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New Trade Models, Same Old Gains?'

By CoSTAS ARKOLAKIS, ARNAUD COSTINOT, AND ANDRES RODRIGUEZ-CLARE*

Micro-level data have had a profound influence on research in inter-
national trade over the last ten years. In many regards, this research
agenda has been very successful. New stylized facts have been uncov-
ered and new trade models have been developed to explain these
facts. In this paper we investigate to what extent answers to new
micro-level questions have affected answers to an old and central
question in the field: how large are the welfare gains from trade? A
crude summary of our results is: “So far, not much.” (JELF11, F12)

What share of firms export? How large are exporters? How many products do they
export? Over the last ten years, micro-level data have allowed trade economists to
shed light on these and other micro-level questions. The objective of our paper is
to look back at this research agenda and investigate to what extent answers to new
micro-level questions have affected our answers to an old and central question in
international trade: how large are the welfare gains from trade? A crude summary of
our results is: “So far, not much.”

The main contribution of our paper is to demonstrate that, independent of their
micro-level implications, the welfare predictions of an important class of trade mod-
els depend on only two sufficient statistics: (i) the share of expenditure on domes-
tic goods, A, which is equal to one minus the import penetration ratio; and (ii) an
elasticity of imports with respect to variable trade costs, €, which we refer to as the
“trade elasticity.” Formally, we show that, within this class of models, the change

—

in real income, W = W'/ W, associated with any foreign shock can be computed as

—

(1) W= "

where X = A’/ A is the change in the share of domestic expenditure.

* Arkolakis: Yale University and NBER, Department of Economics, Yale University, 28 Hillhouse Ave, New
Haven, CT (e-mail: costas.arkolakis@yale.edu); Costinot: MIT and NBER, Department of Economics, MIT,
50 Memorial Drive Building E52, Room 243B, Cambridge, MA (e-mail: costinot@mit.edu); Rodriguez-Clare:
University of California, Berkeley, and NBER, Department of Economics, 508-1 Evans Hall 3880, Berkeley, CA
94720-3880 (e-mail: andres@econ.berkeley.edu). We thank Marios Angeletos, Pol Antras, Andy Atkeson, Ariel
Burstein, Dave Donaldson, Maya Eden, Gita Gopinath, Gene Grossman, Pete Klenow, Ivana Komunjer, Sam
Kortum, Giovanni Maggi, Ellen McGrattan, Kim Ruhl, Nancy Stokey, Jim Tybout, Jonathan Vogel, Kei-Mu Yi,
and Ivan Werning, as well as various seminar participants for helpful suggestions. Arkolakis thanks the National
Science Foundation for financial support under grant SES-0921673; Costinot thanks the Alfred P. Sloan foundation
for financial support; and Rodriguez-Clare thanks the Human Capital Foundation for support and Penn State for its
hospitality. All errors are our own.

"To view additional materials, visit the article page at http://dx.doi.org/10.1257/aer.102.1.94,

94


http://dx.doi.org/10.1257/aer.102.1.94

VOL. 102 NO. 1 ARKOLAKIS ET AL.: NEW TRADE MODELS, SAME OLD GAINS? 95

Armed with estimates of the trade elasticity, which can be obtained from the large
gravity literature, equation (1) offers a simple way to evaluate the welfare gains from
trade. Since the share of domestic expenditure under autarky would be equal to one,
the total size of the gains from trade, defined as the absolute value of the percent-
age change in real income as we move from the observed equilibrium to autarky, is
simply 1 — A~"/<. Consider, for example, the United States for the year 2000. The
import penetration ratio was 7 percent, which implies A = 0.93." Anderson and Van
Wincoop (2004) review studies that offer gravity-based estimates for the trade elastic-
ity all within the range of —5 and —10. Applying the previous formula for the United
States implies gains from trade ranging from 0.7 percent to 1.4 percent.

Section II offers a first look at the theoretical relationship between trade and wel-
fare by focusing on the simplest trade model possible: the Armington model. This
model has played a central role in the gravity literature; see, e.g., Anderson (1979),
and Anderson and Van Wincoop (2003). It is based on the simplifying assumption
that goods are “differentiated by country of origin”: no two countries can produce
the same good and each good enters preferences in a Dixit-Stiglitz fashion. In this
simple environment, the logic behind our welfare formula is straightforward. On
the one hand, changes in real income depend on terms-of-trade changes. On the
other hand, terms-of-trade changes vis-a-vis each trade partner can be inferred from
changes in relative imports using the trade elasticity, which is just equal to one
minus the elasticity of substitution across goods. Aggregating changes in relative
imports across all exporters, we immediately obtain equation (1).

Section III describes our general results and the class of models to which they apply.
The trade models that we focus on feature four primitive assumptions: (i) Dixit-Stiglitz
preferences; (ii) one factor of production; (iii) linear cost functions; and (iv) perfect
or monopolistic competition; as well as three macro-level restrictions: (i) trade is bal-
anced; (ii) aggregate profits are a constant share of aggregate revenues; and (iii) “the
import demand system is CES.”? Although these assumptions are admittedly restric-
tive, they are satisfied in many well-known trade models besides the Armington
model, such as Eaton and Kortum (2002), Krugman (1980), and multiple variations
and extensions of Melitz (2003) featuring Pareto distributions of firm-level productiv-
ity. Given the importance of the previous class of models for quantitative analysis, we
refer to them as “quantitative trade models” in the rest of this paper.

Quantitative trade models differ substantially in terms of their margins of adjust-
ment to foreign shocks. In the Armington model all adjustments take place on the
consumption side, while in other models adjustments also take place through labor
reallocations across sectors, across firms within sectors, or even across products
within firms. In turn, these different models lead to different micro-level predictions,
different sources of gains from trade, and different structural interpretations of the
trade elasticity. Yet, conditional on the observed changes in the share of domestic
expenditure and an estimate of the trade elasticity, our general results show that

'Import penetration ratios are calculated from the OECD Input-Output Database: 2006 Edition as imports over
gross output (rather than GDP), so that they can be interpreted as a share of (gross) total expenditures allocated to
imports (see Norihiko and Ahmad 2006).

2The restriction that the “import demand system is CES” is analogous, but distinct from the more standard
assumption that the demand system is CES. We provide a formal definition in Section III.
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their welfare predictions remain the same: changes in real income caused by foreign
shocks are given by equation (1).” R

Of course, our welfare formula is only useful if we have observed A (or if we
are only interested in movements to autarky for which we know that A = 1/X).
Thus, it is useful to compute the welfare consequences of past episodes of trade
liberalization, but not necessarily to forecast the consequences of future episodes,
as different trade models satisfying our assumptions could, in principle, predict
different changes in the share of domestic expenditure. Our last formal result,
however, demonstrates that if one imposes a stronger version of our CES restric-
tion on the import demand system, then the predicted changes in the share of
domestic expenditure associated with any foreign shock to variable trade costs
must also be equal across different models, thereby providing a stronger equiva-
lence result for this subclass of models.

Section IV explains why our welfare formula arises (or not) in two specific envi-
ronments: the Ricardian model and the Melitz (2003) model. In both examples we
first describe how, using our three macro-level restrictions, one can infer changes
in real income from changes in aggregate trade flows alone, thereby leading to the
same welfare formula as in a simple Armington model. We then explore the con-
ditions under which our macro-level restrictions hold in each environment. In the
same way that Dixit-Stiglitz preferences are crucial to establishing equation (1) in
the Armington model, these restrictions require strong functional form restrictions
on the distribution of productivity levels across goods, namely Fréchet under perfect
competition or Pareto under monopolistic competition.

Section V presents extensions of our general results. Motivated by the existing litera-
ture, we focus on environments with multiple sectors and tradable intermediate goods.
While our simple welfare formula no longer holds in these richer environments, we
demonstrate that generalized versions can easily be derived using the same logic as
in the previous sections. Compared to our previous results, the main difference is that
the equivalence between trade models with perfect and monopolistic competition may
now break down. This breakdown happens, for example, if a foreign shock leads to
lower prices for intermediate goods, and in turn lower costs of entry.

Section VI concludes by discussing how the gravity equation offers a common way
to estimate the trade elasticity across different models considered in this paper. Together
with this estimate, our welfare formula therefore provides a common estimator of the
gains from trade, independent of the micro-level details of the model we use.

Our paper is related to the recent literature in public finance trying to isolate robust
insights for welfare analysis across different models; see, e.g., Chetty (2009). As in
that literature, using a “sufficient statistics approach” allows us to make welfare
predictions without having to solve for all endogenous variables in our model. In a
field such as international trade where general equilibrium effects are numerous, this
represents a significant benefit.

3Given the class of models that we consider, we use, without risk of confusion, the terms real income and welfare
interchangeably throughout the paper.

4As we later discuss, this strong version of our CES restriction on the import demand system is satisfied, for
example, by Krugman (1980); Eaton and Kortum (2002); and Eaton, Kortum, and Kramarz (2011). Arkolakis
(2010) offers an example of models satisfying the weak, but not the strong version of our CES restriction.
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In the international trade literature, there is now a large number of empirical
papers focusing on the measurement of the gains from trade; see, e.g., Feenstra
(1994); Klenow and Rodriguez-Clare (1997); Broda and Weinstein (2006);
Feenstra and Kee (2008); Goldberg et al. (2009); and Feenstra and Weinstein
(2009). The purpose of such exercises is to quantify the contribution of a particu-
lar margin— e.g., new goods or new products—to changes in real income. The
goal of our paper is quite different. We are not trying to establish that a particular
margin has small or large welfare effects. Instead, our objective is to demonstrate
that for quantitative trade models, whatever the welfare contribution of particular
margins may be, the total size of the gains from trade can always be computed
using the same aggregate statistics, A and ¢.”

From a theoretical standpoint, our paper builds on the seminal contribution of Eaton
and Kortum (2002), which first computed real wages as a function of A and ¢ in order
to quantify the gains from trade in a Ricardian model with Dixit-Stiglitz preferences
and productivity levels drawn from a Fréchet distribution. In recent work, Arkolakis
et al. (2008) also used closed forms to compute the real wage as a function of \ and ¢
in a specific variation of Melitz (2003) with fixed exporting costs paid in the importing
country and firm productivity levels drawn from a Pareto distribution. Noting that the
expression was similar to the one derived by Eaton and Kortum (2002)—and could
have been derived by Krugman (1980)—Arkolakis et al. (2008) argued that the gains
from trade in these models were the same.”

The main difference between Arkolakis et al. (2008) and our paper is in terms of
scope and method. In terms of scope, the model for which analytical results were
derived in Arkolakis et al. (2008) is only one particular example of models cov-
ered in our paper. In Section II, we allow for perfect competition, monopolistic
competition with free and restricted entry, heterogeneity in fixed exporting costs
across firms, fixed exporting costs paid in both the importing and exporting country,
and endogenous technological decisions. In addition, our general results not only
demonstrate that welfare changes are the same given changes in A and &, but that
predicted changes in A themselves may be the same across different models. Just
as importantly, in terms of method, Arkolakis et al. (2008) focus on the algebra of
their parametrized example, pointing out that similar closed-form expressions hold
in different models, but leaving unexplained the reason why they do. Instead, by
identifying the macro-level restrictions upon which equation (1) relies, our analysis
is able to offer a unifying perspective on the welfare predictions of models under dif-
ferent market structures, to isolate the economic mechanisms at play, and therefore
to clarify the origins of the equivalence between these models.

Another related paper is Atkeson and Burstein (2010), which focuses on the
welfare gains from trade liberalization through its effects on entry and exit of firms
and their incentives to innovate in a monopolistically competitive environment

5 Accordingly, it should be clear that previous empirical results that have quantified the welfare effects of particu-
lar margins neither support nor contradict our equivalence results.

SIn a recent paper, Feenstra (2009) uses duality theory to revisit, among other things, the results of Arkolakis
et al. (2008). Under the same functional form assumptions, he shows how the gains from trade in the Melitz (2003)
model computed by Arkolakis et al. (2008) can be interpreted as production gains from trade, whereas the gains
from trade in Krugman (1980) can be interpreted as “consumption gains.” He does not, however, discuss the fact
that conditional on \ and €, the total size of the gains from trade predicted by these two models is the same. This
is our main focus.
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with symmetric countries as in Melitz (2003). At the theoretical level, they show
that if small changes in trade costs are symmetric, then their impact on welfare
must be the same as in Krugman (1980). While their analytical results and ours
have the same flavor, the logic is quite different. Their results consist in show-
ing that in this environment, the overall contribution of “new” margins—i.e., any
margins not already present in Krugman (1980)—must be offset, to a first-order
approximation, by changes in entry. By contrast, this offsetting effect is (generi-
cally) absent from the models with monopolistic competition considered in our
paper. Our results simply state that whatever the welfare effects associated with
these new margins are, the total size of the gains from trade can still be inferred
from aggregate trade flows alone.

1. A First Look at Trade and Welfare

In order to illustrate the logic of our main result, we first focus on the simplest
trade model possible: the Armington model. On the supply side, the Armington
model is isomorphic to an endowment model. There are i = 1,...,n countries, each
producing a differentiated good one-to-one from labor. The supply of labor is inelas-
tic and given by L;. On the demand side, there is a representative agent in each coun-
try maximizing the following Dixit-Stiglitz utility function,

n o/(o=1)
U, = [Z gl
i=1

’

where g;; is the quantity of country j’s good consumed by country i and o > 1 is
the elasticity of substitution between goods. The associated price index in country
Jj is given by

) P =

J

’

n ]1/“‘7)

Z (Wi Tij)l_g

i=1

where w; > 0 is the wage in country i and 7; > 1 are the variable (iceberg) trade
costs between country i and country j. Accordingly, the value X;; of country j’s total
imports from country i is equal to

3 X, = (28 l_UY
(3) i = 7P s

J

where ¥, = Y ?: Xj;is total expenditure in country jand 1 — o < O1is the partial elas-
ticity of relative imports with respect to variable trade costs, (9In(X;;/X;))/0In T,
which we referred to as the trade elasticity in the introduction. Finally, trade balance
implies ¥, = w;L;.

Now consider a foreign shock in country j that affects labor endowments, L = {L},
and trade costs, T = {7;}, around the world, but leaves unchanged country j’s labor
endowment, L;, as well as its ability to serve its own market, 7;;. What is the change
in real income, W; = Y,/P;, caused by such a shock? Answering this question in
the context of the Armington model is straightforward. Using labor in country j
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as our numeraire, and noting that trade balance implies dInY; = dlnw;, we have
dInY; = 0. By equations (2) and (3), changes in real income are therefore given by

n

(4) dinW, = —) X\;(dlnw, + dinT),

i=1

where \; = X;/Y; is the share of country j’s total expenditure that is devoted to

goods from country i. By equation (3), changes in relative imports are such that
(5) din); — dln); = (1 — o)(dlnw; + dInTy).
Combining equations (4) and (5), we obtain

. — L Agdin)y — din)) - din),
! l — g 1 _ 0_7

where the second equality derives from the fact that Z:l: A; = 1. Integrating the
previous expression between the initial equilibrium (before the shock) and the new
equilibrium (after the shock), we finally get

(6) W. = VY=o

where ¥ = v'/v denotes the change in any variable v between the initial and the new
equilibrium. Equation (6) will be at the core of our analysis. It shows that welfare
changes in country j—whatever the origin of the foreign shock may be—can be
inferred from changes in the share of domestic expenditure, \;, using the trade
elasticity, here 1 — o.

The basic idea behind equation (6) should be clear. On the one hand, welfare
changes in country j only depend on terms-of-trade changes (equation 4). On the
other hand, terms-of-trade changes can be inferred from changes in the relative
demand for goods from different countries (equation 5). In the next sections, we
will consider models with more margins of adjustment than a simple Armington
model. In particular, such models will be characterized by the fact that changes in
trade costs also affect the set of goods being exported by different countries. Yet,
by invoking a few key macro-level restrictions that trivially hold in the Armington
model, the same basic logic will apply, and so will our welfare formula.

i

II. General Results

We start by describing our primitive assumptions on preferences, technology, and
market structure. We then introduce reduced-form macro-level restrictions and dem-
onstrate how any trade model that satisfies the previous conditions must have, in
some well-defined sense, the same welfare predictions. Specific examples will be
discussed in detail in Section III.



100 THE AMERICAN ECONOMIC REVIEW FEBRUARY 2012

A. Preferences, Technology, and Market Structure

We consider a world economy comprising i = 1, ...,n countries; one factor of pro-
duction, labor; and multiple goods indexed by w € €2. We denote by N the measure of
goods in 2./ Labor is inelastically supplied and immobile across countries; L; and w;
denote the total endowment of labor and the wage in country i, respectively.

Preferences.—In each country i, there is a representative agent with Dixit-Stiglitz
preferences maximizing her utility subject to her budget constraint. The associated
price index is given by

) = ([ apea)

where p; (w) is the price of good w in country i and o > 1 is the elasticity of substi-
tution between goods. We adopt the convention that p;(w) = +o0 if good w is not
available in country i.

Technology.—For every good w € €2, there is a blueprint that can be acquired by
one or many firms depending on the market structure (to be described below). For any
exporting country i and any importing country j, the blueprint associated with good
w contains a set of destination-specific techniques 7 € T); that can be used to produce
the good in country i and sell it to country j. If a firm from country i uses techniques
t = {#;} to produce quantities q = {g,} of good w, its cost function is given by

n

Ci(w,q,t,w) = 21 [Cij(wi’tj’w)q}' + fiwuwiti,w) (g > 0)],
=

where w = {w;} is the vector of wages and II( -) is an indicator function. For each
destination country j, c,-j(w,-,tj,w) > 0 is the constant marginal cost, which only

requires labor in country i, and f; (wi,wj,tj,w) > 0 is a fixed exporting cost, which

may require labor in both the exporting and importing countries. In line with the
previous literature, we assume that constant marginal costs and fixed exporting costs

can be written as

cij(wintj,w) Wy ay(w) - £1/(1-0).

Il
<

i
filwpwit,w) = & - hy(wuw) - ¢y(w) - my(t),

where 7;; > 1and {; > 0 are exogenous parameters common to all blueprints, which
we will use to parametrize changes in variable and fixed trade costs, respectively;®

7 may include either a discrete or a continuum of goods. Thus, whenever the integral sign j w < appears, one
should think of a Lebesgue integral. If €2 is a finite or countable set, f weq 18 simply equivalent to “Zd < - This
minor technicality allows us to cover the Armington model presented in Section II. In practice, however, all other
existing quantitative trade models comprise a continuum of goods.

8Despite this terminology, it should be clear that changes in variable trade costs may also capture productivity

changes: if 7; decrease by the same amount for all countries j = 1,...,n, this is equivalent to an increase in labor
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h;;(w;,w;) > 01is a homogenous of degree one function that captures the importance
of domestic and foreign labor in fixed exporting costs; c;(w) > 0 and ¢;(w) > 0
reflect the exogenous heterogeneity across blueprints; and my; (1) > 0 reflects
endogenous destination-specific technological decisions. In the rest of this paper,
we assume that 7;; = [#,7], with > 0 and 7 > 0, and that m,; satisfies m;; > 0 and
m;; > 0, which will guarantee the existence of a unique profit-maximizing tech-
nique for all goods and all destinations. Since o > 1 and m;; is increasing, higher ¢
techniques imply higher fixed exporting costs, but lower marginal costs.’

Market Structure.—We consider two market structures: (i) perfect competition
and (ii) monopolistic competition (with either restricted or free entry). Under both
market structures, there is a large number of firms and all good and labor markets
clear. Under perfect competition, firms have free access to all blueprints; there are
no fixed exporting costs, ¢;; (w) = 0 for all i, j, w; and all firms maximize profits
taking wages and prices as given.

Under monopolistic competition with restricted entry, we assume that in each
country i an exogenous measure of firms, N; > 0, freely receive monopoly power
over a blueprint with Zi N; < N. Under monopolistic competition with free entry,
by contrast, firms from country i need to hire F; > 0 units of labor in order to acquire
monopoly power over a blueprint.'® The assignment of blueprints to firms is ran-
dom. The measure of goods N, that can be produced in country i is then endoge-
nously determined so that entry costs, w; F;, are equal to expected profits. Under both
restricted and free entry, we assume that once assigned a blueprint, firms maximize
profits taking wages, total expenditure, and consumer price indexes as given.

B. Macro-Level Restrictions
We restrict ourselves to trade models satisfying three macro-level restrictions:
(i) trade in goods is balanced; (ii) aggregate profits are a constant share of GDP; and
(iii) the “import demand system is CES.” We now describe each restriction in detail.
Trade In Goods Is Balanced—As in Section II, let X;; denote the total value of

country j’s imports from country i and let X = {X;;} denote the n x n matrix of bilat-
eral imports. Bilateral imports can be expressed as

(8) X; = Legijx[j(w) dw,

productivity in country i. Note also that in line with the existing literature, variable trade costs, whatever their ori-
gins may be, are modelled as cost- rather than demand-shifters.

“It is worth emphasizing that our assumptions on technology do not impose any restriction on the distribution
of unit labor requirements, a;(w), and fixed exporting costs, ¢, (w), across goods. In particular, we allow these
distributions to be degenerate. Thus, monopolistically competitive models with homogeneous firms, for example,
are strictly covered by our analysis.

19Under both restricted and free entry, each firm gets monopoly power over only one blueprint. Thus, formally,
there are no multiproduct firms as in Bernard, Redding, and Schott (2010) or Arkolakis and Muendler (2010).
Extending our analysis to the case of multi-product firms is trivial if there are no fixed trade costs at the firm level.
Otherwise, our formal results would remain valid, but one would need to reinterpret the choice of which products to
sell in a particular destination as another destination-specific endogenous technological decision.
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where £2; C Q is the set of goods that country j buys from country i and x; (w) is the
value of country j’s imports of good w from country i. Our first macro-level restric-
tion is that the value of imports must be equal to the value of exports:

R1: For any country j, Z?:l X = Z:’Zl X;;.

If fixed exporting costs are zero or are only paid in labor of the exporting country,
R1 directly derives from the budget constraint of country j’s representative agent.
In general, however, total income of the representative agent in country j may also
depend on the wages paid to foreign workers by country j ’s firms as well as the wages
paid by foreign firms to country j’s workers. Thus, total expenditure in country j,
Y= Z:l: , X;j» could be different from country j’s total revenues, R, = Z?Zl X;;. R1
rules out this possibility. As in Section II, we denote by \; = X;;/Y; the share of
country j’s total expenditure that is devoted to goods from country i.

Aggregate Profits Are a Constant Share of Revenues.—Let 11; denote country j’s
aggregate profits gross of entry costs (if any). Our second macro-level restriction
states that IT; must be a constant share of country j’s total revenues:

R2: For any country j, I1;/R, is constant.

Under perfect competition, R2 trivially holds since aggregate profits are equal to
zero. Under monopolistic competition with homogeneous firms, R2 also necessarily
holds because of Dixit-Stiglitz preferences; see Krugman (1980). In more general
environments, however, R2 is a nontrivial restriction. We come back to this issue in
Section III.

The Import Demand System Is CES.—Our last macro-level restriction is con-
cerned with the partial equilibrium effects of variable trade costs on aggregate trade
flows. As we later discuss in Section V, these are precisely the effects that can be
recovered from a simple gravity equation. To introduce this last restriction formally,
we define the import demand system as the mapping from (w,N, T) into X = {X;},
where w = {w,} is the vector of wages, N = {N;} is the vector of measures of goods
that can be produced in each country, and T = {r;} is the matrix of variable trade
costs. This mapping is determined by utility and profit maximization given prefer-
ences, technological constraints, and market structure.'!' It excludes, however, labor
market clearing conditions as well as free entry conditions (if any), which determine
the equilibrium values of w and N. Broadly speaking, one can think of an import
demand system as a set of labor demand curves whose properties will be used to
infer how changes in trade costs affect the relative demand for labor in different

"'In principle, these equilibrium conditions may lead to multiple values of X for a given value of (w,N,T) if
firms from different countries have the same costs of producing and delivering a positive measure of goods to the
same destination under perfect competition or if a positive measure of firms earn zero profits (gross of entry costs)
under monopolistic competition. Both knife-edge scenarios, however, will be ruled out under our third-macro-level
restriction. At this point, if there are multiple values of X, we arbitrarily select one, the choice of the tie-breaking
rule being of no consequence for the rest of our analysis.
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countries. Our third macro-level restriction imposes restrictions on the partial elas-
ticities, ¢}/ = 0In(X;/X;;)/0InT;;, of that system:

R3: The import demand system is such that for any importer j and any pair of export-
ersi#jandi' #j,ej = ¢ < 0ifi =1, and zero otherwise.

Each elasticity 5}’J captures the percentage change in the relative imports from
country i in country j associated with a change in the variable trade costs between
country i’ and j holding wages and the measure of goods that can be produced
in each country fixed. According to R3, like in a simple Armington model, any
given change in bilateral trade costs, 7;;, must have a symmetric impact on relative
demand, X;;/X;;, for all exporters i # j. In addition, any change in a third coun-
try’s trade costs, 7;/;, must have the same proportional impact on X;; and X;;. Thus,
changes in relative demand are separable across exporters: changes in the relative
demand for goods from country i, X;;/X;; only depends on changes in 7;;. When R3
is satisfied we say that the import demand system is CES and refer to ¢ as the trade
elasticity of that system.'?

A few comments are in order. First, the trade elasticity ¢ is an upper-level elastic-
ity: it summarizes how changes in variable trade costs affect aggregate trade flows,
whatever the particular margins of adjustment, x; (w) or £2,;, may be. Below we will
refer to the margin of adjustment for trade flows associated with x;; (w) as the “inten-
sive margin” and to the margin of adjustment associated with §2;; as the “extensive
margin.” Second, R3 is a global restriction in that it requires the trade elasticity to be
constant across all equilibria.'? Third, under perfect competition, R3 implies com-
plete specialization in the sense that for all i, i" # i, and j, the measure of goods in
Q; N €; must be equal to zero. Similarly, under monopolistic competition, R3
implies that the measure of firms that are indifferent about selling in a particu-
lar market must be,equal to zero. If these conditions were not true, at least one
partial elasticity 5}7 would be equal to +oo. Finally, it is worth pointing out that
although restrictions R1-R3 play a distinct role in our analysis, they are not neces-
sarily independent from one another. As we have shown formally in the working
paper version of this paper, Arkolakis, Costinot, and Rodriguez-Clare (2009), R3
implies R2 if fixed trade costs are only paid in labor of the exporting country.

In the rest of the paper we refer to models that satisfy the primitive assumptions
introduced in Section IIA as well as the macro-level restrictions R1-R3 as “quanti-
tative trade models.”

120ur choice of terminology derives from the fact that in the case of a CES demand system, changes in rela-
tive demand, C,/C,, for two goods k and [ are such that 9In(C,/C))/OInp, = 0 if k' # k,l and OIn(C,/C))/Dnpy
= 0In(Cy/C)/OInp, # 0 for all k, k' # 1. Nevertheless, it should be clear that the assumption of a CES import
demand system is conceptually distinct from the assumption of CES preferences. While the import demand
obviously depends on preferences, it also takes into account the supply side as this affects the allocation of
expenditures to domestic production. In fact, CES preferences are neither necessary nor sufficient to obtain a
CES import demand system.

3 This aspect of R3 is only necessary for our results to the extent that we are interested in the welfare evalua-
tion of arbitrary foreign shocks. A local version of R3 (i.e., assuming that R3 only holds at the initial equilibrium)
would be sufficient to obtain a local version of our main result (i.e., one in which we characterize welfare changes
in response to infinitesimally small shocks). We come back to this issue in Section IV.
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For some of our results, we will use a stronger version of restriction R3:

R3': The import demand system is such that for any exporter i and importer j,

X — Xij - N - (Wisz/)g - Y
Zi':] Xi’j - Ni/ ' (‘/Vi/Ti/j)E

>

where xj is a function of, and only of, structural parameters distinct from T.

While R3’ implies the same restriction on the partial elasticities 5}7 ‘as R3, it fur-
ther provides a structural relationship between bilateral imports, wages, and the
measure of goods that can be produced in each country which we will exploit to
predict changes in trade flows.

C. Welfare Evaluation

We are interested in evaluating the changes in real income, W; = Y,/ P;, associ-
ated with foreign shocks in country j. To do so, we first introduce the following
formal definition.

DEFINITION 1: A foreign shock in country j is a change from (L,F,T,£) to
(L, ¥, 7",&') such that L; = L|,F, = F,7; = 7;,&; = &jj, with L = {L}}, F = {F},
T = {1}, and § = {§;}.

Put simply, foreign shocks correspond to any changes in labor endowments, entry
costs, variable trade costs, and fixed trade costs that do not affect either country j’s
endowment or its ability to serve its own market.

Ex Post Welfare Evaluation.—We are now ready to state our first welfare
prediction.

PROPOSITION 1: Suppose that Restrictions R1-R3 hold. Then the change in real
income associated with any foreign shock in country j can be computed as

P

9) W, = A"

Proposition 1 offers a parsimonious way to evaluate welfare changes resulting
from foreign shocks. One does not need to know the origins of the foreign shock
or the way in which it affects trade flows from different countries; it is sufficient to
have informg\tion about the trade elasticity, €, and the changes in trade flows as sum-
marized by A ;.

It is worth emphasizing that Proposition 1 is an ex post result in the sense that the
percentage change in real income is expressed as a function of the change in the share
of domestic expenditure. Thus, it is only useful to the extent that A is observed.
For instance, looking at historical trade data, Proposition 1 can be used to infer the
welfare consequences of past episodes of trade liberalization. It cannot, however, be
used to forecast the welfare consequences of future episodes of trade liberalization,
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as different trade models satisfying Restrictions R1-R3 may, in principle, predict dif-
ferent changes in the share of domestic expenditure for a given foreign shock.

Ex Ante Welfare Evaluation.—We now turn to a very particular, but important,
type of shock: moving to autarky. Formally, we assume that variable trade costs
in the new equilibrium are such that 7; = 4-oc for any pair of countries i # j.
All other technological parameters and endowments are the same as in the initial
equilibrium. For this particular counterfactual exercise, any trade model must
predict the same change in the share of domestic expenditure: A\; = 1/ since
Aj; = 1 under autarky. Combining this observation with Proposition 1, we imme-
diately get:

COROLLARY 1: Suppose that Restrictions R1-R3 hold. Then the change in real
income associated with moving to autarky in country j can be computed as

(10) W = N\

Unlike Proposition 1, Corollary 1 is an ex ante result in the sense that it does
not require any information on trade flows in the new equilibrium. Conditional on
initial values of A; and ¢, the gains from trade predicted by all models satisfying
Restrictions R1-R3 must be the same. Within that class of models, new margins of
adjustment may affect the structural interpretation of the trade elasticity, and in turn,
the composition of the gains from trade. Nevertheless, new margins cannot change
the total size of the gains from trade. The absolute value of the percentage change in
real income associated with moving from the initial equilibrium to autarky remains
given by 1 — A~'/¢ as stated in the introduction.

Ex ante results can be derived for any change in variable trade costs if one strength-
ens our third macro-level restriction from R3 to R3".

PROPOSITION 2: Suppose that Restrictions R1-R3' hold. Then the percentage

change in real income associated with any change in variable trade costs in country
J can be computed using equation (9) combined with

(11) PV L —

(12) Wy = Y o

Since equations (11) and (12) only depend on trade data and the trade elasticity,
Proposition 2 implies that the welfare consequences of any change in variable trade
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costs, not just moving to autarky, must be the same in all trade models satisfying
Restrictions R1-R3"."

III. Examples

The main features of the trade models analyzed in Section I include four primitive
assumptions: (i) Dixit-Stiglitz preferences; (ii) one factor of production; (iii) linear
cost functions; and (iv) perfect or monopolistic competition; as well as three macro-
level restrictions, which trivially hold in a simple Armington model: (i) trade is bal-
anced; (ii) aggregate profits are a constant share of aggregate revenues; and (iii) the
import demand system is CES. In order to illustrate the logic of our general results
we now highlight two simple examples that satisfy our primitive assumptions, but
may or may not satisfy our macro-level restrictions: the Ricardian model and the
Melitz (2003) model."? We first demonstrate how, like in a simple Armington model,
one can go from aggregate trade flows to welfare predictions under our three macro-
level restrictions. We then discuss the exact role of our macro-level restrictions as
well as the conditions under which they hold in each environment.

A. The Ricardian Model

In this first example, we focus on perfect competition, abstract from endogenous
technological choices, r = = 1, and assume that good-specific unit labor require-
ments do not vary across destinations, a;;(w) = «a;(w). Under these assumptions, the
general model presented in Section II reduces to a Ricardian model. Throughout this
example, we denote by G(«, ..., @,) the share of goods w € €2 such that o; (w) < o;
for all 7, and by g(cv, ..., q,) the associated density function.

Aggregate Trade Flows.—Under perfect competition, the set of goods €2, that
country j buys from country i is given by

(13) Q; = {w € Qlco(w) < cyjoy(w) forall i’ # i},

where ¢; = w;7;. Combining this observation with Dixit-Stiglitz preferences, we
can write aggregate trade flows as

(14) X. = foﬁLOC (C”a')l_agi(ai’clj’“"an)da'

Y
Y Zz—ler ci'oy) g,-r(oz,-/,clj,... c) day !

“In the context of the Eaton and Kortum (2002) model, Dekle, Eaton, and Kortum (2008) have previously
shown that the change in trade flows triggered by an arbitrary shock to variable trade costs can be entirely charac-
terized in terms of the trade elasticity and the initial equilibrium trade flows. The proof of the Proposition builds on
the approach of Dekle, Eaton, and Kortum (2008) and demonstrates that that result generalizes to any quantitative
trade model satisfying R1-R3".

!>Whereas we do not focus on Krugman (1980) in this section, it should be clear that it satisfies our four primi-
tive assumptions as well as our three macro-level restrictions. In Krugman (1980), we simply have a degenerate
distribution of unit labor requirements and fixed trade costs; R1 trivially holds in the absence of fixed exporting
costs; and R2, R3, and R3' are direct implications of Dixit-Stiglitz preferences. Accordingly, Krugman (1980) leads
to the same welfare predictions as a simple Armington model.
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where g, (ay,cyj, ..., ¢c,;) is the density of goods with unit labor requirements ¢ in
Q;;.'9 Accordingly, for any importer j and any pair of exporters i # j and i’ # j, the
import demand system of a Ricardian model satisfies

811’1( l/ ) » 1 — o + "}/ij - ’}/jlj for i' =i
(15) al J = 8;1 = N N >
nTy; Yi — Vi for " # i

where 1 — o and 'yjj = Gln[ ol g (a0 0p) dey ]/alnc are the inten-

sive and extensive margin elastlcltles, respectively.

Welfare Predictions.—Let us now demonstrate how the logic behind our welfare
formula carries over from the Armington to the Ricardian model. First, note that
labor market clearing and the budget constraint of the representative agent imply
dInY; = dlnw; = 0, where the second equality derives from the choice of labor in
country j as our numeraire. Thus, just as in the Armington model, small changes
in real income are given by

i=1

The second equality reflects the fact that under perfect competition, the welfare effect
of changes at the extensive margin is necessarily second-order since consumers must
be initially indifferent between the “cutoff” goods produced by different countries. By
contrast, changes in trade flows now depend on changes in £2;, and hence, the exten-
sive margin elasticities, 7,] In a Ricardian model, by equation (14), we have

din); — dln); = (1 — o + ~5 — vh)dIne; + ) (v — ~)dIney;.
i'#ij
Combining the two previous expressions, we get

n

din); — dln;
(16) dinW,; = —; Ai

L =0+ —

S ( L )dlnc

oy 1 — o + 'ylj

To derive Pr0p051t10n 1, we then simply note that equation (15) and R3 imply
'y,j = 'yjj for all i #i,jand 1 — o + v — ~v}; = ¢ for all i # j. Together with

16 , N y = )
Formally, g;(a;.cy,....c,) = fr¥|>f‘if'ij/clj v f(n 1> aicii/cim1j f“i+]>“i"ij/"i+lj "'f“n>ﬂifi//fnj gla)da;, where
a = (..., ) and ou_; denotes the previous vector with the i-th component removed.
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YN =1, equation (16) therefore implies dlnW; = dIn ) ;/e, which can be

i=1
integrated to get W = )\1 -

What Is the Role of our Macro-Level Restrictions?—R1 and R2 are trivially satis-
fied under perfect competition and do not play any active role in this environment.
R3 is the crucial restriction that guarantees that, as in a simple Armington model:
(i) changes in each component of the consumer price index, dInc;;, can be inferred
one by one from changes in relative imports, dIn\; — dln\; (because 7,J Vi
for all i’ # i,j); (ii) changes in relative imports can be aggregated into changes in
the domestic share of expenditure, —dIn \; (because 1 — o + v}, — v}; = ¢ forall
i # j); and (iii) small changes in the share of domestic expenditures can be inte-
grated into large ones (because the trade elasticity ¢ is constant across equilibria).

The previous conditions are obviously strong. For instance, for condition (i) to
hold, it must be the case that third- country changes have symmetric effects on
country i and j, i.e., fyl] = 7” for all i’ # i, j. Thus, R3 rules out, for example,
a situation in which a decrease in bilateral trade costs between Costa Rica and
the United States has a differential impact on Mexican and Canadian exports to
the United States. In the Armington model presented in Section I, the previous con-
ditions were a direct implication of strong restrictions on the demand side, namely
Dixit-Stiglitz preferences. For the same conditions to hold more generally in a
Ricardian model, we will need equally strong restrictions on the supply side, as we
now discuss.

When Are our Macro-Level Restrictions Satisfied?—As equation (15) shows, the
import demand system may not, in general, satisfy R3 because of the extensive mar-
gin elasticities, 7j;. The well-known Eaton and Kortum (2002) provides an example
of a Ricardian model satisfying R3. This model obtains as a particular case of our
general model by assuming that 1/«;(w) are independently drawn from Fréchet
distributions, i.e.,

(17) glay....a,) = HGTiaf’le’Ti“'g, forall oy, ...,ct, > 0.

i=1
Using the definition of 7,1 and differentiating equation (14) we get vj = —(0 —
o —l— )Z Ay for i # jand vj; = (0 — o + 1)\, for i’ # i,j. This implies that

7,] = 7]] = Oforz/;é i,j, wherease = 1 — o + fy,] — 7” —@ fori # j and thus
R3 is satisfied. Moreover, combining equations (17) and (14), we obtain

Ti(wi7-i')79
(18) Xy = == —— Y
Zi':l Til(wi/Ti,j)

Thus, R3'is satisfied as well. Accordingly, the welfare consequences of any change
in variable trade costs, not just moving to autarky, must be the same in Eaton and
Kortum (2002) as in a simple Armington model.

The comparison of these two models illustrates the main point of our paper in a
very clear manner. Since Eaton and Kortum (2002) entails production gains from
trade, whereas an Armington model does not, one may think that the gains from trade
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predicted by Eaton and Kortum (2002) must be larger. Our analysis demonstrates that
this is not the case. As we switch from an Armington model to Eaton and Kortum
(2002), the structural interpretation of the trade elasticity changes from a preference
parameter, 1 — o, to a technological parameter, —6, reflecting the fact there is now
one more margin, namely €2, for bilateral imports to adjust.'’ Yet, conditional on
A ;i and €, more margins of adjustment only affect the composition of the gains from
trade, not their total size.

A natural question at this point is whether there are many other Ricardian models,
beyond Eaton and Kortum (2002), that satisfy R3? The short answer is: “Probably
not.” The same way that Dixit-Stiglitz preferences are crucial in guaranteeing the
existence of a unique trade elasticity in what boils down to a simple endowment
economy in Section II, it is hard to imagine R3 holding in a Ricardian economy
in the absence of very specific functional forms on the distribution of unit labor
requirements.'® That being said, it should be clear that, like in Section II, functional
forms are only crucial for our results to the extent that we are interested in arbitrary
shocks. If only small shocks are considered, a simple example in which the import
demand system is locally CES—and hence a local version of Proposition 1 holds—
is the case of a symmetric free trade equilibrium. In this case, all extensive margin
elasticities are equal, and so by equation (15), for any importer j and any pair of
exporters i # jand i’ # j, e =e < 0if i = i', and zero otherwise.

B. The Melitz (2003) Model

We now turn to the case of monopolistic competition with free entry and firm het-
erogeneity a la Melitz (2003). This second example again abstracts from endogenous
technological choices, ¢ = 7 = 1 (with m;(1) = 1), assumes that good-specific unit
labor requirements do not vary across destinations, a;;(w) = a;(w), and ignores
heterogeneity in fixed costs, ¢;j(w) = 1 for all i, j, w. Like in the Ricardian model,
we denote by G(«, ..., ,) the share of goods w € € such that a,(w) < « for all i,
and by g(«y, ..., ,) the associated density function. Finally, we assume that export-
ing and importing country wages matter for fixed exporting costs through a Cobb-
Douglas function, h;(w,,w;) = wiw; ™", € [0,1]."

Aggregate Trade Flows.—Under monopolistic competition with Dixit-Stiglitz
preferences, firms charge a constant markup, o/(c — 1), over marginal costs. The
associated profits (net of fixed exporting costs) of a producer of good w in country i
selling in country j are thus given by m,(w) = [oc, o, (w)/(0 — D)P]' " (¥/o) —
&l-w?wi}’“, where we again use the notation ¢; = w;7;. Denoting by «; the cutoff

'7While this is not the focus of our analysis, it is worth mentioning that the trade elasticity in Eaton and Kortum
(2002), e = —0, is independent of the intensive margin elasticity, 1 — o. This particular feature of the Eaton and
Kortum (2002) model can be explained as follows. On the one hand, changes in relative imports at the intensive
margin are given by (I — o)dIncy, just like in the Armington model. On the other hand, changes at the extensive
margin are given by (¢ — 1 — 6)dInc;. By adding the effects of these two margins, we obtain dln\; — dIn\;
= —0dlnc;. A similar feature has already been discussed in the context of the Melitz (2003) model by Chaney
(2008), Arkolakis et al. (2008), and Feenstra (2009).

"$Wilson (1980) provides an early discussion of the relationship between Ricardian and endowment models.

9Strictly speaking, the present example is more general than Melitz (2003) in that it allows for asymmetry
across countries, as in Chaney (2008), and for marketing costs to be paid in multiple countries, as in Arkolakis
(2010). The original Melitz (2003) model corresponds to the particular case in which p = 1.
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determining the entry of firms from country i in country j—i.e., m;(w) > 0 if and
only if o; (w) < a;—the set of goods 2;; that country j buys from country i can be
written as

P\ [ &whiw!H 1/(1-0)
(19) Q; = {w € Qq(w) < aj = 0”0 - 1)(%)(%) :

v J
Combining this observation with Dixit-Stiglitz preferences, we get

N, i g do;
(20) X; = Ji"e ) Y,
X Ni f”” cijop]' ™ g (ay) day

where the density g;(c;) of goods-with unit labor requirements c; in €2;; is simply
given by the marginal density of g.”" Noting that dlna; /0InT; = dlnaj; / Jlnt;

and Olnoyj; /0InT,; = Olnag; /0Ty, if i' # i, the import demand system now satls—
fies for any importer j and any pair of exporters i # j and i’ # j, where

Olna; L
L =0 =i+ (i — v\ gpp ) fori =i
S OO i
1) dlny; 5= . :

Olna; . _
(vi — i) Dinry, for i’ # i

where v; = dIn f . o'"7g;(a) do/dIn o is the counterpart of the extensive margin
elasticities under perfect competition.

Welfare Predictions.—As in the case of perfect competition, we now demonstrate
how the logic of Section II carries over from the Armington model to this richer
environment provided that R1-R3 hold. Under free entry, labor market clearing
and the representative agent’s budget constraint still imply dInY; = dlnw; = 0,
where the second equality again derives from the choice of labor in country j as
our numeraire. A key difference between this example and the previous one is that
changes in the consumer price index no longer satisfy dInP; = Z AjdlInc,
reflecting the fact that, under monopolistic competition, consumers are not nec-
essarily indifferent between the “cutoff” goods produced by different countries.
Formally, small changes in real income are now given by

Y dInN; + ~;dIn
danj = —dlnPj = —Z/\i,(dlnc,»j Yij Qi )
i=1

1 — o

2%Formally, we now have g;(a,) = f(v120 f“,FIEO at4120 ...fﬂnzo gla)d o,
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Using the definition of the cutoff o}, this equation can be rearranged as

ij»
n )\i'

dinW, = = (—]> . [(1 — o — vi)dlng;
i=1

1—0—"}/_,'

+ %(dlngy + pdlnw,) + dInN,|,

where 7; = Ei A7+ Similarly, changes in trade flows are now given by

din); — dln); = (1 — 0 — ~v;)dInc; +

1 (dln&l] + pdlnw)

+ (v — vy)dlnay; + dInN; — dInN,,

where we have used the fact that dlnaj; = dlnaj; — dlnc; + (dng; +
udlnw,)/(1 — o). Combining the two previous expressions reveals that

n )\i‘
dinW, = —) (—’7) - [dinA,; — din);
J

P 1 — 0o —

— (v — ) dnag; + dlan].

Since R3 implies 7; = ; and 1 — 0 — «; = € for all i,j, we obtain dInW,

= (dIn); — dInN,) /e, in the exact same way as in the previous example. To con-
clude, we simply note that free entry implies II; = N, F;. Since II; is proportional to
Y, by R1 and R2, we therefore have dInN; = d InY, = 0 Comblmng the two previ-
ous observations and integrating, we again get W = >\

What Is the Role of our Macro-Level Restrictions>—Compared to the Ricardian
model, R1 and R2 now play a substantial role. Together, they imply that aggregate
profits are a constant share of total expenditure, which guarantees that the measure
N; of goods that can be produced in country j is not affected by foreign shocks.?!
By contrast, R3 plays the exact same role as in the Ricardian model, namely that
small changes in each component of the consumer price index can be inferred one
by one from changes in relative imports, then aggregated into small changes in
the share of domestic expenditure, and finally integrated into large changes to get
Proposition 1.

Before discussing when R1-R3 hold, we wish to stress that the fact that &, is not
affected by foreign shocks—which is crucial for our welfare results—by no means

21'Under restricted entry, R1 and R2 would play an analogous role by guaranteeing that aggregate profits are not
affected by foreign shocks; see proof of Proposition 2 in Appendix A2.
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implies that the measure of goods consumed in country j is fixed. In particular, changes
in both the foreign cutoffs, avj;, and the measure of goods that can be produced abroad,
N,, will affect the number and price of foreign goods consumed in country j. Hence
our example allows for “gains from new varieties” in the sense in which these gains
are commonly measured; see, e.g., Feenstra (1994) and Broda and Weinstein (2006).
Similarly, the fact that NV; is constant by no means implies that foreign shocks have no
effect on intraindustry reallocations in country j. For instance, if a given episode of
trade liberalization increases the domestic cutoff, «;;, the number of active firms in
country j will decrease, with labor being reallocated from the least to the most efficient

firms, as documented in many micro-level studies; see, e.g., Trefler (2004).

When Are our Macro-Level Restrictions Satisfied?—Under monopolistic com-
petition, R1 and R2 are no longer trivial restrictions, as mentioned in Section IIB.
Similarly, like in a Ricardian model, R3 is unlikely to hold under monopolistic com-
petition without strong functional form restrictions.

By far the most common restriction on technology imposed in the literature on
monopolistic competition with firm heterogeneity emanating from Melitz (2003) is
that firm-productivity levels are randomly drawn from a Pareto distribution.*? Using
our notations, the Pareto case corresponds to a situation in which the marginal densi-
ties of g are such that

(22) gila) = ——, forall0 < o; < @;.

If equation (22) holds, our three macro-level restrictions are satisfied. Using labor
market clearing, it is a simple matter of algebra to check that R1 and R2 are satis-
fied. Using equation (22) and the definition of -, it is also easy to check that ~;
= ;=1 — o + 0 and hence R3 is satisfied with ¢ = —6. Moreover, combining

equation (20), equation (22), and the definition of «;, we obtain

ij>

— 0 e
(23) X, = O‘iieNiW;ew["*l l}ﬁly{a—l 1]7',;9
> o 0 0
?’:1 O‘i’ieNi’W;’ei”[i’1]§;J[ﬁ71]7i7f

22 Although not part of the original theoretical framework developed by Melitz (2003), this distributional
assumption is invoked, for example, in Antras and Helpman (2004); Helpman, Melitz, and Yeaple (2004);
Ghironi and Melitz (2005); Bernard, Redding, and Schott (2007); Arkolakis (2010); Chaney (2008); Feenstra
and Kee (2008); Hanson and Xiang (2008); Melitz and Ottaviano (2008); Feenstra (2009); Helpman and Itskhoki
(2010); Di Giovanni and Levchenko (2009); Arkolakis and Muendler (2010); Helpman, Itskhoki, and Redding
(2010); Hsieh and Ossa (2010); and, as previously mentioned, in Eaton, Kortum, and Kramarz (2011). While
analytical convenience has clearly contributed to the popularity of Pareto distributions among trade economists,
there exist both empirical and theoretical reasons that favor this distributional assumption. As documented by
Axtell (2001) and Eaton, Kortum, and Kramarz (2011), among others, Pareto distributions provide a reasonable
approximation for the right tail of the observed distribution of firm sizes. From a theoretical standpoint, these
distributions are also consistent with simple stochastic processes for firm-level growth, entry, and exit; see, e.g.,
Simon (1955), Gabaix (1999), and Luttmer (2007).
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Interestingly, equation (23) shows that whereas R3 always holds in the Pareto case,
our stronger macro-level restriction R3’is only satisfied if © = 0, i.e., if fixed export-
ing costs are paid in the importing country.*

Like in Section IIIA, the introduction of new margins of adjustment changes
the structural interpretation of the trade elasticity, €, from a preference param-
eter, | — o, to a technological parameter, —6. Yet, because our three macro-level
restrictions R1-R3 are satisfied, the total gains from trade can still be computed
using only two statistics, A; and €, as stated in Corollary 1. By contrast, because
R3’ no longer holds under monopolistic competition if 1 > 0, one would need
additional information, namely on px and o, to predict ex ante the welfare con-
sequences of an arbitrary change in variable trade costs. In such circumstances,
the empirical approach developed by Helpman, Melitz, and Rubinstein (2008)
could prove particularly useful since it allows researchers to estimate separately
the trade elasticity, €, and the intensive margin elasticity, | — 0. We come back to
estimation issues in Section V.

We wish to be clear that R3 again requires strong functional form restrictions for
intensive and extensive margin elasticities “to behave in the same way.” Depending
on the market structure, perfect or monopolistic competition, we see that these
functional form restrictions are different, Fréchet or Pareto, reflecting the different
nature of selection into exports in these environment; see equations (13) and (19).>
In our view, the main advantage of R3 over particular functional form restrictions,
such as equations (17) and (22), is to provide a unifying perspective on the eco-
nomic mechanisms responsible for the equivalence across quantitative trade models,
independent of their market structure.

IV. Extensions

In this section we briefly discuss how our results would be affected by departures
from the primitive assumptions imposed in Section I[A. Motivated by the existing
trade literature, we consider extensions of quantitative trade models with multiple
sectors, as in Chor (2010); Donaldson (2008); Costinot, Donaldson, and Komunjer
(forthcoming); and Caliendo and Parro (2010); and tradable intermediate goods, as
in Eaton and Kortum (2002); Alvarez and Lucas (2007); Waugh (2010); Atkeson and
Burstein (2010); and Di Giovanni and Levchenko (2009). We conclude by mention-
ing other extensions such as multiple factors of production and variable mark-ups.
A detailed analysis of the extensions to multiple sectors and tradable intermediate
goods can be found in the online Appendix. Here we limit ourselves to a summary
of our main findings.

23This is the situation considered, for instance, in Eaton, Kortum, and Kramarz (2011). Compared to the Melitz
(2003) model presented in this section, Eaton, Kortum, and Kramarz (2011) also includes heterogeneity in fixed
costs and endogenous technology adoption, as formalized in Section II. Using our notations, however, bilateral
trade flows in Eaton, Kortum, and Kramarz (2011) also satisfy equation (20) with p = 0, and therefore, R3"; see
equation (20) in Eaton, Kortum, and Kramarz (2011).

24 As under perfect competition, it should be clear that strong functional forms are only crucial to the extent that
we are interested in arbitrary shocks. For instance, if only small foreign shocks are considered and the initial trade
equilibrium is fully symmetric, then the import demand system always is locally CES. If, in addition, fixed export-
ing costs are paid in domestic labor (p = 0), this immediately implies that a local version of Proposition 1 holds as
well (since R1 and R2 necessarily hold in this case).
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A. Multiple Sectors

It is standard to interpret models with Dixit-Stiglitz preferences, such as the one
presented in Section IIA, as “one-sector” models with a continuum of “varieties”;
see, e.g., Helpman and Krugman (1985). Under this interpretation, our model can
be extended to multiple sectors, s = 1,...,S, by assuming that the representative
agent has a two-tier utility function, with the upper tier being Cobb-Douglas, with
consumption shares 0 < n* < 1, and the lower tier being Dixit-Stiglitz with elas-
ticity of substitution ¢’ > 1. In this case, the consumer price index in country j
becomes P, = TT°_, (P3)", where P! is the Dixit-Stiglitz price index associated with
varieties from sector s, as descrlbed in equation (7).

Assuming that technology and market structure remain as described in Section ITA
and that our three macro-level restrictions now hold sector by sector,” the change in
real income associated with an arbitrary foreign shock generalizes to

= NS .
W. = H ( A jj)n_, o , under perfect competition,

S /-5
W. = H ( A/ L ?)nf o ,  under monopolistic competition with free entry,

where A} > 0 represents the share of expenditure devoted to domestic goods
in sector s; and €' < 0 and L° > 0 are the trade elasticity and total employ-
ment in that sector, respectively. The new formula under perfect competition is a
straightforward generalization of Proposition 1, and requires no explanation. To
understand the appearance of L in our welfare formula under monopolistic com-
petition with free entry, it is useful to go back to the example of Section IIIB.
In that case, R3 implied that the welfare effect of a foreign shock was given by
/V[\/j = ( jj/ N )]/ °. But since the supply of labor was inelastic, Restrictions R1 and
R2leadto N; = L =1, and so, W = )\ °. By contrast, in a multisector environ-
ment, the supply of labor in each sector 1s no longer inelastic: foreign shocks may
lead to changes in sector-level employment with consequences for the measure of
goods that can be produced, i.e., ’1\7; = ’L\; # 1. This is the key idea behind our gen-
eralized formula.*¢

Compared to the results presented in Section II, we see that the welfare conse-
quences of foreign shocks, in general, and the gains from trade, in particular, may no
longer be the same under perfect and monopolistic competition with free entry. As
our previous discussion emphasized, the equivalence between these two classes of
quantitative trade models relied on the fact that there was no change in the measure
of goods N; that can be produced in country j, which may no longer be true in all

25For R2 and R3, we simply mean that our macro-level restrictions now apply to IT¢, R j»and {X . In the case
of R1, we do not mean that trade is balanced sector-by-sector, which would not necessarily be true in models con-
sidered in the literature. Rather, we mean that w;L; + II; — w;N;F} = R} = Z:’: X forall s = 1,...,S, which
opens up the possibility of sectoral trade imbalances. This restriction is the sector-by-sector version of R1 when
we write this restriction for the one-sector environment as w;L; + II; — w;N;F;= R;, which is of course equivalent
to trade balance given the representative agent’s budget constraint in country j.

26Under monopolistic competition with restricted entry, if aggregate profits are a common share of revenues across
sectors, the same logic implies that our welfare formula would be exactly the same as under perfect competition.
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sectors.”’ That being said, it is important to note that there is no particular reason
for gains from trade to be higher (or lower) under monopolistic than under perfect
competition. Although gains from trade are larger in sectors in which the set of
goods that ¢ can be produced expands, N > 0, they are lower in those in which it
contracts, N < 0, the overall effect dependmg on whether H ( )”f/ is higher
or lower than one.

B. Tradable Intermediate Goods

In Section III all goods were for final consumption. In this extension we allow
goods w € €2 to be used in the production of other goods. Formally, we assume that
all goods can be aggregated into a unique intermediate good using the same Dixit-
Stigliz aggregator as for final consumption. Thus, P; now represents both the con-
sumer price index in country i and the price of intermediate goods in this country.
Accordingly, the cost function for each good w is given by

n

CWP.atw) = Y [y (Wi Ptp)g; + f(wi Powy, Pt) (g, > 0)]

j=1

where P = {P} is the vector of intermediate good prices. In line with the previous
literature, we further assume that constant marginal costs and fixed exporting costs
can be written as

ci(wuPuthw) = T; - wh . PP a;(w) - tjl/l_”,

s Lty ij
fiwaPow, Potw) = & - hy(w/PIowliPIP) - gu(w) - my(n),

with € [0,1] governing the share of intermediate goods in variable and fixed
production costs. Similarly, we assume that fixed entry costs (if any) are given by
wi P} "F, with k € [0, 1] governing the share of intermediate goods in entry costs.
In this environment the change in real income associated with an arbitrary foreign
shock in country j generalizes to

’Wj Y }/ &b , under perfect competition,
— ~1/|ef-(1-B) ==+ 1) +(1-+ -y - .
W, = A jj/[ . /)("*1 ) ( hﬁ, under monopolistic competition with free entry,

where ¢ now refers to the trade elasticity of the import demand system defined as
a mapping from (w,P,N, T) into X.* Under perfect competition, the fact that trad-
able intermediate goods are used to produce tradable intermediate goods creates
an input-output loop that amplifies the gains from trade. The higher the share of

2"In a related paper, Balistreri, Hillberry, and Rutherford (2009) have developed variations of the Armington
and Melitz (2003) models with a nontradeable sector to illustrate the same idea: if changes in trade costs lead to
changes in the measure of goods that can be produced, then models with perfect and monopolistic competition no
longer have the same welfare implications.

28This generalization of the definition of the import demand system reflects the fact that there are now two inputs
in production, labor and the aggregate intermediate goods, with prices given by w and P, respectively.
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intermediate goods in production (i.e., the lower is 3), the higher this amplification
effect. Under monopolistic competition with free entry, there are two additional
amplification mechanisms associated with the decrease in fixed exporting and entry
costs, both of which increase the number of consumed varieties in country j.” The
second of these amplification mechanisms is reminiscent of the effect of trade on
growth in the lab equipment model; see Rivera-Batiz and Romer (1991).

Just as in the case of multiple sectors, we see that our welfare formula is no lon-
ger the same under perfect and monopolistic competition. There is, however, an
important difference between our two extensions. In the case of multiple sectors, the
effect of trade on entry under monopolistic competition could either lead to higher
or lower gains from trade. This is no longer the case here: the gains from trade are
unambiguously larger under monopolistic than perfect competition.

C. Other Extensions

We end this section by mentioning two additional extensions: multiple factors
of production and variable mark-ups. A simple way to introduce multiple factors
of production into our general framework is to assume that: (i) there are multiple
sectors, as in Section IVA; (ii) all goods from the same sector have the same factor
intensity; but (iii) factor intensity differs across sectors; see, e.g., Bernard, Redding,
and Schott (2007); and Burstein and Vogel (2010). Under perfect competition, the
reasoning presented in the previous sections remains valid up to a point: the formula
in Proposition 1 now needs to be augmented to reflect changes in relative factor
prices domestically. This is because sector-level trade flows cannot tell us what is
fundamentally an economy-wide impact of trade on factor prices. Under monopo-
listic competition, this issue is complicated by the implications of trade for the mea-
sure of goods that can be produced in different sectors, as discussed earlier.’

Throughout this paper, we have focused on trade models with constant mark-ups,
either because of perfect competition or monopolistic competition with Dixit-Stiglitz
preferences. Allowing for quasi-linear preferences or translog expenditure functions,
as in Melitz and Ottaviano (2008), and Feenstra and Weinstein (2009), or Bertrand
competition, as in Bernard et al. (2003), would introduce variations in mark-ups, and
hence, a new source of gains from trade. While the introduction of these procom-
petitive effects, which falls outside the scope of the present paper, would undoubt-
edly affect the composition of the gains from trade, our formal analysis is a careful
reminder that it may not affect their total size. In fact, it is easy to check that in Bernard
etal. (2003), our simple welfare formula remains unchanged in spite of variable mark-
ups at the firm level. The same is true under monopolistic competition with translog
expenditure functions if firm productivity levels are drawn from a Pareto distribution,
as shown in Arkolakis, Costinot, and Rodriguez-Clare (2010).

2Under monopolistic competition with free entry, equation (23) shows that a decline in the fixed cost of
serving the domestic market ({;) increases the domestic trade share ();) with an elasticity —(ﬁ + l) while
a decline in the entry cost (F)) increases \; with a unitary elasticity. The term —(1 — B)(==1 + 1) + (1 — &)
inside the bracket in the welfare formula above follows from the fact that a decline in P, decreases the fixed trade
cost and the entry cost with elasticities | — fand 1 — k, respectively.

30These complications notwithstanding, explicit welfare formulas can still be obtained in the case of Cobb-
Douglas production functions, as demonstrated formally in Arkolakis, Costinot, and Rodriguez-Clare (2009).
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V. Estimating the Trade Elasticity

In the previous sections, we have demonstrated how the welfare implications of
quantitative trade models, as defined in Section II, crucially depend on two suffi-
cient statistics: (i) the share of expenditure on domestic goods, A ;; and (ii) the trade
elasticity, €. While the first of these two statistics can be readily computed from
official statistics, the second cannot. The trade elasticity needs to be estimated and
this estimation may, in principle, depend on the details of the model. Put simply,
whereas all quantitative trade models imply that the gains from trade are equal to
1 — \~Y¢, our analysis so far leaves open the possibility that the estimate of ¢ itself
is model-specific.

In this section we will argue that, in spite of the different possible structural inter-
pretations of the trade elasticity in the class of models considered in this paper, this
is, to a large extent, not the case. Independent of their micro-level predictions, the
“gravity equation” offers a common way to estimate the trade elasticity across dif-
ferent quantitative trade models, and therefore, together with Corollary 1, a common
estimator of the gains from trade.

There is more than one formal definition of the “gravity equation” in the trade
literature. Here we adopt a fairly broad definition, consistent with Anderson (2010),
and say that a trade model satisfies a gravity equation if it predicts that in any cross-
section, bilateral imports can be decomposed into
(24) InX; = A, + B; + vInt; + v,
where A, is an exporter-specific term; B; is an importer-specific term,; - is the partial
elasticity of bilateral imports with respect to variable trade costs; and v; captures
country-pair—specific parameters that are distinct from variable trade costs (if any).
Under standard orthogonality conditions, equation (24) offers a simple way to esti-
mate ~ using observed measures of bilateral imports and variable trade costs; see,
e.g., Anderson and Van Wincoop (2004).

Given the previous definition, it is immediate that a quantitative trade model sat-
isfying R3’ also satisfies gravity with the partial elasticity of bilateral imports ~y
being equal to the trade elasticity €.’ Thus, within this class of models, provided
that the same orthogonality condition is invoked, gravity offers a common esti-
mator of the trade elasticity, and, in turn, of the overall gains from trade. What if
a quantitative trade model does not satisfy R3’? In this situation, bilateral trade
flows may not, in principle, satisfy gravity as defined in equation (24). For exist-
ing quantitative trade models, however, bilateral imports can be decomposed into
X = (X N;-wi - 75 Ig)/(zl.:1 Xi'j+ Ny - wir - 75;). Although R3' is not
satisfied 1f e’ # ¢, it is still the case that € can be recovered from a simple gravity
equation.’ Thus, within that extended class of models, there remains a common esti-
mator of the gains from trade.

31Formally 1f a trade model satisfies R3' then it satisfies equation (24) with a; = InN; + elnw;; 3 = InY; —

[Z, Ny )]sy = e and v = Iny;.

32 An example 01‘ a quantitative trade model w1th e’ # ¢ is the Melitz (2003) model presented in Section IIIB if
the share of domestic labor in fixed exporting costs p is different from zero.
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As hinted above, a key issue for a common estimator of the gains from trade to
exist is that the same orthogonality condition can be invoked across different mod-
els. In our view, this issue is primarily an econometric one, which we have little to
contribute to. To be more specific, suppose that variable trade costs are being mea-
sured using tariff data; see, e.g., Baier and Bergstrand (2001).?* In order to obtain
unbiased estimates of € using a gravity equation, one needs tariffs to be uncorrelated
with the error term associated with equation (24). Although it is true that this error
term may have a different structural interpretation in different models—and in par-
ticular, that it may reflect fixed trade costs under monopolistic competition—the
central question remains an econometric one, namely: is the observed component of
trade costs uncorrelated with its unobserved component? If so, there will be omitted
variable bias, whatever the economic nature of the unobserved component may be.

Although the gravity equation offers a common estimator of the trade elastic-
ity, we wish to emphasize that it does not offer, in general, the unique estimator of
that elasticity. For example, in the Melitz (2003) model presented in Section IIIB,
the trade elasticity is equal to the (negative of the) shape parameter of the Pareto
distribution of firm-level productivity. Since this Pareto parameter also affects the
distribution of firm sales, one can then use micro-level data to estimate ¢; see, e.g.,
Di Giovanni and Levchenko (2009). Given the distance between the assumptions
needed to estimate parameters from micro data and the key features of aggregate
models, however, such an approach is not without its problems; see Hansen and
Heckman (1996) for an overview. For the central question in this paper, “How large
are the gains from trade?,” our view is that estimating the trade elasticity using a
gravity equation is a particularly attractive procedure since, by its very nature, it
captures by how much aggregate trade flows, and therefore consumption, reacts to
changes in trade costs.

VI. Concluding Remarks

What conclusions should one draw from our theoretical analysis? In our view, two
broad messages emerge from our equivalence results.

The first message is a cautionary one. Although it may be tempting to think that
new and richer quantitative trade models necessarily entail larger gains from trade, our
analysis demonstrates that this is not the case. Within the class of trade models con-
sidered in this paper, the number of sources of gains from trade varies, but conditional
on observed trade data, the total size of the gains from trade does not. Of course, our
equivalence results do not aim to suggest that micro-level data cannot be useful for
thinking about the welfare implications of international trade. Rather, our point is that
for micro-level data to affect estimates of the gains from trade, these data will have
to be used in combination with trade models that fall outside the scope of the present
paper; hence our “So far, not much” in the introduction.

3To the extent that they act as cost-shifters, tariffs can be used, like any other variable trade costs, to obtain
estimates of the trade elasticity using a gravity equation. By contrast, our main welfare formula would need to be
modified to cover the case of tariffs. In particular, the results derived in Section II ignore changes in tariff revenues,
which may affect real income both directly and indirectly (through the entry and exit of firms).



VOL. 102 NO. 1 ARKOLAKIS ET AL.: NEW TRADE MODELS, SAME OLD GAINS? 119

The second message is more positive. The flip side of our strong equivalence
results is that within a particular but important class of trade models, there exist two
sufficient statistics for welfare analysis: (i) the share of expenditure on domestic
goods; and (ii) the trade elasticity. Although quantitative trade models are now able
to explain a wider set of micro-level facts, they can still be used for counterfactual
analysis using a very limited amount of macro data, thereby preserving one of the
most attractive features of the simple Armington model.

APPENDIX: PROOF OF PROPOSITION 1

Throughout this Appendix, for any importing country j, we denote by
Gi(ay,...,q,, ¢y,...,¢,) the share of goods w € € such that o;(w) < o; and
¢;;(w) < ¢;forall i, and by gj(c, ..., ¢y, ..., $,) the associated density function.
For expositional purposes, we provide separate proofs of Proposition 1 for perfect
and monopolistic competition.

A. Perfect Competition
Under perfect competition, it is convenient to use the following additional

notations:

(A1) ¢y = wt 1),

(A2)  gy(aicyp-..ncy)

- f a;cjj f Q;cjj f a;cj f a;cjj gJ(O(wO) dOL—i’
n,1>671j 1> Q1> >

T ciel Citlj Ty

where o = (o, ...,,), 0= (0,...,0), and o_; denotes the vector o with the i-th
component removed.

In order to establish Proposition 1, we will make use of the following lemma
which characterizes the consumer price index, P;, and the share of expenditure, A
on goods from country 7 in country j under perfect competition.

ij>

LEMMA 1: Suppose that R3 holds. Then under perfect competition, P, and \ ; satisfy

. o 1/(1-0)
(A3) P] = [Z‘]; (Cijai)l_GNgij(ai’clj’---’cnj)dai )
i=1

+o0

(Ad) v o (cijai)“”gij(a,»,clj,...,c,,j) do;
l n . N
! Z,-'zl f;oo (Ci’jai’)l gili (i cyjy s Cy) dovy
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PROOF:
As pointed out in Section IIB, there must be complete specialization under R3.
Thus, we can express the price index and shares of expenditure, respectively, as

(AS) P = (W) dw

wGQ,j

Jocq, pi(w) 7 dw
(A6) N = e B
Zi':l fueﬂi;pj (W) 7dw

} 1/(1-0)

n
i=1

where equation (A6) directly follows from equation (AS) and Shephard’s Lemma.
Under perfect competition, there are no fixed costs and all firms from country i have
free access to all blueprints. Thus profit maximization implies

(A7) pi(w) = cjoy(w), forallw € Q,
with
(A8) Q; = {w e Qlcoy(w) < cyoy(w) foralli’ # i},

where ¢;; is given by equation (A1). Note that since the measure of goods for which
c;ja;(w) = ¢y (w) for i' # i must be zero under complete specialization, the
strict inequality in equation (A8) is without any loss of generality. Together with
the definition of g;(a;,cy;, ...,c,;) in equation (A2), equations (A5)—(A8) immedi-
ately imply equations (A3) and (A4).

We are now ready to establish Proposition 1 under perfect competition.

PROOF OF PROPOSITION 1 (Perfect competition):
We proceed in five steps. Throughout this proof we use labor in country j as our

numeraire, w; = 1.

Step 1: Small changes in real income satisfy
(A9) dinW; = —dInP,.

By definition, we know that dInW; = dInY;, — dInP,. By labor market clear-
ing and the representative agent’s budget constraint, we also know that dInY;
= dlnw;. Equation (A9) directly follows from these two observations and the fact
that dlnw; = 0, by our choice of numeraire.

Step 2: Small changes in the consumer price index satisfy

(A10) dinP, = ; Aydinc.
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By Lemma 1, we know that the consumer price index is given by equation (A3).
Totally differentiating this expression, we obtain

’

(All) dInP, :( 1 )

n
1 — o =

A,.j[(l — o)dlnc; + Y vjdlney
i'=1

=

where

B Oln <f0+°° oz,-l*"g,:,(ai,clj, s Cpj) doz,-)
Vi = Olnc,; '

By equation (A2), the extensive margin elasticities satisfy 'yﬁj = _Zw i fyijl Thus,
we can rewrite equation (A11) as

n

amp, = YA dine, + (1) - 3 ¥ A ding, — din,).
i=1 -

g =1 '

To conclude, note that by equation (A2), the extensive margin elasticities also sat-
isfy )‘zj% = /\,j'y,,, which implies

Z ZAU%, dincy; — dlne;) = 0.
=1 %

Combining the two previous expressions, we obtain equation (A10).

Step 3: Small changes in the consumer price index satisfy

dln); — dIn);
L—0o+ 75—

(A12)  dInP, = Z)\ (

L R E— dlnci/j).
o e el

By Lemma 1, we know that shares of expenditure are given by equation (A4).
Totally differentiating this expression, we get

(A13) din)\; — din); = (1 — 0 + v} — vj)dIng

+ Z (711 vjj)dlncl/ﬁ
i
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where we have used dInc; = 0, by our choice of numeraire. Combining Step 2 and
equation (A13), we get equation (A12).

Step 4: Small changes in the consumer price index satisfy

dln )\
(A14) dinpP, = ———".

Since dln\; — dIn); = dInX;; — dInXj;, equation (A13) implies that, for any
Li' #

1 — o0+ ) — v fori' =i

O (X,/X;)

Jlny;

12

N N :
L L ./ .
F)/l] - lyjj fOl‘l # 1

Since R3 holds, the two previous expressions imply 1 — o + 7; - j’j = ¢ for all

i # jand 'yﬁl/ = 'yjl/ for all i’ # i,j. Combining this observation with Step 3, we obtain

n dln)\l] - dln)\]]
>\,'j g .
1

Since ), A;dIn\; = 0, we get equation (A14).
Step 5: Changes in real income satisfy
(A15) W, = X\

Combining Steps 1 and 4, we obtain

dln);
dinw; = £,

Since ¢ is constant across all equilibria, we can integrate Equation (A14) between
the initial and new equilibrium to get

N/

/ 1\ 1/e
W= W (ﬁ) _ Ry

which concludes the proof of Proposition 1 under perfect competition.
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B. Monopolistic Competition

Under monopolistic competition, it is convenient to use the following additional
notations:

Eihy (Wi w)) 1/(1-0)
(A16) aj = 07/ — 1)(wmj>( Y, ) ’
(A17) t; (o, ¢, 0) = arg max

-0
«
t\ — — m; tcb],
1€T;; (Oéij) i)

(A18)  cylandia)) = wimy( T [1y(a.d.a))] 0o

(A19) fzj(a o} 041]) = hij(wiawj)‘gijmij [t,»j(a,qﬁ,a;-)]gb,

(A20) a;(¢) sup{a > 0|1;(c,d, )"~ — my[t; (o, , 1)) > 0},

(A21) gij(a’¢) = ‘]; gj((Li’Oli = a,¢_,¢; = ¢)da_;d d_,,

where we slightly abuse notations and let @;(¢) = +oo if #;(a,¢,1)a' ™7 —
my [t (a, ¢, 1)]¢ > 0 for all & > 0. Note that #; (v, ¢, aj;) exists by our assumptions
on my; (1) and T.

In order to establish Proposition 1, we will make use of the following lemma
which characterizes the consumer price index, P, the share of expenditure, A; ij» on
goods from country i in country j, and aggregate profits gross of entry costs, 11,
under monopolistic competition.

LEMMA 2: Suppose that R3 holds. Then under monopolistic competition, P;, \;,
and 11; satisfy

(A22) P

J

+00 0‘1/ ”l/ l/(l U)
Sl [ eresais s

N; +oo (9 )0”61 (o, p, )8 (v, p)dad
(A23) A, = 0 (o, @, J)g]( o) ®

v Zl 1N m/( )Oézjcl, U( ¢a )g”( ¢)d0éd¢)’

(A24)

Xn: N +OO 0(}”(0)0” ( ¢ jl)g]l( ¢)dad¢
SO [ 0, 6,00 g (o ¢)dadp

" +oo  naji(d)aji
= Y f f fy ()0 6) davdo
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PROOF:
Like under perfect competition, the consumer price index and shares of expendi-
ture can be written, respectively, as

2

n 1/(1-0)
(A25) P = [Z f p; (w) I_wa]
i—1 Ywely;

[ e pi(w) 7 dw
(A26) Ny = e .
Zi/=1 fwéﬂl”]'pj(w) dw

Now consider a firm from country i with a blueprint such that o;;(w) = o and
¢;(w) = ¢. Under monopolistic competition, this firm chooses its technique ¢
and its price p in country j in order to maximize profits in that market

Py,
1 - hy (Wi, w;)&my (1) @.

(A27)  mylasdpt) = [p = wimyt ] S
J

It is easy to check that the optimal choices p;; (v, ¢) and t;;(r, ¢) associated with the
first-order conditions of that maximization program satisfy

(A28) P;‘kj(a’éf’) = Czj/(aa ¢’Ol;'kj),

(A29) tile,9) = t;(a, b, ap),

where aj;, 1; (o, ¢, ), and ¢;(a, ¢, ;) are given by equations (A16)—(A18). Now

i
consider the firm’s decision to serve country j. This firm will serve country j if and
only if 7 [a, . pj;(cv, @), 1;;(c,#)] > 0, which can be rearranged as

l1—0o
tij(a’d)’a;'kj)( a*) — my [ty (o, ¢, a5)] ¢ > 0.

Qj

By the envelope theorem, the left-hand side is a strictly decreasing function of o/ cv;.
Thus, the previous condition is equivalent to a/aj; < @;(¢), where a;(¢) is given
by equation (A20). In turn the schedule of prices in country j can be written as

(A30) pi(w) = ¢; [a,-j(w),qﬁij(w),afj] forallw € Q,

with

(A31) Q; = {w € Qa;(w) < ajay(d;(w)]}
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Note that since the measure of firms earning zero profits (net of fixed exporting
costs but gross of entry costs) in a particular destination must be zero under R3, as
argued in Section IIB, the strict inequality in equation (A31) is without any loss of
generality. Together with the definition of g;(c,¢) in equation (A21), equations
(A25), (A26), (A30), and (A31) immediately imply equations (A22) and (A23). To
conclude the proof of Lemma 2, note that, by definition,

Hj = ;Legﬁ 7T/l(u}) dw.

Using the previous expression with equations (A27)—(A31), we obtain equa-
tion (A24) after simple rearrangements.
We are now ready to establish Proposition 1 under monopolistic competition.

PROOF OF PROPOSITION 1 (Mononopolistic competition):
We proceed in five steps. Throughout this proof we use labor in country j as our
numeraire, w; = 1.

Step 1: Small changes in real income satisfy
(A32) dinW;, = —dInP,.

By definition, we know that dInW; = dInY; — dInP,. Suppose first that there is
free entry in country j. In this case, labor market clearing and the representative
agent’s budget constraint imply ¥, = L; since II; = N, F,. This immediately implies
dY; = 0, and in turn, equation (A32). Suppose instead that there is restricted entry
in country j. In this case, labor market clearing and the representative agent’s bud-
get constraint imply ¥, = L; + II,. By R1 and R2, we must also have II; = (Y;
with 0 < ¢ < 1. Combining the two previous expressions, we get (1 — ¢)dY; = 0,
which again implies Equation (A32).

Step 2: Small changes in the consumer price index satisfy

i=1

n )‘ij
(A33)dnP; = ) |7 — ) | o = pyy)dinw,
vidIng;

+ (1 — 0 — vy)dIn; + dInN; — 1|

Olnhy (w;,w;) /Olnw,

o—1

+ 1, and

where vy is given by equation (A35) below, p;=
Vi = Zi:l AIJPYU

By Lemma 2, we know that the consumer price index is given by equation (A22).
Totally differentiating this expression, we obtain

(A34) (1 — o)dlnP, = 2Aij[(1 — o)(dinw; + dInTy)

+ dInN; + vzdInaj],
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where

el @ (0) i)y (0) gy [y (9) a6l do
f0+oo foaij(@a?j C}jig(aa b, Oéj'})gij (a, gb) dadp

(A35) vy =

T (Do | OInty(a, ¢, a)
00 LT —0 *
S [3 el (endiop) | gmar |8 (0 6) dovdg
+ Dok ’
f0+m Ocu_/(@) ij C[}jﬂr(a’ ¢, azj)gzj<a’ d)) do d¢

with ¢, = inf{¢ > 0|a;;(¢) < +oo}. By definition of a;, we also know that

dIn&;

1 — o

(A36) dino; = dInP, — dinT; + piidInw;.

Combining equations (A34) and (A36), we get equation (A33).

Step 3: Small changes in the consumer price index satisfy

n (dln)\ij — dln)\ij> N ( Vi — Vi

(A37) dinF; = ;Av [ ——— 1 -0 - 7/>dlna’:"

dInN;
+
I =0 =

By Lemma 2, we know that shares of expenditure are given by Equation (A23).
Totally differentiating this expression, we get

din); — dln); = (1 — o)(dlnw; + dln7y) + v;dlna;; — v;dlna;

+ dlnN; — dInN;.

*

By definition of a;, we also know that

dIng;

dino; = dlnaj; — pydinw; — dint; = [—

The two previous expressions imply
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(A38) dln); — dln); = (1 — o — pyv)dlnw;, + (1 — 0 — ~;)dInT

dIng;;
L &

[ —o © (v; — v)dInag; + dinN; — dInN;.

Combining Step 2 and equation (A38), we get equation (A37).

Step 4: Small changes in the consumer price index satisfy

din);  diN,
9 9 :

(A39) dinP, = —

Since dln)\,j — dln)\jj = dInX;; — dInX,

vk

equation (A38) implies, for any i,i’ # j,

| Oln oj; " L
Oln (X;;/X;) L — 0o — v+ (vi — Vi) B, ) for =1
olnt;/; / dlnaj . .
Y (vi — ’7}1)(5?7.!7],) for ' #i.

Since (OInaj)/(0lnTy;) = (0InP)/(dInTy;) > 0, the two previous equations
together with R3 imply v;; = 1 — o — ¢ for all i. Combining this observation with
Step 3, we get

n din)\; — dln)\; dInN;
dinP, = ZAU( T — ”) + —=L

i=1

Equation (A39) derives from the previous expression and the fact that
Yoo, AydinA, = 0.

Step 5: Small changes in the number of goods that can be produced satisfy
dInN; = 0.

Suppose first that entry is restricted in country j. In this case, we immediately get
dInN; = 0. Now suppose that we have free entry instead. In this case, we know that
Hj = N,F,. Since Hj = C)? by R1 and R2, we therefore have dlan = dlnY/ =0, as
demonstrated in Step 1.

Steps 1, 4, and 5 imply dInW; = dln \;; /. The rest of the proof is the same as
under perfect competition.

APPENDIX: PROOF OF PROPOSITION 2
PROOF OF PROPOSITION 2:

We first establish equation (11) for an arbitrary change in variable trade costs
from T to T'. Like in the proof of Proposition 1, we use labor in country j as our
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numeraire, w; = 1. By R3’, the shares of expenditures on goods from country 7 in
country j in the initial and new equilibrium, respectively, are given by

i N (wimy)°
(Bl) Aij = n XJ ( J) e
Zi/zl Xij © Niv- (Wi’Ti’j)

Xij * N - (W;Tz{j)s
S Xy Ni e (wirl)

’

Using the exact same logic as in the proof of Proposition 1 Step 5, it is easy to
check that R1 and R2 imply N; = 1 forall i = 1,...,n. Combining this observation
with equations (B1) and (B2), we obtain

2 (
)\.4 =
(B3) ; A

Equation (11) directly follows from the previous expression and the fact that w,;7;
= 1 by our choice of numeraire. We now turn to equation (12) for all i # j. By R1,
we know that in the new equilibrium

(B4) Y, =Y Ay Y.

j=1

Combining equations (B3) and (B4), we obtain

L

Using the exact same logic as in the proof of Proposition 1 Step 1, it is also easy to
check that R1 and R2 imply ¥, = w; for all i = 1,...,n. Thus, we can rearrange the
previous expression as

(BS) Wi Y, = Z n

.1
J= i=1

Equation (12) directly follows from this expression.
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