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Abstract

How different are the impacts of trade cost on trade flows between intermediate goods and final goods?
How large are the welfare gains from trade for intermediate goods relative to final goods? To address these
questions, we develop a heterogeneous firm model in which selection into exporting and importing play a
key role in industry productivity of vertically-related sectors. We show that the impact of trade cost on
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1 Introduction

How different are the impacts of trade cost on trade flows between intermediate goods and final goods? How
large are the welfare gains from trade for intermediate goods relative to final goods? Though the recent trade
literature has devoted enormous effort to developing new trade models that match with empirical evidence, few
theoretical work has explored a distinctive feature of intermediate good trade that is absent in final good trade
when the two types of goods are costly traded subject to selection. The present paper tries to fill this important
gap in the literature by deriving a gravity equation of intermediate goods and by relating the trade elasticity
obtained from that gravity equation with the welfare gains from trade.

There is mounting evidence suggesting that intermediate good trade has been growing faster and its share
in world trade is larger than final good trade, due to “outsourcing” or “offshoring” that fragments production
processes across the globe (Hummels et al., 2001; Hanson et al., 2005; Johnson and Noguera, 2012). Some recent
empirical work has revealed that when firms import intermediate goods from foreign countries, firm importing
displays a number of the same performance differences as firm exporting. A series of work by Bernard et al.
(2007, 2012, 2018a) unveil empirical regularity on firm importing that, just as in exporters, importers are larger
and more productive than non-importers within the same industries, and only a small fraction of firms import.
Another line of empirical work has also documented that the impact of trade liberalization is quite different
between intermediate goods and final goods. For example, Amiti and Konings (2007) find that input tariff
reductions increase industry productivity twice greater than output tariff reductions in Indonesia; Topalova and
Khandelwal (2011) similarly find that firms’ gains from input tariff reductions can be ten times greater than
those from output tariff reductions in India. Further, input tariff reductions give rise to different productivity
gains from output tariff reductions by expanding technological possibilities of firms, as shown by Goldberg et
al. (2010).

This paper develops a heterogeneous firm model in which selection into exporting and importing play a key
role in industry productivity. In our model, an industry is composed of two production sectors (i.e., upstream
and downstream sectors) in which the former sector produces and exports intermediate goods by using labor,
and the latter sector imports intermediate goods to produce and export final goods by using intermediates and
labor. While intermediate good suppliers in the upstream sector are modeled in a similar way to Melitz (2003),
one of main departures from Melitz (2003) is that final good firms in the downstream sector incur additional
fixed cost when using intermediate goods imported from the foreign market. As a result, selection occurs not
only in the upstream sector but also in the downstream sector, which allows us to capture the empirical pattern
that only more productive firms access imported intermediate goods. This framework also allows us to show
different impacts of tariff reductions on resource reallocations in vertically-related sectors, which could help us
explain why input tariff reductions can increase industry productivity more than output tariff reductions. For
the sake of parsimony, we focus on two symmetric countries; nonetheless, our model identifies a new channel
through which selection in the downstream and upstream sectors jointly affects the equilibrium outcomes in a
consistent manner with empirical evidence.

Our first contribution is in showing that the impact of trade cost on trade flows is greater for intermediate
goods than for final goods. The result is most clearly seen in a special case of a Pareto distribution with free
entry in the vertically-related sectors. Let T denote the value of trade between country 1 and country 2 where
the subscript j is either final goods (j = X) or intermediate goods (j = M). Then T} is given by
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Ty =ty x ——=—,
i



where 1; is a constant term, Y3, Y5 are each country’s GDP and 7; is trade barriers between the two countries.
As with a usual gravity equation, the value of trade is positively affected by sizes of exporting and importing
countries but is negatively affected by trade barriers for both types of goods. In that sense, the gravity equation
applies to intermediate goods let alone final goods. We find, however, that the elasticity of the value of trade
with respect to trade barriers is endogenously greater for intermediate goods than for final goods, i.e., ep; > e€x.
The difference in the trade elasticity arises through which trade barriers have a different impact on selection
into exporting and importing in the vertically-related sectors.

In the case of intermediate good trade, reductions in trade cost allow not only intermediate good suppliers
to export intermediate goods more easily, but also final good firms to import these goods that are used for
their production more easily. As new and less productive suppliers (firms) start exporting (importing) in the
upstream (downstream) sector, the effect on trade flows is magnified in the current setting relative to a single
production sector setting. In the case of final good trade, in contrast, such reductions induce only new final good
firms to start exporting since intermediate good suppliers do not import final goods for their production. This
suggests that there exists an extra adjustment in the set of importers (extensive margin) in intermediate good
trade that is absent in final good trade, which elevates the trade elasticity of intermediate goods relative to that
final goods.! The finding could help us better understand why intermediate good trade has been growing faster
than final good trade in globalization (Hummels et al., 2001; Hanson et al., 2005; Johnson and Noguera, 2012).
To demonstrate our contribution most sharply, we focus on bilateral trade flows between symmetric countries;
however, our result would hold for those flows between asymmetric countries by introducing an outside good
that equalize wages.

Our second contribution is in showing that the impact of trade cost on welfare is greater for intermediate
goods than for final goods if and only if the domestic input share is smaller than the domestic output share.
In our vertical production model where both final goods and intermediate goods are costly traded subject to
selection, trade liberalization can magnify the standard selection effect relative to a single production model:
resource reallocations occur in the two production sectors, forcing the least productive firms (suppliers) to exit
the downstream (upstream) sector. As in Melitz (2003), the welfare gains from trade liberalization are directly
related to selection that occurs in the vertically-related sectors. However, trade liberalization in final goods and
that in intermediate goods trigger such two-sided reallocations on a different scale, which makes it ambiguous
to compare the absolute magnitude of welfare changes. Given complex interactions between the two production
sectors, it is generally difficult to figure out economic factors that generate different welfare changes associated
with trade liberalization in final goods and intermediate goods separately. We find however that welfare changes
are again clearly seen in a special case of a Pareto distribution with free entry in the two production sectors.
Let \; denote the domestic share where j is either final goods (j = X) or intermediate goods (j = M). Then

welfare changes associated with trade cost 7; are
W=\,

where a “hat” is proportional changes in a variable. Thus, welfare changes associated with trade liberalization
in each type of goods can be captured by only the the domestic share and the trade elasticity estimated from

the gravity equation above. In other words, the welfare formula by Arkolakis et al. (2012) applies even in the

n the model with roundabout production, it is known that the presence of importing leads to an expansion of both exporters
and importers (Gopinath and Neiman, 2014; Blaum, 2019). While this channel works in our model with vertical production in the
sense that reductions in output trade cost indirectly induce entry of final good exporters and raise the extensive margin elasticity
(relative to that in a single production sector model), the direct effect is strong enough that ), > ex.



presence of two-sided heterogeneity of trade.?2 Though the result may not be very surprising by itself, note that
not only is the trade elasticity ; but also the domestic share \; is far away from equality between final goods and
intermediate goods: the share of intermediate goods is greater than that of final goods in the real world. This
means that the welfare evaluation holding the two domestic shares equal might lead to wrong understanding of
globalization where fragmentation of production processes plays a prominent role in improving welfare in each
country. The finding that the welfare gains from trade are greater for intermediate goods under rapidly rising
input trade is also consistent with empirical evidence that input tariff reductions increase industry productivity
more than output tariff reductions (Amiti and Konings, 2007; Topalova and Khandelwal, 2011), because such
productivity improvement is typically associated with the higher welfare gains from input trade liberalization
than from output trade liberalization.

This paper contributes to the literature that examines the impact of imported input on industry productivity,
trade flows and welfare gains in a setup with input-output linkages. Antras et al. (2017) develop a multi-country
sourcing model in which more productive final good firms import intermediate goods from a larger number of
countries. Under the condition that final goods are non-tradable, they find, like ours, that the aggregate trade
elasticity with respect to variable trade cost tend to be higher than the firm-level trade elasticity in a gravity
equation of intermediate good trade. However, they employ the Eaton-Kortum (2002) framework for sourcing
intermediate goods, which implies that the upstream sector is characterized by perfect competition and selection
into the export market is not operative for intermediate good suppliers. Further, they do not address differences
in the welfare gains from trade between intermediate goods and final goods, which is one of the main focuses
in our paper.

Bernard et al. (2018b) develop a model of two-sided heterogeneity in terms of productivity in intermediate
good suppliers and final good firms. Under the condition that final goods are non-tradable, they find the negative
degree assortivity among final good firms and intermediate good suppliers, i.e., more productive intermediate
good suppliers tend to match with less productive final good firms. While intermediate good suppliers self-select
into exporting by incurring fixed trade cost, selection of final good firms is made by matching without paying
fixed trade cost. In practice, however, such fixed cost is empirically relevant for explaining why a small fraction of
firms import (Kasahara and Lapham 2013; Halpern et al. 2015). Abstracting from matching between final good
firms and intermediate good suppliers, we show that trade liberalization gives rise to two-sided reallocations as
a result of self-selection into exporting and importing, which turns out to be crucial to derive the difference in
the gravity structure of intermediate good trade and final good trade.

Our result of the welfare gains from intermediate good trade is related to that in Melitz and Redding (2014).
They show that when non-traded final goods are produced from traded intermediate goods, the welfare gains
from trade liberalization are magnified by raising domestic productivity. They consider, however, only perfectly
competitive markets in every production sector in which all the firm-level variables do not play a key role in
resource reallocations by trade liberalization. This paper, while allowing final goods to be produced from traded
intermediate goods, focuses on two-sided heterogeneity and identifies a potential channel through which trade
liberalization in intermediate goods can have a different impact from that in final goods due to selections in the

two production sectors.

2There are two classes of models with input-output linkages of production. First is the model with “roundabout” production in
which output is sold to consumers as final goods and also to firms as intermediate goods. This modeling approach is often employed
in the recent literature, including Arkolakis et al. (2012, section IV). Second is the model with “vertical” production in which final
(intermediate) goods are produced in the downstream (upstream) sector. This modeling approach used in this paper is found in
the IO literature and is applied to the trade literature; see for example Ishikawa and Spencer (1999), Ghosh and Morita (2007), and
Ara and Ghosh (2016). The difference in the modeling approach has a non-trivial consequence for trade flows and welfare gains
through selection in the vertically-related sectors.



Table 1 — Gravity in China’s imports

‘ Overall ‘ Final ‘ Intermediate

‘ Total Extensive Intensive ‘ Total Extensive Intensive ‘ Total Extensive Intensive

Distance —0.758 —0.549 —0.208 —0.689 —0.508 —0.181 —0.797 —0.574 —0.223
(0.015) (0.007) (0.010) (0.023) (0.010) (0.016) (0.020) (0.009) (0.013)

Tariff —0.148 —0.085 —0.064 —0.106 —0.072 —0.034 —0.184 —0.100 —0.084
(0.018) (0.007) (0.014) (0.022) (0.008) (0.016) (0.029) (0.011) (0.023)

No. of obs | 576,509 576,509 576,509 | 220,693 220,693 220,693 | 354,976 354,976 354,976
Adj. R? 0.403 0.498 0.389 0.443 0.478 0.446 0.372 0.510 0.343

Source: Ara and Zhang (2020, Tables 3 and 4)
Notes: Standard errors clustered at product-level are in brackets. Product and year fixed effects are included. All results are
statistically significant at the 1% level.

The current paper is most closely related to Ara and Zhang (2020). In that paper, we extend our setup to a
multiple-industry, asymmetric-country framework in order to empirically investigate its theoretical prediction.
While the two papers have a similar flavor, the scope of the papers is different. Ara and Zhang (2020) focus on
country asymmetry to allow for potential differences in trade cost across countries, but complexity of the model
leads them to study a special case where either type of goods is only tradable. In contrast, we develop a more
general model in which both final goods and intermediate goods are costly traded and address the role played
by the interaction between these two types of goods in the welfare gains from trade. Nevertheless, one of the
main findings is the same: the trade elasticity is greater for intermediate goods than for final goods. Below we
provide some evidence supporting this theoretical prediction.

To assess empirically this pattern, we first divide China’s imports in terms of U.S. dollar into final goods
and intermediate goods by applying the UN Broad Economic Categories classification to the China Customs
database (at the 6-digit HS product level) in 2000-2007. For each product imported from each trading partner in
each year, the value of total imports of two types of goods is further decomposed into the number of importing
firms with positive trade flows (extensive margin) and the average import value conditional on positive trade
flows (intensive margin). We then estimate a gravity equation of our model derived under the condition that
only either type of goods are tradable in order to see how the trade elasticity with respect to variable trade cost
(distance and tariff) is different across the two types of goods. We also estimate the gravity of overall goods
without distinguishing among final goods and intermediate goods.

Table 1 reports the estimates for the trade elasticities that are decomposed into the extensive and intensive
margins for each type of goods where all variables are measured in logs. In the estimates of overall goods,
the negative relationship between variable trade cost and the total import value is largely accounted for by the
extensive margin, which accords well with the previous findings (e.g., Bernard et al., 2007). However, comparing
the estimates between the two types of goods, the coefficient of variable trade cost on the total import value is
greater for intermediate goods than for final goods, while retaining the major role of the extensive margin in
the gravity for both types of goods. To check whether there is a statistically significant difference in the trade
elasticity between the two types of goods, we regress the gravity equation with an input dummy, and find that
the coefficient difference is significant only for the extensive margin (see Table 5 in Ara and Zhang (2020)).
These pieces of evidence highlight a new prediction of our model: the trade elasticity is significantly greater for

intermediate goods than for final goods due mainly to the extensive margin.



2 Model

Consider a model in which two symmetric countries costly trade both input and output. There is one industry
composed of upstream and downstream sectors in which suppliers produce differentiated input and firms produce
differentiated output (using input) in monopolistically competitive markets. Labor is only a factor of production

and each country is endowed with L units of labor which is chosen as a numeraire of the model.

2.1 Consumers

Consumers’ preference is represented by a CES utility function with elasticity o > 1:

o-1 \ 7T

where g; is output quantity produced by firm 4. Utility maximization yields consumers’ output demand:
4 =p; “P°7'R,

where p; is an output price, R is consumers’ aggregate output expenditure and

1
1—0o
p=(frea)

is the price index associated with the output bundle. Defining an aggregate output Q = U, we have PQ = R.

2.2 Firms

Firms’ technology is linear combination of firms’ productivity ¢; and input bundle x;:
qi = PiLs.

The productivity level ¢; is randomly drawn from a fixed distribution G(y;) with unbounded upper support,
while the input bundle z; is produced by a CES production function with elasticity o:

o=1 o=1 =
T; = TG, v+ 1ar | x,7,dv ,
v v

where xp;, and zaz, are domestic and imported input quantity used by firm i and provided by supplier v,?
and 1ps; is an indicator function which takes the value of one if firm i uses imported input and zero otherwise.
To facilitate the analysis below, we follow Bernard et al. (2018b) in assuming that only input is used for output
production and the elasticity of substitution between input in firms’ technology is identical with the elasticity of
substitution between output in consumers’ preference, but these simplifications would not affect the qualitative

results of the paper. Cost minimization yields firm #’s input demand for variety v:
_ . —0o o—1
TDiv = PpuC;  Eis

—0o o0—1
TMiv = PproCi €y

3The subscripts ¢ and v are attached to relevant variables to firms and suppliers respectively.



where pp, and pyy, are domestic and imported input prices set by supplier v (common to all firms ¢) and

o
¢ = (/p}j_v”dv + ]lMi/p}w_Uadv) ,

e :/GDivdU+]lM¢/6MivdU,
v v

where epjy = PpoZpiv and epriy = PrroTariv are domestic and imported input expenditure incurred by firm ¢
and provided by supplier v. A few points are in order for this specification. First, substituting x p;, and =z
into the CES production function and rearranging, firm ¢’s total input expenditure e; is expressed as
e
e; = jz% (1)
Thus, firm 4’s input expenditure increases with its output quantity ¢; but decreases with its productivity level
;. Second, from the input pricing rules set by suppliers and selection into exporting among suppliers, it follows
that the price index associated with the input bundle (referred to as firm 4’s unit cost hereafter) is expressed as
l—-0c _ l1—0 1—0o
¢; 7 =cp (1+1aiTy; 7A) (2)
where c}{” = fv p}jv“du Ty is variable trade cost of input and A is the market share of exporting suppliers
defined later. To understand this, suppose that 7, is sufficiently high that no supplier profitably exports. Then
A = 0 and the unit cost is the same across all firms. Evidence suggests however that firms using both domestic
and imported input have a cost advantage over firms using only domestic input (Halpern et al., 2015). Further,
even if 7p; is not prohibitively high, there is selection into exporting in the upstream sector and not all suppliers
export. Then A < 1 and the unit cost of importing firms is lower than that of non-importing firms. Intuitively,
firms using both domestic and imported input can exploit a “love-of-variety” effect for output production and
raise their production efficiency.

Given the sourcing strategy and associated unit cost, firm i’s domestic profit is given by

Tpi = <PD¢ - ;1) ppl P’ R — foi,
where fp; is firm i’s fixed production cost that satisfies fp; = fp + 1 fpar- If firm ¢ sources input only from
the domestic market, it incurs fixed cost of domestic sourcing: fp; = fp. In contrast, if firm 4 also sources
input from abroad, it incurs additional fixed cost of foreign sourcing: fp; = fp+ fpa. This assumption follows
from the firm importing literature in which importing firms incur higher fixed sourcing cost than non-importing
firms to serve the domestic market (e.g., Antras and Helpman, 2004). Firm ¢ chooses its domestic output price
ppi to maximize domestic profit. Observing that firm 4 takes the term P°~'R as given, profit maximization

yields the following pricing rule for domestic output:

g C;

PDi = o_1 E
This in turn gives us the following expression of domestic revenue:

l—-0, o—1
TDi = Ppiqpi = 0 Bc; "7 ]
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(a) Domestic profit (b) Export profit
Figure 1 — Domestic and export profit in downstream sector
where o1
B = (U 7 1) Pa'flR
O-O'

is the index of output market demand. Domestic profit is

TDi 1— _
Y — fpi=DBe; 707 — fpi.

TDi =

Comparing the unit cost ¢; and fixed cost fp;, firm 4 chooses its domestic sourcing strategy so that
Tpi = max {O, Bep 0?7t — fp, B+ 1y, A)ey T9d — fp — fDM}.

Figure 1(a) draws domestic profit. In (cp;-’_l,wm) space, the slope of mp; is Bc})—” for non-importing firms
while BClD_U( 1+ TJIV[_"A) for importing firms, reflecting that variable profit is greater for importing firms due to
lower unit cost. However, the intercept of mp; is —fp for non-importing firms while — fp — fpas for importing
firms, reflecting that fixed cost is greater for importing firms due to additional sourcing cost. From this tradeoff,
there are productivity cutoffs at which domestic profit of importing firms exceed that of non-importing firms,
namely @UD}/} > <p%_1. This ensures that a fraction of firms above @UD}/} use both domestic and imported input
while others between <pj';1 and gp‘,’jjv} use only domestic input to serve the domestic market.

Among operating firms in the domestic market, more efficient firms above some cutoff can enter the export
market. Additional profit from exporting is given by
TXCj

) Px7P7 'R — fxi,

)

TXi = (pXi -



where fx; is firm ¢’s fixed trade cost that satisfies fx; = fx + Laifxar- The fixed cost structure is similar to
that in the domestic market in that importing firms incur higher fixed sourcing cost than non-importing firms
to serve the export market. On top of fixed trade cost, exporting firms also incur variable trade cost of output
Tx and hence unit cost is higher for exporting firms than for domestic firms.* Profit maximization yields the

following pricing rule for exported output:

o TxC;

Pxi o—1 o .

This in turn gives us the following expression of export revenue:

rxi = pxigxi = 0B(Txe) Tl

Export profit is

rXxi
TXi = UZ — fxi = B(rxei) 77007 = fxi

Comparing the unit cost 7x¢; and fixed cost fx;, firm i chooses its export sourcing strategy so that
WXi—max{O, B(TXcD)l 7 U 1*fx, (1+TJ%4_UA)(T)(CD)1 UQO‘Z L foXM}~

Figure 1(b) draws export profit. Comparison to Figure 1(a) reveals a similar pattern between the domestic
and export markets: there are productivity cutoffs at which export profit of importing firms exceed that of non-

7-1. This ensures that a fraction of exporting firms above gpg{]\/l[ use both

importing firms, namely ¢%, M > %
domestic and imported input, which emerges only if they incur higher fixed cost to serve the export market.
To characterize the equilibrium of the downstream sector, we need to identify the productivity cutoffs. From

Figure 1 and the domestic and export profit above, these cutoffs are given by

Bep %o%t = fp,
B(txep) 7% = fx,
B(TMCD) UA‘PDM—fDM;

B(TxTMCD) 0A(pXM—fXM.

From the productivity cutoff ¢, for ¢ € {D, X, M, XM}, we have the following selection patterns that arise in

the downstream sector. First, it follows from (3) that

(Sﬁ)()a_l _ % fx (@XM)a_l _ % N fxm )
®D fo 7 YoM fom

Assuming variable trade cost Tx and fixed trade cost fx, fxar are large so that ox > ¢p and pxap > ¢pur,
(4) means firm selection into exporting, which holds not only for firms using domestic input but also for firms

using imported input; thus not all importing firms export. Moreover,

<30DM)01 _ 1y o <90XM>01 _ 175 xw (5)

©D A fp px A fx

4The subscripts X and M are attached to relevant variables to output trade and input trade respectively.



Assuming variable trade cost 7); and fixed trade cost fpas, fxar are large so that ppy > ¢p and x> ¢x,
(5) means firm selection into importing, which holds not only for the domestic market in Figure 1(a) but also
for the export market in Figure 1(b); thus not all exporting firms import. These selection patterns accord well
with empirical evidence that firm selection is ubiquitous for both exporting and importing (Bernard et al., 2007,

2012, 2018a). As a result, the productivity cutoffs in the downstream sector satisfy

ep <min{gpnr, ex} < Pxum.

The ranking of the productivity cutoffs means that, among operating firms, those with the lowest productivity
between ¢p and min{epy,¢x} use only domestic input and sell their output in only the domestic market,
whereas those with the highest productivity above @ x s use both domestic and imported input and sell their
output in both the domestic and export markets.

In addition to the zero profit cutoff condition, we impose a free entry condition. Upon incurring fixed entry
cost fg, a mass of entrants Mg observe their productivity level ¢; drawn from a fixed distribution G(¢;). Then
firm ¢ decides whether to enter the downstream sector by choosing markets from which to source input as well
as to which to provide output, or to exit without producing. Obviously the former outcome occurs whenever

@; is greater than the domestic productivity cutoff ¢p in (3). Hence the free entry condition is defined as

/OO mdG(pi) = f&,
YD

where the left-hand side is expected profit among operating firms which is equivalent to ﬁE fl m;di. Using the

productivity cutoffs in (3), this condition can be expressed as
foJ(ep) + fxJ(px) + fomd (epm) + fxmd (pxn) = [, (6)

where J(p.) = [

c

ve
the zero profit cutoff condition (3) and the free entry condition (6) cannot characterize the downstream sector.

o—1
[(ﬂ) — 1] dG(p;) is a strictly decreasing function of ¢.. It is worth emphasizing that

As in (3), the import productivity cutoffs ppas and px s are affected by the market share of input exporters A
that is endogenously determined in the upstream sector. This implies that any trade shocks that induce changes
in A in the upstream sector has an impact on firm selection in the downstream sector through the availability
of input used to output production by firms.

We conclude this section by deriving the domestic output share as well as the domestic input share. First,
from the fact that the aggregate revenue of firms equals the aggregate expenditure of consumers, the domestic

output share (from a viewpoint of consumers) is given by

)\X - fz D = 1—0o ) (7)
J;ridi L+ 7y “Ax
where )
Av — Vi(ex)+ 1y AV (ex )
x =

V(ep) + 7y TAV (epM)

and V(p.) = f:j ©7 " 1dG(p;) is a strictly decreasing function of ¢.. It can be shown that the numerator and
denominator of Ax are proportional to fl rx;di and fl rp;di respectively. Following Melitz and Redding (2015),
Ax is referred to as the market share of exporting firms, though we recognize that there are lots of definitions



of the market share in the literature. From this, if variable trade cost of input 7, is sufficiently high so that no
supplier profitably exports (A = 0), the domestic output share (7) collapses to that in the plain Melitz model.’
Second, from the fact that aggregate revenue of suppliers equals aggregate expenditure of firms, the domestic

input share (from a viewpoint of firms) is given by

f. eDidi 1
AM == = - B 8
Jieidi 141, 7ANy ®)
where )
Avr — Viepm) +7x “V(exm)
M=

V(ep) +7x 7V (px)

It can be shown that the numerator and denominator of A »; are proportional to fl epidt and L ep;di respectively,
and Ajy is referred to as the market share of importing firms. Not surprisingly, if variable trade cost of input
T is sufficiently high so that no supplier profitably exports (A = 0) and no firm profitably imports (Ay; = 0),
the domestic input share (8) collapses to unity. To make the analysis more interesting, we restrict the range of
7 under which A <1 and Ay < 1.

2.3 Suppliers

Suppliers’ technology is represented by a linear cost function of labor that involves fixed cost and marginal cost

where the latter cost is inversely related to productivity:

P =k+ %.ﬁ
All suppliers incur the same fixed cost k but it varies with the markets to which suppliers provide their input.
The productivity level ¢, is randomly drawn from a fixed distribution G(¢,,) with unbounded upper support,
while z,, = fl T, di is total input quantity provided by supplier v where x;, is firm ¢’s input demand for variety v
as in the last section. These features of input production implies that the upstream sector is also characterized
by a monopolistically competitive market and self-selection in exporting among suppliers as in the downstream
sector.

Given the production technology and firms’ input demand, supplier v’s domestic profit is given by

1 _ _ .
TDy = (pDv - ¢> P /Cf Ye;di — kp,
v 3

where kp is suppliers’ fixed production cost which is common for all operating suppliers in the domestic market.
Supplier v chooses its domestic price pp, to maximize domestic profit. Observing that supplier v takes the term

icf_leidi as given, profit maximization yields the pricing rule for domestic input:

o 1
U_1¢v

PDv =
and the following expression of domestic revenue:

o—1
T"Dv = PDvTDv = O—Ad)v

5See, for example, eq (18) in Melitz and Redding (2015) who study the special case without importing.
6The superscript p is attached to stress production worker. Labor is also used for entry which is denoted by I¢ as shown later.
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where Dot
A= gcgil /eDle

0-(7'

is the index of input market demand. Domestic profit is

Supplier v chooses its domestic production strategy so that

Tpy — IMax {O, A¢g_1 - kD}

Like Figure 1(a), domestic profit can be drawn in (¢¢~!, 7p, ) space where the slope of 7p,, is A and the intercept
is —kp. In contrast to firms who decide not only to serve the domestic market but also to import input from
abroad in their domestic strategy, suppliers decide only to serve the domestic market in their domestic strategy
as they do not import firms’ output to produce their input in the presence of vertical linkages between upstream
and downstream sectors. As a result, there is a unique productivity cutoff at which domestic profit of operating
suppliers is zero, namely ¢%71. This ensures that a fraction of suppliers above gﬂfl provide domestic input to
firms while others below gbi')_l immediately exit.

Among operating suppliers in the domestic market, more efficient suppliers above some cutoff can enter the

export market. Additional profit from exporting is given by

™\ _ .
MMy = <pM'U - ¢) Ditw /ng Ye,di — ke,
v 7

where kj; is suppliers’ fixed export cost which is common for all exporting suppliers. On top of fixed trade cost,
exporting suppliers also incur variable trade cost of input 7a7.” Clearly trade cost structure is similar to firms

in the downstream sector. Profit maximization yields the pricing rule for exported input:

g TM
a_l(bv.

PMov =

Note that the input prices satisfy par, = Tarppy just like the output prices satisfy px; = Txpp;. As seen in (2),
this gives rise to firms’ unit cost in such a way that a markup on differentiated input (set by suppliers) is fully
passed through to the output price bundled from differentiated input (set by firms), i.e., double marginalization
takes place between firms and suppliers. Combining the input pricing rule with the imported input demand,

we get the following expression of export revenue:

l1-0o o—1
TMv = PMovTMy = UATM AM¢)U .

It is important to see that the market share of importing firms Aj; enters the revenue expression of exporting
suppliers. This is because, so long as 7 is not prohibitively high, trade cost limits the set of importing firms to
which exporting suppliers sell their input. As a result of this additional channel operating through selection in
importing among firms, variable trade cost of input 75, affects supplier’s export revenue 7,s, not only through

supplies’ shipment (i.e., through 7’1%/[_") directly, but also through firms’ market share who profitably make use

"Recall that the subscript M is attached to relevant variables to input trade in this paper.
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of imported input (i.e., through A,/) indirectly. Export profit is

TMv

1—0o —1
TMy — —/ﬂM:ATM A]u(bg —k’M.

Supplier v chooses its export strategy so that
Mo = IMaxX {0, AT]%/;UAM(ZSZ_l - kM}

Like Figure 1(b), export profit can be drawn in (¢¢~1, 7p,) space and there is a unique productivity cutoffs,
namely ¢9; ! above which suppliers profitably export input to the foreign market.
To characterize the equilibrium of the upstream sector, we identify the productivity cutoffs of suppliers.

From the domestic and export profit above, these cutoffs are given by

A¢E71 = kDa

AT}V;UA]\/[(bﬂl = kM

9)

From the productivity cutoff ¢, for ¢ € {D, M}, we have the following selection pattern in the upstream sector:

(‘Wy_l_ 177 Yk

35 T Au kp (10)

Assuming variable trade cost 7); and fixed trade cost kps are large (while keeping Aps < 1) so that ¢ > ¢ép,
(10) means supplier selection into exporting. Note the similarity between (5) and (10) in the selection patterns.
Whereas (5) imposes firm selection into importing in the downstream sector, (10) imposes supplier selection
into exporting in the upstream sector.

In addition to the zero profit cutoff condition, we impose a free entry condition. Upon incurring fixed entry
cost kg, a mass of entrants Ng observe their productivity level ¢, drawn from a fixed distribution G(¢,). Then
supplier v decides whether to enter the upstream sector by choosing markets to which to provide input or to
exit without producing, and the former outcome occurs whenever ¢, is greater than the domestic productivity

cutoff ¢p in (9). Hence the free entry condition is defined as
/ r0dG(60) = ki,
D
where the left-hand side is equivalent to NLE fv mpdv. Using the productivity cutoffs in (9), we get

kpJ(¢p) + kmJ(dm) = kg, (11)

where the functional form of J(¢.) is the same as that of J(¢.). Note that (9) and (11) cannot characterize the
upstream sector. The export productivity cutoff ¢y, is affected by the market share of output importers A,
which means that the range of input exporters depends on the range of output importers. As a result of this,
the impact of trade cannot be examined without taking into account the interaction between the upstream and
downstream sectors.

We conclude this section by deriving the domestic input share. Since suppliers’ input revenue equals firms’

input expenditure, the domestic input share (8) is alternatively defined as the ratio of the aggregate revenue

12



of domestic input to the aggregate revenue of total input earned by suppliers. Using the domestic and export

revenue above, the domestic input share (8) is given by

vd 1
)\M: }’I’D v

v

rodv 14T ANy

where

_ Viom)
V(ép)

We can show that the numerator and denominator of A are proportional to fv raodv and fv 7 pydv Tespectively,

A

and A is referred to as the market share of exporting suppliers. Notice that A < 1 so long as supplier selection
into exporting (10) holds. The expression of unit cost (2) follows from this market share A and the pricing rules
set by suppliers ppy, Paro-

2.4 Economy

To close the model, we impose the labor market clearing condition. Noting that labor is used in both downstream

and upstream sectors, the condition is expressed as

/lidi+/lvdv -

where [; = [§+1? and I, = [+ denote labor used for entry and production by firm ¢ and supplier v respectively.

Substituting labor used by firms and suppliers, the labor market clearing condition is simply expressed as
R=1L.
Moreover, aggregate labor used in each production sector is given by

/lidizg, /lvdv: <01>L,
7 o v g

and hence the labor allocation between the two production sectors is exogenously fixed. Using the labor market

clearing condition as well as the zero profit cutoff and free entry conditions, the mass of entrants Mg, Ng can
be written as a function of labor endowment L and the productivity cutoffs ¢, ¢..

Welfare per worker (equivalent to real wage) is expressed as
20—1

2 —1\ ' 2 1 P
W =017 <U ) Lo=1(fpkp) " TopdpAj; . (12)

g

As is standard in the literature, welfare rises with country size L and falls with fixed production cost fp,kp.
More important however are the sufficient statistics for welfare in the presence of vertical linkages: when both
input and output are costly traded subject to selection, welfare is endogenously determined not only by the
domestic productivity cutoff of firms ¢p in the downstream sector but also by the domestic productivity cutoff
of suppliers ¢p and the domestic input share Ap; in the upstream sector.

This completes the characterization of the model. The next section solves for the equilibrium to address the

impact of trade on resource reallocations, trade flows and welfare gains.
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3 Equilibrium

Since there are the eight equilibrium conditions in the model ((3), (6), (9), (11)), these eight conditions jointly

provide implicit solutions for the following eight unknowns:

YD, X, $PDMs; PXM, B7 ¢Da ¢M7 A7

where the labor market clearing condition is omitted by choosing labor as a numeraire of the model. Once these

unknowns are determined, the other endogenous variables can be written as a function of them.

3.1 Resource Reallocations

We start with examining the impact of trade liberalization on the productivity cutoffs. Recall that the market
share of exporting suppliers A and that of importing firms Aj; enter the zero profit cutoff conditions in (3) and
(9) respectively. As a result, changes in the equilibrium variables by trade liberalization depend critically on how
these market shares are affected by such liberalization. For example, totally differentiating A = V(¢rr)/V(éD),

changes in the market share of exporting suppliers in the upstream sector are given by
dIn A = —0pdlnéy + 0pdlnép,

where 0. = —dInV(¢.)/dIn ¢. can be thought of as the extensive margin elasticity in the upstream sector.® By
definition, the extensive margin elasticity 6. is a function of the productivity cutoff ¢., and changes in A come
not only from changes in ¢, directly but also from changes in 6. indirectly. To make the following analysis as
simple as possible, we hereafter restrict our attention to a subset of the general productivity functions where the
extensive margin elasticity satisfies . = 6 for any c. This means that the extensive margin elasticity is the same
across all productivity cutoffs taking a constant value regardless of suppliers’ global status. In a similar vein, let
Y. = —dInV(¢.)/dInp. denote the extensive margin elasticity in the downstream sector and we assume that
¥, = 0 for any c¢. Admittedly, this is a restrictive assumption but it holds under one of the most commonly-used
distributions: Pareto. Specifically, if ¢; and ¢, are distributed Pareto with a common shape parameter -, the

extensive margin elasticities in the two production sectors are given by
e=9.=v—(c—1)=4. (13)

Although recent empirical work reports that the extensive margin elasticities are less likely to be constant (e.g.,
Bas et al., 2017), the Pareto distribution is nonetheless a good approximation of observed micro-level data and
we follow the standard practice in the literature.

With this restriction, we first consider the impact of input trade liberalization on the productivity cutoffs.
Differentiating and solving the equilibrium conditions simultaneously yields the following expressions of changes

in the domestic productivity cutoffs ¢p, ¢p (see Appendix A.1 for proof):

nep == <<019

dlngp = — <(

8See Arkolakis et al. (2012, p.110) for the single production sector model.
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(14) shows that reductions in 7j; increase pp in the downstream sector as well as ¢p in the upstream sector,

forcing the least productive firms and suppliers to exit the respective production sector if and only if
oc—1>86. (15)

In the inequality, 0 —1 is the (common) intensive margin elasticities under the CES utility /production functions,
whereas 6 is the (common) extensive margin elasticities in the two production sectors under the distributional
assumption. Thus, (15) requires that the extensive margin elasticities are not too large relative to the intensive
margin elasticities. We impose the inequality in the analysis below, since (14) implies that less productive firms
and suppliers otherwise enter the respective production sector by input trade liberalization, which would be less
likely in reality.

It is possible to see the shift in the other productivity cutoffs. In the upstream sector, from the free entry
condition (11), it follows that the export productivity cutoff ¢, shifts in the opposite directions to ¢p, and
hence input trade liberalization generates the Melitz-type resource reallocations:

dngp _ o _dlngy
dlnTM dlnTI\/[.

In the downstream sector, from selection into exporting (4), the export productivity cutoff px (pxar) change
proportionately to ¢p (¢par). Moreover, from the free entry condition (6), the import productivity cutoff v pas
(¢px ) shifts in the opposite direction to ¢p (¢x). Together with (14), we have

dl dl
<0< NYpym _ ¢IMPxM

dinty  dlnTy dln Ty dlnty

dlnpp  dlnpx

This means that resource reallocations arise even within exporting firms: more productive firms sourcing input
from multiple markets expand by input trade liberalization, whereas less productive firms sourcing input from
only a single market shrink by such liberalization. As a result, firms that simultaneously export and import are
more likely to benefit from input trade liberalization, magnifying the effect of initial productivity differences

and leading to sales concentration toward these most globalized firms (Bernard et al., 2018a).

Lemma 1: If both input and output are costly traded subject to selection under (15),

(i) Input trade liberalization gives rise to resource reallocations not only in the upstream sector but also in the

downstream sector.

(i) Input trade liberalization simultaneously induces such reallocations even within exporting firms: more (less)

productive exporting firms sourcing input from multiple markets (a single market) expand (shrink).

Let us next investigate the impact of output trade liberalization. As shown in Appendix A.2, reductions in

Tx have the following impact on the domestic productivity cutoffs ¢p, ¢p:

O(up — par)(1 — Anr) dlnry,
c—1-—146

(@ = D(up = par) (1 = Amr)
d1n¢D( S >dlnTx,

dlnpp = — (1 —Ax +
(16)

15



where up (par) is the domestic output share of firms using only domestic input (both domestic and imported
input).” (16) shows that reductions in 7x increase ¢p in the upstream sector as well as ¢p in the downstream
sector, forcing the least productive suppliers and firms to exit in each production sector if and only if (15) and

up — pps > 0 where the latter condition is equivalent to

(17)

Noticing that V(¢.) is proportional to the aggregate output produced by firms above the productivity cutoff ¢,
V(exnm)/V(epa) is the output share of exporting firms conditional on also importing, whereas V(¢x)/V (¢p)
is the output share of exporting firms conditional on producing. The inequality would be likely to hold in the
circumstance where exporting and importing exhibit some complementarity: firms engaging in both exporting
and importing increment their output relatively more than firms engaging in only one of these global activities.
Based on the recent empirical finding that intense importers tend to be also intense exporters (Blaum, 2019),
we will assume that not only is (15) but also (17) is satisfied in the following analysis.

We can see the shift in the other productivity cutoffs. On the one hand, reductions in 7x increase ¢p but
decrease ¢, giving rise to resource reallocations from less productive suppliers to more productive suppliers in
the upstream sector, just as in reductions in 73;. On the other hand, from selection into importing (5) and the

free entry condition (6), reductions in 7x increase ¢p and ¢pys but decrease px and ¢ pys in such a way that

dlnpp  dlnyppy <0< dlnpx dlnchM'

dlnTx dlnTx dlnty  dlnTy

This means that, in contrast to input trade liberalization, resource reallocations arises within importing firms:
more productive firms providing output to multiple markets expand by output trade liberalization, while less
productive firms providing output in only a single market shrink by such liberalization. Despite this difference,
however, firms that simultaneously export and import are more likely to benefit from output trade liberalization
(Bernard et al., 2018a). While the finding looks similar to the existing result in the literature exploring firms’
export and import decisions, it operates through different channels. For example, Bernard et al. (2018a) focus on
strategic market power across a small number of global firms where input is produced under perfect competition.
In contrast, we focus on endogenous selection across measure-zero producers in the vertically-related sectors

where input is produced under imperfect competition.

Lemma 2: If both output and input are costly traded subject to selection under (15) and (17),

(i) Output trade liberalization gives rise to resource reallocations not only in the downstream sector but also

i the upstream sector.

(i) Output trade liberalization simultaneously induces such reallocations even within importing firms: more

(less) productive importing firms providing output to multiple markets (a single market) expand (shrink).

The difference in the impacts of trade shows that input trade liberalization may require less strict conditions

than output trade liberalization to trigger the resource reallocations in the vertically-related sectors: input trade

9 1

— 1
HUD = o
1+‘rX

1—o V(exym) ©
Iy Viepm)

Vo) and pp = Note that these always satisfy 1 > pup — puar-

V(ep)
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liberalization requires only (15) while output trade liberalization requires both (15) and (17). More importantly,
the difference in (14) and (16) illustrates potential channels through which input trade liberalization has more
significant impacts on the trade-induced reallocations than output trade liberalization found by empirical work
(e.g., Amiti and Konings, 2007; Topalova and Khandelwal, 2011). In fact, the comparison of the impact on the

domestic productivity cutoff in the upstream sector reveals that

)

dln¢p
dlnTy

dln¢p
dlnTy

and input trade liberalization always gives rise to greater resource reallocations among suppliers. As for changes

in the domestic productivity cutoff in the downstream sector,

<~ (0_1_9)(>\X_)\M)+9(1_ND+NM)(1_)\M)>0~

dlnyp
dln Ty,

dlnpp
dlnTyx

Hence, the sufficient condition for this inequality is Ax > Ay, i.e., the domestic output share is greater than or
equal to the domestic input share. This would be satisfied in current globalization where the input trade share

is larger than the output trade share in the world trade volumes.

3.2 Trade Flows

Having shown the impact of trade on resource reallocations in the vertically-related sectors, let us turn to the
impact on trade flows. We will continue to examine the impact of input trade liberalization and output trade
liberalization separately, but note that trade liberalization in either type of goods affects trade flows of both
types of goods. For example, input trade liberalization affects not only input trade flows directly but also output
trade flows indirectly. Thus we first analyze the direct effect of trade liberalization on each type of goods, and
then analyze the indirect effect of such liberalization.

Consider first the impact of input trade liberalization. To see the sensitivity of input trade flows to changes
in variable trade cost of input, we derive the (full) trade elasticity with respect to variable trade cost below.

Following Melitz and Redding (2015) and using the domestic input share (8), this trade elasticity is given by

1—X
_dm(jﬁﬂ)

M= dInTys
dln A din A
—— dln Ty dln Ty,
Intensive margin elasticity N—— ——

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

The fact that the extensive margin elasticity stems from the upstream and downstream sectors indicates that
reductions in variable trade cost of input allow not only suppliers to export input more easily, but also firms
to import input that are used for their production more easily. In other words, the impact of trade on input
trade flows can be magnified in the presence of vertical linkages, due to additional entry that takes place in the
respective production sector. Moreover, with a constant extensive margin elasticity 6. = . = 6, the exporter

and importer extensive margin elasticities are the same for each other taking a constant value at

dln A dinAy  0(oc—1)

dlnty  dnty o—1-0
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Summing up the three terms, the input trade elasticity is expressed as

(c—1)(c—-1+0)
oc—1-0 '

EM — (18)

As for output trade, using the domestic output share (7), the trade elasticity with respect to variable trade

cost of output is given by

11—\
dln (TX)
€X = —_-——

dlnTX
dlnAX
= —]_ —
(i,_)/ + ( dlnrx)

Intensive margin elasticity
Exporter extensive margin elasticity
in downstream sector

Since suppliers do not import output produced by firms in input production, output trade liberalization does not
induce suppliers to enter and there is no importer extensive margin elasticity in the upstream sector. However,
this does not mean that output trade liberalization has no impact on suppliers in the upstream sector at all. An
expansion of exporting firms (by output trade liberalization) triggers an expansion of importing firms, which in
turn leads to an expansion of exporting suppliers through changes in the market demand A, B. In other words,
the output trade elasticity can be also magnified relative to that in the single production sector setting due to
the joint interaction between the vertically-related sectors. Although the result seems natural, (16) shows that
output trade liberalization leads to resource reallocations in the two production sectors if and only if (17) holds,

which is related to the extensive margin. In fact, the exporter extensive margin elasticity is

dlnAX g — 1+9
— = 1 B —— — —
pin 0 [ - (U . 9> (np —nx) (kD MM):| ;

where np (nx) is the domestic (foreign) input share of firms using only domestic input, satisfying np —nx >0
under (17).1° Hence the output trade elasticity is

ex=o =140 |1 (T35 0) = )l — pan)|. 19

As shown by Chaney (2008), the output trade elasticity can be decomposed into the intensive margin elasticity
o —1 and the extensive margin elasticity § when firm heterogeneity is present. While the decomposition applies,
the extensive margin elasticity can be larger in the multi-production sector model than in the single production
sector model. Obviously, so long as (17) holds, the exporter extensive margin elasticity has an additional term
which captures the feedback effect from an expansion of the upstream sector production to an expansion of the
downstream sector production triggered by output trade liberalization. In this way, the impact of output trade
liberalization on output trade flows can be magnified with vertical production, even though such liberalization
does not directly induce entry of suppliers in the upstream sector.

Which trade elasticity is greater when both input and output are costly traded subject to selection? Simple

comparison of the trade elasticities in (18) and (19) immediately reveals that

EM > EX-

10 — 1 _ 1
D= o Ve Andnx = T—o A ViexaD
1+7y, TA V(ij\g 1+7,, TA V<£(X1V§

Note that these always satisfy 1 > np — nx.
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Thus, we can say that the trade elasticity is always greater for input than for output. This finding accords with
the widely-known empirical fact that input trade has been growing faster than output trade in the real world
(e.g., Hummels et al., 2001; Hanson et al., 2005; Johnson and Noguera, 2012).

The finding suggests that the gravity structure is drastically different between input trade and output trade.
Suppose that ¢; and ¢, are distributed Pareto with a scale parameter pnin = ¢min = 1 and a shape parameter

~. Using (13), output trade flows Rx = fl rx;di and input trade flows Ey; = fv raodv can be decomposed into

1 1 0 1 o—1+6
Ry = 7fo % <> Mg,
Tx 0 Px

Average sales per firm Mass of firms

and o
—146 1\
Ey = Ml@M % () Ng.
4 , bm
Mass of suppliers

Average sales per supplier

Moreover, it can be shown that the mass of entrants in each production sector is proportional to country size

L but independent of the productivity cutoffs ., ¢. under the distribution:

oc—1 L (c0—1)2 L
T olo—1+46) f5’ BT 520 —1+40) kg

Substituting ¢x from (3) and ¢ from (9) as well as Mg, Ng derived above, we can express these trade flows

as a gravity equation form:

o—1+6

__o_
RX = 1pi)(l/B o—1 (TXCD)_(U_l"Fe)fX“*l,
nx (20)

g—1+6 c—1+46 -4
_ o1 —(c—1+0) o1
Eyn —wMAM LA =1 Y kM R

where 1x and 1), are some constant term.'' As in a usual gravity equation, trade flows in either type of goods
are a function of exporting country size L, importing country demand B, A, and bilateral trade barriers, both
variable 7x, ) and fixed fx,kps. The functional form is very similar to the gravity equation in Chaney (2008)
in terms of the elasticity of trade flows with respect to trade barriers; however, output trade flows include the
foreign input share of firms using only domestic input nx while input trade flows include the market share of
output importers A s, which work to elevate the elasticity of trade flows relative to that in the single production

sector model. For example, applying the Pareto distribution to the market share of output exporters, we get

o—1 -1 __0 ﬁ
A";T{"_ —(o-1+0) (#D\ * ([ foMm kar\ o1
e ) () e

which is of course negatively affected by both variable and fixed trade cost. Thus variable trade cost 7); decrease

input trade flows not only through supplies’ shipment with elasticity o —1+6(= =) directly as in Chaney (2008),
0(c—1+6)
o—1-0
changes in Ay;. The same claim applies to output trade flows in the sense that they are indirectly affected by

but also through firms’ market share who profitably use imported input with elasticity indirectly by

changes in 7nx.

11 —o—1 _ (e—1)?
"Z’X = 0fm and TZ}]W = 60k °
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To obtain the trade elasticity from the gravity equation (20), it follows from the domestic shares Ax, Aps

that the trade elasticities can be alternatively written as follows:'?
le(Rx/RD) dln(EM/ED)
EX=—"""+"""", EM=—""—"""7+.
dlnTx dInTy

Applying Pareto to Rp = fl rp;di, Ep = fv rpydv and using Az, we can show that the closed-form solutions of
ex and ey are the same expressions in (19) and (18) respectively. Defining the trade elasticities with respect to
fixed trade cost fx, ks similarly, these elasticities are also greater for input trade than for output trade. Hence
the model predicts that, when estimating the elasticity of the value of trade with respect to trade barriers from
the gravity equation, the trade elasticity is endogenously greater for input trade than for output trade.

The result on trade flows is our first main proposition of the paper.

Proposition 1: If trade liberalization induces resource reallocations in the vertically-related sectors, the impact

of trade barriers on trade flows is greater for input trade than for output trade.

It is worth stressing that our result does not come from a CES production function where output is produced
by a variety of input. As is evident from the above decompositions, the result comes from the difference in the
impact of trade liberalization on the extensive margin: reductions in variable trade cost induce entry of new
firms and suppliers into the respective production sector in a different way. From this reason, it is possible to
empirically test our theoretical prediction taking account of the different impact on the extensive margin. In a
companion paper (Ara and Zhang, 2020), we study this channel by estimating the gravity equation derived in a
multiple-industry, asymmetric-country setting under the Pareto distribution. As overviewed in the Introduction,
we find empirical support for the theoretical prediction in China’s imports.

We conclude this section by briefly mentioning the effect of input (output) trade barriers on output (input)

trade flows. The trade elasticities capturing this indirect effect are defined as

din (520) dIn (1521 ) |

Ex = — , EM = —

dlnTy dlntx

It is clear that both €x and €, have no intensive margin elasticity, implying that trade cost have the impact

on each trade flows only through changes in the market share of firms and suppliers, i.e., the extensive margin

elasticity. Using the impact of trade liberalization on the productivity cutoffs in Lemmas 1 and 2, we get
c—1+4+86

Ex =(0—1) <M> (np — nx),

21
oc—1+6 (21)

oc—1-10

su=(o-) ) Gup = )
Thus, so long as there is some complementarity between exporting and importing under (17), both £x and &y,
have the positive value. As a result, input trade liberalization not only increases input trade flows directly, but

also increases output trade flows indirectly, and vice versa.

12This is similar to that in Arkolakis et al. (2012) who consider the “partial” trade elasticity focussing only on the direct effect of
variable trade cost, while we consider the “full” trade elasticity taking into account all effects of that cost. Though these elasticities
are generally different, they are the same when the extensive margin elasticity is constant. See Melitz and Redding (2015).
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3.3 Welfare Gains

We finally examine welfare implications of trade liberalization in the presence of the vertically-related sectors.
Totally differentiating (12), we know that changes in welfare per worker W can be captured by changes in the

domestic productivity cutoffs pp, ¢p as well as the domestic input share Ay; in this model:
1
dan:dln(pD—i—dln(bD—i—(l) dln Xy (22)
o —

Consider first the impact of input trade liberalization on welfare. On the one hand, the impact of variable
trade cost of input on the domestic productivity cutoffs are given by (14). Then (22) shows that reductions in
this trade cost improve welfare by raising the domestic productivity cutoffs in the two production sectors. The
welfare changes come from the Melitz-type resource reallocations among firms and suppliers seen in Lemma 1:
input trade liberalization magnifies the standard selection effect by inducing the least productive firms as well
as the least productive suppliers to exit the respective production sector so long as condition (15) is satisfied.
This two-sided selection magnifies the welfare gains from trade relative to the single production sector setting.
On the other hand, totally differentiating the domestic input share in (8) and noting the definition of £, in the

last section, the impact of variable trade cost of input on the domestic input share is given by
dlIl/\M = (]. — /\]VI)SjudlIlTM.

Then (22) shows that reductions in this trade cost deteriorate welfare by reducing the domestic input share.
The reason for the welfare changes is explained as follows. Using ¢p in (3) and the output market demand B,

welfare is defined as an inverse of the output price index:

1 (o-1\( L \" ¢p
P_ g G'fD CD.

Thus, for given ¢ p, welfare is negatively affected by the unit cost of firms using only domestic input ¢p because

the higher is this unit cost, the less efficient are these firms and the higher is the output price index. Note that
input trade liberalization endogenously affects the unit cost by changing the range of input available to firms.

Using ¢p in (9) and the input market demand A, the unit cost is expressed as

1 (o—1\77 [ L ﬁqﬁ .
CD_ g O'kD DA

Thus, for given ¢ p, the unit cost is negatively affected by the domestic input share Ap; because the higher is this

share, the more available is input for firms using only domestic input. This means that when there is selection
into importing among firms, input trade liberalization can have a negative impact on welfare by increasing the
unit cost of firms who cannot access imported input. However, this negative effect is always dominated by the
positive effect from selection. Substituting e, in (18) and summing up the three terms in (22), the changes in

welfare with respect to input trade liberalization are simply given by
danzf(].*/\M)thM, (23)

which indicates that input trade liberalization is always welfare-enhancing. More important is that the elasticity

of welfare with respect to input trade barriers is equivalent to the foreign input share 1 — \j;.
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Next we examine the impact of output trade liberalization on welfare. The impact of variable trade cost of
output on the domestic productivity cutoffs are given by (16). Then, from Lemma 2, (22) shows that reductions
in this trade cost have a similar impact as above in the sense that such reductions improve welfare by raising
the domestic productivity cutoffs in the two production sectors, so long as conditions (15) and (17) are satisfied.
On the other hand, the impact on the domestic input share operates through which output trade liberalization
indirectly increases input trade flows, due to the complementarity between exporting and importing under (17).
Observing that the corresponding trade elasticity is €57 in (21), the impact of variable trade cost of output on

the domestic input share is given by
dln)\M = (1 — )\]\/[)c:]\/[dlnTX.

Then (22) shows that reductions in this trade cost deteriorate welfare by reducing the domestic input share,
which is explained by noting the impact of 7x on c¢p. While each of the welfare changes is qualitatively similar
between input trade and output trade, the magnitude of these changes is different between them because the
domestic productivity cutoffs ¢ p, ¢p rise on a different scale (see (14) and (16)), which in turn gives a different
impact on the domestic input share \j;. Substituting £y in (21) and summing up the three terms in (22), the

changes in welfare with respect to output trade liberalization are simply given by
dlnW = —(1 - Ax)In7yx. (24)

It is important to note again that the elasticity of welfare with respect to output trade barriers is equivalent to
the foreign output share 1 — A\x.

We are ready to compare the changes in welfare by input trade liberalization and output trade liberalization.
It follows immediately from (23) and (24) that

<— Ax > g

dlnW
dlnTM

dln W
dlntx

Thus, the welfare gains from input trade liberalization are greater than those from output trade liberalization if
and only if the domestic output share is greater than the domestic input share. Recall that this is the sufficient
condition under which input trade liberalization induces greater changes in the domestic productivity cutoff in
the downstream sector than output trade liberalization. In this sense, this welfare result is consistent with the
resource-reallocation result in Lemmas 1 and 2.

We conclude this section by relating our welfare result to the Arkolakis et al. (2012) welfare formula. Using
the relationship between the changes in the domestic input share and the changes in variable trade cost, we can
express the changes in welfare by input trade liberalization (23) as

dln Xy

dlnW = — .
EM

Thus, the welfare changes by input trade liberalization can be captured by only their two sufficient statistics:
the domestic input share Aj; and the input trade elasticity €7, even in the presence of the vertically-related
sectors. Similarly, totally differentiating the domestic output share in (7) and noting the definition of €x, the

impact of variable trade cost of output on the domestic output share is given by

dlII)\X = (1 - Ax)ExdlnTx.
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Using this relationship, the changes in welfare by output trade liberalization (24) are expressed as

dln A x

€X

dinW = —

~

Defining proportional changes of a variable by a “hat” (e.g., T = dz/z), the changes in welfare associated with

trade liberalization in each type of goods are given by

1

=X, (25)

—~ ~—

W=y

Therefore, the welfare formula by Arkolakis et al. (2012) applies here: conditional on the two sufficient statistics,
the welfare gains from trade are the same between input trade and output trade. More importantly, our welfare
comparison displays the main emphasis of Arkolakis et al. (2012) in a very clear manner. Holding the domestic
share equal between input and output (Ax = Apr), Lemmas 1 and 2 show that input trade liberalization always
has a greater effect on the two-sided resource reallocations than output trade liberalization. Given this difference
in the impact of trade, it is natural to imagine that the welfare gains from trade are greater for input trade than
for output trade. The welfare expression (25) indicates that this is not the case. As stressed in the last section,
the fact that the trade elasticities are different between the two types of trade reflects that there exists an extra
adjustment in the extensive margin for input trade that is absent for output trade. However, conditional on
the two sufficient statistics, this extra margin only affects the composition of the welfare gains from trade, not
their total size.

Though useful, the equivalence in the welfare changes by trade liberalization in input and output holds under
the condition that the domestic share is equal between input and output. There is however mounting evidence
suggesting that input trade has been growing faster and its share in world trade is larger than output trade
(Hummels et al., 2001; Hanson et al., 2005; Johnson and Noguera, 2012). This piece of evidence implies that the
welfare evaluation holding the domestic share in input and output equal might lead to wrong understanding of
globalization where fragmentation of production processes plays a prominent role in improving welfare in each
country. The finding that the welfare changes are greater for input trade than output trade under rapidly rising
input trade is also consistent with empirical evidence that input tariff reductions increase industry productivity
more than output tariff reductions (Amiti and Konings, 2007; Topalova and Khandelwal, 2011), because such
productivity improvement is typically associated with the higher welfare gains from input trade liberalization
than from output trade liberalization.

Besides this caveat, (25) depends on a constant extensive margin elasticity which makes the mass of entrants
in each production sector invariant to any trade shocks. If the extensive margin elasticity is variable, however,
trade liberalization affects welfare from changes in the mass of entrants, yielding an additional welfare channel.
Given recent empirical work reporting a non-constant extensive margin elasticity (Bas et al., 2017), we should
be careful about interpreting our welfare result.'?

The result on welfare gains is our second main proposition of the paper.

Proposition 2: If trade liberalization induces resource reallocations in the vertically-related sectors, the impact
of trade barriers on welfare gains is greater for input trade than for output trade if and only if the domestic

output share is greater than the domestic input share.

13See Head et al. (2014) and Melitz and Redding (2015) for welfare implications with a variable extensive margin elasticity.
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4 Conclusion

This paper has presented a heterogeneous firm model in which selection into exporting and importing play a
key role in industry productivity of vertically-related sectors. We show that reductions in trade cost increase
trade flows for intermediate goods more than for final goods, due to an extra adjustment through the extensive
margin. We also find that reductions in trade cost induce greater welfare changes for intermediate goods than
for final goods if and only if the domestic output share is greater than the domestic input share. These findings
could help us to obtain better understanding about rapidly rising growth of intermediate good trade and large
productivity gains associated with trade liberalization in intermediate goods reported by empirical work. One
of broader policy implications from this paper is that the difference in the trade elasticities between final goods
and intermediate goods is crucial for understanding the mechanism that generates the difference in the welfare
gains from trade.

To highlight an extra adjustment through the extensive margin in intermediate good trade, we have resorted
to a two-symmetric-country setting. While our model can be extended to a many-symmetric-country setting,
it is challenging to develop a many-asymmetric-country setting where reductions in trade cost potentially have
an asymmetric impact on trading partners, but such an extension could provide an important channel through
which to magnify a positive correlation between productivity levels of firms and the number of source countries.
It is also interesting to explore the impact of country asymmetry on the trade pattern between final goods and
intermediate goods, and general-equilibrium consequences of such specialization patterns for the welfare gains.
Does a larger country host disproportionally more final good firms and become a net exporter of final goods in
vertical linkages? Does unilateral trade liberalization in final goods induce agglomeration of final good firms in
a liberalizing country and give rise to the greater welfare gains there relative to unilateral trade liberalization

in intermediate goods? We leave these questions to feature work.
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A Proofs

A.1 Proof of Lemma 1

To show the derivation of (14), we first derive changes by variable trade cost of input in the downstream sector.

Taking the log and differentiating the zero profit cutoff conditions (4) and (5) with respect to 7py,

dlnpx —dlnpp =0,
dlnpxy —dlnppy =0,

1
dlnppy —dlnpp = —ﬁdlnA—i—dlnTM,
o —

dlnpxpy —dlnpx = —%dlnA +dlnTyy.
Using the definition of A and 6. = 6,
din A =—-0(dlngy —dlngp).
Moreover, differentiating the free entry condition (6) with respect to 7,

Z chl(@c)QOcdln e = 0.

Solving this for dlnppy and dlnpxar by using dlnpy =dlngpp and dlnpxy = dlnppys from (A1),
dlnppy = —adlnpp, (A.2)

where ) )
IpJ' (¢p)ep + fxJ'(ox)ex

a= )
fom ' (epr)epm + fxmd' (oxm)exm

Just like (3) and (6) cannot characterize the levels in the downstream sector, (A.1) and (A.2) cannot characterize
the changes in the downstream sector through the changes in the market share dln A.
Next we calculate changes by variable trade cost of input in the upstream sector. Taking the log and

differentiating the zero profit cutoff condition (10) with respect to 7,
dlnngfdlnng:fidlnAMerlnTM. (A.3)
Using the definition of Ay and 9, = 0 as well as dlnpx = dlnpp and dlnpxy = dlnppys from (A1),
dlnAy = —60(dlnppy — dlnpp).
Moreover, differentiating the free entry condition (11) with respect to 7,

> ke ($e)pedIn g = 0.

Solving this for dIn ¢, we have
dlngyr = —Bdln¢p, (A.4)
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where

kpJ'(ép)op
kaeJ (o) oar

Note the similarity between (A.1) and (A.3) as well as (A.2) and (A.4).

Finally, we solve for the changes in the economy by variable trade cost of input by taking account of the

b=

joint interaction between the two production sectors. Substituting (A.2) and (A.4) into the third equation of
(A.1), and substituting (A.2) and (A.4) into (A.3) respectively,

0
—(a+ 1)dlngp = —71(5 + 1)dIn¢p + dInTyy,
o —

—(B+1)dlngp = —

0
1(a+ 1)dlnep + (0 — 1) + dln .

Solving these for dlnyp and dln ¢p yields

oc—1
dl =— dl

nen <(a— 1 —9)(a+1)> e
oc—1

dln¢gp = — dlnTy.

o0 = (T Zaen) e

o—1
It remains to show 7 = 37 = 1 — Ay Differentiating J(¢c) = f:j K%) - 1} dG (i) with respect to .,

() = <0¢_01> () +1— Glgo)]

From V(p.) = f:o 07 1dG (), it follows that J(p.) + 1 — G(p.) = pL 7V (p.) and hence

J'(pe) = =(0 = 1) V(pe), (A.5)

which also holds for suppliers’ productivity cutoff ¢.. Substituting (A.5) into the definition of o and g above,

and subsequently using the zero profit cutoff conditions (3) and (9),

1
a=pF=—=

— (A.6)
T]\/[ AAM

The result follows immediately from using (A.6) in the definition of Apy.

A.2 Proof of Lemma 2

To show the derivation of (16), we closely follow the steps in Appendix A.l. Taking the log and differentiating
the zero profit cutoff condition (4) and (5) with respect to 7x,

dlngaX — dhl(pD = dlnTX,

dh’l(pXM —d1n<pDM = dlnTx,

1
dlnppy —dlnpp = —ﬁdlnA,
o —

1
dlnpxpy —dlnpx = —7ldlnA7
o —
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where d1n A is the same expression in Appendix Al. Moreover, differentiating the free entry condition (6) with
respect to Tx also yields the same expression in Appendix A.1. Solving this for dlnyppy and dlnpxy by
noting dlnpx = dlnpp +dlnTx and dlnpxy = dlnpy + dln7x in (A7),

dnpppy = —adlnpp —ydIn Ty, (A.8)

where ) )
IxJ(ex)ex + fxmud (oxm)exm

fomJd' (ppm)epm + Fxmd (pxm)exm

7y

As for the equilibrium in changes in the upstream sector, taking the log and differentiating the zero profit

cutoff condition (10) with respect to Tx,
1
dha(;bM—dth)D:—71d1nAM7 (A.9)
o —

where

dinAp = —60(dlnppy —dlnpp) — (6 — 14+ 0)(up — par)dInTx.

Moreover, differentiating the free entry condition (11) with respect to 7x yields
dlngy = —pBdlngp. (A.10)

Finally, substituting (A.8) and (A.10) into the third equation of (A.7), and substituting (A.8) and (A.10)
into (A.9) respectively,

0
—(a+1)dlnpp = —m(ﬁ +1)dln¢p + vdlnTx,

0y — (0 =1+ 0)(up — par)

o—1 dlnTx.

0
—(B+1)dlngp =— m(a + 1)dnpp —
Solving for dln pp and dln ¢p yields

_ (o =1-0)+6(up — pm)
dlngp = ( (c—1-60)(a+1)

_ (o= —pa)\ 40
tmon = - (L5 ) o

> dlnTx,

Moreover, using (A.5) into the definition of - above,
v=1-Ax)(a+1).

The result follows immediately from using this and (A.6) in the definition of Apy.
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S Supplementary Note (Not for Publication)

This Note contains detailed derivations for the expressions omitted in the main text due to the space constraint.
The same section names are attached to the following sections where the detailed derivations are required.

S.1 Firms

To derive firm #’s input expenditure in (1), substituting xp;, and s, into the CES production function,

€;
Ty — —.
C;

Rewriting this as e¢; = ¢;x; and using firm ¢’s technology ¢; = p;x; yields (1).

To derive firm 4’s unit cost in (2), note that cj, 7 = I, Ph.dv can be expressed as

=7 — N / P2 dG(d).
D
Using the input pricing rule pp, and the definition of V(¢.), we get

g

oc—1

¢y = Ng ( >10 V(¢p).

Similarly, c}\; 7= fv p}\zv"dv can be expressed as

) UV(<75M)-

OTM

1—0o
em” = Ne <O’—1

Substituting these into ¢} 7 = ¢}, 7 + Laricy; © and using A = V(éar)/V (¢p) yields (2).

The free entry condition can be expressed as

/OO mpidG(p;) + /OO mxidG (i) = [E.
©

D X

From domestic profit 7p;, the expected profit from the domestic market is given by

0o YDM S
/ pidG(pi) = / (Bep 79! ™" = fp) dG(p:) + / (B + 73,7 A)ep 797 = fp — foum) dG(03).
© ®

D D YDM

Rearranging and substituting ¢ p and ¢pas in (3) into the above equality,

0o 00 ©i o—1 00 0; o—1
/% wDidGm):fDL [(@D) “1| d6(e) + fou [( ) 1

¥YDM ¥YDM
Similarly, the expected profit from the export market is given by

[ = (2 oo [(20) " o

Using the definition of J(p.) yields (6).

dG(pi).
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To derive the domestic output share in (7), note that R = [, r;di is

R = /TDldl“r‘/TXZdZ

This aggregate revenue can be expressed as
(oo}

R= ME/ rpidG(p;) + ME/ rxidG(p;).
)

D Yx

From domestic revenue rp;, the aggregate revenue from the domestic market Rp = fl rpidi is given by

YDM [e'e)
RD = ME/ (O'Bchfo'ngfl) dG((pl) + ME/ (O'B(]_ —+ T&ng)C};USOlgfl) dG(Sai)
o]

D $YDM

Using the definition of V(¢.) and rearranging, this revenue is rewritten as

Rp = MEUBC};J(V(QOD) + T]{[UAV(@DM)). (S.1)

Similarly, the aggregate revenue from the export market Rx = fl rx;di can be expressed as

Rx :MECTB(TXcD)lig(V(gO)()+T]{4_UAV(QDXM)). (82)

Substituting these in Ax = Rp/R yields (7).
To derive the domestic input share in (8), note that E = [, e;di is

FE = /eDidi—&—/eMidi,

where ep; = fv epivdv and epy; = fv eriodv. This aggregate expenditure can be expressed as

[e e}

YD YDM

Note that ep;, = p}{v"cf*lei and e = p}wfv"cf*lei where e; is written from (1) as

e
e; = *Z.(QDi + 1xiTxqxi)s

7

where 1 x; is an indicator function which takes the value of one if firm 7 exports their output and zero otherwise

Substituting consumers’ output demand ¢p;, ¢x; into e; and subsequently using this in ep;,, €prriv,

epiv = (0 — l)BplD_U”gaf_l(l + ﬂXiT)l(_a), 5.3)

emiv = (0 = 1)Bpy; 707 N1+ LyiTy ).

Recalling that [ pp."dv = cj; 7 and [, py7dv = cj;, aggregation of epjy, eariy yileds

ep; = (0 — 1)Bc}3_‘7<p§’_1(1 + ]lX,»T)l{_”),

eri= (0 — 1)Bc}w_”<p‘i7_1(1 + ]lXiT)l(_U).
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Then, the aggregate expenditure of domestic input Ep = j; ep;di is expressed as
Ep = Mg(c —1)Bep 7 (V(ep) + 7 “V(px))- (S.4)
Similarly, the aggregate expenditure of imported input Ejy; = fz enridi is expressed as
Enx = Mp(o —1)Bey " (V(epu) +7x 7V (oxar))- (S.5)
Substituting these and (2) into Ay = Ep/F yields (8).

S.2 Suppliers

Using (S.3), (S.4) and (S.5), supplier v’s revenue rp, = fl epivdi and rpp, = fl enivdi is given by
rDe = Ppy 5 Ep,
rve =Dl o B

Moreover, it follows from (S.4) and (S.5) that

1—0o
Ey = (CM> AuvEp,
CD

and hence
l1—0o o—1
TMv = Ppry AMCD ED.

Using the input pricing rule pp,, pas, and the definition of A yields the expression of rp,, rp,. The zero profit
cutoff condition (9) follows immediately from that expression.

The free entry condition can be expressed as

/j TpudG(dy) + /oo Ta1edG(ey) = kg,

M

where the first (second) term is expected profit from the domestic (export) market. From domestic profit 7p,,

the expected profit from the domestic market is given by

/Oo TedGl(dy) = /oo (A6 — kp) dG(6.).

Substituting ¢p in (9) into the above equality,

/¢ j TpudG(dy) = kp /¢ j l((‘fD)l - 1] 4G (6,).

Similarly, the expected profit from the export market is given by

o] o) ¢ o—1
/ WM,UdG(gZSU) = k’M [( Y ) -1
M om Pum

Using the definition of J(¢.) yields (11).

dG(¢).

S-3



To derive the domestic input share in (8), note that F = fq , TDvdv + [, Tarudv can be expressed as
E=Ne [ rpdG(6,)+ Ne [ rindG(6,),
D

M

where the first (second) term is aggregate revenue from the domestic (export) market. From domestic revenue

Do, the aggregate revenue from the domestic market Ep = fv rpydv is given by

Ep = Ng /°° (0 A7) dG(y).
D
Using the definition of V(¢.), this revenue is rewritten as
Ep = Nga AV (¢ép). (S.6)
Similarly, the aggregate revenue from the export market Ey = [ rapdv can be expressed as
Ey = Npo Aty “AmV (our). (S.7)

Substituting these in A\yy = Ep/FE yields (8).

S.3 Economy

To define the labor market clearing condition of the economy, let us first consider the aggregate amount of labor

used for entry and production in the downstream sector. Denoting this by L; = fl l¢di + 1Pdi,

oo oo

Li=Mgfe+ Mg fpidG(pi) + Mg fxidG (i)
©D ex
Every entrant incurs fixed entry cost fg, and firm ¢ above ¢p (px) also incurs fixed production (export) cost
fpi (fxi) to serve the domestic (export) market. Note that production worker is used only for fixed cost in the
downstream sector since firms purchase input from the market and hence labor is not used for variable cost (i.e.,
for transforming input into output). From domestic profit 7p;, export profit mx; and the free entry condition

(6) in the downstream sector, L; is expressed as
Li=R—E. (S.8)

We also consider the aggregate amount of labor in the upstream sector. Denoting this by L, = fv I¢dv + Pdv,

o0

L, :NE]CEJFNE/ I%UG(¢U)+NE/ lﬁ/lvdG(gbv),

M

where l%v =kp+xpy/d, and lfwv = kn +7TMmE o/ dy. Every entrant incurs fixed entry cost kg, and supplier v
above ¢p (¢ar) also employ labor used for production 1, (1%,,) to serve the domestic (export) market. Thus,
production worker is used for both variable cost and fixed cost in the upstream sector. From domestic profit

T Doy, €xport profit mas, and the free entry condition (11) in the upstream sector, L, is expressed as

L,=E. (S.9)
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Substituting (S.8) and (S.9) into L; + L, = L, we get the standard labor market condition R = L. Moreover,
noting R = Rp + Rx in (S.1) and (S.2) as well as E = Ep + Ejy in (S.4) and (S.5),

E:(0_1>R (S.10)

g

Substituting this into (S.8) and (S.9) gives us aggregate labor allocated to each production sector.
To get the mass of entrants in each production sector, we first consider the mass of entrants in the downstream
sector. Substituting ¢. in (3) into (S.1) and (S.2), R = Rp + Rx can be expressed as

R=Mgo»_ feph "V (pe).

Moreover, using R = L and rewriting this gives us the mass of entrants in the downstream sector:

B L
oY felpe) TV (pe)

Similarly, substituting ¢. in (9) into (S.6) and (S.7), E = Ep + Ej; can be expressed as

Mg (S.11)

E=Ng) ket "V(¢e).

Moreover, using (S.10) and rewriting this gives us the mass of entrants in the upstream sector:

Ne = <U; 1) SR

Regarding welfare per worker defined as W = U/L, it follows from @ = U and PQ = R = L that

(S.12)

_Q_1
W=7=2

Noting that w = 1, welfare per worker is equivalent to the real wage. To get the output price index, using ¢p
in (3) and the definition of the output market demand B,

1 (e=1\ (L) en
P_ g G'fD CD7

which depends not only on firms’ domestic productivity cutoff pp but also on firms’ unit cost ¢p, both are an

endogenous variable of the model. Using ¢p in (9), (S.10) and the definition of the input market demand A,

g 1
1 o — 1 o—1 L o—1 1
— = ATt
D ( o ) (U kp > P21
Combining these two expressions,

20—1 1 1
0—_1 o—1 L o—1 L o—1 1
W= Sl Sl AT
( o ) (UfD) (CTkD) PDODALL

Rewriting this gives us the welfare expression in (12).
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S.4 Trade Flows

o—1
Under the Pareto distribution, J(¢.) = [ [("4) - 1} dG(p;) and V(p.) f 077 dG(y;) are simple

c Pe
power functions of the productivity cutoff ¢.:

oc—1 1
J(pe) = T (po)o1t0 S13)
c—14+6 1 '
Vie) = "5

To compute the mass of entrants Mg, Ng under the Pareto distribution, using (S.13) in the mass of entrants

in the downstream sector (S.11),

L

Mp = )
20O 57, fe(pe) ™)

Further, applying the Pareto distribution to the free entry condition (6),

[ch c (o= 1+9)] :fE'

Combining the two expressions, we have that the mass of entrants is proportional to labor endowment L:

o—1 L
Mp=——""7"-—+<—. S.14
L olc—14+0) fe (5-14)
Similarly, using (S.13) in the mass of entrants in the upstream sector (S.12) and applying the Pareto distribution

to the free entry condition (11), we also have

(c—1)?% L

NE:GQ(UflJrG)E

(S.15)

To derive the gravity equation (20), let output trade flows Rx = fl rx;di decompose into the average sales

per firm and the mass of firms:

1 oo
Bx = =gy [, rxedG(ex) x 1= Glex M
1 —14+0 1\t
_Lolo-1+0), () Mg,
Nx 0 Yx

where the second equality follows from using (S.2), (S.13) and the definition of nx. This decomposition in turn

can be rearranged as

1 -1
RX:7O'(O' +6)

X i fx x (px)"l071H0 ((0_1[/> (using (S.14))

olc—140) fr

_o—146

o () o (mmy=s) e ()

fod __9_
wX YX B 014{9 (TXcD)_(U_H-e)on—l.
nx
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Similarly, input trade flows are

olo=140), e (o1 I |
( 1)2 i _o—1+46
o— M o ;
(T py (S
( o0k ) M (AT]{/[UAM> (using (9))

g—1+06 c—140 —_f_
o—1 —(o—1+96) o1
=¢uAy T LA T Ty, kv

This gives us the gravity equation expressions in (20).
To get the output trade elasticity from the gravity equation, applying (S.13) to Rp in (S.1) and subsequently
dividing Rx derived above by Rp,

__6
Rx  _(s-116)7D (fx) 7T
—— =Ty — | = .
Rp nx \fp

Taking the log and differentiating Rx/Rp with respect to 7x,

ex=0—1+6-— 7d1n(nD/nX) .
dlnTx

Moreover, from the definition of np,nx, it follows that

_(MMmﬂmd>:9(a_1+g

dlnrx T 1) o mten — o)

This gives us the same expression of the output trade elasticity in (19).
To get the input trade elasticity from the gravity equation, applying (S.13) to Ep in (S.6) and subsequently
dividing Ep; derived above by Ep,

9

E o o—1+6 T o—1
M _ _—( 1+9)AM6771 (kM) .

Ty =" m
Moreover, noting that Ay; = %‘w and solving for Ay and A,

0
1-6

g—1 — _ 0 7 o—1—
A";ife | —~-1+0) (D \ * ([DM kv 70
Mo =M 137; fp kp 7

__0_ —1 ﬁ
_—(o=1+46) 1D (fDM) 71 (k’M>
M ua \ fp kp .

Taking the log and differentiating Ey;/Ep with respect to 7y,

(S.16)

o—1+6

A o1

-1 InA
€M=0'—1+9+(U +0din M>

oc—1 dlnty

While Ay in (S.16) depends not only on 7y, directly but also on pp/pas indirectly, it follows from the definition
of pup, pas that %ﬁm = 0 and only the direct changes of 7j; remains. This gives us the same expression

of the input trade elasticity in (18).
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To show the trade elasticities capturing the indirect effect, note that

~ _dln(Rx/RD) dlnAX

X = dlnTM :_dth]\/[7
z o dln(EM/ED) o dlnA dlnAM
M= dinty  dlntx dln7ty

which shows that there is only the extensive margin elasticity. Applying (S.13) to Ax = Zz“jgig,

__6_

Ay = D <T§1fx> ot

X = )
nx fD

while the closed-form solutions of A and Ajps are given in (S.16). It can be easily shown that

dinAy  [((0—1)(c —1+0)

CdlnTy ( c—1-146 (o = 11x),
dinA [ 0(c—1)

CdlnTx (O’— 1 —9) (o = pas),
dinAy [ (0 —1)?

_dlnTX o (0—1—0 (o = par),

This gives us the expressions of the trade elasticities in (21).
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