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Abstract

In this paper, we introduce a general equilibrium model of international trade that takes

into account the industry linkages between intermediate goods and consumption goods producers

to quantitatively measure the countries welfare gains and losses from different trade policies

on intermediate and consumption goods. Our model extends the inter-industry trade model

of Ricardo (1817), intra-industry model of Krugman (1980), and firm heterogeneous model of

Melitz (2003). Reduction of tariffs affect welfare of countries through direct effects on income,

cost of export, and cost of input bundles of production (labor and intermediate goods), and

indirectly through changes in term of trades, and endogenous entries and exits in many industries

due to the general equilibrium adjustment of the input-output linkages. The model have three

main implication on estimating the welfare gain from trade. First, since the share of domestic

production in expenditure of an industry can correspond to different shares of domestic production

in consumption and intermediate goods expenditure on that industry, taking not into account

some differences between intermediate and consumption goods (as it common in the literature)

can significantly distort the estimated welfare gains from trade. Second, only the elasticities of

substitution of intermediate goods sectors affect the welfare gain from trade. Third, the trade

elasticities of consumption goods have much lower effect on welfare gain from trade than trade

elasticities of intermediate goods.

Keywords: Gain from Trade, Trade Policy, Intermediate Goods, Input-Output Linkage

1 Introduction

How does the trade of intermediate goods affect the welfare gain of countries from international trade?

Estimating the welfare gain from trade remained one of the major areas of research in international
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economics. As more than half of the world’s trade of goods is in intermediate goods, the important

question is how to appropriately take into account trade of these goods in the quantitative models of

international trade.

We propose a multi-country multi-industry general equilibrium model of international trade that

takes into account the difference between intermediate and consumption goods and the linkage between

industries throughout the input-output loop. Our model features inter-industry trade, intra-industry

trade, and firm heterogeneity. There are two sectors in each industry: the sector that produce con-

sumption goods that are demanded by consumers, and the sector that produce intermediate goods that

are demanded by producers in other intermediate and consumption sectors for production. Industries

are related to each other in an input-output environment.

Our work stands in the literature of quantitative trade models that estimate the welfare gains from

trade. Arkolakis et al. (2012) assess that with single industry gravity models, the welfare gain from

trade for United States is around 2 percents. However, it is shown that the significant portion of welfare

gain from trade comes from trade in intermediate inputs. Ossa (2015) recognizes the input-output

loop in a simple Armington model and finds the median welfare gain from trade of countries around

50 percents. Eaton and Kortum (2002), Alvarez and Lucas (2007), and Caliendo and Parro (2014)

also consider trade of intermediate goods in Eaton and Kotum model and find a sizable welfare gain

from trade. But, since in this environment the measure of producers in each industry is exogenous,

the effects of entries in and out of industries resulting from trade are missed. Thus, same as Balistreri

et al. (2011), Di Giovanni and Levchenko (2013), and Costinot and Rodriguez-clare (2014), we take

into account trade of intermediate goods in Melitz (2003) environment.1

However, in Caliendo and Parro (2014) and Costinot and Rodriguez-clare (2014), it is assumed that

all goods can be used both as intermediate and consumption goods. Here, we assume that goods are

either used solely as inputs of production or as consumption goods. Taking into account the differences

between consumption and intermediate goods in trade elasticities, elasticity of substitution, and share

of domestic production can significantly change the estimated welfare gain from trade.

We use the sufficient static approach as Arkolakis et al. (2012) to provide a single formula for

welfare gain of countries from trade. We make use of simulation of an artificial economy to assess the

main contributions of our model in estimating welfare gain form trade.

1Positive effects of use of foreign intermediate goods on productivity of domestic producers have been also extensively
documented empirically. Amiti and Konings (2007) estimates the impact of the reduction of tariffs of intermediate goods
on Indonesian firms. They find that the elasticity of productivity of firms with respect to tariffs on inputs is 1.2 in
Indonesia, which is twice the effect of a reduction in the tariffs of final goods on productivity. Kasahara and Rodrigue
(2008) assess the effect of imported inputs on the productivity of Chilean firms. Their estimate varies from 12.9 to 22
percent depending on the method of estimation. Goldberg et al. (2010) finds that a major determinant of producing
new products in India was lower input tariffs. On the contrary, Van Biesebroeck (2003) and Muendler (2004) show that
the positive effects of the reduction of input tariffs did not happen in Columbia and Brazil, respectively. Schor (2004)
finds that the effect of decreasing tariffs is the same for intermediate and consumption goods.
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First, we demonstrate that shares of domestic production in consumption goods and intermediate

goods together determine the welfare gain from trade. However, if the lower shares of domestic

production in intermediate goods is the reason behind the lower shares of domestic production, because

of the proliferation effects of intermediate goods in economy, its effect on welfare gain will be more.

Second, it is shown that only elasticities of substitution of intermediate goods appear in the welfare

gain formula. The elasticity of substitution of consumption goods does not have any effect on the

welfare gain of countries from trade. As the demand of firms determine the elasticity of substitution of

intermediate goods and demand of households determinate the elasticity of substitution of intermediate

goods, these two statistics are not necessary similar in one industry.

Third, we show that different estimations for trade elasticities of intermediate goods significantly

affect the estimated welfare gain from trade, while different estimations for trade elasticities of con-

sumption goods have much lower impact on estimation of the welfare gain.

To evaluate different trade policies on intermediate goods, we solve the equilibrium in relative

changes using the exact hat algebra as Dekle et al. (2008). This help us to assess the welfare effects

of trade policies without information on parameters like fixed costs that are difficult to estimate

empirically. Using only information on trade flows available in multi-countries input-output tables,

elasticities of substitution, and trade elasticities of sectors, we are able to evaluate the welfare effects

of trade policies on intermediate and consumption goods.

The remainder of paper is organized as follows. In Section 2, we develop the theoretical framework

and characterize the equilibrium. Section 3 describes the channels that changes in tariffs affect welfare.

Section 4 lays out the welfare gain from trade in the model. In section 5, we simulate an artificial

economy and discuss the welfare implication of the model. Section 6 concludes.

2 Model

2.1 Households

There are N countries and S industries. In each country j there are Lj representative households

whom their preferences are defined by:

Uj =

S∏
s=1

C
µjs
js . (1)

The budget constraint is
∑S
s=1 PjsCjs = Rj , where Rj is country j’s total income. Assuming trade is

balanced between countries (no deficit) and free entry condition (no profit), the only source of income

is labor income that is equal to Rj = wjLj .
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2.2 Market Structure

In each industry, there are two sectors of intermediate goods and consumption goods. In each indus-

try, δ ∈ {I, C} shows intermediate and consumptions sectors, respectively. The market structure is

monopolistic competition same as in Melitz (2003). Firms in each sector enter as long as the expected

profit is higher than the entry sunk cost wif
e
is.

2 After entry, firms pick their random productivity from

a distribution gδis(ϕ). After realization of ϕ, firms produce for their domestic if their profit considering

fixed cost of production (fδiis) is positive. To export to country j, firms must pay the fixed cost of fδijs

by hiring labor in country j beside the variable cost of export. They decide to export to country j if

only their profit from serving that market is positive. We define ϕ∗,δijs as the cut-off of productivity of

export to country j.

Same as Chaney (2008), we assume that productivities of firms are derived from a Pareto dis-

tribution Gδis(ϕ) = 1 − (
bδis
ϕ )θ

δ
s . Where bδis is the Pareto location parameter (higher bδis means more

productive industry) and θδs is the Pareto shape parameter (higher θδs means less variety in productivity

of firms).

The ex-post distribution of firms would be:

gδis(ϕ | ϕ > ϕδ,∗ijs) =
gδis(ϕ)

1−Gδis(ϕ
δ,∗
ijs)

=
θδs
ϕ

(
ϕδ,∗ijs
ϕ

)θ
δ
s (2)

In each country and each industry, two final goods are produced. In each intermediate sector,

a final intermediate good is produced from a CES aggregate production function over all available

intermediate goods. The same is also true for each consumption sector

Qδjs =

(
N∑
i=1

∫
qδijs (ϕ)

σδs−1

σδs Mδ
isdϕ

δ
is (ϕ)

) σδs
σδs−1

(3)

where Qδjs is the final good produced from the available goods qδijs in sector (s, δ) that are available

in country j, and Mδ
is is measure of producers in each country and each sector. Final consumption

goods are only demanded by consumers and final intermediate goods are demanded by producers of

consumption and intermediate goods for production.3

2We assume that I and C sectors in each industry have the same entry cost and production function. These
assumptions do not alter the main results and only simplify solution and calibration of the model.

3The alternative model (as in Caliendo and Parro (2014)) is that in each industry, all firms produce intermediate
goods. Then, these intermediate goods are aggregated to final goods. Part of a final good is demanded by households
for consumption and part of it is demand by intermediate goods producers for production.
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2.3 Production

For the production, a firm uses labor and the final intermediate goods from all industries as inputs.

Its technology is constant return to scale and its production function is given by:

qδis (ϕ) = ϕ
(
lδis (ϕ)

)βis ( S∏
r=1

(
Q̄δis,r (ϕ)

)ηisr)1−βis

(4)

Where ϕ shows the productivity of firm, β is share of labor and ηisk(1−βis) is share of final intermediate

good of k industry in production function of intermediate goods and consumption goods producers of

industry s.

The final consumption goods available in each country and each industry are demanded by con-

sumers and final intermediate goods are demanded by intermediate goods and consumption goods

producers as inputs of production. The total expenditures on sector (s, C) and (s, I) in country j are

equal to:

ECis =PCisQ
C
is (5)

EIis =

S∑
r=1

∑
δ∈{I,C}

Me,δ
ir

N∑
j=1

pr(ϕ > ϕ∗,δijr)E(P δjsQ̄
δ
ijr,s(ϕ) | ϕ > ϕ∗,δijr)

 .
Where Q̄δijr,s(ϕ) is the amount of final intermediate good demanded from sector (s,I) by a firm in

sector (r, δ) of country i with productivity of ϕ for production of its export to country j and P δik is

the aggregate price index of sector (s, δ) in country i and is given by

P δjs =

(
N∑
i=1

∫ ∞
ϕ∗,δijs

Mδ
is(d

δ
ijsτ

δ
ijsp

δ
is(ϕ))1−σδsdϕis

) 1

1−σδs

(6)

2.4 Equilibrium for given tariffs

Profit maximization of each producer of intermediate and consumption goods yields the pricing rule:

pδijs (ϕ) =
σδs

σδs − 1
(
dδijsτ

δ
ijsc̄is

ϕ
) (7)
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Where dδijs is iceberg cost defined as number of goods that must shipped from country i to j for one

unit of intermediate good, τ δijs is tariff, and c̄is is defined as

c̄is =

(
wi
βis

)βis 
∏S
k=1

(
P Iik
ηisk

)ηisk
1− βis


1−βis

. (8)

Where c̄is
ϕ is marginal cost of firm with productivity of ϕ. By FOC of a firm, the demand of a firm

for labor and intermediate final goods for serving each market are:

lδijs(ϕ) =
βis
wi

dδijsτ
δ
ijsc̄is

ϕ
qδijs(ϕ) (9)

P IjsQ̄
δ
ijr,s(ϕ) =(1− βis)ηirs

dδijsτ
δ
ijsc̄is

ϕ
qδijs(ϕ). (10)

Utility and profit maximizations yield that the revenue of a firm with productivity of ϕ in sector

(s, δ) of country i from serving market of country j is

qδijs(ϕ)pδijs(ϕ) = (
pδijs(ϕ)

P δjs
)1−σδsEδjs. (11)

The share of total expenditure spent on product of a firm is determined by its price advantage in

the market it serves. The more is the elasticity of substitution in a sector, the more a firm loses its

revenue because of its higher price.

Firms serving market of a country must gain positive profit by entering to that market. Assuming

E(π(ϕ∗,δis )) = 0, the productivity cut-offs of exports are:

ϕ∗,δijs = (
σδswjf

δ
ijs

Eδjs
)

1

σδs−1
σδs

σδs − 1

dδijsτ
δ
ijsc̄

δ
is

P δjs
(12)

Free entry causes the expected profit of a firm to be equal to the entry sunk cost.

E(πδis(ϕ)) =

N∑
j=1

[
pr(ϕ > ϕ∗,δijs)E(πδijs(ϕ) | ϕ > ϕ∗,δijs)

]
= wif

e
is (13)

It can be shown that under Pareto distribution we have

E(rδijs(ϕ) | ϕ > ϕ∗δijs) =
θδsσ

δ
s

σδs − 1
wif

e
is. (14)
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Hence, the free entry condition becomes

N∑
j=1

(
bδis
ϕ∗δijs

)θ
δ
s

σδs − 1

1 + θδs − σδs
wjfijs = wif

e
is. (15)

The expenditure of consumers in each industry is µiswiLi and the expenditure of firms come from

substituting Equation (10) in Equation (5) and using Equations (14) and (15):

EIis =

S∑
r=1

∑
δ∈{I,C}

[
(1− βir)ηirsθδrwiM

e,δ
ir f

e
ir

]
(16)

Potential producers hire labors from their country to derive their productivity (sunked cost of

production). Active firms must also hire labors from their country for production and from countries

they serve to pay fixed cost of export. Therefore, labor market in each country clears as

Li =

S∑
s=1

∑
δ∈{I,C}

Me,δ
is

(
feis +

N∑
j=1

pr(ϕ > ϕ∗,δijs)E(lδijs(ϕ) | ϕ > ϕ∗,δijs)
)

+

N∑
j=1

Mδ
jisfjis

 . (17)

Substituting Equation (9) and using Equations (14) to (16), the labor market clearing condition yields

αiLi =

S∑
s=1

[( 1

σIs
(1 + θIs)(1 + βIis(σ

I
s − 1))Me,I

is f
e
is

)
+ (1 + βCisθ

C
is)M

e,C
is feis

]
(18)

Where αi =
∑S
s=1

(θCs +1)(σCs −1)
σCs θ

C
s

µis is constant. Imposing Pareto distribution in Equation (6), the

price indeces are determined by:

P δis = γδs (
σδswi
Eδis

)
θδs−(σδs−1)

θδs(σ
δ
s−1)

[
N∑
v=1

(
bδvs

dδvisτ
δ
visc̄

δ
vs

)θ
δ
sMe,δ

vs fvis

(σδs−1)−θδs
σδs−1

]−1

θδs

(19)

Where γδs = (
σδs
σδs−1

)(
θδs−(σδs−1)

θδs
)

1

θδs is constant. Using Equations (14) and (19), we can derive the final

free entry condition:

σδsθ
δ
s

σδs − 1
feiswi =

N∑
j=1

fijs

(σδs−1)−θδs
σδs−1 (

bδis
dδijsτ

δ
ijsc̄is

)θ
δ
s

∑N
m=1M

e,δ
msfmjs

(σδs−1)−θδs
σδs−1 (

bδms
dδmjsτ

δ
mjsc̄ms

)θ
δ
s

Eδjs (20)

The equilibrium for given tariffs is N wi and NS Me,C
is , Me,I

is , RIis, P
I
is, and c̄is that satisfy system

of N equations of Equation (18), 2NS equations of Equation (20), and NS equations of Equations (8),

(16) and (19).
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2.5 Equilibrium for given tariffs changes

Estimating sunk costs and fixed costs used in previous equilibrium are empirically difficult. However,

for examining the effects of changes in tariffs we don’t need to know all the parameters. We solved

the model in relative changes with the method inspired by Dekle et al. (2008). Defining X̂ = X′

X for

all variables, Equations (8), (16) and (18) to (20) become:

1 =

S∑
s=1

(ΨI
isM̂

e,I
is + ΨC

isM̂
e,C
is ) (21)

̂̄cis = ŵi
βis

(
S∏
k=1

P̂ Iik
ηisk

)1−βis

(22)

ŵi =
N∑
j=1

vIijs(τ̂
I
ijs
̂̄cis)−θIs ŵj∑S

r=1 κ
r
js(κ

I
jrM̂

e,I
jr + κCjrM̂

e,C
jr )∑N

m=1 a
I
mjsM̂

e,I
ms(τ̂ Imjŝ̄cms)−θIs (23)

ŵi =

N∑
j=1

vCijs(τ̂
C
ijs
̂̄cis)−θCs ŵj∑N

m=1 a
C
mjsM̂

e,C
ms (τ̂Cmjŝ̄cms)−θCs (24)

P̂ Iis =
( 1

ŵi

S∑
r=1

κris(κ
r,I
is M̂

e,I
ir + κr,Cis M̂e,C

ir )
) (σIs−1)−θIs

θIs (σ
I
s−1)

(
N∑
j=1

aIjisM̂
e,I
js (τ̂ Ijis ̂̄cjs)−θIs

)− 1

θIs

(25)

Where ΨI
is, ΨC

is, κ
r,I
is , and κr,Cis are determined by trade flows, βis, η

i
sk, θδs , σ

δ
s

4 and aδijs =

T δijs/
∑
m T

δ
mjs, v

δ
ijs = T δijs/

∑
m T

δ
ims. Equation (21) for each country, Equations (22) to (24) for each

intermediate and consumption sectors of each country, and Equation (25) for each intermediate sec-

tor of each country represent a system of N+NS+NS+NS+NS equations in the N+NS+NS+NS+NS

unknowns variables {ŵi, M̂e,C
is , M̂e,I

is , P̂
I
is, ĉis} . These equations can be solved only with the informa-

tion of βis, η
i
sk, θδs , σ

δ
s , and observable trade flows in intermediate and consumption goods that are

available in Input-output tables. T rijs shows the flow of intermediate goods from sector s in country j

to sector r in country and TCijs and T Iijs show the flow of consumption and intermediate goods from

country i to j, respectively.

4

ΨIis =

∑
j

(σIs−1)(1+θIs)

θIsσ
I
s
2 (1 + βis(σ

I
s − 1))T Iijs∑

r

∑
j

(
(σIr−1)(1+θIr)

θIrσ
I
r
2 (1 + βir(σIr − 1))T Iijr +

σCr −1

σCr θ
C
r

(1 + βirθCr )TCijr

) ,

ΨCis =

∑
j
σCs −1

σCs θ
C
s

(1 + βisθ
C
s )TCijs∑

r

∑
j

(
(σIr−1)(1+θIr)

θIrσ
I
r
2 (1 + βir(σIr − 1))T Iijr +

σCr −1

σCr θ
C
r

(1 + βirθCr )TCijr

) ,
κris =

∑
j T

r
jis∑

j T
I
jis

, κr,Iis = 1

1+
σIs
σCs

σCs −1

σIs−1

∑
j T

C
ijs∑

j T
I
ijs

, and κr,Cis = 1 − κr,Iis
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3 Welfare effects of changes in tariffs

We are interested in evaluating welfare change caused by general equilibrium adjustments of changes in

tariffs. Change in welfare equals to change in nominal wage deflated by change in the ideal aggregate

price index of consumption goods: Ŵj = ŵj/P̂
C
j . Since preferences of consumers are Cobb-Douglas

across sectors, change in welfare can be written as Ŵj = ŵj/
∏
s

(
P̂Cjs
)µjs

. To better understand the

general equilibrium effects of change in tariffs, we use log-linear approximation around factual.

Change in price index of consumption and intermediate goods sector in industry s in country j

can be written as:

∆P Ijs
P Ijs

=

N∑
i=1

T Iijs∑N
m=1 T

I
mjs

[ ∆τ Iijs
τ Iijs︸ ︷︷ ︸

1

+
∆c̄is
c̄is︸ ︷︷ ︸
2

− 1

θIs

∆Me,I
is

Me,I
is︸ ︷︷ ︸
3

(26)

+ (
1

θIs
− 1

σIs − 1
)
( S∑
r=1

T Iijs∑N
m=1 T

I
mjs

(T r,Iijs
T Iijs

∆Me,I
ir

Me,I
ir

+
T r,Cijs
T Iijs

∆Me,C
ir

Me,C
ir

)
︸ ︷︷ ︸

4

)]

∆PCjs
PCjs

=

N∑
i=1

TCijs∑N
m=1 T

C
mjs

[ ∆τCijs
τCijs︸ ︷︷ ︸

1

+
∆c̄is
c̄is︸ ︷︷ ︸
2

− 1

θCs

∆Me,C
is

Me,C
is︸ ︷︷ ︸
3

]
(27)

Change in price index of each sector is weighted average of changes in price indeces of imported

product from each country proportioned to share of import from that country to the total final good

available in that sector. In general, change in imported products price index from each country obtains

from changes in tariffs, changes in marginal cost of bundles of inputs of production

∆c̄js
c̄js

= βjs∆
wj
wj

+ (1− βjs)
S∑
k=1

ηsk∆
P Ijk
P Ijk

, (28)

entries to that sector, changes in demand, and changes in fixed cost of production wif
e
is.

To understand how changes in tariffs affect price of a sector throughout these five channels, imag-

ine a 1 % reduction in import tariff of a sector. First, it affect wages and marginal costs of production

and induces entries in and out of industries. Taking out these changes, a 1 % reduction in tariffs

changes the price index of imported products by directly decreasing it 1 %. Further, as the price of

exporting goods has became cheaper, it reduces the cut-off productivity of export to the country 1 %.

As it shown in Figure 1, this reduction affect the price index of imported products from two different
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channels: change in entry to export market and change in average productivity of exporting firms.

Since the cut-off productivity of export is now 1 % lower, the entrants to export market increases by

θδ % ( as Mδ
ijs = (bδis/ϕ

∗,δ
ijs)

θδsMe,δ
is ). Also, 1 % decrease in the cut-off productivity to export reduces

the average productivity of exporting firms by 1 %.

τ δijs, c̄is

1

P δijs
T δijs/

∑
m T

δ
mjs

P δjs

1

ϕ∗,δijs

−1

Me,δ
is

1

−θδs Mδ
ijs

−1
σδs−1

1 ϕ̃δijs −1

−1 +
θδs

σδs−1

Eδjs
−1
σδs−1

wj 1
σδs−1

1

Me,κ
ir

if δ = I

T r,κijs /T
I
ijs

Figure 1: Change in Price Index of exporting products in response to change in tariffs

By definition of aggregate price index in Equation (6), any change in entry to a sector affect the

price index of exported products by elasticity of −1/(σδs − 1) and any change in average productivity

changes the price index by elasticity of −1. Thus, the price index will be reduced by 1 + θδs/(σ
δ
s − 1)

%. But, this reduction in price index make competition in export market easier. So, it further reduces

the cut-off productivity to export. The overall elasticity that can be calculated from a geometric

series is (σδs − 1)/θδs
5. Since it is assumed that θδs > σδs − 1, this elasticity is always positive and lower

than one. It means that if the cut-off productivity to export decreases, the price index of exporting

products will be lower.

Therefore, the overall elasticity of change in tariff (beside it effect on cost of production, wage,

and entries) which is sum of the initial effect on price index and the effect on price index by changing

the cut-off productivity is 16.

Second, since a change in marginal cost of production makes the exporting products cheaper, its

effect is same as a change in tariff and changes cut-off productivity to export by 1 %.

51 − (−1 +
θδs

σδs−1
) − (−1 +

θδs
σδs−1

)2 − · · · =
σδs−1

θδs

6(1 − 1 +
θδs

σδs−1
)
σδs−1

θδs
= 1
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Third, the induced entry to a sector from changes in tariffs changes entry to export market.

Therefore, it changes the price index of target market by increasing the measure of exporters with

elasticity of −1/(σδs−1) by Equation (6). Hence, as any initial change in price index of export market

magnifies and changes the price index by elasticity of (σδs − 1)/θδs , changes in entries change the price

index of exporting products by −1/(σδs − 1) · (σδs − 1)/θδs = −1/θδs . Lower the trade elasticity of a

sector, the entry to that sector reduces the price index of exporting products more.

Changes in wages have two opposing effect on the cut-off productivity of export that would cancel

out each other. Since the only fixed cost of export is hiring labor from target country, if changes in

tariffs increase wage in target country, it would raises the fixed cost of export and consequently the

cut-off productivity of export by 1/(σδs − 1)ŵj/wj . On the other hand, increase in wage also means

increase in demand for both consumption and intermediate goods. For consumption goods, this effect

is easier to grasp. Since the demand of a consumption sector is proportional to income (µjsLjwj), a

raise in wage of target country would increases the demand for consumption goods in same amounts.

For intermediate goods, the demand is determined by both intensive and extensive margins. How

much each firm wants to buy inputs of production is a portion of revenue of the firm (by Cobb-

Douglas production function). Because of free entry condition, the expected profit of a firm should be

equal to the fixed sunk of entry (wjf
e
js). The expected revenue is proportional to the expected profit

(by CES aggregate functions), so change in wage solely determine change in the expected revenue

and demand for intermediate goods of a firm. The change in demand changes the cut-off productivity

to export with the elasticity of −1/(σδs − 1) from Equation (12). Therefore, the two opposing forces

of changes in wage in the destination country on the cut-off productivity of export (change in cost

of export and change in demand for goods) are canceling out each other for both consumption and

intermediate good, so it does not affect the price index of exporting products.

The demand of an intermediate goods sector also changes by extensive margin: entries in and out

of other industries that are using the produced goods of that sector as inputs of production (forth

effect for price of intermediate goods). The change in demand that an intermediate goods sector faces

affect prices throughout the change in cut-off productivity. As it is stated before, a reduction in cut-off

productivity reduces the price index by changing the entry and the average productivity of firms that

export. Thus, the overall elasticity of exporting intermediate goods price index to both these channels

is 1/θIs − 1/(σIs − 1)7.

As Ŵj = ŵj/
∏S
s=1

(
P̂Cjs
)µjs

, the log-linear approximation around factual yields:

7 −1
σIs−1

· (−1 +
θIs

σIs−1
) · σ

I
s−1

θIs
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∆Wj

Wj
=

N∑
i=1

S∑
s=1

µjs
TCijs∑N

m=1 T
C
mjs

[
∆wj
wj︸ ︷︷ ︸

Income effect

−
∆τCjis
τCjis︸ ︷︷ ︸

Cost of export of
consumption goods effect

−∆c̄js
c̄js︸ ︷︷ ︸

Cost of production effect

(
∆τCjis
τCjis

−
∆τCijs
τCijs

) + (
∆c̄js
c̄js
− ∆c̄is

c̄is
)︸ ︷︷ ︸

Term of trade effect of
consumption goods

+
1

θCs

∆Me,C
is

Me,C
is︸ ︷︷ ︸

Home market effect of
consumption goods

]
(29)

The first term is the direct effect of change in income of labor on welfare. The second term is

changes in tariffs of consumption goods that must be paid by firms country j on its welfare. The third

term is direct effect of changes in cost of production. Note that the first and third effects are direct

consequences of considering intermediate goods in production function. Since in the models without

intermediate goods for production the only cost of production is wage, these two effects cancel out

each other.

The forth term is the traditional terms of trade effect. It captures the direct effect of changes in

cost of inputs of production (wages and price indeces of intermediate sectors) and tariffs have on the

prices of the consumption goods exported by country j relative to the direct effect changes in tariffs

and cost of inputs of production have on the prices of the consumption goods imported by country j.

Higher term of trade would be beneficial for a country since it consumes cheaper imports and sales

more expensive exports.

The fifth term is the home market effect emphasized by Venables (1987). It captures the indirect

effect of adjustments in entry and exit have on the aggregate consumption price index in country

j. Changes in entry to a consumption sector affect price index by changing the range of products

available in country j and by changing the average productivity of exporters to country j. Note, the

home market effect along the other effects of intermediate sectors are captured by changes in costs of

production.

In Table 1, we estimated the effects of multilateral 10 % reduction in tariffs on intermediate and

consumption goods between two similar countries using equations in Section 2.5. We considered three

scenarios when the reduction in tariffs happen for both intermediate and consumption (row 1), and

when only tariffs of intermediate or consumption goods decreases without any change in tariffs of other

products (row 2 and 3, respectively). In all scenarios, the income effect and home market effects of

consumption goods are subtle. From 8.9 % welfare gain of reduction in tariffs, 4.9 % is due to reduction

12



Table 1: Effect of 10 % reduction in tariffs for two similar countries

10 % Reduction : Income + Cost of Export + Cost of Production + Term of Trade + Home Market = Welfare
in Tariffs Effect of C Effect Effect Effect of C Effect of C

I and C : 0 % + 3.6 % + 4.9 % + 0 % + 0 % = 8.5 %
I : 0 % + 0 % + 4.9 % + 0 % + 0 % = 4.9 %
C : 0 % + 3.6 % + 0 % + 0 % + 0 % = 3.6 %

Note: The two countries are similar. Share of labor in production is 0.3 for all industries and
each industry uses equal share of inputs from other industries. There are 4 industries that are
similar in all features except θ and σ. θs = 4, 5, 6, 7 and σs = 1.5, 2.5, 3.5, 4.5 for these four
industries. Intermediate and consumption sectors are similar in each industry.

in cost of production that is missed when only tariffs of consumption goods decreases. These gain

comes from changes in tariffs of intermediate goods, changes in entries, changes in demands (due to

entries in and out of other industrious), and changes in fixed costs of export (since changes in wages

are almost zero, this effect does not present). On the other hand, 3.6 % of welfare gain comes from

change in cost of export of consumption goods. Note, since the two countries are similar, the term of

trade of countries does not change, and its effect is always 0 %.

4 Welfare gain of international trade

In the same way as Arkolakis et al. (2012), we can evaluate changes in welfare in response to trade

shocks using some sufficient statistics without need to solve the equilibrium in Section 2.5.

From Equation (20), the share of expenditure on domestic product in each sector (s, δ) of country

j equals to:

λδjjs = Me,δ
js

fjjs

(σδs−1)−θδs
σδs−1 (

bδis
dδijsτ

δ
ijsc̄is

)θ
δ
s∑N

m=1M
e,δ
msfmjs

(σδs−1)−θδs
σs−1 (

bδms
dδmjsτ

δ
mjsc̄ms

)θ
δ
s

. (30)

Substituting Equation (30) in Equation (19), the price index of consumption goods equals to

PCjs = γCs (
σCs f

C
jjs

µjsLj
)
θCs −(σCs −1)

θCs (σCs −1)

[
λCjjs

Ljwj
E(rCjs(ϕ))

πR,Cjs

]−1

θCs

bCjs
−1
wj

βjs

S∏
r=1

P Ijk
ηjsr(1−βjs)

. (31)

Where γ′js is constant.8 After some matrix algebra it can be shown that:

Wj =

S∏
s=1

 bCjs
γCs

(
σCs f

C
jjs

µjsLj
)

(σCs −1)−θCs
θCs (σCs −1)

(
Ljwj

E(rCjs(ϕ))
πR,Cjs λCjjs

) 1

θCs
S∏
r=1

bIjr
γIr

(
σIrf

I
jjr

πE,Ijr Lj
)

(σIr−1)−θIr
θIr (σ

I
r−1)

(
Ljwj

E(rIjr(ϕ))
πR,Ijr λIjjr

) 1

θIr

ã
j
sr


µjs

(32)

8γ′js = γsβ
−βjs
js (1 − βjs)

−(1−βjs)
∏S
r=1 ηsr

ηsr(1−βjr).
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Where πE,δjs and πR,δjs are the share of expenditure on a sector to total income wjLj and the share

of revenue of a sector in to to total income, respectively. ãjsr is the (s, r) element of the adjusted

Leontief inverse matrix Aj(I −Aj)−1, where Aj is the matrix whose its (s, r) element is ηsr(1− βjr).

ãjsr is the elasticity of price index of consumption goods in industry s with respect to price index of

intermediate goods in industry r in country j.

The welfare change in response to trade shocks is:

Ŵj =

S∏
s=1

[
(λ̂Cjjsπ̂

R,C
js )

1

θCs

S∏
r=1

[
(π̂E,Ijr )

θIr−(σIr−1)

θIr (σ
I
r−1)

(
π̂R,Ijr λ̂Ijjr

) 1

θIr

]ãjsr ]µjs
(33)

In autarky, the share of domestic production is 1 for in all sectors and for each sector revenue

and expenditure are the same. Therefore, it can be shown that the welfare of gain of moving from

observed equilibrium to autarky is:

ŴOE→A
j = 1−

S∏
s=1

[
(
πR,Cjs

µjs
λCjjs)

−1

θCs

S∏
r=1

(
πE,Ijr

∆jr
)

(σIr−1)−θIr
θIr (σ

I
r−1)

(
πR,Ijr

∆jr
λIjjr

)−1

θIr

ã
j
sr ]µjs

(34)

Where ∆js is πR,Ijs = πE,Cjs in autarky and only depends on structural parameters.

In the same model but without different sectors for intermediate and consumption goods (the same

feature used in Caliendo and Parro (2014) and Costinot and Rodriguez-clare (2014)), the welfare of

gain of moving from observed equilibrium to autarky is:

ŴOE→A
j = 1−

S∏
s=1

S∏
r=1

(
πEjr
∆′jr

)
(σr−1)−θr
θr(σr−1)

(
πRjr
∆′jr

λjjr

)−1
θr

a
j
srµjs

(35)

Where ajsr is the (s, r) element of the Leontief inverse matrix (I − Aj)−1, where Aj is the matrix

whose its (s, r) element is ηsr(1 − βjs) and πEjs and πRjs are the share of expenditure on an industry

to total income and revenue of an industry to total income, respectively. ∆′js is πEjs = πRjs in autarky

and only depends on structural parameters.

5 Simulation

There are three main differences between Equation (35) and Equation (34). In order to shed light

on these differences, we estimate the welfare gain from trade in these two models for an artificial

economy. The values of parameters used to estimate equations Equation (35) and Equation (34) are

shown in Table 2. It is assumed that all parameters are similar across industries, so we drop subscript
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of industries from parameters.

Table 2: Parameters used in simulation

Parameter Value

S 50

β 0.3

σ, σI 3.8

θ, θI , θC 5

λ λI , λC 0.75

πC , πI 0.5

5.1 Share of domestic production

First, in Equation (35), it is the share of expenditure on domestic production in each industry that

determines the welfare gain from trade. However, the share of intermediate goods and consumption

goods can vary in each sector. In Equation (34) both shares of domestic production in consumption

goods and intermediate goods determine the welfare gain from trade together. However, these statistics

affect the welfare gain from trade differently.

To see how with the same λjjs different λIjjs and λCjjs affect the welfare gain from trade, look at

Section 5.1. In the model that does not consider the different usages of goods for consumption and

production (shown with asterisk), no matter whether the share of domestic production comes from

intermediate goods or consumption goods, the welfare gain from trade is the same. Contrary, as it is

shown in Section 5.1, with the same λjjs different λIjjs and λCjjs alter the welfare gain from trade. As

with the same λjjs, higher λIjjs only happens if λCjjs is lower, there are two opposing effects. As it can

be seen from Section 5.1 the maximun welfare gain does not happen in extremes. If lower λIjjs is the

reason behind the lower λjjs, because of the proliferation effects of intermediate goods in economy,

its effect on welfare gain will be more severe.

Moreover, as it can be seen in Section 5.1, as a country becomes more and more dependent on

foreign intermediate goods, it’s loss from going to autarky will significantly become higher. This effect

is much smaller if a country is more dependent on foreign consumption goods, they can still produce

consumption goods from domestic intermediate goods with less increase in cost of production.

15



(a) 0.3 ≤ λIjjs ≤ 1 , 0.7 ≥ λCjjs ≥ 0

(b) 0 ≤ λIjjs ≤ 1 , 1 ≥ λCjjs ≥ 0

Figure 2: Effect of change in λCiis and λIiis on welfare gain from trade
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5.2 Elasticity of substitution

Second, here, the effect of elasticity of substitution of intermediate goods is stronger than elasticity of

substitution of consumption goods. As it can be seen in Figure 3, different σIs lead to highly different

welfare implications.

Figure 3: Effect of change in σI on welfare gain from trade

5.3 Trade elasticity

Third, in the model that does not take into account the difference between consumption and inter-

mediate goods, it is implicitly assumed that consumption and intermediate goods in each sector have

the same trade elasticity. However, the trade elasticity of consumption and intermediate goods could

widely differ. Some intermediate goods, like raw materials, will be easily replaced by firms in response

to changes in prices, so they have high trade elasticity. In contrast, some intermediate goods embodies

technology with them. It is very costly for firms to switch to another technology in response to a

change in trade barrier. Thus, these sectors have lower trade elasticity. In Figure 4, we compute the

welfare gain from trade when for different fixed θC , θI changes. The difference between curves of

welfare gain with θC = 3 and θC = 8 is roughly 15 percents. However, as θI vary in the same range,

the welfare gain from trade greatly changes. It indicate that the welfare gain from trade is much less

influenced by trade elasticity of consumption goods than intermediate goods.
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Figure 4: Effect of change in θI and θC on welfare gain from trade

6 Conclusion

This paper provides a general equilibrium model of international trade that takes into account the

endogenous entry and exit of intermediate goods and consumption goods producers and the industry

linkages to quantitatively measure the countries welfare gains and losses from different trade policies

on intermediate and consumption goods. The model features inter-industry trade model Ricardo

(1817), intra-industry model of Krugman (1980), and firm heterogeneous model of Melitz (2003) in

input-output environment that consider the different usages of intermediate and consumption goods

in economy. Taking into account the differences between consumption and intermediate goods in trade

elasticities, elasticity of substitution, and share of domestic production can significantly change the

estimated welfare gain from trade.

We make use of simulation of an artificial economy to assess the main contributions of our model

in estimating welfare gain form trade. First, we demonstrate that shares of domestic production in

consumption goods and intermediate goods together determine the welfare gain from trade. However,

if the lower shares of domestic production in intermediate goods is the reason behind the lower shares

of domestic production, because of the proliferation effects of intermediate goods in economy, its effect

on welfare gain will be more. Second, we show that elasticity of substitution of consumption goods

does not have any effect on the welfare gain of countries from trade, and elasticity of substitution
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of intermediate goods solely determine the welfare gain from trade. Third, different estimations for

trade elasticities of intermediate goods significantly affect the estimated welfare gain from trade, while

different estimations for trade elasticities of consumption goods have much lower impact on estimates

of the welfare gain.

Solving the equilibrium in hat algebra as Dekle et al. (2008) provides us with a general framework

to evaluate different trade policies on intermediate goods. The model can be calibrated with only

information on trade flows available in multi-countries input-output tables, elasticity of substitution

and trade elasticity of sectors.
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A Trade Imbalances

Before taking the model in Section 2.5 into data, we solved the model with trade imbalances between

countries. Taking into account an exogenous trade deficit Di as Eaton and Kortum (2002) into

Equations (22) to (25) yield:

1 =

S∑
s=1

(ΨI
isM̂

e,I
is + ΨC

isM̂
e,C
is ) (36)

̂̄cjs = ŵi
βis

(
S∏
k=1

P̂ Iik
ηisk

)1−βis

(37)

ŵi =

N∑
j=1

vIijs(τ̂
I
ijs
̂̄cis)−θIs ŵj∑N

m=1 a
I
mjsM̂

e,I
ms(τ̂ Imjŝ̄cms)−θIs

[
S∑
r=1

κrjs(κ
I
jrM̂

e,I
jr + κCjrM̂

e,C
jr )

]
(38)

ŵi =

N∑
j=1

vCijs(τ̂
C
ijs
̂̄cis)−θCs∑N

m=1 a
C
mjsM̂

e,C
ms (τ̂Cmjŝ̄cms)−θCs

[
Dj

Ecj
+ (1− Dj

Ecj
)ŵj

]
(39)

P̂ Iis =
( 1

ŵi

S∑
r=1

κris(κ
r,I
is M̂

e,I
ir + κr,Cis M̂e,C

ir )
) (σIs−1)−θIs

θIs (σ
I
s−1)

(
N∑
j=1

aIjisM̂
e,I
js (τ̂ Ijis ̂̄cjs)−θIs

)− 1

θIs

(40)
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