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Abstract

Do new trade models featuring imperfect competition and extensive margins have novel
implications for optimal policies? We introduce revenue-generating ad valorem tariffs into the
general framework of Arkolakis, Costinot and Rodriguez-Clare (2012). We find an optimal
tariff formula that is isomorphic across models with perfect competition and no extensive
margin and models with imperfect competition and/or extensive margins. The optimal
import tariff (or, equivalently, an export tax or a subsidy on the consumption of domestic
goods) always implements the first-best although different model variants feature different
numbers and different types of distortions. As a corollary, conditional on openness and
relative to autarky, welfare gains of trade liberalization are always larger when driven by
lower tariffs than by reduced iceberg trade costs, and the difference can be quantitatively

significant.
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1 Introduction

In the last 25 years or so, international trade theory has emphasized the roles of imperfect com-
petition and firm-level heterogeneity (Krugman, (1979 & 1980), Melitz (2003)). This research
agenda has been extremely successful, particularly in rationalizing important empirical facts
such as intra-industry trade or within sector resource reallocation. On normative grounds, the
new trade models have come under attack by an influential paper by Arkolakis, Costinot and
Rodriguez-Clare (2012, henceforth ACR). These authors show that the new models have exactly
the same welfare implications as the very simple Armington trade model with perfectly compet-
itive and identical firms. In the present paper, we investigate the trade policy implications of

these models.

ACR demonstrate that one-sector, one-factor trade models yield a representation of welfare
for a specific country that depends only on that country’s share of expenditure on domestically
produced goods and on a single ‘gravity’ elasticity under macro-restrictions met by the most
popular working-horse models.! Imperfect competition and the presence of an extensive margin—
the novel features stressed in the recent literature—have no extra role to play for the ex-post
analysis of trade liberalization scenarios. So, the richer micro-level detail contained in new trade

models “has not added much” to the gains from trade.?

The ACR paper models trade frictions as iceberg trade costs. It does not analyze trade reform
scenarios that consist in the dismantling of classical trade policy instruments such as tariffs or
subsidies that affect government budgets but have no direct resource-consuming effects. In this
paper, we introduce these instruments into the class of models discussed by ACR, and study the
link between openness and welfare when variation in openness is due to changes in commercial

policy of the home country. We derive the following key results.

(i) In the class of models considered, the general optimal tariff formula does not depend on

market structure (perfect versus monopolistic competition) or on the presence of an extensive

'"Krugman (1980), Anderson and van Wincoop (2003), Melitz (2003) with Pareto-distributed productivity
draws, Eaton and Kortum (2002).

2 Applying their formula to the US, ACR show that the gains from trade obtained from the class of models
encompassed by their analysis, are quantitatively rather small (going from autarky to the status quo leads to
welfare gains of 0.7 to 1.4% of GDP). This quantitative result is due to a very low measure of observed openness.



margin besides the intensive one. The presence of markups and entry margins notwithstanding,
the new trade models yield the same optimal policy than the simple Armington model where
these presumed distortions are not present and the only motivation for trade policy relies on
terms-of-trade considerations. Analytically, this point is most transparent in the case of a small
economy (i.e., if foreign expenditure on Home’s goods goes to zero) where the tariff depends
only on gravity elasticities. The optimal tariff actually suffices to implement the first-best allo-
cation. Hence, despite their important differences, different new trade models still require only
one policy instrument to achieve the first-best. Demidova and Rodriguez-Clare (2009) discuss
'new’ distortions associated to imperfect competition (the markup-distortion) or to the exten-
sive margin (the consumer-surplus distortion). In turns out that these distortions involve the
violation of the same planner first-order condition that is also violated when firms or consumers
do not internalize that terms-of-trade are endogenous to their decisions. Empirically, there is
strong support for the role of country-level market power in determining optimal tariffs, see

Broda, Limao and Weinstein (2008).

(ii) As a corollary to the existence of an optimal tariff, it follows that, for a given level
of observed openness, modeling episodes of trade liberalization by lower iceberg trade costs
or disregarding existing tariffs when iceberg costs fall necessarily leads to underestimation of
the true gains from trade relative to autarky. Using a very standard calibration of the model,
we show that the amount of underestimation is by no means trivial: for the U.S., comparing
observed openness as of the year 2000 to the hypothetical case of autarky, the welfare gains from
tariff reform are twice as big as those from an equivalent reduction of iceberg costs that yields

the same observed level of openness.

A byproduct of the derivations of (i) and (ii), we characterize the exact relation between
welfare and openness in the presence of revenue-generating tariffs. This equation can be used
for an ex post analysis of (marginal) trade liberalization scenarios. The elasticity linking Home’s
openness and welfare is no longer a constant: it depends on the gravity coefficients of the tariff
rate and relative wages, but also on the levels of domestic and foreign openness as well as on

the level of the tariff.

Our analysis therefore generalizes the isomorphism derived ACR to the case of tariff reforms.



Our generalization shows that their simple original formula can be a bad guide for the true welfare
gains from trade in the presence of tariffs. ACR acknowledge the issue in their paper, but they
neither generalize their welfare formula to encompass tariffs, nor do they discuss optimal tariffs
or the size and sign of the error made by interpreting trade reform as being uniquely driven by

lower trade costs.?

A couple of authors discuss cases under which the strong equivalence result-identical welfare
effects independent of selection effects and endogenous entry—fails. In their paper ACR discuss
two important cases. In the presence of multiple sectors some sectors have higher gains under
monopolistic competition than under perfect competition and other sectors have lower gains.
The aggregate welfare effect depends on sectoral weights and is ambiguous.* In the presence of
intermediate goods the gains from trade are always larger under monopolistic competition than

under perfect competition.” ACR do not, however, discuss optimal policy.

Other authors have hinted towards strong structural similarities between, e.g., the Krugman
(1980) and the Melitz (2003) models. Feenstra (2010) also discusses the welfare gains from
trade in monopolistic competition trade models and discusses the (absence of) fundamental dif-
ferences between the two frameworks. Chaney (2008) shows that the gravity equation derived
from a Melitz-type model without free entry is structurally similar to the equation based on
the Armington model as explained by Anderson and van Wincoop (2003). While Arkolakis,
Costinot, Donaldson, and Rodriguez-Clare (2012) show for a Melitz (2003) model with Pareto
distributed productivities and variable markups that pro-competitive gains from trade are nega-
tive, Edmond, Midrigian and Xi (2012) find the opposite due to their assumption of oligopolistic
competition. Dinghra and Morrow (2012) study the welfare properties of general models with

firm heterogeneity, but consider the world equilibrium.

3In their footnote 33 ACR write: “.. our main welfare formula would need to be modified to cover the case
of tariffs. In particular, the results derived ... ignore changes in tariff revenues, which may affect real income
both directly and indirectly (through the entry and exit of firms).” In their analysis of tariff reform in Costa Rica,
Arkolakis et al. (2008) model trade reform as lower iceberg costs. They write “One drawback of the model we
present here is that we treat tariffs as transportation costs”.

4This point is related to Balistreri et al. (2010) who show that equivalence of Armington and Melitz breaks in
the presence of a second sector in their case, the second sector competing for labor is leisure). They, too, abstract
from tariffs.

SACR also show that the gravity elasticity of trade cost is not sufficient to compute welfare gains in the
presence of multiple sectors or intermediate goods.



The ACR result has also prompted a growing discussion in the CGE literature. Balistreri,
Hillberry, and Rutherford (2011) argue that “/revenue-generating tariffs rather than iceberg
trade costs| can generate differences in the Melitz formulation relative to a perfect competition
model” (p. 96). In a related paper, Balistreri and Markusen (2009) claim that “removing rent-
generating tariffs have different effects in monopolistic competition versus Armington models,
because optimal tariffs are different”. These findings are based on simulation exercises. However,
our analytical results suggest these assertions need qualification: the optimal tariff formula
actually is isomorphic across these models. So, the CGE differences must derive on other features

of the modeling strategy.

While the CGE literature relies on simulation, there is a third strand of research that provides
analytical results on the contrast between iceberg trade costs and tariffs. Using a model with
heterogeneous firms, Cole (2011a) illustrates that profit for an exporter is more elastic in response
to tariffs than iceberg transport costs, which affects the entry/exit decision of firms. In a related
paper, Cole (2011b) investigates the roles of different types of trade costs in a gravity equation
of the type derived by Chaney (2008). He shows that the trade flow elasticity of tariffs is larger
than that of iceberg trade costs. So, estimates derived from variables such as distance may

underestimate the trade enhancing effects of tariff reforms.

Our paper also relates to recent research on the effects of policy in new trade theory models
with heterogenous firms. Demidova and Rodriguez-Clare (2009) derive the optimal tariff in a
small-economy Melitz (2003) model with Pareto distributed productivity. They argue that the
tariff remedies two distortions: a consumer-surplus distortion and a markup distortion. Felber-
mayr, Jung, and Larch (2012) extend their analysis to the case of two large countries, which
adds the traditional terms-of-trade distortion to the picture. They provide comparative static
results on the equilibrium tariff obtained in a non-cooperative policy game. In contrast to these
papers, the present exercise proves that these different distortions can be internalized by one
optimal tariff that is isomorphic to the one obtained in the Armington model to achieve the
first-best. Compared to existing work on optimal policy in new trade theory models, our paper
is more general and also has a different focus: it is not so much interested in the comparative
statics of optimal tariffs but more in optimal policy and in the comparison of welfare effects

across different liberalization scenarios (tariff reforms versus lower iceberg trade costs).



Alvarez and Lucas (2007) derive the optimal tariff for the case of a small economy in the
Eaton and Kortum (2002) model. Their analysis is related to Opp (2010) who discusses optimal
import tariffs and trade wars in the continuum of goods Ricardian model of Dornbusch et al.
(1977). He argues that “the optimum tariff rate trades off the terms-of-trade improvements with

the inefficient expansion of domestic production and the costly reduction in trade volume”.

The remainder of the paper is structured as follows. Section 2 introduces the model setup
and explains how the introduction of tariffs alters the ACR framework. Section 3 derives the
general optimal tariff formula for the ACR class of models and shows that the calculated optimal
tariff is the first-best instrument. Section 4 compares welfare effects of tariff reforms to those
of lower iceberg costs. It also compares welfare effects of lower iceberg costs in the presence
and absence of tariffs. A calibrated version of the model shows that the gains from trade are
severely underestimated when the variation in openness is assumed to be due only to changes

iceberg costs or in the absence of tariffs. Finally, Section 5 concludes.

2 Theoretical Framework

2.1 Preferences, technology, trade costs, and market structure

Our model is identical to the one used by ACR except for the introduction of tariffs. Moreover,
without much loss of generality, we focus on two countries, Home and Foreign, indexed by
i € {H,F}, that may differ with respect to the size of their endowments and with respect to

technology.®

Preferences. Representative households in both countries have symmetric CES preferences
(Dixit-Stiglitz) over differentiated varieties of final consumption goods or goods of countries

produced in a single sector,

U = ( / L de) " ey, 1)

SACR allow for an arbitrary number of countries. One key insight in their analysis is that each country’s
welfare depends only on its own level of ‘autarkiness’, and not on the possibly complicated structure of the rest
of the world. Therefore, restricting the analysis to two countries comes at little loss of generality.



where ; is the set of varieties available in country 4, ¢ [w] is the quantity of variety w consumed
and 0 =1/ (1 — p) > 1 is the constant elasticity of substitution.” The price index dual to (1) is
P = f o, P .

Technology and trade costs. Labor is the only factor of production and is supplied inelas-
tically at quantity L; and price w;. Output is linear in labor, and productivity may or may
not differ across firms. International trade is subject to frictions while intranational trade is
frictionless. In all models considered, exporting from ¢ to j involves iceberg trade costs 7,
where 7;; = 1. Moreover, there are fixed market access costs that have to be paid to serve the
home or the domestic market. As in Arkolakis (2008), these access costs can be either in terms

of domestic or foreign labor.

Structure of product markets. As ACR, we allow for two types of market structures:
perfect competition and monopolistic competition with free entry. In both situations, firms take
wages and aggregate variables as given. With perfect competition, fixed innovation and market
access costs are zero. With monopolistic competition, in contrast, firms have to pay to obtain

blueprints for production, their allocation being random across firms.

Tariffs. The key difference to ACR is that each country j may impose an ad valorem tariff t;; >
1 on its imports from country ¢, where t;; = 1. We assume that tariff revenue is redistributed
lump sum. As opposed to iceberg trade costs, a tariff distorts consumption decisions towards

domestic goods but does not generate loss in transit.

2.2 Macro-level restrictions

In their welfare analysis ACR impose three restrictions whose key role is to ensure that the
framework described above gives rise to a gravity equation, i.a., a representation of bilateral
trade flows where elasticities are constant. The first restriction, R1, requires that trade is

balanced on a multilateral level; the second (R2) mandates that aggregate gross profits are

"We use square brackets to denote functional relationships.



proportional to aggregate revenue, and the third (R3’) ensures that the import demand system

gives rise to a gravity equation with constant elasticities.

R2 needs no further qualification in the context of our exercise. R1, the balanced trade
condition, warrants a comment. In the presence of tariffs, it does not imply that aggregate firm
revenue and aggregate consumer spending are the same. To see this, let X;; denote the value of
country j’s total imports from country i in domestic prices (i.e., gross of tariff, gross of iceberg

trade costs), then balanced trade requires

n

> Xji _ zn: XJ for all 7, (2)

L7 L

where tj;; > 0 is the ad valorem tariff (subsidy) factor that country j levies on goods from
country i. Aggregate revenue accruing to firms is given by R; = Y1 | Xi/t;;, while, with tariff
income, consumer’s aggregate expenditure is X; = ;| X;;. Hence, balanced trade does not

imply X; = R;, a restriction heavily employed by ACR.

ACR’s third macro-level restriction (R3) requires that the import demand system exhibits
constant elasticity of substitution (CES). This is, however, not sufficient for welfare analysis (the
focus of the present paper), where ACR make a restriction on functional forms so that trade
flow equations resulting from the model are similar to known gravity model forms. We employ

a similar, albeit slightly more general restriction of the form

Xij _ Xig Ni ("N (wi\™ e et (3)
Xji Xy Nj \ wi ) YV

where dividing by X;; eliminates income Y; and the multilateral resistance term (Anderson and

van Wincoop, 2003). x;; collects constants different from trade costs (7 and t). N; is the mass
of firms potentially active in country 4. In the model, that mass is endogenously determined.
However, due to R1 and R2, N; is proportional to exogenous labor endowment L; so that N;
does not change in a comparative statics exercise on 7 or t. The elasticities €,,&; and ¢, are
constants with negative signs. In ACR, the term t;g is not present and the further restriction
gy = €7 = € is imposed. We call economies satisfying restrictions R1, R2 and R3’ ACR-class

econoimies.



ACR show that the Krugman (1980) and the Armington model by Anderson and van Win-
coop (2003) satisfy R1 to R3’" without further restrictions. However, the Melitz (2003) and
Eaton-Kortum (2002) models satisfy R2 and R3 only under strong functional form assumptions
on the distribution governing within country heterogeneity that make sure that there is a unique
trade elasticity despite the presence of two margins of adjustment (intensive/extensive). The
same functional form restrictions are required in the presence of tariffs (i.e., the Pareto distri-
bution in the Melitz (2003) case and the Fréchet distribution in the Eaton and Kortum (2002)

framework).

In the Appendix, for the four special models mentioned above, we show that the elasticities

are given by

Armington/ Eaton&Kortum Melitz
Krugman (1980) (2002) (2003)
€r l1-0 —ry —0 (1)
£t l-0o —y 1—-60/p
Ew l1-0 —ry —0 — %
£f 0 0 s

where v > o — 1 is the (unique, positive) parameter of the Fréchet distribution governing
unit labor requirements in the Eaton&Kortum (2002) Ricardian model, and § > o — 1 is the
(unique, positive) parameter of the Pareto distribution governing firm-level productivity draws
in a parameterized version of Melitz (2003). Note that in models without an extensive margin
we have ¢; = &, since we define export flows as inclusive of tariffs.® Moreover, the wage rate
bears the same elasticity. In Melitz, the elasticity of the wage rate depends on the parameter
p € {0,1}, which measures the share of domestic relative to foreign labor in export market
access costs wf wjl-_“ fij» where j denotes the export market.” It turns out that e, = &, for

p=0and e, =¢ for p=1.

8This is just a convention that somewhat eases notation in our framework. Writing trade flows net of tariffs
yields a gravity coefficient 7, on tariffs of e, — 1, and requires rewriting the balanced trade condition. None of our
results would change.

9The original Melitz (2003) model sets p = 1.



2.3 Identities

Expenditure and income. Aggregate expenditure X; equals aggregate income. It is made
up by labor income plus the government’s tariff income, which is rebated lump-sum to the
representative household:

tji—1
I X (5)

.Xj—_ijj-i- E .
. gt
7

There are no other sources of income as profits are fully competed away by free entry. With
labor the only factor of production, and in the absence of profits, all firm revenue needs to be

paid out to workers as labor income w;L;. Hence,

wili = 2 (6)

— 1

)

Expenditure and revenue shares. ACR express country j's welfare as a function of the
share of ezpenditure that falls on its own (domestically produced) goods, i.e.,

Xjj . Xjj ) (7)
X; X+ X

That share is an inverse measure of j's openness also referred to as its degree of “autarkiness”;
1 — Aj; would then be its openness.'? The simplicity of ACR’s analysis very much hinges on
the fact that A;; summarizes the country’s stance relative to the rest of the world (consisting,

potentially, of many countries). Clearly, in the presence of tariffs, that expenditure share differs

from the revenue share

T X Xjj Xjj
Ajj = = = ; (8)
Ry Xjj+ Xjiftiy  Xjj+ Xij /[t
where the last equality uses balanced trade, X;;/t;; = Xj;/t;;. Hence, as long as tj; > 1, we have

Ajj = /N\jj. In the absence of tariffs, of course, the two shares perfectly coincide. The intuition is
that a tariff drives a wedge between domestic expenditure for imports and export sales generated

abroad. Balanced trade ties together export sales (net of the tariff), which, in turn, implies that

10Tp the following, with some abuse of wording, we similarly refer to changes in autarkiness or openness when
describing changes in \;;.

10



income spent on imports is larger than export sales. Given that there is no tax on domestic

goods, expenditure for domestic goods equals revenues earned on the domestic market.

3 Optimal policy in ACR-class economies

In this section, we derive the optimal tariff in the class of models investigated by ACR. We show
that the optimal tariff implements the first-best allocation and that it is equivalent to an export

tax or a subsidy on consumption of domestically produced varieties.

Welfare is given by the per capita value of real income accruing to consumers, hence

X; w; Ly + %X]
- LiP L;P; ’

Wi

where the second equality makes use of (5). Totally differentiating leads to

) (wi 1 X, tii—1( X;1
W,=9 (= 1-9) — Lt + (1 -9) -~ 1 10
=0 (F) 0D g+ 09 B (S, (10)
———
real wage direct effect tax-base effect

where & = dx/x for any variable x and where ¥ denotes the share of wage income in total
income. Besides the by familiar ‘real wage’-term the tariff has a positive direct effect on welfare
by raising at given openness and a negative indirect effect as the import reduction due to the

tariff lowers the tax base. Clearly, in ACR, ¥ = 1.

The objective is to express the change in welfare as a function of the observable degree of
autarkiness, \;;. Thus, as the next step, with the aim of substituting out Xj;, we use X;; =
AjiX; and again replace X; by (5). Solving the resulting expression for Xj; one obtains X; =

Ajiti : .
T (P U Ty _(1_];_’3 . w; L;. One can now rewrite the expression for welfare as
ij Jt J

w; tij
W;=— x 11
R Nty -1 +1 ()

where \j; = 1—\;; has been used. Clearly, in the absence of a tariff revenue, i.e., if either ¢;; = 1
(free trade) or A;; = 1 (autarky), welfare is simply given by the real wage. In the presence of a

tariff revenue, however, there is a second source of income for the representative consumer that

11



is not analyzed in ACR.

3.1 Unilateral tariff reform

Next, we consider the effect of a unilateral tariff on the country imposing the tariff. Totally

differentiating of (11) now leads to

—

; w; =i Aii (tig —1) ¢
W, =9 — tij : Nii- 12
<P¢>+)\ii(tij—1)+1 J+)\ii(tij—1)+1 ( )

To write W; as a function of 5\”-, we must reformulate the direct effect and the real wage effects.
In models without export selection (either perfect or monopolistic competition), the real wage
effect can again be expressed as (1/¢) \is following the steps laid out in ACR and the detailed

derivation in our Appendix.

With export selection, the analysis is more complicated than in ACR. The reason is that
aggregate income affects the decision of firms to enter the country. In our setting, changes in
aggregate income are not only driven by the change in the wage rate, but also by the change in

tariff revenue. The effect of tariff reform on real wages is then given by

w; _ ij\irl-if Nig (ti; — 1) ¢
P, Er er N (tij — 1) +1

Expressing the direct effect in terms of \i; involves the following steps. First, we use (3) to

relate fij to endogenous variables

N € . . 1 1 .

tij = ?7: (i — ) — S W (13)
where we have used that the definition of A; implies that Nij = — (1— i) (XJZ — Xu> Re-
lating wage adjustment to f@-j requires invoking the balanced trade condition Xj;/t;; = Xi;/tj;.

Combining with the expression for bilateral sales, X;; = Ajitiy s—w;L;, one obtains a link
Ji

between relative wages, expenditure shares, and the tariff. Totally differentiating and using the

definition of \;;, we obtain

’U)i—’w]‘: = .' ~“tij- (14)



Employing equation (13) and reorganizing terms, an expression for the direct effect follows (see
the Appendix for details).

All these considerations are summarized in the following lemma.'!

Lemma 1 (Welfare effects of tariffs). In ACR-class economies without export selection,

the local welfare effect of a tariff can be computed using

A 1-— tii —1 ~ e
W, = .l {J (1 + F) — F} )\“)\“, (15)
&t ij
r = fodii 5 (16)

€t — EwEtAjj — EwNii

. 1— Nii R
Xi = | (1= Xi)ew °t = — | — &t | iy (17)
Ew 1— )\jj — i

Proof. The welfare formula follows from substituting out real wage effect and the direct

effect from equation (12). The change in autarkiness is derived from combining equations (13)

and (14). =

The term I" collects gravity elasticities weighted by domestic and foreign revenue shares Nii.-
Obviously, the welfare formula (15) is more involved than the ex ante analysis of liberalization
reform under ACRs assumption ¢;; = 1.2 The evaluation of tariff reform requires to predict
the change in autarkiness \ii from a change in tariffs. Moreover, we need information on the
gravity elasticity € and trade flows, which can be used to derive expenditure shares. Knowledge

of the initial levels of tariffs and trade flows allow to compute revenue shares as
- 1 X\ " 11—\ !
Nii=(1+— J) :(1+ : 18
v < tji Xii tijNig 18)

Equation (15) shows that the effect of an increase in autarkiness \;; does not necessarily

decrease welfare in the country imposing a tariff, as the sign of the expression in curly brackets

1 The expression for welfare effects of tariff reform can easily be extended to cover models with export selection.
It is not required, however, for the derivation of the general optimal tariff formula, which is the main focus of this
paper; see section 3.2 below for details.

2The corresponding ACR formula is found if one combines equations (9), (10), and (11) in ACR in a two-
country case.

13



is ambiguous. It is straightforward to see that ACR-type models imply a strictly positive optimal

l;‘gtfj\ii;\ii > 0 so that lower openness achieved by a

tariff: if ¢;; = 1 initially, we have W, = —

tariff increases welfare. In contrast, if the tariff is prohibitive to start with, i.e. ¢;; — oo and

Xii — 1, the welfare change from lowering the tariff is surely positive, since W; = 12? Nii-

In contrast, the effect of the tariff imposed by ¢ on the welfare of the trading partner j is
always negative. This is easy to establish, in particular if one is willing to assume that ¢;; = 1.
Then, W; = w;/P; as j has no tariff revenue to be accounted for. In this case, for all ACR-class

economies, the welfare formula is given by
W, = =\ (19)
which is negative if ij > 0.13

3.2 A general optimal tariff formula for ACR-class economies

We find the optimal tariff tfj by setting the curly bracket in equation (15) to zero. Recognizing

that, by (18), both \;i and S\jj are functions of tariffs so that I'[t;;], the optimal tariff solves

(U [t] +1) (65— 1) =T [t 15,

where I' is given by equation (16). This is a quadratic equation in t;; which can be shown to
have a negative root — (1 — \;;) /As; that must be ruled out,' and a positive root t;‘j > 1 which

is the unique optimal tariff.1>

Proposition 1 (Optimal tariffs.) In two-country ACR-class economies, the optimal tariff
formula is given by

~ -1
tfj =1+ (Et/&u -1- )\jjft) > 1. (20)

13A tariff ¢;; reduces country i's imports and, due to our two-country setup plus balanced trade, country j's
imports as well. So, in both countries the degree of autarkiness goes up.

147t would imply negative prices.

5The optimal tariff formula also holds in models with export selection. We prove this claim in two steps. First,
we conjecture that in the welfare maximization problem the change in the real wage relative to the change in
the domestic expenditure share is given by the constant 1/e,, as in the models without export selection. Second,
we show that evaluated at any optimal tariff, the change in the real wage relative to the change in the domestic
expenditure share is indeed given by the constant 1/e,,.

14



This nests the small economy cases characterized by S\jj — 1 and the following models as special

cases:

(i) Armington, Krugman (1980):

(ii) Eaton-Kortum (2002):

(iii) Melitz (2003):
1+ {5 0-1} i u=1
~ -1
1+{Ajj(9/p—1)+n} if u=0.

where k = {0 — (0 — 1)} /{0 (0 — 1)} > 0; all Melitz-tariffs collapse to case (i) if 0 — o — 1.

i

Proof. In the text, details in the Appendix. m

The fact that the optimal tariff formula appears to be the same subject to S\jj in widely
different models is quite striking since the models exhibit very different forms of distortions. The
Armington and Eaton-Kortum (2002) models feature perfect competition; yet, even if country ¢
is a small economy in so far as its firms derive only a negligible share of revenue from domestic
sales (such that i — 0, S\jj — 1), the countries choose strictly positive tariffs t;; > 1. This is
because countries are specialized in specific subsets of the goods space. Since specialization is a
prerequisite for the emergence of a gravity relationship, all trade models that give rise to gravity

must exhibit positive import tariffs even if they are small in the sense defined above. In other

words, in all models, there is a terms-of-trade rationale for optimal tariffs.'6

A caveat is in place here: the optimal tariff depends on parameters such as ¢, and ~ and
on foreign autarkiness S\jj. Hence, in general, the optimal tariffs may very well differ across

model variants. However, conditional on the gravity equation (3), and in the small economy

6 The Krugman (1980) tariff has been derived by Gros (1987); Felbermayr, Jung and Larch (2012) have derived
the Melitz (2003) tariff for the case of two large economies; Demidova and Rodriguez-Clare (2009) have presented
the Melitz (2003) tariff for the small economy; Alvaraez and Lucas (2007) provide the optimal tariff formula for
the small-economy Eaton and Kortum (2002) model. All these results appear as special cases in Proposition 1.

15



case (S\jj — 1) , the tariff is really the same across all those models. Without the discipline of
the gravity equation, ¢; and ¢,, would not be identical and S\jj would differ so that different tariffs
obtain. However, as we show in the next section, the optimal tariff described in Proposition 1

is sufficient for the first-best.

3.3 Alternative policies and the first-best

For the small open Melitz (2003) economy with Pareto-distributed productivities, Demidova and
Rodriguez-Clare (2009) show that the outcome produced by an optimal tariff can be equivalently
reproduced by the appropriate choice of a subsidy on the consumption of domestic varieties or
by an export tax. A similar result holds in our more general setup encompassing a wider array

of models and the case of the large economy.

Proposition 2 (Alternative instruments). The same allocation and the same welfare levels
as resulting from the choice of the optimal tariff are alternatively achieved either by the optimal
choice of an subsidy on consumption of domestic varieties t}; = 1/t;‘j < 1 or of an export tax
CHES 1/t;kj <1 or by a combination of all three instruments such that

* ok
L

N -1
=1+ (&?t/Ew -1- /\jjst) )

Proof. In the Appendix. =

Thus, export taxes, import tariffs and subsidies on domestically produced goods are per-
fect substitutes. This result is interesting because the general model features several potential
non-internalized margins. In fact, the literature on commercial policies in new trade models
(Demidova and Rodriguez-Clare, 2009; Felbermayr, Jung and Larch, 2012) discusses several
distortions that might mandate commercial policy: (i) an entry-distortion resulting from the
fact that consumers do not internalize that their choice of expenditure on imports leads to addi-
tional entry of foreign firms and hence more product variety, (ii) a markup-distortion resulting
from the fact that, from a social perspective, domestic varieties are priced at a markup over
opportunity costs while imports are priced at opportunity costs, and (iii) the more conventional

terms-of-trade externality. The first distortion mandates an import subsidy, the second and the
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third an import tax. The first distortion derives from the existence of imperfect competition
at the firm-level, the second from the existence of an extensive margin and an love-for-variety
externality, and the third distortion from market power at the country level. The first two
distortions are present in small-economy models, the latter only in a large economy setup. This
rather complex picture begs the question how far the optimal tariff identified in Proposition 1
goes in remedying these distortions. In turns out that the optimal tariff fully suffices to achieve

the first best outcome.

Proposition 3 (First-best instrument). The optimal import tariff described in Proposition

1 is sufficient to implement the first-best allocation.

Proof. In the Appendix. =

Proposition 3 shows that a planner, who can directly set welfare-maximizing quantities and
domestic as well as export/import cutoffs, choses the same allocation than the one that results
in a decentralized equilibrium in the presence of an optimal tariff. One could conjecture that
the different distortions present in the class of models considered here require, in general, several
independent instruments, one single instrument is enough. This implies that there is a single
margin through which these distortions manifest themselves. This margin is the price of the

ideal export quantity index relative to the ideal domestic quantity idex.

In Melitz, the market behaves like a social planner who maximizes GDP taking demand
shifters as given subject to the resource constraint; see Feenstra and Kee (2008). Following
Feenstra (2010), this situation can be visualized graphically in a space with ideal domestic M;
and export quantities M;, on the axis and a concave transformation curve. GDP maximization
requires that the GDP line (whose slope is the negative value of the relative demand shifter) is

tangent to the transformation curve.

The social planner maximizes GDP taking the effect on demand shifters into account and
assuming that the foreign country does not internalize market power subject to the same trans-
formation curve and balanced trade. GDP maximization requires that the slope of the GDP
curve is tangent to the transformation curve. As the social planner takes market power into

account, the slope of the GDP curve differs, and the difference is driven by the elasticity of the
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Figure 1: Planner vs market solution

> X
=

GDP line market solution

slope of GDP curve
lanner solution

~
> M;

Source: Based on Feenstra (2010)

ideal export quantity in foreign’s demand shifter.

4 Comparing liberalization scenarios

In this section, we consider ez post welfare evaluation of trade reforms based on observed changes
in openness. We will show that, for the same level of achieved openness, the welfare gains from
limited trade liberalization (relative to autarky) are larger when the liberalization has involved
some tariff cuts as compared to the case where the entire increase in trade is attributed to lower
iceberg costs. We will also show that, for the same level of achieved openness, the welfare gains
from limited trade liberalization (relative to autarky) of iceberg costs are strictly larger in the
presence of tariffs compared to a world without tariffs. A simple numerical exercise suggests
that the error made by wrongly attributing all variation in openness to iceberg trade costs can

be quantitatively sizable.

4.1 Lower iceberg costs versus tariff cuts

With the results already at hand it is rather straight-forward to compare the welfare effects of
trade liberalization scenarios as functions of implied variation in observed openness \;;. For the
ease of exposition, we consider liberalization of iceberg costs in the absence of tariffs. Figure 2

conveys the basic message. It plots welfare functions for two extreme scenarios: one, marked
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WT (Aii), where the entire variation in \; is comes from changes in iceberg costs Tij, and a
second, marked W ();;), where the entire variation is induced by exogenous changes in trade

policy t;;. We focus on the case of unilateral trade liberalization.

On the x-axis, Figure 2 varies country i’s degree of autarkiness \; € [A;;,1) where A,
corresponds to the case of free trade (¢;; = 7;; = 1) and thus maximum openness, and \; = 1
characterizes a situation of complete autarky where either ¢;; or 7;; are set at the prohibitive
level. The y-axis reports the level of welfare W* (\;;) where k € {t, 7} . For the sake of simplicity,
assume that, for all \;;, W7 (\;;) reports the welfare level achieved from t;; = 1 and 755 € [1, 4+00)
and W* (\;;) records the welfare level obtained from 7;; = 1 where ¢;; € [1,+00). Clearly, when
trade is completely free, ie., t;; = 7,5 = 1, we must have W' ()\;) = W7 (};). Conversely,
when trade barriers are prohibitive, i.e., t;; = 1,7;; — oo or t;; — 0o, 7;; = 1, we must have
Wt(1) = W7 (1). Figure 2 identifies these common points. We also know that W ();;) > W7 (1)
due to the presence of gains from trade.

Figure 2: Gains from trade: unilateral trade liberalization

WE(A;;), tariff reform

WT(A;), lower
Ni .
\lseberg costs

Aii Aji 1

The key difference between Wt (\;) and W7 ()\;;) lies in the fact that W' (\;) must be
a concave function while W7 (\;) is strictly convex. The latter has been shown by ACR.!"
Concavity of W ()\;;) follows from the fact that the existence of a unique optimal tariff t’{j implies

a unique welfare maximizing level of autarkiness \; > );; such that W (A) > W ()\;;) .'® Hence,

17Convexity of Wi in A;; follows immediately from Wf = j\n /er.

18Strictly speaking, this argument establishes merely that W* (\;;) is locally concave around A};. For the special
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we have that W7 ()\”) > Wt ()\zz) for all \;; € [A“,

1.

These considerations are summarized in a corollary to Proposition 1.

Corollary 1 (Unilateral trade liberalization.) In two-country ACR-class economies, the
welfare gains relative to autarky from incomplete unilateral trade liberalization are strictly larger
when liberalization consists in lower tariffs as compared to lower iceberg costs conditional on

OpeENNESS.

Proof. In the text. m

4.2 Lower iceberg costs in the presence of tariffs

We now consider welfare effects of lower iceberg trade costs in the presence of tariffs but where
the variation in A; only stems from variation in 7;; and not in ¢;;. Then, totally differentiating

(11) yields

A (wi\ Nii (ti; — 1) <
Wi=(—) — : A 21
—— ———

real wage tax-base effect
The first term in (21) reflects the effect of a change in \;; on the real wage, the second term the
effect on tariff revenue. Interestingly, the change of the real wage as triggered by an underlying
variation of 7;; can be shown to be (m) = (1/e,) Aii for models without export selection (see

the Appendix for the proof and for details on the expression for models with export selection).

In the absence of tariffs (¢;; = 1), the welfare formula collapses to the basic equation in ACR.
Since e, is a negative number, a decrease in the degree of autarkiness (5\11 < 0> triggered by
lower iceberg costs leads to an increase in welfare of 1/e, percent. Moreover, as €, is constant,

1

one can integrate (21) and write W; = X, fer W, where the constant of integration W} denotes

{2 (2

the autarky level of welfare. Also, note that the relationship between W; and \;; triggered by

changes in 7;; is strictly globally convex.

In the presence of a tariff (t;; > 1), the negative term 1/e; is augmented by an additional

negative element so that the absolute magnitude of the expression in the bracket goes up,

case of the Melitz (2003) model, global concavity can, however, be derived analytically.
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magnifying the total effect of increased autarkiness on welfare. So, disregarding the existence of
tariffs when studying the comparative statics of iceberg costs can be misleading.'® The absolute
size of the error increases in Aj; (t;; — 1) . Moreover, as A;; appears in the round brackets of (21),
the elasticity of welfare with respect to autarkiness A;; is no longer constant. However, it is still

true that the level of W; is a convex, decreasing function of \;;.

Importantly, the welfare formula (21) is the same regardless of microeconomic structure
of the underlying trade model as long as it belongs to the ACR-class of frameworks. Thus,
the isomorphism described by ACR in the absence of tariffs holds true, at least locally. Now,
however, an ex post analysis of a liberalization episode requires more information than just the
change in openness and the trade elasticity €. One also must know the levels of A; and of the

tariff.

The following proposition summarizes the first key result.

Corollary 2 (Welfare effects of lower iceberg costs in the presence of tariffs.) In
a two-country ACR-class model with ad valorem tariffs, conditional on the observed change in
openness, lower iceberg costs increase welfare by more in the presence of tariffs than in their

absence.

Proof. Directly follows from equation (21) with @; — P; = (1/e;) Ay; for models without

export selection. The proof for models with export selection is in the Appendix. =

4.3 Extension: reform in both countries

A simple case is obtained by imposing symmetry. This requires that trade policy is constrained

such that ¢;; = t;; =t (and, hence, also fij fﬁ- = f). However, countries are allowed to differ

with respect to endowments and technology. Running through the same analysis as in section

3.1, the local welfare effect of such a reform is given by (see the Appendix for a proof)

1- —1 Nii — Nis 1]~ -
W= ize )izl Ni = Njj i i (22)
€t t e% + (1 — 28,5) )\jj — Nii Aiit

¥ The underestimation can be sizable. For reasonable numbers such as ¢, = —3,Ais = 0.8 and t;; = 1.1,
the elasticity W;/\;; is overestimated by about 20% when wrongly setting ¢;; = 1. We offer a more elaborate
quantitative perspective in section 4.4.

21



As before, the sign of the curly bracket is in general ambiguous. However, if one assumes perfect
symmetry across the two countries, then 5\“ = 5\]7- = Xand \;; = Aj; = A. The welfare expression

collapses to

W; = — A (23)

Clearly, under symmetry, and when both countries have the same tariff, manipulating \ can
never increase welfare and the optimal tariff is ¢* = 1. In the absence of iceberg trade frictions,
this corresponds to \* = 1/2. Since A* characterizes a welfare maximum, it must be true that

OW?t (X) /("))\h:l/2 =0 and 9*W*()\) /ON? < 0. This establishes local concavity of W* ()

},\=1/2
at \*; global concavity is proven in the Appendix. As in Figure 2, Wt (\) and W7 ()\) coincide
at the endpoints of the interval [1/2,1] and W7 ()) is strictly convex in A (see ACR). It follows
that W (\) > W7 (\) for all A € (1/2,1). Hence, Proposition 1 is true even if the optimal trade
policy is unrestricted trade (i.e., t* = 1). Our results pertaining to the welfare comparison across

our two liberalization scenarios are, therefore, not due to the existence of government revenue

under 7—reform.

Proposition 1 probably holds in more general environments than the ACR framework. The
reason is that, starting at free trade and symmetry, a marginal tariff d¢;; > 0 has no effect on
welfare as gains due to the own import tariff are exactly offset by losses due to the foreign tariff.
However, dr;; > 0 causes first-order losses as shown. In other words, iceberg costs come with

rectangular losses while tariffs generate triangular losses.

Finally, it is interesting to solve for the tariff that country ¢ would find optimal under the
maintained assumption ¢;; = tj; = t. This scenario therefore supposes that 7 can set its own
and the foreign tariff. We are not claiming that such a scenario mimics real world negotiation
protocols such as GATT/WTO, but it does reveal countries’ relevant trade policy preferences if
they have to agree (e.g., vote) on a single common instrument. Setting the curly bracket in (22)
to zero and solving for #'s optimal tariff under the simplifying restriction that p =1 (all export

fixed costs in terms of domestic labor), i’s optimal tariff is

ty= LR (24)
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Country ¢ desires an import tariff ¢; > 1 if A\;; > A;;, that is, if ¢ is the large country, and an

import subsidy if it is the small one.

4.4 Numerical quantification

Calibration. As a final step in this section, we calibrate the model and simulate trade policy
reform scenarios. The aim is to gain a sense on the possible bias size when welfare calculations
are entirely based on viewing trade barriers as non-revenue generating but resource-consuming
iceberg trade costs. Since our theoretical frameworks are fairly stylized, we do not aim at a
realistic calibration of the world economy; the rich CGE literature is better equipped for this
purpose (see Balistreri and Rutherford (2012) for a survey). Rather, we model a world of only two
countries. In our baseline exercise, where we study multilateral trade cost and tariff reductions,
we even assume symmetry, but assume asymmetry whenever necessary for our argument. The
objective of this section is not to analyze a realistic world trade reform scenario, but merely to

quantify the importance of our theoretical results.

Without loss in generality, we use the Melitz (2003) model for the numerical exercise. We
calibrate the model toward the US economy as around the year 2000; Table 1 summarizes
our strategy. We start by assigning values to the elasticity of substitution o and the Pareto
shape parameter 6. Drawing on the estimates reported in Bernard, Eaton, Kortum, and Jensen
(2003), we set = 3.3. and o = 3.8. When we are interested in nesting the Melitz, Krugman,
and Armington models, we choose ¢ = 5+ 1 = 4.3. Under that restriction, the Melitz model
collapses to the Krugman model. And all models display the same optimal tariff conditional on
AFF.

Moreover, for the year of 2000, we observe an average most favored nation tariff factor of
1.016 as evidenced in the World Bank’s WITS data base, and a startup failure rate as reported
by Bartelsman et al. (2004). Next, we want the model to replicate two key statistics of he US
economy, namely the export participation rate and the import penetration rate, as observed
in 2000. Following Bernard, Jensen, Redding, and Schott (2007), the former is 17.2% while
the latter is 23.4%. These choices imply an iceberg trade cost factor of 1.37, relative market

access costs ( 1=/ fd) of 1.75 and relative innovation costs ( fe/ fd) of 5.49. These implied values
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compare well to the literature, where Demidova (2008) finds f*/f? = 1.8 and Obstfeld and
Rogoff (2001) report 7 = 1.3.20

Table 1: Calibration

Parameter Value Source
Constants and parameters from the empirical literature
Elasticity of substitution (o) 3.8 Bernard et al.(2003)
Pareto shape parameter (6) 3.3 Bernard et al.(2003)
Failure rate (G (¢*)) 0.170  Bartelsmann et al. (2004)
Observed/targeted data, around 1970
Average tariff factor (¢) 1.060  World Bank WITS data base
Export participation rate (m®) 0.104  Bernard et al.(1995)
Import penetration rate (1 — \) 0.060  Lu and Ng(2012)
Observed/targeted data, at 2000
Average tariff factor (¢) 1.016 ~ World Bank WITS data base
Export participation rate (m®) 0.172  Bernard et al.(2007)
Import penetration rate (1 — \) 0.234  OECD (2005)
Implied parameters, 1970
Iceberg trade cost factor (7) 2.23
Relative market access costs (f*/f%) 0.58
Relative innovation costs ( fe/ fd) 5.49
Implied parameters, 2000
Iceberg trade cost factor (7) 1.37
Relative market access costs (f*/f4) 1.75
Relative innovation costs ( fe/ fd) 5.49

We also calibrate the model to observed data from the 1970s. Then, the average US most
favored nation import tariff was standing at 6.0%, the export participation rate was 10.4% (in
1976; Bernard et al., 1995). The import penetration rate was 6% in the year of 1970. While the
tariff was about four times higher in the 70s than in the year 2000, and the import penetration
rate about four times lower, the export penetration rate was only about 7 percentage points
lower. This has important implication for the model parameters implied by these moments.
Iceberg trade costs are 123% in 1970 relative to 37% in 2000 (replicating the fairly low 1970

import penetration rate), but relative market entry costs are below unity (so that the model

*The implied parametrization of market access costs is found by solving A = [1 +tm” (f/f%)] ! for =/
_ o
The implied value for 7 is found by solving m* = t7%7'79 (fz/fd) =1 for 7. The implied value for fe/fd follows

from the free entry condition
1 e s
o — . x A —y e
in 1 J J i~
i—(o-1" [*fd <T(fd> ) ] Iz
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replicates the observed export participation rate). Note, however, that this is perfectly com-
patible with falling absolute fixed costs of market access costs. A rising ratio f/f¢ implies
increased protection of domestic firms. Relative innovation costs f¢/f¢ have been held fixed at

the 2000 level, but the implied failure rate G(¢*) has been recalibrated.

4.5 Simultaneous liberalization in a symmetric world

Our first scenario is a simultaneous liberalization of tariffs or iceberg trade costs in a symmetric
world. We compare three cases. In each, we compare equilibria anchored in observed historical
openness levels with hypothetical ‘free’ trade or autarky equilibria. Crucially, in each compar-
ison, we replicate observed openness levels either by choosing an appropriate value for the ad

valorem tariff rate ¢ or for the iceberg trade cost 7. Table 2 provides results.

Table 2: Simultaneous liberalization in a symmetric world

T t A w AW
(A) ‘Free’ trade versus 2000
(AO) 1.00 1.00 0.53 0.218
(A1) 1.37 1.00 0.76 0.195 11.79%

(A2) 1.00 1.35 0.76 0.209 4.31%
(B) 1970 versus Autarky

(BO) 1.00  0.180

(B1) 223 1.00 0.94 0.183 1.89%
(B2) 1.00 2.14 0.94 0.189 5.45%
(C) 2000 versus Autarky

(C0) 1.00 0.180

(C1) 141 1.00 0.76 0.194 7.99%

(C2) 1.00 1.39 0.76 0.208 15.62%
(D) 2000 versus 1970

(DO) 1.37 1.02 0.76 0.195

(D1) 220 1.02 094 0.183 6.56%
(D2) 1.00 1.59 0.94 0.187 4.28%

Notes: Welfare gains relative to year (A) 2000, (B)
Autarky, (C) Autarky, (D) 1970).

Scenario (A) compares ‘free’ trade with the status observed as of year 2000. ‘Free’ trade
refers to a situation where all variable trade costs are zero; A, the share of expenditure allocated

to domestic goods, is still different from 0.50 (but very close to it, 0.53) due to fixed market access
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costs.?! The level of welfare in this situation is 0.218, see (A0).?? In line (A1) we reproduce
the observed level of openness (more correctly: autarkiness) as of 2000, A = 0.76, by adjusting
iceberg trade costs to 7 = 1.37 but keeping tariffs to zero (i.e., t = 1). Relative to the year
2000 status, ‘free’ trade would feature a level of welfare higher by 11.79%. In contrast, line (A2)
adjusts tariffs to ¢ = 1.35 to achieve the same level of factual openness. The associated welfare
gain from moving to ‘free’ trade is much smaller now, AW = 4.31%. Hence, when taking ‘free’
trade as the (unobserved) counterfactual, the welfare loss gap from less than free trade depends
very strongly on the nature of trade frictions. Linking variation in openness to variation in
iceberg costs alone can lead to substantial biases — in the case of the ‘free trade versus restricted

trade’ scenario, welfare losses from iceberg costs are substantially bigger than those from tariffs.

Scenarios (B) and (C) take the autarky equilibrium as the starting point and contrast it with
observed equilibria calibrated towards the 1970 or 2000 levels of openness. Again, the exercises
differentiate between two polar cases: one where the factual levels of openness are generated by
adjustment of iceberg trade costs, and one where they are generated by adjustment of tariffs.
Lines (B1) and (B2) shows that the observed openness as of 1970 (6%) can be replicated by
either setting 7 = 2.23,¢ = 1.00, or by setting 7 = 1.00,¢ = 2.14 (i.e., an ad valorem tariff
of 114%). However, the welfare gains relative to autarky are very different: Adjustment of
trade costs leads to gains from trade of 1.89% while adjustment of tariffs generates almost three
times higher gains equal to 5.45%. Targeting the openness level of 2000 (24%) delivers a very
similar picture. Then, adjustment of trade costs leads to a 7.99% improvement in welfare while
adjustment of tariffs generates gains about twice as high (15.62%). Note that Arkolakis et al.
(2012) undertake a similar “autarky versus status quo” comparison but focus on 7 only. Our

simple numerical results suggest that this focus can significantly understate the gains from trade.

Finally, scenario (D) compares the two factual historical situations of 1970 and 2000. Unlike
in scenarios (A)-(C) before, both the 1970 as well as the 2000 equilibrium replicate the observed
openness measures. Line (D0) refers to the equilibrium as of 2000. Line (D1) increases tariffs

from the observed 2000 level (1.6%) to the observed 1970 level (6.0%), and adjusts the unobserved

21For this reason we use quotation marks when referring to ‘free’ trade.

22Note that the absolute level of W is meaningless.
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iceberg trade costs such that the 1970 openness level results. Relative to 1970, this results in
year 2000 welfare lying 6.56% higher. If, instead, iceberg costs are driven to their minimum and
tariffs are (counterfactually) adjusted such that the observed 1970 openness is again replicated,
the welfare differential is only 4.28%. As before, the welfare calculations depend substantially on
the type of trade cost adjustment assumed when calibrating the model towards some observed

change in openness.

Figure 3 generalizes the insights obtained from Table 2 by looking at gains from trade (rela-
tive to the autarky case) over a more extended range of ‘autarkiness’ measures \. The diagrams
vary one policy parameter (7 or ¢ at a time, keeping the other fixed at 1.06.). Diagram (a) con-
firms our theoretical insight derived earlier that the gains from trade are a concave function of A
when taking the underlying variation from ¢, but a convex curve when the underlying variation
comes from 7. Over the considered range of A, the difference between the two scenarios can be
very sizable.

Figure 3: Underestimation of gains from trade

(a) Simultaneous liberalization, (b) Unilateral liberalization, sym- (c) Simultaneous liberalization,
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Notes: Variation driving changes in openness stems from tariffs (solid curve) or iceberg trade costs (dashed
curve); Home (black), Foreign (red). Simultaneous means that tariff rates are equal in both countries. Sym-
metric refers to a uniform distribution of the world labor endowment; asymmetric has Home hold 60% of the
endowment.

4.6 Unilateral liberalization in a symmetric world

Diagram (b) of Figure 3 keeps the symmetric distribution of labor endowments across countries,
but assumes that one country sets its tariff unilaterally, while the other country has the bench-

mark tariff of 1.06%. Because of symmetry in fundamentals, when the adjustment takes place
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in iceberg trade costs, curves for both countries coincide. The situation is different, when one
country adjusts its tariff. This country’s welfare function exhibits a hump at about A = 0.66,
implying the existence of an optimal tariff ¢*. The welfare function for the other (the passive)
country is as under the iceberg scenario; specifically, there is no hump. Note that we have
shown this analytically for the case t = 1. The intuition is that, in the absence of tariffs, both
definitions of A coincide, and so the simple welfare equation (?7?) applies. This is true regardless
of the fact that ‘autarkiness’ is shifted by a foreign shock. The message of the picture is again
that looking at tariffs as compared to iceberg costs makes an important quantitative difference,
that can rise to up to 4 percentage points. In all those scenarios, since we start from autarky as

the reference point, focusing on iceberg costs underestimates the gains from trade.

4.7 Simultaneous liberalization in an asymmetric world

Finally, diagram (c) in Figure 3 maintains the calibration for the symmetric two country world
with the only difference that labor endowments are now distributed unequally. Home (graphed in
black) commands 60% of the world labor supply while Foreign (in red) commands the remainder.
The scenario here is that trade liberalization is simultaneous, i.e., tariffs or iceberg costs are
identical in both countries and so are their rates of change. We know from our theoretical
analysis that country size does not matter for the welfare effects of lower iceberg trade costs

conditional on openness. So, the loci for Home and Foreign coincide.??

Looking at tariffs, the picture is different. Here, market size (expressed by population shares)
does matter. Again, both countries are assumed to set the same import tariffs. However, the
small country (Foreign) now benefits more from an increase in openness than the large country
(Home). The reason, already alluded to in our theory section, is that the large country would,
if it could, set a higher tariff than the small one. This is quite visible in the diagram, where
the welfare maximum for the large country is reached at a A of about 0.66, while the welfare
maximum for the small country is not reached as we restrict ourselves to ¢ > 1. For the same

value of A and a 3:2 distribution of endowments, the gains from trade in the small country are

23To be more precise, the perfect coincidence of the curves has been analytically shown in the absence of tariffs
(t = 1); in diagram (b) we have ¢t = 1.016.
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up to 3 percentage points larger than in the large one.

5 Conclusion

We extend the analysis of Arkolakis et al. (ACR, 2012) to ad valorem tariffs and endogenous
trade policies. We find two main results. First, models with and without extensive margins,
and with perfect or imperfect competition can be characterized by a mathematically isomorphic
optimal policy, either an import tariff, an export tax or a subsidy on domestically produced
goods, or a combination thereof. Conditional on gravity, these different models give rise to the
same optimal tariff. Second, the optimal tariff suffices to implement the first-best. That is,
the optimal tariff remedies all distortions in the model: the markup-distortion due to monop-
olistic competition, the entry-distortion due to the presence of an extensive margin, and the
more conventional terms-of-trade externality. These distortions have a common feature: they
dissociate the socially optimal relative price of the ideal quanitity indices of exported versus

domestic varieties with the privately perceived one.

As a corollary, we show that modeling trade liberalization scenarios by a reduction of iceberg
trade costs while in reality they may involve a reduction of import tariffs (or export taxes, or
subsidies on domestic goods) leads to an underestimation of the welfare gains from trade. That

underestimation can be quantitatively significant.
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A Gravity

Preferences given by symmetric CES aggregator function, with elasticity of substitution o > 1, expendi-

ture for a given variety w from country ¢ in country j

ij (w) = {]%Jp(jw)] - X

where p;; (w) is the c.i.f. price such that p;; (w) = p;7i;t;;. We assume linear technologies such that
variable production cost per unit of output in country 7 is given by w; /¢ (w).
A.1 Armington

Perfect competition and identical linear technology ¢ (w) = 1 across varieties such that p; (w) = w;. If

country ¢ produces N; varieties, then

i N (w7 o
X]:.() (Titie)' ™7 (25)

Note that, different to the standard treatment, 7;; and t; have the same elasticities e, = e =1 -0

because trade flows are defined inclusive of tariff payments. Also, ¢, =1 — 0.

A.2 Krugman

We continue to assume ¢ (w) = 1. However, in the Krugman (1980) model, monopolistic competition
implies the f.o.b. price p; (w) = w;/p where p = (0 — 1) /o is the inverse of the (constant) markup.
Unlike in the Armington model, N; is now endogenous determined by a free entry condition. However,
by R1 and R2 N; is fixed by parameters other that trade costs (real and tariffs) or wages and can, thus,
be treated as constants in the present context. The gravity equation is, however, structurally identical
to the one obtained in the Armington model, (25), and so the elasticities £;,e, and ¢, are all equal to

1—o0.

A.3 Melitz

Now, firms differ with respect to productivity ¢ which, in line with the literature, is assumed to follow a
Pareto distribution with c.d.f. G; (p) = T; — ¢ %, where T; > 1 measures the location (country 7’s lowest

possibly productivity draw) and € the shape of the distribution. Presence of a firm from ¢ on a market j
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requires payment of fixed costs wé‘wjl-_” fij, where p € [0,1] governs the extent to which labor from the
source country ¢ has to be employed as compared to labor from the destination country j. Only firms
with ¢ > ¢}, will be earning sufficiently much revenue on market j to support market presence in the

presence of fixed access costs. Under these conditions the gravity equation is given by

__6_ gy (0=t
Xij _ N; T; (fz;)l ot <U)7,> 0-n(55) _etl—é/p

— Tt
) T, - . ij Yji o
Xjj N; T \ fjj wj

(26)

and which collapses to the well-known form (CITE) if fixed costs are in domestic labor (¢ =1). As in
the Krugman (1980) model, N; and N; are solved via a free-entry condition, but turn out independent
from trade costs (t;;,7j;) and wages. Hence, in the Melitz model with Pareto-distributed productivity,
e =1-0/pand e, = —0. Letting § — o —1 to close down the selection effect, the Melitz gravity equation
(26) collapses to the Krugman form as e, = &, — 1 — 0. In general, the elasticity e, depends on p. In

the polar cases =1 and p = 0 we have ¢, = €; and ¢, = €, respectively.

A.4 Eaton-Kortum

The final example of a model nested in the framework is the Eaton-Kortum (2002) model. It is a perfect

competition Ricardian trade model with a continuum of variety where each countries productivity ¢ in

producing a variety w is Fréchet distributed with F'(¢) = exp (—E ‘9) , where T; again governs the

location and 6 the shape of the distribution. That model admits a gravity equation of the form

Xy T (w\ " —0

Ji J \Wj

B  Proof of proposition 1 (Optimal tariff)

B.1 Perfect competition

The change in the real wage is given by

This claim directly follows from noting that ACR’s proof of proposition 1 (pp. 119-122) only involves

changes in marginal costs ¢;; irrespectively of the components of ¢;; and does not depend on changes in
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income. In our setting, the expression for ¢;; extends to

Cij = ’LUiT,‘jtji.

The optimal tariff then immediately follows from equation ().

B.2 Monopolistic competition

In the absence of export selection, the proof resembles the proof for perfect competition models. The
reason is the mass of firms is determined independently of tariffs, and therefore does not enter the

equations for changes in the price index and changes in expenditure shares.

For models with export selection, we proceed in 4 steps.

Step 1: The change in the real wage is given by

% = 99_((50__1)1) (1211' — Ez) + (A=) Wi+ (1= X)) T (28)

e Ay
=) (ZGE I T i - h i — - KT

The price index in levels is given by equation (). Totally differentiating this expression, we obtain

w; c—1-10

- = (1= i)W — Nig————0}; 2

Pi ( )’LU 1—0 " (9)
c—1-6_, . . .

Totally differentiating the zero cutoff profit condition, we obtain

e L= [ Loa s - T ;P
spji:O__l’LUiJrO__le*U_lEiJrTjierjertij*Pb (30)

Substituting out ¢;; and @7, from equation (29) and collecting terms, we obtain equation (28).
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The change in the real wage is given by

Step 2:
w; 1 0—(c—1) /. -
B 0T i1 (- £1). (31)

The share of income country 7 spends on goods from country j is given by

)0‘7176

/\ji =

oyl—o _l—0,1—0 *
Nij Tii bi ( i
l-0,_l—041—0 « \o—1-8"
E :Nkwk Tie tir * (Phi)
k

Totally differentiating the import spending share relative to the domestic spending share, we obtain

(32)

1 N N A A & Ak A K
1_/\,,)‘“ = (1—0) (w; — W +7ji +ti3) + (0 — 1= B) (&) — &) »

where we have used that spending shares add to unity.

Totally differentiating the domestic zero cutoff profit condition relative to the import zero cutoff profit

— — 1 w;
pootlwi (33)

condition, we obtain
~ A K 1 E A
Pji = %ﬁ; A T w;’

Substituting out ¢7; from equation (32) and using the resulting expression in equation (28), we obtain
equation (31).
Step 3: The change in the real wage is given by
1— Nis .
i ) . (34)

_9—(0’—1) )\ii(tij_l) ;\,,_ B
)\ii (tij - 1) +1 “ )\” (tij — ].) +1 K

wi __1g
P8 o)

Aggregate expenditure is given by

ti:
E=—"""  w.L.
! Nii (tij — 1) + 1wz !

Totally differentiating this expression, we obtain

. s ity —1) < 1— i 5

C_f— g —
T Nty — D)+ 17 T Nty — 1)+ 17

Substituting out @; — E; from equation (31), we obtain equation (34).
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Step 4: The optimal tariff is derived under the conjecture that w; — I:’l = /A\“ /et. We show that

evaluated at the optimal tariff, this conjecture holds. Substituting out

ti' - 1%
J €t Wj Et 1-— A“ ’
where ~
ﬁ 1— Et 1 )\ii o
— == < — Y Aii
w; € 1= Njjew — A2 1— A

and noting that the optimal tariff solves

w S\ii
- S S + i (ti; — 1) =0,
€t 1— )‘jjgw - )\uafw

it follows that

@ - _}5\“_9—(0'—1) )\ii(tij_l) 3 1_/\ii f
Pi B 0 " 0 (0’ — 1) )\” (tij — 1) + 1 " )\“ (tij — 1) + 1 *
_ Ly

Intermediate steps of calculus:
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C

i (tij — 1) 5. I—Xi o
(i — D) +17" Nty —1)+177)7

>
<
S
—~|<

)\“' (tij — ].) —+ 1 ?twj Et ]. — )\”
ity —1) 1=\ Ew Wi | 1 1 5
/\77 (tij — 1) =+ 1 " )\” (tij — 1) =+ 1 E¢ w E¢ )\” (tz’j — 1) =+ 1 "

G(Ul)g Nilby =D 5 1= (eww/\i_ll;\ii)>
(

9(0 — ].) )\”' (tij — 1) + 1 )\” (tij — 1) + 1 E¢ )\“ (tij — 1) + 1 v
9—(0’—1) 1 )\” (tij —].) 1 2
(9(0’—1) gt \ i (ti]‘—l)-ﬁ-l Nii (tij—l)-i-l
- 9 _ _ .
5t+M:| )\“
L o—1
p oc—1
_0, 98 }A
p o-—1
o 1 <
o—1 0—1] At

Proof of proposition 2 (First-best instrument)

C.1 Perfect competition models

In a closed economy, the laissez-faire equilibrium must be the first-best outcome because their is no

distortion. In an open economy, however, the economy could do better than the laissez-faire equilibrium.

The reason is that any country has market power (even if it is “small”) as it is the only producer of a

certain variety. This is the terms-of-trade externality, which can be exploited by imposing the optimal

tariff.

C.2 Monopolistic competition models

We prove that the tariff is the first-best instrument for the case in which all export fixed are paid in

terms of domestic labor (1 = 1). Note that the Krugman (1980) case is nestet for § — o — 1.
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e Let the social planner choose the country’s domestic entry cutoff, its export cutoff, quantities
produced for the domestic and the export market, the mass of domestic firms and the spending on

imports K.,
e Utility is maximized subject to labor market clearing and balanced trade
e The social planner takes labor market clearing in Foreign as given

o We follow Demidova and Rodriguez-Clare (2009) in the use of notation

— qg]: quantity consumed
— @ [p]: quantity produced
— N; is the mass of firms active in country ¢ (which is different from the notation in the body

of the paper)

e Utility maximization yields relative demand for domestic varieties

- () - ()

e Export revenue maximization

Qledl —alen] _ (%)”
Qlea]l —alpa]l  \ 2
e An optimal allocation would have
qle] = ¢¢%,6>0
Qlel —aly] = ap”a>0

e Moreover, if a variety with ¢, is consumed, then all varietiey with ¢ > ¢, must be consumed. The

same argument holds for exported varieties

e Ultility maximization also yields relative demand for imported varieties

e G =(2)
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where we have assumed that firms in Foreign impose a constant mark-up over marginal costs

We then have

Gm [p] = 19,1 >0

The least productive firm entering Home is indexed by ¢% ;. Note that wr = 1. Hence,

(c—1)f*

i = )0’—1

(W}H

The value of imports is given by

Labor market clearing in Foreign implies that the value of imports is given by

0 14 * —0 (@}F)G
- 00— 0L *
0—(oc—1) of " (#kr) CrH /

0

_ P * —0 rx
= mJWLF(QDFH) f

Hence, choosing the optimal level of spending on imports is equivalent to choosing the optimal

import cutoff ¢}

Export revenues per firm

(Qle] — qlw]) pz [#]

Recall from above that

Qe —alel = A [¢) ™" & A7 (Qe] — ale]) ™7 = pa[¢)

Hence, export revenue per firm is
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The value of total exports is given by

N [ o060

J 1-G [‘PZ{H]
PHF
0 o o
= Npa’As HH) 2 )0
ottty (522 ) i

e Note that A is assumed to be a constant in the small open economy case. The social planner of
a large open economy takes into account changes in A = YFPg_l. Foreign’s domestic entry cutoff

condition reads

YePg  (pppp)” ' = oft e YrPE = of (pplp)' 7

Note that

Free entry implies

f(L‘ * —6 fe 9 —(oc—1 * —0
ﬁ (Pru) = F 0(7 1 ) — (¢Fr)
Hence,
- 1
AFp =
* 0 e f—(oc— * —0
1+ (¢Fr) (%0 ,,(_11) = (¢Fp) )
B 1
1+ L2 (o) -1
S A A S
- fee_(o__l) Prr
or .
. 0—(c—1) f¢- e
Prr = (a(— 1 )fd)\FF)
Then,
A = YpPg !
= of? (PSD*FF)PG
o—1
o (0—(c—1) f°+ R

Hence, in the limiting case Arp — 1, A is a constant

9_(0_1”@)”;1

A:O_fdpla< ) fd
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e The value of Home’s exports can be rewritten as

. _ 9 O'fd %p—p * 0 . o
N (i) 20T (*OHH) (ehr) "

0—(c—1) \¢ip
2 0
0 T G (N LA ¥
= — N P d) o pll 2 = ) I * HH % o
6—(0—1) mo? (of*)7 p (fd o_1 7d (Yrm) . (PHF)
e The welfare maximization problem reads
9 _1 pLF f‘I 14 _(9_ )
max — S Ngd” (o55)° 4+ (0 —1)° ( s PrL st
Com e PrmNusap 0 — (00— 1) { u ¢’ (@) ( ) ofc \7rm (Yrm)

d 9 * o—1 SD*HH o x 0 * o—1 e * 0 _
Nu | f +79_(J_1)¢(90HH) +(¢?{F) (f +79_(0_1)04(90HF) >+f (QPHH)‘|_
A% QD*HH ’ * o—1 0 z P L * —6 0 - L
(QDTZIF> (@HF) 9_(0__1)_Uf er F(SOFH) 9_(0__1)_ H

1 e 9g_(g— x % —
where Az = (af%)7 p~?Nya® (%9 0(_11) - ;7 (Prm) 9)

e Compared to the small open economy case in which A is constant, the derivatives of the Lagrangian
wrt Ny, Oy Oy Y, @, and one of the Lagrange multipliers (balanced trade condition) are

different.

o Let 1/)L MCE and wB T denote the Lagrange multipliers wrt labor market clearing and balanced trade,

respectively
2] o L x P . e

L= -D {NHW (phn)" "+ (0 = 1) f2E (TJ;H> (prm) " ”)}
_¢LMC N fd+ g ¢( * )0—1+ (W*HH>0J¢-1+ 0 <@?{H>9a< * )0—1+fe( * )9

H 09— (o -1 (0 —1) PHH O 0—(c—1) \@lyp PHF YHH

BT e - feo—(-1) f* . (-0 4 A 0
+v [(Uf )7 p "NyaP (fdo—l_ F(@FH) ) (g) (Phr) I —(c—1)
_ 0
—of” 9/}6 Lr (03u) " 9_(0_1)}
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The set of first order conditions is given by

oL 0(c—1) o-1 LMC (o0 —1)
gy~ 0~ (o1 " i) e = 0 N

N6 * 0 92 * 0 a * o—1 * 0
_ylMe H (@HH) fo d}LMCNHa =T (‘PHH) (Plirp) — pEMCY N, fe (‘pIiH)

(Z)((p;{H)J_l .

Cug \Pur Cur CHun YHH
+PTONyaP As (“07{5[)0 (Whr) ’ L )
* HF * -
PHF 0—(0c—1) ¢y

oL o\ 1 0(c—1-0) (o5 \" . .1 1

o _ ewLJWCNH (@i{H) A — ,(/}LMCNH 0( ) (@i{H) a(ghp) 1 -

YuFr YHF YHF —(0—1) \¢ur YHF
0 1

N 0
1 (PHH x yo—1
+ VBT (0 —1—0) NyarAx () 0 - =0
( ) H <PHF ( HF) 0_(0__1) (PHF

O =g L O oyt (S )

2+ PFH = )7(67@
o 0—(oc—1) 0fc \Tru

(PFm

2] re * —0
P B 1 (Chu x  yo—1 4 Fa (PFm)
+—1"" Nga’ A= (*) (Pur) P o p
0 YHF 9_(‘7_1)%9(7(_11)—;7(@*1,}[)

p
0fe

—0

+wBTo,fx

Lp ()~ o) 0

« \0 5
@
: Prp _ 1-)pFp . oL *
T = ZAEEW rewri S
Using ( ) soos We can rewtite 52 @py as

oL (0—p)0 p PLF ( fe )p x \—(0—p)
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BSO*FHQDFH 0_(0__1)( ) efe TEH (QDFH)
? (@)t ¢ 1—App
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e Rearranging terms, we obtain (in reverse order)
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entry cutoff
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e Hence, the system of FOCs is given by (again in reverse order)

¢ (Phn)” = (0 —1)f* (39)

aleyr)’  =(0—1)f° (40)

TFH

L = \F (- Lot RN Y .
0 —p) (o0 —1)" =E (f> () 7" = pYPT Nyar Az (SDHH) (¢har) ™ S+ 00T f” P L

ofe

YHF FF
(41)
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Ny = 2Ly (@)~ (45)
H — efe H @HH

i\’ 1 1 p 0

Ny (HHE ) aP A7 (pyp)” = of* - Lr (95n) (46)
PHF 0f
where the forth line (FE) follows from
¢ * o— L * o— I ’ *
NHﬁW) (Chm) L= ¢LMCLH + NHwBT@pA” (Pur) ' (¢EH> (‘PFH)H
—(0—1) PHF

0 o— 1 o— 0 *
Ny <9_(J_1)¢p (Crm) VBT arAs () ! <¢5H> (@FH)Q =MLy,

0
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#LH (@}}H)_e <9_(U_1)¢p (‘:D*HH)U_1 - wBTOépA% (@}}F)U_l (ifH) (@?H)a> = lﬁLMCLH

e i (g i = i ()
9_(;';1)9;’@ (0irn) <¢>” (i) + o (Gir) prC (ng;)e) _ e
H_(ZLM? (i)™ (¢ (c—1)f'+(o—1) f“l}LpMC (iﬁ)e) _ gic
9—(:::1)0;6 (Prm) ™" (wL;MC (0—=1)f'+(0-1) fmepMc (%)3 ave

o—1 * —0 d T @?—IH 0 __ re
m(%ﬂr) (f +f <‘P*HF>>f

e Check whether market equilibrium coincides with market equilibrium for

thrp =1+
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Clearly, FE and LMC coindice. Let

o = (2)

wH

oo ()
H

Then, the domestic entry and the export cutoff conincide. Moreover, balanced trade coincides as
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= YH;PI;pwH
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Finally, compare import cutoff under social optimum equilibrium

pLe ( [\ . —-p) BT _u P . =0 l=App BT sz P -
0 —p)(c—1)° ofe (TFH> (OFm) o= pof efeLF(@FH) ?Hw of afeLF(‘pFH)
poLe [ f5 N\ . —-p) _ pl—Apr P x =0 BT _ra
0= =17 5 (L) (o0 = (emH)eaﬁme) Vo
z \ P 3
0-ne-1 (L) = ("’WH) 0uPTa s
TFH 0 AFF

0 (515222 +1) v 7 Pplof*
0-p) -1 ()"

(eFm)”

to import cutoff under market equilibrium with optimal tariff
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THF
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e Uniqueness of the planner solution. Following DRC, we reduce the system of equations to a single

48



equation. First, we exclude '™ ¢ and 1/)3 T

0= -1 2 (L) e
0f¢c \Tru

fe P . ) 1-p B .

<9—p)<a—1>"<TFH) <@FH>”<Q) — Leop iy

We use the domestic entry condition and the export cutoff condition to eliminate ¢/« in import
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is increasing in ¢% . Moreover, App is increasing in ¢} due to free entry and

- fd oc—1 9
)\ = - *
FF 0 (0 —1) (PFr)
o LR X 1-A
Moreover, —EEF— = — FF;( “Arr) —+— < 0. Then, the RHS is decreasing in ¢%;;, while the
OAFF App App

LHS is increasing in ¢, and there is a unique solution.

C.3 Representation of social planner problem in “ideal quantity” space

The system of first-order conditions of the social planner problem (39)-(46) shows that labor market
clearing and trade balance hold. We can therefore restate the social planner as maximizing GDP taking
the effect on demand shifters into account subject to the resouce constraint. Following Feenstra (2010),
the resouce constraint can be rewritten in terms of a transformation curve between the domestic ideal

quantity M; and the export ideal quantity M;,. Hence, the social planner problem becomes

A
max Mi + JMW
N M A;

Let A= ’:? . Then, the optimality condition is given by

1 0A My

~MRT = —A— e 2

where MRT is the marginal rate of transformation between

One can write A as a function of M;, only; then, %ﬁ = 0. One can also show that =

OA M,
fT < O.

Hence, in a diagram with M, on the y-axis and M; on the x-axis, the social planner soluation implies a
tangent that is steeper than under the market solution. The social planner restricts export quantity in
order to improve the terms of trade.

A tariff can be used to manipulate A in the market solution. An increase in ¢;; leads to a higher

A = A;/A;. The optimal tariff is
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D  Proof of corollary 2 (iceberg costs in the presence of tariffs)

D.1 Perfect competition

We prove in 3 steps that welfare is decreasing and convex in the domestic expenditure share

o*w;

2 <0.

Step 1: The change in the real wage is given by

o1
w; —Pi = g)\ii.

This claim directly follows from noting that ACR’s proof of proposition 1 (pp. 119-122) does not depend

on changes in income. The change in welfare can therefore be written as

A 1 Nii (tij — 1) L
=\ i
W, (E Nii (tij—l)—l—l)

Step 2: Welfare is decreasing in the domestic expenditure share. The claim follows from rearranging

terms and noting that ¢ < 0 and t;; > 1

oW; W, (1 Nii (Tfij — 1)
e L —— . 4
ONii i (8 Aii (tij — 1) + 1 <0 (47)

Step 3:  The sign of 92W;/O\}; is given by

2 [)\” (tij — 1) (1 — 8) + 1]2 — £ [)\” (tij — 1) + 1] (1 + N (tij — 1)) + 82)\% (tij — 1)2 > 0,

where the inequality follows from ¢ < 0.

Differentiating equation (47) with respect to \;;, we obtain

PWi Wi [OW; Niy (W, i 1) (ti; — 1)
ONii Wi .

NG )\731 ONiz Wi Wi i (b — 1) + 1)

o1



Substituting out gm f,‘(/l = % < 0, the sign of 82W; /N2, is given by

[)\ii (tij — 1) (1 — 6) + 1]2 —€ [)\ii (tij — 1) (1 — 5) + 1] (1 + i (tij — 1)) — 52)\“' (tij — 1)
= ity = 1) (1—2) + 1% = e [Nii (tij — 1) = eii (tsg — 1) + 1] (14 Nig (£ — 1)) — €2 X (i — 1)

= [)\ii (tl‘j — 1) (1 - 5) + 1]2 — & [)\” (tij - 1) + 1] (1 + )\ii (tij - 1)) + 62)\51- (tij - 1)2 > 0.

D.2 Monopolistic competition

The proof for models without export selection resembles the proof for models with perfect competition.

For models with export selection, we proceed in 4 steps.

Step 1: The change in real income is given by

@; 1. Er — (O’ — 1) )\ii (tij — 1) Q
o = i Aii | -
Pi Er + Er (0’ - 1) <)\” (tij - 1) +1

This claim immediately follows from equation (34) with #;; = 0.

Step 2: The change in welfare can be written as

S 1 Et )\“ (tij - 1) S
Wi=(————F——7—7—"— | \is.
<ET €r Nig (tij - 1) +1

The claim follows from substituting out the change in the real wage from equation (21) with fij = 0.
As g;/e; > 0, this equation implies that, conditional on the change in the domestic expenditure share,

welfare gains are underestimated if one abstracts from tariffs.

Step 3:  Welfare is decreasing in the domestic expenditure share. The claim follows from rearranging

terms and noting that e;,e, < 0 and t;; > 1

ow; Wi (1 e i (tij -1)
=—|(—-—————" ) 4
ONii  Ais (ET er N (tij — 1)+ 1 <0 (48)
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Step 4:  The sign of 92W;/d\2 is given by

i (tij — 1) (1 —¢) + 11> — e [Aig (ti — 1) + 1 (1 + Nig (tij — 1)) + ereehis (tig — 1)

where the inequality follows from ¢ < 0.

Differentiating equation (47) with respect to A;;, we obtain

PWi Wi
8)@ )\fi
. . oW
Substituting out i Wi

a/\u Wi Er [)\” (tij — 1) + 1]2

e —AET((tA]l:(;)J(:)Ei)Sl < 0, the sign of 82Wi/8)\?i is given by

[)\” (tij — 1) (1 — Et) + 1]2 —E&r [)\“ (tij — 1) (1 - €t) + 1] (1 + )\” (tij — 1)) — 67-5,5)\1'1' (tij — 1)

= [)\” (tij — 1) (1 — é‘t) + 1]2

=7 [Nii (tig = 1) —eehii (tig — 1) + 1 (1 + Nig (85 — 1)) — ereehis (tij — 1)

= [)\“ (ti]’ — 1) (1 - 5t) + 1]2 — &7 [/\” (tij — 1) + 1] (1 + Nis (tij — 1)) + €T€t/\?i (tij — 1)2 > 0.
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