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Commercial Policies in the Presence of Input-Output

Linkages

March 1, 2016

Abstract

How do input-output linkages modify countries’ incentives to conduct commercial poli-
cies? We address this question in a version of the Melitz (2003) model where the production-
side of the economy is enriched by input-output linkages. The bundle of intermediate
inputs used in production in addition to labor is a composite good governed by the same
CES aggregator as the final good. Cooperative policies correct for an input distortion gen-
erated by the fact that firms’ markups translate into the price of the composite good. In
the analysis of non-cooperative trade policy, the input distortion stemming from domestic
markups counteracts the standard terms-of-trade externality, resulting in a lower optimal

tariff and potentially an optimal import subsidy.

JEL-Classification: F12, F13, D60, L52
Keywords: International trade, monopolistic competition, input-output linkages, optimal

commercial policy, efficiency



1 Introduction

Itis well known that the decentralized equilibrium in the Melitz (2003) monopolistic competi-
tion model of international trade with heterogeneous firms is efficient (Dhingra and Morrow,
2014). This claim holds for the closed or perfectly integrated economy. It also holds in the
case of costly trade, but only if welfare is jointly maximized. From a unilateral perspective, an
import tariff is optimal.! In this paper, we analyze optimal commercial policies in a version of
the Melitz (2003) where the production-side of the economy is enriched by input-output link-
ages as in Costinot and Rodriguez-Clare (2014) and Caliendo et al. (2015). By input-output

linkages we mean that a sector uses its output as an input into production.

Trade in intermediate goods has increased dramatically over the last decades. Imported
inputs account for 30% of world exports in 1995 (Hummels et al., 2001). The value- added
to gross-value ratio of exports, an inverse measure of vertical specialization has fallen since
1970 (Johnson and Noguera, 2012). Antras et al. (2012) document that the “upstreamness” of

industries has risen.

Costinot and Rodriguez-Clare (2014) show that conditional on observed trade shares and
the estimated trade elasticity, implied welfare gains from trade are larger by an order of mag-
nitude if one accounts for input-output linkages compared to a situation where one ignores

them. Yi (2003) argues that input-output linkages magnify the effects of trade policy.?

We assume that monopolistically competitive intermediate input producers produce dif-
ferentiated varieties using a Cobb-Douglas technology that combines intermediate inputs
and labor. The bundle of intermediate inputs is a composite good governed by the same CES
aggregator as the final good, which is assembled by perfectly competitive firms. In order to

rule out inter-sectoral reallocation of resources, we focus on a single-sector economy.?

Compared to the standard Melitz (2003) mode, intermediate input producers face an ad-

'Demidova and Rodriguez-Clare (2009) prove this for a "small open" economy. Felbermayr et al. (2013) gen-
eralize the result to two large countries. Jung (2012) shows for a small open economy, subsidies on operating fixed
costs are also welfare improving.

2Goldberg and Pavcnik (2016) discuss this point in a recent manuscript prepared for the new Handbook of
Commercial Policy.

3Caliendo et al. (2015) show that trade taxes generate entry effects in the presence of multiple sectors.



ditional problem. They choose labor and material input in a cost-minimizing way. The price
of each input into the composite good is subject to a constant markup over marginal cost,
which translates into the aggregate price of the aggregate good. Intermediate input producers
therefore use too much labor and too little material input into production, which constitutes

what we call an input distortion.*

We show that in such an economy, in contrast to the standard version model where input-
output linkages are not accounted for, the laissez-faire equilibrium is not socially optimal.
The optimal cooperative policy that addresses this distortion is a subsidy on domestically and
imported intermediate goods that exactly offsets the markup.® It is independent of the degree
of firm-level heterogeneity in productivities and of the labor cost share in production and also
holds with asymmetric countries. When governments only have trade policy at their disposal,
the joint- welfare-maximizing policy is also a subsidy, but at a lower rate. We also consider un-
cooperative trade policy. From a unilateral perspective, domestic goods come at a cost above
social (production) cost, as in the case of cooperative policies. Imported goods, however,
come at social cost, namely their price at the border. This observation has two implications.
First, the input distortion prevails, but it relevance depends on labor cost share and the weight
of domestic goods in composite good. An import subsidy may lower the price index, butis not
the first-best policy to address the markups of domestic goods. Second, governments will find
it optimal to exploit the terms-of-trade externality by means of an import tariff (or domestic
subsidy) increasing the relative price of imported goods. Clearly, the input distortion and the
terms-of-trade externality interfere. We find that the input distortion dominates, if the labor

cost share is sufficiently low.

We are not the first who address (trade) policy implications of input-output linkages. One

strand of the literature assumes contractual imperfections. The resulting hold-up problem is

“Note that this distortion is not present with perfectly competitive intermediate input producers as in a ver-
sion of a Ricardian quantitative trade model a la Caliendo and Parro (2015).

*The model is flexible enough to allow for entry effects (which are different from selection effects). It turns
out that while the mass of potential entrants depends on the degree of input-output linkages, it is not affected by
the consumption subsidy. This finding suggests that the mass of potential entrants is socially optimal also in the
version of the Melitz (2003) model that allows for input-output linkages. We have also experimented with other
policy instruments such as a subsidy on the use of the composite input into production. It turns out that this
policy is not welfare enhancing. In particular, it affects the mass of potential entrants.



mitigated by import subsidies on intermediate goods in the model by Antrés & Staiger (2012)
or discriminatory import tariffs, if organizational choice is taken into account (Ornelas and
Turner, 2012). Diez (2014) also analyzes the effects of tariffs on offshoring and outsourcing
by extending the Antras and Helpman (2004) framework. We assume complete contracts and
do not allow for vertical integration, but focus on the role of monopolistic competition on the

market for intermediate inputs.

Blanchard et al. (2016) use a terms-of-trade model of trade policy with political economy
motives. They allow for for tariffs on final goods, but rule out trade taxes/subsidies for inter-
mediate goods. They find that final good tariffs decrease in the domestic content of foreign-
produced final goods. We work with a different framework and consider another polar case

where governments cannot distinguish between intermediate and final use.

Caliendo et al. (2015) work with a multi-sector version of the framework, but only con-
sider the welfare consequences of import tariffs. We discuss the underlying distortion and

characterize optimal cooperative and un-cooperative policies.

From a more broader perspective, we contribute to the literature on efficiency of market
outcomes when one deviates from the standard assumptions of a monopolistic competition
model. Dhingra and Morrow (2014) analyze deviations on the demand-side of the economy.
They postulate a demand function that generates variable markups and discuss the implica-
tions for efficiency. Jung (2015) analyzes allocational efficiency in a Melitz-type model with
CES-Benassy preferences. He shows that when love of variety is below CES, variety is too
large and productivity is too low, and the first-best policy is a tax on production fixed costs.
In this paper, we stick to CES demand, and analyze the implications of modifications on the

production-side of the economy for efficiency and optimal policies.

The remainder of the paper is structured as follows. Section 2 introduces commercial
policies into a version of the Melitz (2003) model that allows for intermediate inputs and
input-output-linkages and derives a generalized welfare formula. Section 3 derives optimal
cooperative policies of potentially asymmetric countries. Section 4 characterizes welfare-

maximizing un-cooperative trade policy. The final section concludes.



2 Model

In this section we generalize Caliendo et al. (2015) by introducing a tax-cum-subsidy on the
“consumption” of domestically produced and imported intermediate inputs.® The model fea-
tures monopolistic competition among differently productive firms, as in Melitz (2003), the
key novel feature being that production requires intermediate inputs in addition to labor. For
the sake of tractability and easier notation, we assume that the bundle of intermediate inputs
used in production is a composite good governed by the same CES aggregator as the final
good. This captures, albeit in a stylized way, the fact a large class of goods are used use in
consumption as well as intermediate inputs in production. We assume, plausibly, that when
imposing taxes or subsidies governments cannot distinguish between “final use” and “input

use” of a good.”

There is a world with M countries, indexed by i and j. Within each country, the final good
is assembled from intermediate goods originating in all countries, and production of any in-
termediate uses that countries labor as well as the aforementioned composite of intermediate
inputs. We use the term intermediate goods when referring to assembly of final goods, and the
term intermediate input when referring to production of intermediate goods. Labor markets
in all countries as well as final goods markets are perfect whereas markets for intermediate
goods are characterized by monopolistic competition. The “number” of intermediate goods
produced in each country is determined by entry of firms, subject to a fixed entry cost and the
usual productivity draw from a distribution function G(y) - with corresponding density g (¢)
- which is assumed Pareto and the same for all countries. We use N; to measure the mass of
entrants, i.e. potential producers, in country j. In addition to a fixed cost f;; > 0 of taking
up shipments of a good produced in country j to country i, there are “iceberg costs” of trade,

Tjizl.

Our paper focuses on optimal government intervention in order to correct distortions that

fCaliendo et al. (2015) focus on the role of import tariffs, ruling out domestic consumption subsidies. They
present a version of the model with two sectors of the kind presented here. A subsidy on the “consumption” of
imported varieties is equivalent to an import subsidy.

"Blanchard et al. (2016) take a different stance by assuming that only input trade is subject to trade policy.



are present in this model. We shall look at efficient policies, formed in a cooperative way by
all countries, as well as non-cooperative policies. The policy instruments considered will be

taxes/subsidies as well as tariffs.

2.1 Households

We assume that a representative household in any one country i consumes a composite good
that is assembled from tradable intermediates originating in all of the M countries. Utility is

linear in consumption of this good, denoted by C;:

U; (C;) = Ci. 1)

Assembly is governed by a CES aggregator with elasticity of substitution ¢ > 1. Given that
in each country the market for this good is perfectly competitive, the good is sold at a price
P;, which is equal to the minimum unit cost, given prices of the intermediates, inclusive of

iceberg-type trade costs and taxes or subsidies.

Households derive income from two sources. They in-elastically supply one unit of labor,
earning a wage equal to w;. In addition, they receive a lump-sum redistribution of any rev-
enue generated by government policies, or face a lump-sum tax such as might be required to
finance the fiscal cost of such policies. Denoting the lump-sum transfer/tax in country i by

T;, aggregate income by households in country i is

I; = w; L; + T, (2)

where L; denotes the mass of households/consumers in country i. Given perfect labor mar-
kets, firms as well as households assume w; to be given. Moreover, we assume households to

spend all income on consumption of the final good.



2.2 Assembly of the aggregate good

We use @); to denote the sum of C; plus plus demand for this same type of aggregate good to be
used as an intermediate input in the production of all firms located in country i. As indicated
above, we assume that assembly of this good is governed by a CES production function with

elasticity of substitution o > 1. Thus, we have

o

o—1

M 0 o1
Qi= | X Nj [d@i(p) = glp)de| . 3)
=l e,
In this expresseion, ¢;; (y) denotes the quantity of an intermediate good originating in coun-
try 7 and produced by a firm with productivity ¢, available for use in assembly of the aggregate
good in country :. Note that we assume a uniform elasticity of substitution for all countries.
Assuming costless product differentiation and modeling firm heterogeneity with a contin-
uum of firms, we may use ¢ to index varieties of intermediates, or firms, whereby goji denotes
the threshold that a firm operating in country j needs to surpass to profitably sell its product

in country i, given iceberg trade costs and fixed cost of exporting.

Cost-minimizing assembly requires

M oo
“min >, N; [ pji(¢)Gji (¢) g(¢)de s.t. equation (3). (4)
{@i(0)}20 =1 "=

Jt

In this expression, p;; (y) denotes the price of a good originating in country j, produced by a
firm with productivity ¢, and sold country i, inclusive of iceberg trade costs and wedges intro-
duced by government policies of country i. Given perfect competition on all national markets
for the aggregate good, the value function corresponding to this minimization problem, per

unit of Q;, is equal to the price of this good which we denote by P;:

1

- M o0 1-o
Pi= (Zl N [ 55i (9) 77 g () d@) . (5)
J= %

Using Y; := P;Q, to denote the value of aggregate demand in country i, conditional demand



of country : for a variety ¢ from country j follows as

Gji () = <M>“Y~; ©

P; P;
2.3 Production

Producers of goods used for assembly use two types of inputs: labor, denoted by /, and a
bundle of intermediate inputs, denoted by m.? For simplicity, we assume technology to be
symmetric across all firms and countries. As indicated above, the bundle m is composed
of intermediates according the exact same CES aggregate that governs final assembly and is
given in (3). We thus assume that any producer can source intermediate inputs from abroad
without paying additional fixed costs, over and above the variable iceberg cost which also
govern imports for the purpose of final goods assembly.’ Labor and the intermediate input
bundle are combined using the following constant returns to scale Cobb-Douglas production

function

i (9) = ol () m; (9)' 7. @)

In this expression, /; (¢) denotes labor input and m; () denotes the quantity of the aggregate
bundle of intermediate inputs used by firm ¢ located in country j. Note that the production

function (7) nests the standard Melitz (2003) case without input-output linkages for v = 1.

Cost minimization by firm ¢ requires

i il Pim; .t ti 7). 8
(li(w)glnir(lw))zo {w] 5 () + Bym, (SO)} s equation (7 ®)

Conditional input demands emerge as

L () = W% QNj(E;P) o j }'((p@) ©)
J J

8To avoid confusion, we use the term intermediates when referring to final goods assembly, and the term
intermediate inputs when referring to production.

9Imbruno (2014) considers more complex situations where sourcing from abroad also implies fixed costs of
importing.



where z; denotes the value function corresponding to (8), per unit of %. It is straightfor-
ward to show that

zj = AwlP; 77, where A:=y"7(1-7)""" (10)

Marginal cost of firm ¢ in country j is equal to z; /. In the absence of input-output linkages,

~ = 1, the input cost index z; boils down to the wage rate w;.

Turning to profit maximizing output levels, we must now specify policy and trade cost
wedges. Government policies introduce price wedges, and real trade costs give rise to quan-
tity wedges. Thus, if ¢; is the ad valorem tax (subsidy if negative) on the use (sale) of a good
originating in country ¢ and sold in country j, and if 7;; > 1 is the iceberg-type real trade cost
caused by shipping a good from j to 7, then we have

_ Dji(9)
T+t

pji (¥) and ¢j; (v) = 7551 (¢) (11)

where pj; () is the net of tax (ex factory) price of a good produced by firm ¢ located in j and
sold in ¢, and gj; (¢) is the quantity that firm ¢ in country j has to produce in order to deliver

;i () units of its variety in country i.

As usual, we assume that firms take the prices of final goods, P;, as given for all i. Moreover,
we assume market segmentation, whence profit maximizing prices can be determined inde-
pendently for all destinations j. The profit maximizing problem solved by firm ¢ in country i
therefore is

L (03 0) — D () - ws} 12
Remember that f;; denotes the fixed cost that a firm located in country j has to incur in order
to serve consumers or producers in country ;. We assume that these costs are the same for
goods shipped for the purpose of final goods assembly and for the purposes of intermedi-
ate input use, and that they are independent on the firms productivity. Note also that final
assembly demand is governed by (6) above. The first order condition for this maximization
problem implies the following pricing rule for a firm with productivity ¢:
7 _Tn% (13)

pji (p) = p— o



where %5 is the mark-up of prices over marginal cost, inclusive of iceberg trade cost 7 ;.
Recall that consumers and producers in country i face a price p;; (¢) = (1 + t;;) pji (), which
includes a tax (subsidy) at rate ¢; if t;; > 0 (if ¢;; < 0). Inserting (13) and (11) into conditional

demand by country i in (6), we obtain

(14)

e\ T y.po—l
g Tﬂ%) YiP;

dji (90) = ( (1+tji)a'

c—1 o
Note that iceberg trade costs and the consumption tax-cum-subsidy are completely symmet-

ric in their effect on demand. However, production ¢;; (¢) = 7;:G;; (¢), differs as iceberg trade

costs require the use of resources, whereas commercial policy does not.

Net of tax revenue of a firm with productivity ¢ located in j from selling to i is

7 Tﬂx’)lg Lt (15)

ris () = by () G () = ( ey

c—1 o

Maximum profits earned by firm ¢ located in country j from selling in country i, net of fixed

costs of market access, are

i () = — (Tﬁ%‘@jz‘ ()

o—1 o — (0’ — 1) wjfji> . (16)

2.4 Selection and entry

Firms first decide about entry, based on a fixed entry cost w; f; and expected productivity, and
once they have entered they select themselves into different markets, based on fixed costs of
market access w; f;; and observed productivity. In the spirit of backward induction, we first
look at the selection effect, which determines the equilibrium threshold levels of productivity

¢};» and then turn to entry.

The presence of a fixed cost of access to national markets implies threshold levels of pro-
ductivity that firms in any one country need to surpass in order to take up selling in domestic
as well as foreign markets. Having learned about its productivity subsequent to entry, a firm
will sell to a given market ¢ only if it earns a positive profit from doing so. The threshold pro-

ductivity level for a firm in country j to select itself into selling to market i is denoted by ¢7;



and determined by the condition 7 ; <90;‘1> = 0. Solving this condition for ¢j, yields

1

R Arsa( Yi T
@ji:mfji Tji (1 + ) wjw; B 1+t ' 0

This equation highlights a selection effect of trade costs and tax policy. A number of observa-
tions are worth pointing out. First, other things equal, a rise in real trade costs 7;; increases
the threshold level of productivity that separates country j firms exporting to country i from
those that do not, on the same footing as does a rise in marginal cost x;; selection into ex-
porting becomes tougher. Secondly, an equiproportional increase in the fixed market access
cost f;; and the variable real trade cost 7;; affects the threshold ¢7; in the same way as does an
equiproportional increase in the tax wedge 1 + ¢;;. And finally, the second line decomposes
the effect of the tax policy into a direct substitution effect, which works on the same footing
as with real trade costs, and an effective market size effect that works through deflating total
expenditure by country i by (1 + t]’i)_l.lo Clearly, being more expensive on account of ¢;, 7;
or z; makes it more difficult for firms from j to enter ¢, which in turn raises country ¢’s price
index. Moreover, other things equal, covering the fixed entry cost fj; is more difficult if the
market is smaller (in terms of lower expenditure Y;). We will show below that the mass of po-
tential entrants depends on the strength of input-output linkages, but is invariant to changes

in iceberg trade costs and commercial policy.

It must be emphasized, however, that these are partial equilibrium effects since they ig-
nore general equilibrium repercussions captured by the endogenous variables w;, P, and Y;
on the right-hand side of (17). The presence of intermediate inputs, v < 1, affects these reper-
cussions. For instance, it effectively waters down the effect that an increase in country j’s
wage rate, say in a scenario of falling real trade costs, has on the threshold level of exporting.
The reduction in destination country i’s price index that occurs in the general equilibrium ad-

justment of such a scenario similarly has a watered down effect on the export threshold level

YCaliendo et al. (2015) show that the mass of entrants is affected by changes in an import tariff, if tariff revenue
is not fully redistributed to consumers. Equation (17) assumes full redistribution of revenues or, if relevant, lump-
sum financing of the subsidy bill. Moreover, Costinot and Rodriguez-Clare (2014) and Caliendo et al. (2015) show
that there are entry effects in the presence of multiple sectors. In order to focus on the implications of the relative
cost distortion, we abstract from multiple sectors.

10



;- Since the two feedback effects work in opposite directions, the net effect of them being
watered down by the presence of intermediate inputs is ambiguous, as regards the general

equilibrium adjustment of ¢7;.

Free entry implies that expected profits from selling to all markets is equal to the entry

cost:

S

7 () g (¢) dp = w; f;. (18)
@jl

N
Il
fa

This is an equilibrium condition stating that a potential entrant expects zero profits, given
the distribution of the productivity level as captured by the density g(¢), with an associated
distribution function G(¢). Plausibly, and for the sake of a closed form solution for the in-
tegral, we assume a Pareto distribution for ¢, with a shape parameter denoted by § > 0. To
guarantee a finite average productivity in equilibrium, we further assume 6 > o — 1. We show
in the appendix that with this additional assumption the zero profit equilibrium condition

may be written as
0—(c—1)

o—1

M )
Zl fi(@3:) = f5 (19)

Although not directly evident from (19), the zero profit equilibrium condition is of key impor-
tance for the determination of IV;, the equilibrium mass of firms entering in order to take up
production in country j. We assume that firms live for one period only, whence N; also de-
notes the number of potential producers in country j. However, all firms with ¢ < min;{¢};}
never start producing, although the entire mass of firms incur the entry cost w; f;;. The mass

of firms located in country j and serving country i is given by
* *\—0
Nji = N; [1 =G (5:)] = Nj (¢5:) (20)

where the second equality follows from the Pareto distribution with a shape parameter 6.

It is instructive to see that entry-country’s wage rate w; drops from the zero profit con-
dition (19) since it appears both, in the equations describing the selection into markets, as
appearing in (17), and on the right-hand side of (18). The underlying assumption here is that
fixed costs of foreign market entry in country ¢ draw on resources from the sending country

j. Moreover, the free entry equilibrium condition (19) implies that a policy that affects one

11



productivity threshold }; has repercussions on at least one other threshold ¢ ,; in order to

restore zero profits in expectations.

2.5 Goods market equilibrium

The remaining equilibrium conditions relate to goods and labor markets. Given goods market
equilibrium for each variety produced by country labor market will be in equilibrium due to
Walras’ Law which implies balanced trade. We thus close our model by a balanced trade
condition as well as a goods market equilibrium condition for each of our M countries. It
proves convenient to first pin down the price of the final good which is equal to the unit cost
of final goods assembly given in (5). Using the markup pricing condition for firm ¢ of country

j when selling to country ¢ as given in (11), it can be shown (see the appendix) that

1
1—0o

B M
P = (Zleinsz') ; 21)
=

l1-0o
where x;; = (ﬁ (1 +1t5) sz-:cj) is an inverse measure of the freeness of exports from
country j to country i. It represents the intensive margin component in the minimum cost
of assembly in country i that would be present also without firm-heterogeneity. In turn,

Eii= [ 0"~ 1g (p)dy represents the extensive margin component that derives from selection
‘P;i

of firms into different markets. Assuming Pareto for g(¢) implies §;; = % (w;i)a_e_l;
see (48) in the appendix. As regards the selection effect, we have emphasized above that it
involves two channels, the freeness of trade channel and the market size channel; see (17)
and the subsequent discussion above. And finally, IV; in (21) represents the extensive margin

component that derives from firm entry.

It can be shown (see again the appendix) that the value of country i expenditure falling on
goods from country j, evaluated at country i's domestic prices, is equal to N;x;;§; xY; P71,

Denoting the share of country j goods in country ¢’s expenditure by );;, we have

(22)

12



The close relationship between the price index P; and the expenditure shares \;; is helpful
in that it will eventually allow us to express a country’s aggregate welfare as a function of the

share of expenditure on domestic goods.!!

Demand for the good produced by firm ¢ located in country j is equal to Zf‘i 1 %5i(9),
where g¢;j;(¢) = 7;:4;i(¢) is given from (14) above. Equilibrium requires that Zf\i 1G5i(p) =
q; (), where ¢; (¢) denotes gross output of this firm, inclusive of (iceberg) real trade costs.

This condition may be written as

a5 (p) = [Cjj(p) + Cj.(p) + Mjj(p) + M;.(¢)] (23)

where C}; () is final consumption demand originating from country j’s own domestic house-
holds, while C}.(¢) is consumption demand originating from foreign countries’ final con-
sumption. Similarly, M;;(¢) denotes demand for intermediate input use by domestic firms,
and M;.(y) is demand for intermediate input use in other countries. Consumption demands
are governed by the demand function as given in (14), with Y; being replaced by w;L; + T;. In
turn, intermediate input demands are governed by this same demand function (14), with Y;
being replaced by the value foreign firms’ demand for the bundle of intermediate inputs, in

line with the demand function for m;(y) as given in (9) above:

O (o) = ZZ] - (Uilfj;wj>g i fz;)g o (wiL%;L T;) 25)
uite) = (572) gy < B L me Pt 28
M;j.(p) = ZZ] Tji (UilTj;xjya (1_?;i)a X J;/ mi(p)Piglp)de  (27)

Note that demand is “factory gate demand” which is gross of the “iceberg cost” that will melt

down on the way to a good’s final delivery. Moreover, note that in each case demand has two

"Indeed, implicitly defining a price index for country 4’s imports from country j through 13%_" = Njx;i&j0 it

~ ~\1—0o
can be shown that \;; = (Pij/Pj) .

13



factors, the first term capturing allocation of some category of aggregate demand to firm ¢ in
country j, and the second term specifying the type of aggregate demand considered. Notice
that these equations look at quantities, not values. Aggregate intermediate input demand
in any one country is demand by all firms in existence, whence we must aggregate over all
firms, noting that the least productive firm in any country has productivity ¢;;. Aggregation is
possible in quantity terms, since aggregate demand by different firms is demand for the same

type of aggregate good.

Aggregating (23) over domestic firms is possible only in value terms, since firms are pro-
ducing differentiated goods. Consistently with the above, we evaluate total production by the

firm’s producer, or “factory gate“ price, which is p;;:

N [ vl (9090 = N; [ pilCile) +Colo) 4 Myle) + Myl @B
3 3

In the following, we use Z; := N; f%_ i (¢)q; (¢) g(p)de to denote aggregate output of coun-

try j, or total revenue of all firms located in j, evaluated at country j’s producer prices p;;(¢).

Of course, the value of output Z; is linked to total expenditure Y;. Consumption expendi-

ture derives from household income, which includes labor income plus government revenue

Tj, assumed to be redistributed in lump-sum fashion; see (2). Note that 7 can be negative

(subsidy bill).

Cobb-Douglas technology implies that intermediate inputs command a share 1 — ~ of
variable costs. In equilibrium, variable costs are a fraction "7_1 of total revenue; see (13). The

goods market equilibrium condition (28) may therefore be written as

Aid oc—1
Zj = 1 ﬁjj [(ijj +Tj)+(1=7) Zj
Aji oc—1
S 1— Z; 29
* i¢j1+tji( N (29)

The right-hand side of this equation can be simplified by using w; L; + T; + (1 —7) =1 Z; = Y},
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which leads to

7. — 1y, LY, 30
T 14ty J+Zi¢j1+tﬁ (30)

This states that gross domestic output is equal to domestic demand for this output plus ex-

ports. Balanced trade requires equal values for exports and imports at border prices, i.e.,

Zz#y 1 +tﬂ Zz#y 1 +t,J Y (31)

Observing balanced trade, the goods market equilibrium may therefore be written as

Z;=Y; 32
ZZl—i—t” (32)

Next, we explore the link between the value of production, Z;, and value added. Cobb-
Douglas technology implies that intermediate inputs take up a share 1 — ~ of variable cost.
In turn, variable cost are a fraction ”T_l of Z;. The zero profit condition plus labor market
equilibrium then lead to

- (1-mp 2t

Zj = ’u)ij (33)

This states that in value terms net output (i.e., net of domestic intermediate input use) must
be equal to domestic value added, which is equal to households’ net of tax labor income.

Combining this with the above goods market equilibrium condition (32) we obtain

Aij
Li+(1—~ = LY 34
w;Lj + ( Zth” ZHHU s (34)

which may be rewritten as

B B o—1 Nii -1
Y}' = My X ijj, where M= <|:1 — (1 — "y) o :| Zz 1+th> (35)
ij

We call the term ji; the “gross output multiplier”. It links value added w; L; to the gross of tax

value of output, and — broadly speaking — it incorporates the input output linkage as well as
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government tax policy. Looking at tax revenue in somewhat more detail, we have

Ij = ijj + T] = ijj + Y] Zz 712_]’_ ;]
ij
In the appendix we show that inserting (35) yields
Ii = p; x wiL; Where,u-::ﬂ-z 1+ti-7(17’y)0_1 Aij (36)
j j 4 j i 2 J p 1+t

We shall henceforth refer to i as the “income multiplier”; it links value added to income,

incorporating lump-sum redistribution (financing) of tax revenue (subsidy bill). Notice that

o\ 1
fory = 1wehave u; = i; = (Zi 13\;;”) , which is intuitive.

2.6 Firmentry

We now use the equilibrium conditions derived above to solve for the mass of entrants. Em-
ploying the definition of the various margins and the zero cutoff profit condition (17), we can

write aggregate sales of firms from country 7 in country j written as

Aij v, 0o _9

1+t ]:9—(0'—1)

Ni (#5;) " wifij. (37)

This relationship tells that aggregate sales can be written as the product of the sales of the

average firm and the mass of entrants; compare (37) to the free entry condition (19).

Using the free entry condition to substitute out expected profits (sales), we obtain

oc—1 /\ij . 0'—1Zi

T Gowiff T4ty 0 o ff w

i

where the equality follows from (30). As in the standard case, the equation commands that
the mass of entrants is proportional to the ratio of the value of production Z; and the wage
rate w;.While in the standard model free entry implies that the value of production is used to
pay workers, in our context firms also have to pay for material input, which drives a wedge

between value of output and value added. Using the zero profit condition (33) to substitute
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out Z;, the equilibrium mass of entrants is given by

A_O'—l LZ'
off1—(1—q) =t

(e

(38)

In the presence of input-output linkages (v < 1), the mass of entrants is larger than in their
absence (y = 1). The intuition is that for a given wage rate, the value of production must be

larger with input-output linkages than without.

Importantly, changes in commercial policy do not trigger entry effects. Hence, a constant
fraction of workers is devoted to entry activity. Key drivers of this invariance result are that net
government revenue is fully rebated to workers and that we consider a single-sector model.
Our result is in line with Caliendo et al. (2015). Their findings suggest that the invariance
result would not obtain, if there was no full rebate of net government tax revenue. It will turn
out below that the optimal policy is a subsidy, which has to be financed by a lump-sum tax

on labor income. We therefore ignore cases without full rebate (or financing).

2.7 Welfare

Having characterized industry equilibrium, we now turn to the derivation of a welfare for-
mula. Real income of the representative agent in country i is given by W; = pu, x w;/ P;,
where i, is the income multiplier from equation (36). In order to make the welfare formula
comparable to that popularized by Arkolakis et al. (2012), we the expression for the domestic

expenditure share to substitute out the real wage.

Employing the definitions of the various margins, the domestic expenditure share can be

written as

1-6

0 (ofu) o\ e fa\7? | o8
Y Nz Lz T - 1 i o=,
A 0_(0,_1) (O’—l) (Mz ) ! 3 ( +t) 1

where we have used the zero cutoff profit condition to substitute out ¢;; and the definition of

the gross output multiplier.

Using the definition of the input cost index, we can use the above expression to solve for
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the real wage as

1
) 0—(c—1) - ~0
l}g’ = (Ni xp; 7 ox (1 +tii)17(,—f1 X )\i_il> ", where (39)
1
6—(c—1) 0 ~6
0(Lif (0fi)) =7 (o—1\" , 4
- A 4
G 0—(o0—1) o o

Welfare formula. Combining the previous expressions, we can express welfare as

[%

Wi =; x p; X <g;_“ x (1 +ti,-)f%)1_1 X )\ii>w . 41
This welfare formula generalizes the welfare formula in Arkolakis et al. (2012) straightfor-
wardly. Note the effect of policy on the domestic expenditure share is translated into a wel-
fare effect with elasticity 1/ (v0). For an ex post evaluation of welfare consequences of foreign
policies and domestic trade policy, one additionally has to observe changes in the income
multiplier and the gross output multiplier. Moreover, one needs information about an ad-
ditional parameter, namely the elasticity of trade with respect to fixed costs % — 1, which
governs the welfare consequences of ta change in the gross output multiplier. For the ex post
evaluation of domestic commercial policy, one also has to back out the trade elasticity with

respect to commercial policy, U”—_el — 1.

Domestic expenditure share. In order to characterize optimal policies, we have to rely on
the ex ante evaluation of welfare consequences of commercial policy, which involves the ef-
fect of commercial policy on welfare through changes in the domestic expenditure share. In
order to pave the ground for this type of analysis, we derive an expression for the domestic

expenditure share. Starting from the expression for the price index, we show in the appendix
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that the domestic expenditure share can be written as

M N L+t\' 77 [ f K= -\
o= 1 R N L Yiy T (4 L @2
( +J§1 N, <1‘|‘tii> (fu) <wi T 42

This expression highlights that with uniform policies t;; = t;; for all source countries j, com-

o—1—-6
o—

mercial policy only has an indirect effect on the domestic expenditure share through the rel-

ative wage and the relative input cost index.

Making further progress, we employ the definition of the input cost share and use equa-

tion (39) to substitute the real wage:

o—1-6

e’} 6o

M N.; 1+t 1_[;_1 f o—1 W 1_(;_1
Ni = |1 e (L L 2 L here(43
" < +J§1 N, i <1 + tii fii w; i) o Whereld3)

1—y

0 - 0—.(c—1) 17(77(9 1 ¥
v (@ e )
Y & Ni \ it 1+t i

This expression highlights the implications of input-output linkages for the domestic expen-

diture share. In the absence of input-output linkages (y = 1), I';; = 1, and the domestic
expenditure share is simply a function of the relative mass of entrants, relative trade costs
(real and policy wedges) and relative wages. With input-output linkages, it additionally de-
pends on the relative gross output multiplier, relative domestic policy wedges, and relative

domestic expenditure shares.

3 Cooperative commercial policies

In this section, we consider the case where potentially asymmetric countries cooperatively
determine their commercial policies in order maximize their joint welfare. This perspective
prevents countries from conducting beggar-thy-neighbor policies. Hence, the scenario ana-
lyzed in this section is free of terms-of-trade considerations, which allows us to discuss the
optimal policy implications of the input distortion inherent to a monopolistic competition

model of international trade with input-output linkages. We explore the interaction of the
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input distortion with the terms-of-trade externality in the next section.

In this first subsection of this section, we shall assume that domestically produced and im-
ported inputs are treated uniformly by policy makers, restricting the policy choices to one per
country. This greatly simplifies the analysis for the following reasons. Firstly, not discriminat-
ing againstimported intermediate goods allows to determine income and gross output multi-
pliers independently of the domestic expenditure share. Secondly, the domestic expenditure
share, which is itself an determinant of welfare (see equation (41)), is not directly driven by
commercial policy. With symmetric countries, the optimal policy therefore trades off changes
in the income and gross output multipliers and the direct effect of commercial policy, which
arises when conditioning on the domestic expenditure share. We shall consider the case of
symmetric countries first. With asymmetric countries, however, commercial policy indirectly
affects the domestic expenditure share through the general equilibrium adjustments of wages

and input cost indices. We, in turn, consider the case of country asymmetry.

In the second subsection of this section, we turn to the case where governments only have
one instrument at their disposal, referring to situations where either trade policy interven-
tions are restricted, e.g., by international trade agreements, or domestic policy interventions
are unwelcome for some reasons. In order to pave the ground for the analysis of optimal

uncooperative trade policy, which we take up in the next section, we focus on the latter.'?

3.1 Uniform treatment of domestically produced and imported intermediate goods

With uniform treatment of domestically and imported intermediate goods, i.e., tj; = t;; for all

source countries j, income and gross output multipliers are given by

,u,Z-EI{<1+ti—(1—’y)al> andﬁi:m(l—kti), (45)
g

where £ is a constant defined by x := 1/ [1 — (1 — ) 1] . Notice that the multipliers are de-

termined independently of expenditure shares. The reason is that with uniform treatment of

121t will become clear below that the policy addressing domestic rather than imported goods has almost sym-
metric effects, the difference being that in the welfare calculus domestic expenditure shares have to be replaced
by import expenditure shares, and vice versa.
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domestically produced and imported goods, we can factor out policy wedges in the summa-
tion over policy-adjusted expenditure shares and exploit that expenditure shares add up to

unity.

Expression (45) implies that the direct effect of commercial policy on welfare and its effect

through the gross output multiplier can be combined by a new variable ; (¢;) defined as
- 1—_90_ o0 _ 17— # _1
Qi (t;) == |fu; () o1 x (L+1t;)o-1 x (14t) . (46)

In a closed-economy version of the model (A = 1), §2; (¢;) represents the effect of commercial
policy on welfare through the real wage w/P. We will see below that this intuition also car-
ries over to the case of potentially asymmetric open economies, where domestic expenditure

shares turn out to be determined independently of the stance of commercial policies.

Symmetric countries. With symmetric countries, commercial policy has no bearing on the
domestic expenditure share; see equation (42). The joint welfare maximization problem can
be stated as

m?XW:,u(t) x Q(t);

see equations (41), and (46).

The optimal policy intervention ¢* is obtained by setting 91/ /0t = 0. Notice that in the
absence of input-output linkages (y = 1), the objective function IV is invariant to changes in
commercial policy; compare equations (45) and (46). Hence, the effect of commercial policy

via the term [ (¢) is always exactly offset by changes in the income multiplier.

In the presence of input-output linkages, the first-order condition of the welfare-maximization
problem implies!3

1+t =

(47)

g

This result highlights that the effect of a subsidy on welfare through changes in the price

index outweigh its effect through the income multiplier, if the subsidy is not too large. The

Formally, this result follows from noting thatdu/dt = 1/ [(1 4+t — (1 —v) =2)].

o
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optimal policy that maximizes joint welfare of symmetric countries is a subsidy of rate |t*| =
1/o. In contrast to the standard Melitz (2003) case without input-output linkages, laissez-

faire market outcomes are not socially optimal.!*

The optimal policy exactly offsets the markup over marginal cost each intermediate good
producer, which directly feeds into the price index (5) via the term y representing the inten-
sive margin. The “correction” of the price of a good clearly has repercussions on demand for
that good and on firms’ revenue and profits. While firms’ profits are in general decisive in
the determination of cutoff productivity levels, we show in the appendix that with symmetric
countries and uniform treatment of domestically produced and imported goods, commercial
policy has no effect on selection. Recall from section 2 that commercial policy has no bearing
on the extensive margin component that works through firm entry; see equation (38). As in
our setting all firms charge the same markup, firm heterogeneity has no optimal policy impli-
cations. Moreover, the labor cost share v does not interfere with the markup. Therefore, the

optimal policy is also independent of the labor cost share .

The optimal subsidy is independent of the labor cost share v and the degree of firm het-
erogeneity measured by ¢. The intuition for these observations is that variations in a labor
cost share v < 1 and in firm heterogeneity have no implications for the markups charged by

the monopolistically competitive intermediate good producers.

Optimal commercial policy raises the overall efficiency of the economy by correcting an
input distortion. In the presence of markups, the price of the composite good is too high such
that intermediate good producers use too little material input into production; see the con-
ditional input demands (9). By using more of the composite good for production of inputs,
each intermediate good producers produces more efficiently, which translates into an aggre-
gate productivity gain. Hence, in our setting efficiency gains do nor arise from reallocation
of resources across firms, but from a more efficient allocation of the composite good to final

consumption and intermediate input use.

14Dhingra and Morrow (2012) prove that market outcomes in the standard Melitz (2003) model with CES pref-
erences are efficient, while in the presence of preferences that lead to variable markups, the efficiency result
breaks. In a similar vein, Jung (2015) proves that the efficiency result does not carry over to the case of CES-
Benassy preferences. In this paper, we explore the sensitivity of the result to modifications on the production side
of the economy.
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In order to illustrate this point, consider the case of a closed economy with a fixed mass

of N symmetric firms.!® Let ¢ denote output per firm.Aggregate output is given by Q =

o
o—1
o

(qu*)ﬁ = N7-1 x q.
The aggregate good can be used for consumption (C') or used as input into production
N x m, where m denotes demand for inputs of each firm. Production is given by ¢ = ["m! =7,

where the productivity is normalized to unity, and labor input per firm is a constant fraction

of labor total endowment.

The planner chooses m in order to maximize real consumption C subject to the technolo-
gies  and ¢:

maxC =@ — Nm = N7T0"m!~7 — Nm.
m

The first-order condition of this maximization problem implies
l 11
— =(1—~) 7" N 7D,
m

In the decentralized equilibrium, relative input demand is I/m = P / [(1 —~)w], where
1

the price index is given by P = (N T x e x Ax (1+ t)) 7 16 Hence, relative input de-

mand is

Ul ><(1+t)>7

o —

l _1 1
7:(1—7) ¥ x N e-1) x
m

This expression highlights that with the optimal subsidy, the policy-driven decentralized equi-

librium exactly resembles the planner outcome.

Asymmetric countries. With asymmetric countries, we have to back out the effect commer-
cial policy has on domestic expenditure shares and relative wages. With uniform treatment,
commercial policies exhibit no direct effect on domestic expenditure shares, but potentially
affect them through general equilibrium adjustments in the relative wage and the I';; terms;

see equations (43) and (44). With uniform treatment, the I';; terms collapse to functions of

5As we have argued above, firm heterogeneity is not important in this section as all firms charge the same
markup.

®Formally, this follows from considering the limiting case § — o — 1 in equation (39).
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relative domestic expenditure shares. Relative wages are determined by the balanced trade

conditions

S Aji - pyw;L; frjw;L;
e T — MWk
i7] 1—|—tz"ul iLi 14t i£] Aij 1+t ( i) s

where we have used Y; = [i,w;L; to replace gross outputs and ) ; \;; = 1. Uniform treatment

implies that balanced trade can be rewritten as

Z#j Ajiwili = wiLj (1= Xj),

where we have used equation (45). This expression highlights that domestic expenditure

shares and relative wages are determined independently of uniform commercial policies.
Joint welfare is maximized by choosing M potentially different policies ¢;

S L(28-1) | a0

— 70(o N 7o \o=1 ¥
I%?XW:%:C]-X/,L]XILLJ X (Ldt;) 0he-17 x A

Recall from our analysis above that with uniform commercial policies, domestic expenditure
shares are invariant to changes in commercial policies. The first-order conditions of the joint
welfare maximization problem therefore collapse to M symmetric first-order conditions of

the same type as in the symmetric country case. Hence, the optimal policy result described

above for symmetric countries carries over to the case of asymmetric countries.

3.2 Efficiency gains of moving from laissez-fare to social optimum

Before turning to the case of optimal cooperative trade policy, we want to gauge the impor-
tance of optimal policy. In order to obtain clear-cut results, we analyze the welfare gains of
moving from laissez-fare equilibrium to social optimum reached by the implementation of
the first-best consumption subsidy for the closed economy case. Let [f and * denote vari-
ables obtained under laissez-faire and optimal-policy driven equilibria, respectively. More-

over, let p := =1 € (0,1) be an inverse measure of the mark-up. Then, the change in welfare
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induced by moving from laissez-faire to a policy-driven equilibrium is given by

1—v

LA o A T
witf plf ) pLf 1-(1—-7)p

_17

where we have used '/ = 1 and P*/P! = p%.

As discussed above, in the absence of input-output linkages we have W* /W' = 1. In the
limiting case where markups vanish (p — 1), we have have W* /W' — 1. We show in the ap-
pendix that an increase in the mark-up (lower p) magnifies the welfare gains of moving from
laissez-faire to the optimal policy driven equilibrium. Intuitively, the gains from repairing the
distortion are larger, the more severe the distortion. Moreover, we establish in the appendix
that the welfare gains of moving from laissez-faire to social optimum is larger, the smaller ~.

Clearly, the smaller v, the more relevant is the input distortion.

Figure 1 graphically illustrates the welfare gains for different values of v and 0. We let
the labor cost share vary between 0.1 and 1 and depict the welfare gains forc = 5 and o =
10, which are reasonable bounds in single-sector studies; see Anderson and van Wincoop
(2003). The left panel shows that the welfare gains can be sizable, if input-output linkages are
sufficiently important. In the right panel, we zoom in and take a closer look at cost shares in

the interval v € (0.7,1).

Figure 1: Welfare gains of moving from laissez-faire to policy-driven equilibrium
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3.3 Welfare-maximizing cooperative trade policy

We now assume that the governments are restricted to coordinating their trade policy, while
domestic market interventions are ruled out.!” For the sake of illustration, we focus on sym-
metric countries. Given symmetry, there is only a single policy instrument which is applied
to imports from all countries. Let ¥ denote this symmetric trade policy. The key difference to
the scenarios considered above is that domestically produced goods are exempted from the
policy. Commercial policy therefore drives a wedge between prices of domestically produced
and imported goods and plays a role in the determination of the domestic expenditure share

A

In this setting, the multipliers can be written as

. 1—1-19_(1_ )0—1 and~—51+19
A V| RE - BNt

where, as above, k := 1/ [1 —(1=7) 0%1] Notice that, in contrast to the scenario above, the

multipliers do depend on the domestic expenditure share. It is given by

A= (1+77(1+19)1_UL—91>_1,

6

x 1*af . . . .
where 7 := 779 (%) ' comprises variable trade costs and foreign over domestic market

access costs (f*/f%) and therefore can be viewed as a measure of the “freeness of trade”.
The joint welfare maximization problem can be stated as

max W = 1 (8, A (#)) % i (9, (9)) x A ().

We show in the appendix that

_ (b _
sz’gndW/W = sign LY (071 )19)\ — l <1+ <09—1> oA )
dv 1+9-(M+1) 11—yt v o—1 o—1

"Notice that results for the opposite assumption can be obtained by a clever re-interpretation of expenditure
shares.
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The optimal trade policy follows from setting this expression to zero and solving for ¢. The
complication, however, is that the domestic expenditure share is itself a function of trade

policy.

We formally prove in the appendix that the welfare-maximizing policy is to subsidize im-
ported goods, but at a smaller rate than in the case of uniform treatment of domestically
produced and imported goods. The reason is that the subsidy on imported goods has the
unwelcome effect that it distorts the allocation of spending on domestically and imported
goods, such that the economies spend too little on domestically produced goods and waste

resources by importing too much.

Figure 2 illustrates the role of freeness of trade for the optimal import subsidy. We consider
two symmetric countries. We follow Caliendo et al. (2015) in setting o = 2 and # = 4. The
x-axis represents the freeness of trade n, which is allowed to vary between 0 and 1. The y-
axis plots the welfare-maximizing import subsidy rates (|¢|) for different values of ~. In the
standard Melitz (2003) model, we have v = 1, and the optimal trade policy for symmetric
countries would be laissez-faire (horizontal line at ) = 0). As argued above, with v < 1, the

optimal import subsidy rate is strictly above 0, and below |[¢| < 1/0 (= 1/2).

Figure 2: Optimal import subsidy rates for symmetric countries
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Intuitively, welfare-maximizing import subsidies are largest with » = 1. Withn < 1, an
import subsidy makes imports relatively more than attractive than domestically produced
goods, but cause loss in transit due to trade costs. Moreover, lower labor cost shares v make
the input distortion more relevant, which calls for a higher import subsidy, if domestically

produced and imported goods are not treated uniformly.
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4 Non-cooperative trade policy

In this section, we consider policies that are optimal from a unilateral perspective, ignoring
welfare effects on foreign economies. We focus on two countries, H and F, that are assumed
to be symmetric in all dimensions but commercial policies. In order to relate to the literature
on optimal trade policy, we rule out domestic commercial policy. The government sets the

welfare-maximizing tax-cum-subsidy related to imports.

In the non-cooperative setting, the government does not take into account that imported
intermediate goods are subject to markups over foreign social (production) costs. Rather, the
social costs of imported intermediate goods are the prices at the border. From this perspec-
tive, in contrast top domestically produced goods, imported intermediate inputs are not too

expensive and do not generate a problem in the cost-minimization problem of producers.

Another difference to the cooperative setting is that governments may follow beggar-thy-
neighbor strategies. In fact, the different perception of prices of domestically produced and
imported intermediate inputs, constitutes a rationale for import tariffs — or a subsidy on do-
mestically produced goods — that exploit a terms-of-trade externality as in the standard Melitz

case; see Demidova and Rodriguez-Clare (2009) and Felbermayr et al. (2013).18

In general equilibrium, an import tariff not only addresses the terms-of-trade externality,
but also affects the input distortion. On impact, an import subsidy lowers the price index,
which is welcome from the perspective of the input distortion. An import subsidy, however,
cannot be the first-best instrument as the distortion arises from domestically produced inter-
mediate goods. Trade policy can only be a vehicle to imperfectly address the input distortion.
We aim at figuring out under which conditions one or the other rationale dominates, resulting

in either optimal import tariffs or subsidies.

One implication immediately stands out. The optimal tariff, if any, must be smaller than
in the standard Melitz (2003) case without input-output linkages. Moreover, the “freeness of

__o_
trade” n := 7 ( 1 f d) '=7=1 which combines variable and fixed relative to domestic market

¥Note that although Demidova and Rodriguez-Clare (2009) assume the country to be small, the government
can affect “world market prices” by means of trade policy as in a monopolistically competitive setting, each firm
is a monopolist in the particular variety it produces; see also Gros (1987) for the case of homogeneous firms.
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access costs will be key as it drives the ratio of domestically produced and imported inter-
mediate inputs. As can be seen from the analysis in section 3.3, optimal polices also hinge
on the labor cost share v in the absence of uniform treatment of domestically produced and

imported goods.

4.1 Preliminaries

In our setting, the multipliers are given by

-1
KT (Nt 1)+t (1 — Aig)
o= [ and
wi = i T,
5 1+t
Hio = e+ 1
Ji\ +1

where £ = 1/[(1 - (1 —v) Z1)] is a constant. We simplify the analysis by assuming that
only country H conducts trade policy, while country F is inactive. This assumption implies
that iy = kand pup = 1.

Domestic expenditure shares are determined by equations (43) and (44). In the two-

country setting, balanced trade can be written as Balanced trade implies

w1+t 1= Nl Ly
wj L4t 1= Ny iy Ly

The optimal policy analysis requires to back out the effect of trade policy on the domestic

expenditure share. We show in the appendix that

1— 0—(0—1) 1—X\ 9o 1-)\
dAg . Y [1 —AFF + Oo— ?ff 1) tFH/\HHHH+1i| + (U— B 1> AFF + tFHAHH;-i-l
i 1 (225 1) (A R ) + 5 (2= A — App + Sl e () )
Oo dtry
x (1—M\ -1 > 0.
( HH) ( 1 > 1+ try

The expression highlights that a tariff increases the domestic expenditure share. Moreover, it
shows that for given trade shares and initial policies, the percentage increase of Home’s ex-
penditure share induced by the same percentage increase in the tariff is larger in the presence

of input-output linkages than in their absence. This is a general equilibrium effect.
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Figure 3: The role of the labor cost share
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4.2 Optimal trade policy

In the appendix, we derive the first-order condition of the welfare-maximization problem for
the general case. Moreover, we show analytically that in the absence of trade cost (n = 1)
and with an inactive selection effect (¢ — o — 1), the optimal policy is an import tariff if
v > 1/ (0 + 1), while it is an import subsidy if v smaller than this threshold. This result im-
plies that under the certain conditions, the input distortion dominates the terms-of-trade
externality if the labor cost share is sufficiently small compared to the trade elasticity, which
drives the terms-of-trade effect. Moreover, the result implies firm heterogeneity is not re-

quired for the input distortion to dominate the terms-of-trade externality.

Figure 3 draws on the first-order condition derived in the appendix and illustrates the
welfare-maximizing trade policy as a function of the labor cost share . For v = 1, our analysis
resembles the optimal tariff characterized in Gros (1987) and Felbermayr et al. (2013). For the

given parametrization (n = 1, 0 = 3.8,0 = o — 1), the critical  is approximately v ~ 0.21.

For the standard Melitz (2003) case (y = 1), Felbermayr et al. (2013) discuss the role of
the freeness of trade for optimal trade policy. They find that the optimal tariff is increasing in
the freeness of trade, such that a fall in non-tariff trade barriers commands a higher optimal
tariff. We can, however, find cases where the opposite conclusion holds. We show in the

appendix that with an inactive selection effect (9 — o — 1), fory =1/ (¢ + 1) a tariff would be
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Figure 4: The role of the labor cost share and the freeness of trade

Cptimal tariff

0.4
Freeness of trade {1}

optimal when n < 1.19 Hence, the optimal tariff can also decrease in the freeness of trade, if
~ is sufficiently small. For intermediate values of , we find an inverted U-shape (the optimal

tariff increases in 7 for small values of n and falls in 7 for large value of 7).

Figure 4 illustrates optimal tariffs as a function of v and 7 for o = 3.8 and 6 = 2.8. Note that
under this parametrization, the critical v for which laissez-faire is optimalisy = 1/(c + 1) =
0.2. Clearly, the optimal tariff is always smaller in the presence of input-output linkages than

in their absence.

5 Conclusion

In this paper we have analyzed optimal commercial policies in a version of the Melitz (2003)
model with intermediate-input linkages. We find that input-output linkages in combination
with monopolistic competition gives rise to an import distortion which is not present in mod-
els with perfect competition or models that ignore input-output linkages. In the laissez-faire
equilibrium, firms use too much labor input and too little material input. From this perspec-
tive, the model calls for more use of intermediate inputs. One straightforward implication
would be to allow for integration to circumvent the double marginalization problem. Given

that in our setting production requires inputs from a continuum of suppliers located around

9Recall from above that under these assumptions, laissez-faire is optimal with = 1.
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the world, however, this does not seem to be promising strategy.

The optimal cooperative policy is a uniform subsidy on domestically produced and im-
ported goods that exactly offsets the markup. We show that the welfare gains of moving
from market outcomes to the efficient outcome can be substantial. Welfare gains come from
a more efficient allocation of the composite good on final and intermediate use and not
from reallocation of resources across firms. In the calculation of welfare losses from non-
cooperation, the relevant benchmark seems to be a world with efficient levels of subsidies.
Clearly, this statement requires qualification as most countries tax labor. Labor taxes would
alleviate the pressure to subsidy intermediate inputs. We ignore labor income taxes, as they
would not only be applied to production workers, but also to fixed labor input into produc-

tion and innovation (entry) activity.

When coming to un-cooperative trade policy, we find that the input distortion counteracts
the standard terms-of-trade externality, potentially resulting in an import subsidy. Whether
an import subsidy or a tariff is optimal depends on the labor cost share and freeness of trade.
It also will depend on the degree of firm heterogeneity, but we have not explored the role of
heterogeneity yet. We find that optimal tariffs may fall in real trade costs, if the labor cost
share is sufficiently small. This finding questions the importance of the World Trade Organi-

zation, as in world with falling trade costs tariff would have been reduced anyway.

Restricting the government to a single instrument (trade policy) in the presence of two
distortions can certainly not lead to efficient outcomes. We will characterize the optimal pol-
icy mix in the future. Preliminary results suggests that the optimal policy mix is a subsidy
on domestically produced intermediate goods and a tax-cum-subsidy on imported goods.
Moreover, our analysis of un-cooperative trade policy so far ignores retaliation. We plan to
characterize un-cooperative Nash tariffs and to compute welfare losses in the vein of Ossa

(2016).
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A Detailed derivations

A.1 Zero profit condition

Taking (16), we insert for profits using (12) and for quantities g;; (¢) from (14) which yields

—0 1-0o
o Tji%; ~ o
[7(p)g(p)de = 1_(,(; ])ﬂ FYiPP [ 07 g (p) de —w;fji [ g (@) de.
89;‘2' (J o 1) ( - tﬂ) ‘P;% ‘P;i
Assuming a Pareto distribution for ¢, we have G(¢) = 1 — ¢~ and g(p) = 0p~'~%, whereby
we assume ¢ > ¢ — 1. This implies
[ lg(p)de =0 [ ¢ " 2dp = S — (3)7 "1 48)
* 0—(c—1)"""

Pji 50;61

This term, which we simply refer to as ¢ ji in the text, represents the selection of firms lo-
cated in country j into different markets, including the come market. We refer to this and

-0
[ g(p)dy = (@jz) , whence we may write
%0;'1'

—0

fre)g(e)dp= — i) "y pot o) 0 =g (05) 7

)1—0’
St e

o—1
Substituting for <<ij) according to the first line of (17), we have

loa
7

x\o—1 g -1
(¥5:)" = 1)1 (zj750)7 (L+t5)° ijfjiv
(A

whence expected profits of selling from j to i reduce to

0

1\ —0 *— o—-1 *\—0
w[ T(p)g(p)de = m%‘fﬁ (5) " —wjfue}i* = mwjfji (2
i
Summing up over all markets (countries) i = 1,..., M and inserting into (16) leads to equa-
tion (19).
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A.2 Priceindex and expenditure shares

Using the markup pricing condition for firm ¢ of country j when selling to country 7 as given

in (11), the price index for goods assembly given in (5) emerges as

1

~ M o 1+t;) 757 1= =
P = (ZM‘I( _1( 1) 7; ]> 9(@)0190)
J=1 0% g

¥

1

= (Z N; <J_ : (1 +tjz')7jz‘$j> _ [900_19(@) d90> -
3

1

M 1o
= '21 Njx;i€ji ) (49)
iz

where x; := (ﬁ (1+ tji)Tji$j> and ¢, := [ 97 g (¢)de. Using (48), we may write
s

pl—a _ L % N ( >.TA)o'fol
A 9_(0__1) = Jij (p]z

From (6) it follows that country i’s expenditure on goods originating in country j may be

written as

N; [ Bii (9) @ji (9) g (9) do = Nj [ Bji (9)' 7 g () dop x V; P

*

Pji @;i
Inserting from (11) and (13), we have

1_

~ ~ g o—

Nj [ pji(#) @i (p) g (p)dp = Nj (U — (1 + tji)> f 0" g (p)dp x ;P
‘P;i i

= Njxji€ji ¥ Yilsiafl
Forming expenditures shares and using (49), we have

Nj [ ji (9) Gji (9) g () dip

P ‘P;i o JX]zgjz
JL T T - P.l_U
IR f ni(0)g(p)dp 77
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A.3 Theincome multiplier

tijNij
T 14t

From equation (2) and 7; = Y; ) | and using (35), we have

tl] %)
I = (Hu]ZlH%) w; L

This can be rewritten as

- o—1 )\z tlAl
I, = 1= (1= J YA L.
b= (10 ) 3 2

oc—1 >\7jj
= MJZ < + i — 1—’)/) - >1+tij><wiLi

A.4 Firm entry

We now use the equilibrium conditions derived above to solve for the mass of entrants. The

zero cutoff profit condition can be written as

_1
802} o <Uw,-fij (1+tij)>"1 TijTi (1+tij) PN

c—1 YJ ]5]

((p*_)crfl _ < o >J_1 (Uwzfzj( +tl])) Tz'jl'i(l—i-tij) ot
Y o—1 Y; P,

1-0o
o 7i@i(1+t) _owifiy (1+tiy)
o—1 Pj‘Pfj Y;

Using this expression in the expression for the expenditure share (22), we have

1—0o
0 —0 g (1+ti~)7'i-xi 1
J 0—(c—1) (%J) (O‘—l % Pj)
0 Oawzfz] (1+tlj)
= ——N; — e
e ) 2
>\ij Oo —0
ey s B
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Summing both sides over j and solving for V;, we have

Aij Oo w\—0
Y, = —F——=Nw; ij ij
%:1+tij ! 0—(c—1) w%:(gpj) fis
Oo 0—(c—1)
= Niw; i
0—(oc—1) RU— i e
oc—1 i
N; = y;

bow; f7 ; L+

where the second line follows from (19).

Using the trade balance condition (31) and (32), we obtain

oc—1 )\ji _U—IZZ'

N; = Y; = =,
Y fow; ff Z;Htﬁ 0o f¢ w;

The expression in the text follows from using (33).

A.5 Domestic expenditure share

In order to derive the expression for the domestic expenditure share, we compute P} ~°:

1-0
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Hence, the ratio of input cost to the price index is implied by

oc—1—-0

o—1—0
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Using this expression to substitute out the ratio from the domestic expenditure share, we

o

obtain
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Substituting out the input cost index, we obtain
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A.6 Selection with uniform treatment of domestically and imported goods

We start from the zero cutoff profit condition

o R
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Substituting out gross output, we obtain

o 1
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Next, we employ the definition of the input cost index z; :

1

T = 1
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This expression highlights that with symmetric countries, cutoffs are invariant to changes in

commercial policy.

With asymmetric countries, we need some more steps to that the same claim holds under
the additional restriction that all countries conduct the same policy. The condition above can
be rewritten as
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Using again equation (39), we obtain
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Recognizing that with uniform treatment domestic expenditure shares and relative wages

are determined independently of commercial policy, cutoff productivity levels are also de-
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termined independently of commercial policies in the presence of country asymmetries.

A.7 Efficiency gains of moving from laissez-fare to social optimum

Taking the derivative of the welfare differential with respect to p := "7‘1, we obtain

O _ _1_%[1%,1 L—(=y)p—p 7 (1-7)
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N il Gt 0]
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Taking the derivative with respect to v, we obtain
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Evaluated at v = 1, we have
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which always holds. In general, we have

oW 1-(1—
oy g
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We numerically check whether the inequality holds for all combinations of v € (0,1) and
p € (0,1). We find that the inequality always holds. Hence, the welfare gains of moving from

laissez-faire to social optimum is larger, the smaller .

A.8 Welfare-maximizing cooperative trade policy

The gross output multiplier is given by

o—1\"" 1—A\!
<1_(1_7) o > <A+1+19>
) 1+9 —,-@1“9
(T4+NA+T—-X  "IA+1

=
Il

Totally differentiating this expression, we obtain
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Evaluated at free trade (¢ = 0), we have
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The income multiplier reduces is given by
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Totally differentiating this expression, we obtain
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Evaluated at free trade (¢ = 0), we have

du/p
SRR k(1= ).
|,y r(L=A)

The domestic expenditure share is given by

Totally differentiating, we obtain

dA o dv
—=-1-X)(1- —.
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Notice that changes in ¢ affect the domestic expenditure share through an effect on the price
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(intensive margin) and selection (extensive margin). Evaluated at free trade (¢ = 0), we obtain

dA/A
v

k{:u_n<;fl_0.

In totally differentiated from, welfare is given by

AW dp 9 (o—1)di 1 dX

RN ETEY

Evaluated at free trade (¢ = 0), a subsidy on imported varieties increases welfare as

S o]

= (1—/\)<n—i><0.

Hence, an import subsidy is welfare enhancing.

In general, the change in welfare induced by trade policy is given by
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Evaluating the welfare change at ¥ = —1/0, we obtain

e () )
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o(oc—1)

AW/ W
i

Hence, starting from J = —1/0, an increase in ¢, i.e., lowering the rate of the import subsidy,

raises welfare. The optimal policy is an import subsidy with a rate [J| < 1/0.

A.9 Un-cooperative trade policy

Income multiplier. The income multiplier is given by
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Totally differentiating this expression, we obtain
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My Auptrn +1 gy
1—(1—v) =g dtry
= |~ —MgH | v
I AgHtr +1

o—1lpg—1 Agatrr  dApn
—k(1-(1-=7)
o pg ) AgHtrH+1 ApH
1—(1—7) % um = dgupy (1 - (1—=7) %) dtpy
13 Auatra +1
-1 -1 Aggt d\
i (1 (- o—1py > HHlFH HH

= K

o K Aputrg +1 Agg
Hence,
Auntra +1dpy 1—(1=7) =gy — Agapg (1— (1 —v) =) dipm
K 123:4 My
oc—1 -1 d\
- <1 —(1=7) i > AgHtpg —22
o pg AHH
_ 1-(0=9) INgn — Agpg + Mg (1—7) ”%lthH
12374
o—1 -1 dX
- <1 —(1—9) ] > At —~o2
o pg AHH
1 o—1 -1
= < —)\HH—i-(l—"}/) ] )\HH> dtpy
;1 o 1J:4
oc—1 -1 d\
— (1 —(1—7) f > At —~on
o kg AHH
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Gross output multiplier. The gross output multiplier is given by

o 1
S (1_(1_ )71) (AHH"_ 1+tHH)

_ 1+try

 (1-(1—n ?1) (1 +tpr) Aaa + 1= Agn)
B 1+try

B (1— (1= =2) (tpurun +1)

Totally differentiating this expression, we obtain

dity < AHH ) dirs — trHAnH  dA\gn
HE L+try  traigm +1 truAaH +1 Apn
<75FH/\HH +1 . > dtrm __lrHAHH dAgH
1+ trg tra g +1  trpAdpg +1 Mgy
<75FH)\HH +lo ) dtrg trudga  dAmm
1+tpy truAug +1  trgdge +1 Ago
1 dtry truAaH  dApw
= (tpgA +1-=X 1+t —
(trudin i ( rH)) 1+trpgtrgdgg +1  trgdgg +1 Agm
1 dtry truAuH  dA\uH
= (tpgA +1-A — gyt —
(trudin HH = Aten) 14+ trgtrgdgg +1  trgdpg +1 Agg
1 =Xy  dtrm trHAHH dApH

trdgn +11+tpn  tpgdam +1 Aun
Balanced trade (symmetric countries). With two symmetric countries, balanced trade reads

wWH 1= ArF fip
— =(1+4+tpyg) ——————.
()3 ( ) 1= Agm iy

Totally differentiating this expression exploiting the facts that tpr = ¢ty = 0, we obtain
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dt 1 A dAgmH Arr  dAprp  diig
U = dtpy + - -
wh /wr 1+trua 1—=Agg Auag 1 —Apr AFF g
. 1 gt Apn  d\gnH Arpp  dApp
= ——dtrn -
1+try 1—=Agg Awg 1= Arr ArrF
1—=Agny  dtrm trHAHH dAHH

Ctpudgg +11+try  trmdgo +1 Amm

_ <1 11— Jum ) dtrm <1 e (1- AHH)) A dAgp  App  dApr
treAan +1) 1+tru trgAgn +1 ) 1=Agg Agn 1= Apr ApF

_ trudgp +1—1+Agy dtrg trgAag + 1+ trg —traAug  Aap  dAgnH

B tpuAnm +1 1+try trgAgn + 1 1= Agg Amn

Arr  dApFp

1= Arr Arr

B trg + 1 dtrg 1+tru A dAgH App  dApp

T trmdam+1 T T tpy | trmdga+11—Agm Amg 1 — App Apr

_ AHH dtprr 4 L+trg  Aga dAga  Apr  dApp
trgAgE + 1 traAag +11—=Agpg Aug 1= ArF AFF

Home’s domestic expenditure share. With two symmetric countries, Home’s domestic ex-

penditure share is given by

1

AHH = 11—y 0=(c—1) o=1-6 b0 _q 1—v °

L ~ o—1 _ 17% f o—1 o—1 A I
)T e P () () G

Totally differentiating this expression, we obtain

o 1 CD\HH o _1—’}’0—<0—1)d/~$H+ 1— ol thH Oo 1 d%
1— Ay Agg - Y o—1 Uy c—1) 1+tpg o—1 wH/wF
+1 -7 <d)\HH _ d)\FF)

Y AHH AFF

Foreign expenditure share. By analogy, the change in Foreign’s expenditure share is

1 der 1_79_(0_1)d/1H+<1_ 00) dt
1—Xpr A\rF ~y oc—1 L oc—1/) wy/wp
+1 - <d>\FF B d>\HH> o
g AFF  AHH
_( 1 1—7>d)\FF _ 1—70—(0—1)d/1H+<1_ ea> dgr  1—vd\un
1—Arp o AFF ~y o—1 ug o—1) wy/wp ~0  AgH
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Using balanced trade to substitute out the change in the relative wage, we obtain

1 1—~\ d\pp 1—~0—(c—1)day Oo AHH
— = + 11— thH
1—App Y AFF v o—1 py o—1) trgAgg +1
1—vyd\gH . (1 o > 1+try AwH  dA\pH
Y AHH o—1) tradur +11— Ay AgH

(- Oo Arr  dA\pFp
c—1)1=Xpr App

Collecting terms, we obtain

o o
< —ﬁ>/\FF—1_1—7 dpp _ 1—-70—(0—1)djiy ( —U1>AHHthH
1—App v AFF o o—1 py tradgm + 1

o
( 7ﬁ>(1+tFH) AHH _1—"}/ dANHH

+
traden +1 1—Agn 0 AHH
Hence,
- 0 6

1y b-(o-V) diiyy | (=5 e g ((5Z0) U tem) ayy 1o ) dhg

d)\ v o—1 upg traAEH+1 ra trgApa+l  1-Agg ¥ AHH
FF
Py (=) rr—1 1y
1-App vy

Home’s domestic expenditure share, c’d. Substituting out the change in the relative wage,

we obtain
( 1 1—’}/)61)\[{}] _ 71—79—(0’—1>dﬁH
1 —XuH o AHH ol o—1 uy

of thH 0o )\HH
1-— —1 dt
+< 0—1)1+tFH+<U—1 >tFH)\HH+1 FH

< Oo _1> 14+try A d\gH

oc—1 truAun +11 —Agg Aun

_1_'7d)\FF_< Oo _1) )\FF d)\FF
Y AFRF o—1

1= Arr Arr
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Collecting terms, we obtain

1 )\HH tFH)\HH +1 1—Agn v AHH
1—70—(0—1)(1,&[{ )\HH 1
=— + - dtpm
0 c—1 g -1 trgdgg +1  1+try
P 1)\
1——7_+ o—1 FFE dAFF
Y 1—ArF AFF
where
- dtpg = — :
tpuAgg +1  1+1tpg traApE +11+try
Hence,
0o
1 (1+tFH)(447_]) AHH' 1—-7 dAHH
1 - AgmH tradea +1 1—Agn 0 AHH
. 1—’70—(0’—1)dﬂH ( Oo ) 1_)\HH thH
- ¥ o—1 W o—1 trgdgg +11+tpy

Oo
1—’y+<cr1_1))‘FF dApp
0l 1—Arr AFF

Substituting out the change in Foreign’s domestic expenditure share, we obtain

9
1 (I+trm) (07—01_1> \oH 1—~\ d\un
1—Agn truAnn +1 1—Agn v AHH
bo_1)A
1— 7+( 1 AF)FFF ( —ﬁ> (1+tprm) Y- 1—~\ dyy
(1—%)AFF L1y truAaH +1 1—Aun 0 AHH
1-ArF 0l
A
< fo 1) 1—Agpm dtrg Fy+7( 1— )\F)FFF (1_0 1)>\HHdt
o—1 trgAHE +11+tpy (1—%)>‘FF I 1— treAgm+1 i
1-AFF vy
N 1y (F5-DArr N
190 (0-Vdiy 5t Ty 1-98— (0 - Ddiy
v oc—1 U (1= L2 ) App—1 1—y Y oc—1 125z
1=-ArF Ty

Collecting terms for the change in the domestic expenditure share, we obtain
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- - St
1—Aun teudgp +1 1= gy v (=) rr-1 1y trgAgg +1  1— gy v AHH

0 — , (FE-DA 0
1 (1+t”’)(07f171) L A 1%*% ((1061)(1“”’) AHH 1—7>>dx\HH
1-Arp ¥

1y, (Z5-DArr o (L”-l)A
S (1 + St (1 +tru) (Ufl 1) Mg 1o 47 + e dArn
( (

e trudug +1  1=Agn v 1*r)AFF 11y AuH

T-Arp ~ 1-ArFr kg

1—Aun (=2 ) rr-1 1y truAgg +1 1= Ay bl (1**)AFF L1y

AHH
T-Arp ~ 1-Arr vy

T—2rp 1 1) AHH 11—~ T—2rp AHH

T1—Agm (-E)Arp-d 1—y trgAnn +1 1= dun 7 L S

(1= 2= ) App—14 (L5 1) Arp 1+ trn) (9% (1——)AFF 1+(2% 1) Arp J
AHH

1-Arp ') 1-ArFp Y

T1-dpm o (SRl 1y bpghgm +1 1—=Aun v (=5l 1y | Amw

1 o _ 1
1 T (1+tFU>(,,71 1) Aun 1—7 T )d/\HH

I-A\rr 5 1-ArF vy

1- 22 ) App—1 . 1A o 1-22 ) App—1 _ . 1)A
( | %,%+ oy G N (1) (22 -1) )y, 71—v% Lyl <al|)\F>pFF)d)\HH

0
S N 1 At tem) (225 -1) yn e . Do
V= (1= o) aep = 1= 22 (1= App) P L U= Ay (1= B ) e - 1= 2 (1 ) ) A
1— (I‘HFII)(,,D%*I))\HH 1—
_ _( _7> Ak + 1+ 7 (1_)\ )+ fF11A11111+1 T(I_AHH) 1 dA\gH
( *7))\1:17*17 (L= Arr) 1= Aun Aun
1+ (970 ) ()\FF + len )\HH) +1ix (1= App) + 1>y (1= Aum)
_ o—1 trHAHH+] ¥ v 1 U]r)\HH
( 75) )\FFfl—';—"’(l—/\FF) 1= Aun Agn
o 1+t 1—~
B _1+(m— ) (ver+ S ) + 5 @ = i =) 1
(gefl ))\FF+1+ (1= ) 1= Agn Aun

Collecting terms for the direct tariff effect, we have

1—y |, (Z5-DArr b0 _

’y’y_‘_ 11*/\FF - 1—)\HH (O’—l ) dt
1, (F5-1)Arrtl T Y v ten | tradga+10 0
Ty + 1-ArF
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and

1+ (

24 ) (AFF + g AomH)

o—1 1 dA\HH
(%—1))\FF+1 1 —AgH AHH
Oo o
<ﬁ_ )AFF 1— Mgy (ﬁ_ ) dt -
(0%_1))\FF+1 T Yt ) tepd g+ 10
1+ <% - ) ()\FF +NH)\HH) d)\HH
1 - Agn Ann
o
fo 1— gy o (ﬁ_ )
— 1) AppA —1]A 1 dt
(775 1) s+ 3 (=) e 1) ) gyt
o
fo 1—Agy Oo 1— gy <ﬁ_1>
— 1) AprA —1]A dt
<<O’1 ) FE HH+1+tFH <O’1 > FF+1+tFH)tFH>\HH+1 FH
fo
% 1—)\HH> 1—)\HH> (ﬁ—l)
—1]A A + + dt
<<g—1 ) FF< L 1+tpm ) tegdag +1 -0
o
(90’ 1)y Mg+ \gptrg +1—Agg 1 — Mg (ﬁ_ ) &t
oc—1 Fr 1+trg 14+trg ) traAgg +1 FH
o
<< Oo _1))\ AgHtrg + 1 1—)\HH> (ﬁ_ ) dt
o—1 T Yt L+tey ) traign +1 71
o 1— gy Oo dtpy
—1x —1
((0—1 ) FF+tFHAHH+1> (a—l )1+tFH
Oo 1— gy Oo dtrg
11— -1 A — 14+ A — =1
( HHNH+<U—1 ) FF+?5FH)\HH+1 * HHMH) <U—1 >1+tFH
Oo 1—Agg —trgigg —1 Oo dtrpg
1-A —1]A A -1
( HH”H+(0—1 ) FE tra X + 1 + HH“H> <a—1 )1+tFH
Oo 14+try Oo dtry
1—-A — 1) App — ———A A — =1
( HHMH+<U—1 > LS W | HH + HHMH) <0_1 >1+tFH
Oo Oo dt
1= Agupy + — 1| ApF — pgAaH + AHHRY -1 il
oc—1 o—1 1+tFH
Oo Oo dtrg
1—A -1 A —1
( HHMHJF(O‘—l > FF) <U—1 >1+tFH
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Collecting terms for the gross output multiplier, we obtain

_ 1y, (Z5-1)Arr _
190 (0-Vdiy St TSy 16— (0 1diy
gl o—1 py  (=ZH)rr-1 14 v o—1 up
1-Arr gl
_7 (7 1))\FF 5
= — |14 + 1-ArF 1—y0—(0c—1)diyg
w 1) v o-1 g
1-App Y
(1—670))\17}:‘ 1 1 — ( 1))‘FF ~
_ 1-ArF 7—’_ ’Y+ 1>\FF 1—y0—(0c—1)diyg
(1—970))\}71: 1 1y vy o—1 HE
1-ApFp vy
(1= ) Arr—14(F5 —D)Arr _
_ B YT 1-—90—(c—-1)diy
(T e e
1-ArF oy
B 1 1—v0—(c—1)day
< *ﬁ))\FF 1*1_77(1*>\FF) v o—1  nnm
_ 1 1—v0—(c—1)dig
(%—1))\FF+1+1_77(1—)\FF) v o—1  pn

Combining direct and gross output multiplier effects

1 (Lo —1)App (970_ )
e v o 1—Aunm P o
J+M l+trpn | trudom +1
v 1-ArF
1 1= 50— (0 — 1) diig
(Lo - ) App+14+ 52— Aep) 7 771
1— (L2 —1)App (970_ )
I e e = vy I V'8 B don
1—J+M l+trpn | trudom +1
vy 1=-AFF
1 1—90—(0c—1) 1—Agg dtpu
1 1—~v0—(oc—1) tpglgg d gy

_'_

(% ))\FF+1+ Y (1= App) c—1 trgdun+1 Aun

Collecting direct effects
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O _ 1)\ 0
u_;'_(all)\F)FFF 1—AHH (o‘ifl_ )

v
_ — dt
iy et T Tty | e 10
~ 1-ArFp
1 1—v0—(c—-1) 1—Agg dtry
(f%* )/\FF+1+1_TW(1*>\FF) v o-1l trmdggtlldten
1—y  (5-DArr
_ T'Y+11ﬁ _1-Qum Oo 1 dtrpy
1- 7 (22 et T T ey o—1 traiom +1
LI S v
— 0—(o—1
B va% I —Aumg  dtrm
<%_ )/\FF+1+ (1= App) L trm tra A 1
1y (GFE)Arr
_ _ TV"‘ 11 Py NHH (1+tFH) 1 o B dtru
1y (EEAerdl 1= Agn o=l ) tradun +1
v + 1-App
1—n 0—(o—1
B e 1 - Agm  dirn
<%_ )AFF+1+1_TV(1—>\FF) Lt trn tradim + 1

Collecting domestic expenditure share terms, we obtain

o +t 1—
1+ (m - 1) ()\M + %)\HH) + Q- Agr = ArF) 1 gy
(2= - 1) Aer + 14+ 52 (1= Apr) L= Ann

o—1

1 0—(o—1)
=T trudun  dAun

- )/\FF+1+1:4(17)\FF)tFH)\HH+1 Aui

( Yo
—1
0o 1—y 17 0—(0=1) truAun(1-Amn)
1+ ( = )()‘FF+LFHAHH+1>‘HH) 5 (2= Agn = Arr) + 5 = FHLFT;HHJer 1 dAgH

(ﬂf”* )AFF+1+]%7(1*)\FF) L= Aui An

o—1

Hence, the tariff-induced change in the domestic expenditure share is determined by

- —y 0—(o—1) trg (1A
1+ (% - 1) (,\pp+ 7t,,_i§f:+l,\zm) + 52 2= gy — dpp) + S o)
(%*1) Apr+ 1452 (1= App) V= Aui A
1— (e -Arr 1—y 0—(o—1)
i ahies /\HH(1+f/FH)71 ( o 71)7 ERs) 1-Ayn  dipy
1 (%lfi)x,,‘,,ﬂ 1-gn o—1 (ULJ _ )/\FF+1+ Y (1= App) | LHtrE tradan +1
i TAFF
Hence,

QJF(%*‘)AM‘ 17 6—(o—1)
A 1 2\pp A (I+trm) 1 ( o _ 1) _ Y o1
- o1 =
:L+(0Lfr*‘)AFF“ 1-Xum o—1 (Z%-1) T (1=ApF)
T ——

T—App

d\pn

2
(1- )\HH) dtpg
1- 1—y 6—(0c—1) tpgA 1-Ag)
AHH)+%<2—AHH—AFF>+#A—1;L el ) tppAgn + 11+ ten
1’1))‘"""+1+ITU*M‘I»)

1—y (ﬁ Dar 1-q 0—(0—1)
T pr Agn(Ittrm) +1 99 _ 1) 4+ 5 o-1
1 (ﬁ )/\I ptl 1= dmm o-1 (%*1)AFF+1+1,;"(1*AFF)

5 T T—p

A l+( 1)<)‘FF+‘FH*HH+‘

(1 - Agn)® diry

1=y ~9<o Dtrpdnn(-2un)  tpgigy + 11+ tp
/\1111)+ @-Agn—-App)+152 =% Ry FHAHH FH

0o FH
1+< 71)(/\FF+'FII)‘HII 1

(——1)A,,+1+—(1 )\,,)

Rearranging terms, we obtain
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1— (aTrl)”

vy AHH(IHFH) (970 _ ) [(970 _ ))\ NI . 5 B 1—7 6—(0—1)
B ) appt1 | 1Am -1 -1 rr+ 1+ 22 ( FR)| 5 T )
Dun - _ I%AW (1= \un)® dtpn
AHH 1+ ( 97 ) (/\FF + 7LFHAHH+1)‘HH) + % (2= Aum — Arr) + %0}(1;1) LFHL?ZPA];(;:ifH) e + 11+ ten
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) + (1= Augw)® dipy

By A
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(0-1)
1%(1*%1‘“)(%:’;;*’)*1)*(%*I)AFF%w*l*%ﬁ (1—)\11[[)2 0o dfF‘II
= o=l 1) —
0 Lin 1= (1 ) trwdun ) ) Epph 1(-1 >1t
1+ (ffl - ) ()\FF + tp11A1;17+1)\HH) + T (g (2= A — Apr) + =2 ST Ve ) PrAEHE t1\0 tirn
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1+ o—1 )\FF+tl u)\uu+1)\HH +7 Z_AIIII_)\FF_‘— tpudpa+1
1-— (o=1) _1-X Jikea Ay
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First-order condition.

The first-order condition reads
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H —_— —_— —
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The role of  in the absence of selection. Evaluated at ¢ry = 0 (and therefor py; = 1), we

_1>
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thH tFH=0 1- (1 - 7) UT_l ’70 (U - 1) 1+ tpm )\HHtFH +1
(1t LO0=@=1\ Nunten 1\ dan/Aan
1—(1—'7)0?_1 ’)/9(0—1) Aggtrg +1  ~0 dtrg
1—AX 00— (c—1 1 dA A
_ an 0= 1) )| - L Paa/ran
1—(1—’}/)7 ’)/9(0—1) ’)/9 thH
1 60— (0—1) U dhgr /A
— 1= Apgpy) — — LHHIAHH
(1—(1—7)‘7;:[—1—79(0—1))( HH) N0 dirm
and
_ O—(o=1) (1 _ o _ _
d\gm/Aan 9 {1 Arr + o= (1 /\HH} (0—1 1> Aen L Ann (1—/\HH)<
dtpg 1+ (ﬁ - 1) (Arp + Aum) + TV (2= AgH — AFF)
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Hence,

1 dWy/Wy B 1

+9 (c—-1)
L=Agn  dtea |y, 1_(1_7)71 76 (0 —1)

T’Y[ /\FF+90 o )) (1—=AgH)

79 1+(O_ )()\FF+)\HH)

+(?—1)AFF+1—)\HH

— AHH — AFF)

+ =

Assuming symmetry in the initial situation, we have

1 AWy /Wy 1 AN
1-AX thH trr—o 1— (1— )Tl ’}/9 (0—1)
77 4 f=(o=1) b0 _
o157 - )[ 90—(0—1)]—1_(071 1>>‘+1 A
0 1+2)\<%— )+1—TV2(1—A)

Additionally assuming absence of trade costs, we have A = 0.5:

1 dWy/Wy B 1 0—(oc—1)
1-Xx  dtrg |, 1—(1—7) =L " 40(0—1)
o152 14 g+ (- ) 4
IRC 1424 (22— 1) + 5224
B 1 0—(c—1)
I (e =R CICESY
%—11%7{1+99;(&11)>}+% 1+1
2 96 L+ fo 14 L2
1 0—(c—1)
T 11—y =L (o 1)
175 11_77[1+99<;—(€a—11))}+%
2 b %4_177
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Further assume § — o — 1

1 dWy/Wg B 1 g -l A
L=X  dtra |4, 1-(1—v)=t 27(0—1)09%4_1*%
B 1 1 o0-1
T 1-(1-y9Z=t 29(0-1)
B 1 _i_Z*y—l—l—(l—y)"%
1-(1-9)= 2y 29(1-(1-9)%=2)
-l ot (2= -5
29(1-(1-7%) 29(1-01-7%)
20—0+1 1 o+1 1
_ v -5 _ (%) -3
29(1-1-m%) 2(0-0-9)
B y(o+1)-1
270(17(177)%)
Hence,
AWy /Wy 1
_— z0evy(c+l)zleqy2 .
dipn tFH:0< 7 ( ) 2 7<J_|_1
The role of . Recall that
1 dWg /Wy 1 0—(oc—1)
L= dtra iy, 1-(1-y) %t 0(0-1)
o 1= _ 0—(c—1) Oo _
L1 N1+ ]+ (- 1) a+1-a
o 1422 (22 - 1) + 522(1- )
Consider the limiting case § — o — 1
1 dWy /Wy 1 1A= (e -DA+1-A
L=A dirg fyy,, 1-(1=7)%F 7 1420 (0 - 1)+ 522(1-))
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Moreover, consider v = 1/ (o + 1). Then,

1 dWy/Wh 1 ( +1)1_Tv(1_)‘)+(0_1)/\+1_)‘
= — (o
1—X  dtrg |, , 1_(1_#1)0771 1+2X (0 — 1)+ 222(1 - )
o+1 LY (1 - AN+ (c—1D)A+1-2A

2 (1_ 174—2)\(0—1)—1—1;72(1—)\))
cH11+20 (- +22(1 -0 - E22(1 -0 =2(c —1)A—2(1— )

2 L4+2X (0 = 1)+ 572(1 = )
o+1 1-2(1—\)
2 1420 (-1 +522(1-))
(c+1)(A—0.5)
142X (0= 1)+ 522(1 - )

This expression implies that with v = 1/ (o0 + 1), which implies that laissez-faire is opti-

mal withn = 1, withn < 1 < A\ > 0.5, a tariff would be optimal.
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