035*  —0.076™*  0.041**
(0.021) (0.007) (0.017) (0.021) (0.007) (0.017)
No. of observations 575,669 575,669 575,669 575,669 575,669 575,669
Adj. R? 0.430 0.553 0.401 0.430 0.553 0.401

Note: Standard errors clustered at product-level are in brackets. Country, product, and year fixed effects are included.

*p < 0.10, **p < 0.05, ***p < 0.01
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Finally, Table 7 reports the estimation results of (30) with the interaction term. As in Table
5, the estimated coefficient of non-adjusted tariffs on the interaction term is not significant,
while that coefficient of adjusted-tariffs is negative and significant at the 1% level. In addition,
the negative relationship between the total import values and adjusted tariffs operates through
the two margins. To interpret the WTO membership dummy, the above claim also applies here:
once we control for country fixed effects, the coefficients of WT'O membership dummy are still
positive and significant but the WTO accession of new membership countries increases their
exports to China relatively more through the intensive margin. The results are different with
those in Tables 3 and 5 where we compared to non-WTO members, in which case WT'O member

countries have more trade with China mainly through the extensive margin.

3.4 Discussions

This subsection briefly discusses one extension of our analysis and two potential channels that
may affect our results. Detailed estimation results are available upon request to the authors.

3.4.1 Cross-industry difference

Our theory suggests that the trade elasticity of intermediate goods depends on the elasticity of
substitution o, while that elasticity of final goods does not. Because of this, we predict that the
difference between the two trade elasticities are greater, the lower the elasticity of substitution.
To empirically assess this prediction, we aggregate the 6-digit HS classification into the 2-digit
HS classification and examine cross-industry differences in the trade elasticities. For simplicity,
we report the results on the machinery industry (HS 84-85) and other industries whose average
elasticities of substitution are approximately 2 and 4 respectively.

We find that the coefficients of trade barriers (in particular distances) on the total import
values are significantly greater in the machinery industry than those in other industries. The
coefficients of trade barriers on the interaction term are also greater in the machinery industry.
Moreover, in contrast to the baseline estimations in which the coefficient of non-adjusted tariffs
on the interaction term is not significant as shown in Tables 5 and 7, that coefficient is negative
and significant in the machinery industry, while keeping the same coefficient insignificant in
other industries as before. Overall, we find supportive evidence on our theory in that the trade
elasticities are greater for intermediate goods than for final goods, the smaller the elasticity of
substitution of the industry.

3.4.2 Zero trade flows

We have ignored the incidence of zero trade flows among China and its trading partner in the
main analysis, but the recent literature (e.g., Helpman et al., 2008) shows that controlling for
zero trade flows is crucial in the estimation of the gravity equation. To deal with this problem,
we run the regressions by including observations that the TRAINS database has tariff records
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on products but the China Customs database has no import record on them. This does not imply
that we can fix the problem of zero trade flows, however, because we have focused on ordinary
imports only in our regressions, whereas Chinese firms would import some intermediate goods
through processing trade in reality. Consequently, our analysis cannot truely address the issue,
even if we employ a Poisson Pseudo-Maximum Likelihood estimation that is frequently used in
the existing literature.

Given this caveat, we find that although the elasticities of distances and tariffs are slightly
smaller in this estimation than those in the baseline estimation, the key result does not change
at all: the trade elasticities are greater for intermediate goods than for final goods, in terms of
both distances and tariffs. There are nevertheless some notable differences from the baseline
estimations. For example, we found in Table 5 that the negative relationship between the total
import values and distances is significantly explained only through the extensive margin. In
contrast, the relationship is also significantly explained by the intensive margin as well in this
regression. Further the trade elasticity difference between intermediate goods and final goods
is smaller and less significant than that in Table 7.

3.4.3 Global value chains

One might wonder to what extent global value chains affect our estimation results. This issue
would be of particular importance for analyzing China’s imports, because East Asian countries
export a lot of intermediate goods that are intensively used for China’s final goods production
and thereby global value chains help build strong vertical linkages among China and its trading
partner. To check this channel, we examine our empirical analysis separately for the East Asian
countries (i.e., Bangladesh, Brunei, Cambodia, Hong Kong, Indonesia, Japan, Korea, Rep., Lao
PDR, Macao, Malaysia, Philippines, Singapore, Taiwan, Vietnam) and other countries in our
dataset. While this treatment allows us to see the impact of global value chains to some extent,
the same caveat also applies for the exercise here: the exclusion of processing imports from the
whole samples makes the analysis less comprehensive and less comparable with existing work.
In particular, it is known that processing trade plays a prominent role in the global production
network for Chinese firms (see, e.g., Dai et al., 2016). Our purpose is to provide a big picture of
this network effect on our main results.

If we limit the analysis to the East Asian countries, the coefficients of distances and tariffs
on the total import values are greater for intermediate goods than for final goods, and hence
our prediction continues to hold. For the non-East Asian countries, in contrast, we find that the
relation is not so strong and the regional restriction overturns the result in some estimations.
This difference between the East Asian and non-East Asian countries may reflect the influence
of global value chains within the East Asia, where fragmentation of production contributes to
increasing trade flows of intermediate goods relative to final goods. This also may imply that
our central result on the trade elasticities deserves further research to assess whether or not

the result is specific to China.
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4 Conclusion

We presented a heterogeneous-firm model in which firms in asymmetric countries in terms of
sizes and trade costs export and import intermediate goods subject to selection. Not only firms
in the upstream firms, but firms in the downstream sector also incur fixed trade costs to source
intermediate goods, which in turn gives rise to selection into the import market there. In this
environment, we derived the gravity equation of intermediate goods in order to demonstrate
that the trade elasticities with respect to trade costs, both variable and fixed, are greater for
intermediate goods than for final goods. Guided by the theoretical framework, we empirically
assessed the difference in the trade elasticities between intermediate goods and final goods,
and provided empirical evidence in support of the prediction of the model in China’s imports. It
is worth noting that, in contrast to distances, tariffs are a policy variable and our result would
be useful from policy perspectives. In particular, the fact that the trade elasticities are different
between types of trade would help us to better understand the difference in the welfare gains
from trade, since these gains depend on whether or not trade liberalization induces more firms
to enter the vertically-related sectors (extensive margin), stimulating the Melitz (2003) type
resource reallocations across firms. Ara (2019) addresses this point in detail by adopting the
sufficient statistics approach developed by Arkolakis et al. (2012).

Much remains to be done however. In theory, we have resorted to a simple two-country setup
in which the remoteness of an importing country from the rest of the world has no effect on the
gravity equation. As stressed by Chaney (2008), such a “multilateral resistance variable” may
play a key role in the impact of firm heterogeneity on the aggregate outcome. The extension to
a multiple-country setup also allows us to explore the positive correlation between productivity
and the number of source countries in a way that more productive final goods firms import more
intermediate goods from a larger number of countries, as in Antras et al. (2017). In empirics, on
the other hand, we have restricted our attention to the standard gravity regressions in which
tariffs have an impact on the extensive and intensive margins in the repeated cross-sections.
To obtain reliable unbiased estimates of tariffs, we need to control for unobserved heterogeneity
of trade flows by exploiting a three-dimensional panel and time-varying tariffs as a measure of
variable trade costs. As emphasized by Buono and Lalanne (2012), such a “within regression” is
important to take the bias into account, which might drastically change the impact of tariffs on
the two margins. In Ara et al. (2020), we have started to study this aspect in China’s imports
to check whether there still remain statistically significant differences in the trade elasticities
between the two types of trade.
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Appendix

A.1 Proofs of Lemmas 1, 2 and 3

Taking the log and differentiating (7) and (13) for 4, j with respect to 7/, gives

o—1\ 0" —1\ 9y 0\ 0o 0\ o5 o-—1
n _ 7«2 — | = a3 Al
( @;kz ) ( 90“ ) ( ’f,) 87’1 + < ;7’> aTin + T]'Ii ’ ( )
o1 90” -1 5%7 _ 5¢ i [0 9% (A.2)
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6= e k—(—-1)>0

for a* € {¢};, 5 550 Pris P Bris D35> Dl } 0 represents the extensive margin elasticity, which is common
for the productivity cutoffs under the Pareto distribution. In (A.1)-(A.2), we take the partlal derivative
of (7) holding N7, N in AJ; constant. Differentiating (8) and (14) for i, j with respect to 7;; also gives
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where C;; = fpjii,g‘pi > 0 and D;; = % > 0. Note that (A.1)-(A.8) are eight equations with

eight unknowns (%, g%fjj, g%;ﬂ 88%’:”, g%;ﬁ %’?, %, %) Substituting (A.5)-(A.8) into (A.1)-(A.4) and

rearranging, (A.1)- (A 4) are expressed as
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5

Note that (A.9)-(A.12) are four equations with four unknowns (gf?}v Zﬁjf , gf?» Zﬁ? ). Multiplying (A.9)

and (A.10) by 6 and (A.11) and (A.12) by (0 — 1), and adding (A.9) and (A.11), and (A.10) and (A.12),

1 9¢*, Dj; \ 093, o—1
AT - _ , (A.13)
5 0T ( % ) or}; 7 (2(0 —1) — k)
- * 0o* .
<Diy> 5¢}z 4 < i ) ¢]IJ —0. (A.14)
i) 07 i) OTji
d 9¢

Note that (A.13) and (A.14) are two equations with two unknowns ( JIJ ), which are solved for

o
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(A.15)

where
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The sign of (A.15) depends on (19) in Assumption 1 and A. From (13) and D;; defined above, A > 0 if
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which holds true from (7), (13), (19) and ]\f; < 1,[\% < 1. From (A.15) and (19), 99L - 0, 9% < 0 and

Applying Pareto to J/ (-),

orf; o1,
from (A.7) and (A.8), 2% < 0, 2% < 0; further substituting (A.15) into (A.1) and (A.2), 22 < 0, 2% — 0
87'].1. BTji BTji 67’].1.
finally, from (A.5) and (A.6), a‘ﬁ;i >0, 8“&? = 0. This completes the proofs of Lemmas 1 and 2.
87'” 67_7‘7‘,

As for the proof of Lemma 3, taking the log and differentiating (11) for i, j with respect to Tin gives
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Noting that % >0, ‘Z‘ﬁ? < 0, we have gf_;{ <0, gf}_ > 0. Differentiating (4) with respect to Tfi also gives
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Further, differentiating (18) with respect to lei and using the definition of 6, we have
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Noting that ort <0, ol = 0, orl. > 0, orh < 0, we have oer, > 0, arh < 0.
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A.2 Proof of Proposition 1

We first show (20). Let us rewrite (9) in country j as

R =oMFPL 7BV (¢3;) + AL (7)) T BV (87))]

oM [(¢5) V(@5 155+ (85) V(8550 £

= oMP {[J](e5;) + 1= GJ (@I + I (@5) + 1= Gl (@)1}
= o MP{fP + (1= GE (oI + 1 — GE (g3, R,

where the second equality comes from (5) and (6), the third comes from J}'(a*)+1-G"(a*) = (a*)'~7V}'(a*),
and the last comes from (8). Similarly, from (11), (12) and (14), we can rewrite (17) in country j as

L; = UNJE{ij +[1 - Ggl(ﬁb;]ﬂ jlj +[1 - GJI'(@j) zlﬂ}

Solving these for M}° and N?, we have

ME = Ry
Iy (A.16)
NF !

I o fE - GH L+ - Gy

Jj

From (A.16), it follows that the mass of entrants in the upstream sector in country j (V. jE ) depends not

only on sector labor supply in country j (LJI ) but also on the productivity cutoff in country n (¢7,). Under

the Pareto distribution, however, this dependence on the productivity cutoffs is eliminated. To see this,
applying the Pareto distribution to (8) and (14) in country j, we have

k k .

o-1 #min F ¥min F| _ (E
(k—(a—1)> Kﬁj) ji+<¢;j> gl =1
1 1) g ® E

o~ min I min 1| E
(k—(cf—l)) [((Jﬁjj) jj+<¢;fi> gi| =15

Furthermore, applying the Pareto distribution to (A.16), using the above expressions of (8) and (14), and

solving them for M jE and N JE gives us the expression in (20).

Next, we show (21). Using ¢%; in (11) and ¢, in (12) in country j, let us express R}, and R/, as

kogk . k __k
I min E INgZ (I \1-2
R;; = (k) N7 (B;j)=(f;;) )

—(o0—1) JJ
ko(bl]fﬂin —k_ — —_k A —k_
Rj; = (;H,_l)> NP (BT () ()7 (A7, (A.17)

Note from (17) that aggregate labor income of intermediate goods firms L§ consists of revenues earned
by domestic firms and exporting firms of country j and hence L§ is expressed as

kogk .
[I I RI min Z\]E I
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where the expression of 55 is given in Proposition 1. Using (A.18), we express (A.17) as shown in (21).
Further, using (7) and (13), Af- and Afi are expressed under the Pareto distribution as

7

k—(o—1)
Iyo—1¢F a1
AF 1 (75) ji
7w AL E ’
) i
_k—(a—l)
E Iyo—lpl \ ~ o-T
N (L )T

Jji E AF I
N7\ AL i

Solving these equations for /N\fi yields

k—(o—1)
_k=(o—1) 2(c—1)—k

-1 u
(35)7 = NP e ( i ) () 1
Je N’LE Je F I

% W%

The partial trade elasticities with respect to T]-Ii and fi are obtained immediately from substituting this
expression of (]\fl)ﬁ into R}, in (A.17).

Finally, we show (22). If Tf; < oo and 7']12- = oo so that final goods are only tradable, it is easily shown
that the equilibrium revenues of domestic and exporting firms are

() =TI B,

ri(p) = (5;05) 7B .

rL rE
Then, the productivity cutoffs that satisfy n/;(¢7,) = 15(?) ¢ _ 0 and mh(eh) = iile) f =0are

o Jj o
1— _
D37Bf (037" = fii,
(TiT)' 7B (¢5)7 " = ffi,

which are counterparts to (5) and (6). Moreover, (20) is expressed as

E_a—lLf E_O'—IR]I'

j_koﬁ’j_kaﬁ'

Using ¢7;, ¢}, and MF, we can express R, = MF [ rI(0)dGY (p) and RE, = MF [ rE(0)dGE () as

(T ©j;  Jt
RF _ ko(pfﬂin ME BF % T. —k F 1—051
33 k'f(afl) j(j) (J) (jj) s
kook, K _ ok
F _ min E N2 (Fp \—k(F\1—-35
Rj; = (k—(o—l))Mj (B )7 (m;; 1) " (f51) . (A.19)

As above, aggregate labor income of final goods firms is Lf consists of revenues earned by domestic firms
and exporting firms of country j and hence Lf is expressed as

LY = RE 4+ R = O Pmin ME(T;) k=t (A.20)
J 73 Ji k—(oc—1) g\t ’

where the expression of Ef is given in Proposition 1. Using (A.20), we express (A.19) as shown in (22).
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A.3 Proof of Proposition 2

We show that the trade elasticity of final goods has only the exporter extensive margin elasticity in the
downstream sector. From (A.19), the domestic expenditure share of final goods in country i is
RE 1

AE = S S
17 a F 70N‘F7
R; 1+ (Tji)l 54

where R (= RE + Rﬁ) is aggregate final goods expenditure of consumers and

Epl—oy/F(, *
F_ ML V; (‘Pji)
* MG

is the (endogenous) market share of final goods exporters in the domestic market in country i. Following
Melitz and Redding (2015), let us take the partial derivative of the domestic share A% with respect to Tf;
holding M}, M constant:

L ()

° dlnTf;
) alnAﬁ
=l-D- dlnrf’

where the first term is the intensive margin elasticity and the second term is the exporter extensive
margin elasticity in the downstream sector. Noting under the Pareto distribution that the market share
of final goods exporters is expressed as

1——k_
E F o—1 —k
P N ¥}
J ME J? fZF Fl K
where I';, T'; are not affected by 7/; (as N and ¢;; are both invariant to 7;) in A, we have

G =(0—=1)+(k~(0—-1)).

38



A.4 Additional Tables

Table A.1 — List of countries

Afghanistan
Albania*
Algeria
Angola*
Argentina*
Armenia*
Australia*
Austria*
Azerbaijan
Bahamas
Bahrain*
Bangladesh*
Barbados*
Belarus
Belgium*
Benin*
Bolivia*
Bosnia and Herzegovina
Brazil*
Brunei*
Bulgaria*
Burundi*
Cambodia*
Cameroon*
Canada*
Central African Republic*
Chad*
Chile*
Colombia*
Congo, Dem. Rep.*
Congo, Rep.*
Costa Rica*
Cote d’Ivoire*
Croatia*
Cuba*
Cyprus*
Czech Republic*
Denmark*
Djibouti*

Dominica*
Dominican Republic*
Ecuador*
Egypt*
El Salvador*
Equatorial Guinea
Estonia*
Ethiopia (excludes Eritrea)
Fiji*
Finland*
France*
Gabon*
Georgia*
Germany*
Ghana*
Greece*
Guatemala*
Guinea*
Guyana*
Haiti*
Honduras*
Hong Kong*
Hungary*
Iceland*
India*
Indonesia*
Iran
Ireland*
Israel*
Ttaly*
Jamaica*
Japan*
Jordan*
Kazakhstan
Kenya*
Korea, Rep.*
Kuwait*
Kyrgyz Republic*
Lao PDR

Latvia*
Lebanon
Liberia
Libya
Lithuania*
Macao*
Macedonia, FYR*
Madagascar
Malaysia*
Maldives*
Mali*
Malta*
Mauritania*
Mauritius*
Mexico*
Moldova*
Mongolia
Morocco*
Mozambique*
Namibia*
Nepal*
Netherlands*
New Zealand*
Nicaragua*
Nigeria*
Norway*
Oman*
Pakistan*
Panama*
Papua New Guinea*
Paraguay*
Peru*
Philippines*
Poland*
Portugal*
Qatar*
Romania*
Russian Federation
Rwanda*

Saudi Arabia*
Senegal*
Seychelles
Sierra Leone*
Singapore*
Slovak Republic*
Slovenia*
Solomon Islands*
South Africa*
Spain*

Sri Lanka*
Suriname*
Swaziland*
Sweden*
Switzerland*
Syrian Arab Republic
Taiwan*
Tajikistan
Tanzania*
Thailand*
Togo*
Trinidad and Tobago*
Tunisia*
Turkey*
Turkmenistan
Uganda*
Ukraine
United Arab Emirates*
United Kingdom*
United States*
Uruguay*
Uzbekistan
Vanuatu
Venezuela*
Vietnam*
Yemen
Zambia*
Zimbabwe*

Note: * denotes countries that are members of WTO as of 2007.
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Table A.2 — List of countries that share borders and a language with China

Borders

Language

Afghanistan

Hong Kong

Hong Kong Macao
India Malaysia
Kazakhstan
Kyrgyz Republic
Lao PDR

Macao

Singapore
Taiwan

Mongolia
Nepal
Pakistan
Russian Federation
Tajikistan
Vietnam

Source: CEPII database

Table A.3 — List of countries that have FTAs with China

Partner 2000 2001 2002 2003 2004 2005 2006 2007
Brunei v v v
Cambodia v v v
Chile v
Hong Kong v v v v
Indonesia v v v
Lao PDR v v v
Macao v v v v
Malaysia v v v
Philippines v v v
Singapore v v v
Thailand v v v
Vietnam v v v

Source: WTO
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