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Abstract
We develop a simple formula for computing the global welfare effect of reduction in
bilateral trade costs, such as shipping costs or the costs of administrative barriers to
trade. The formula is applicable to a broad class of perfect competition and monopo-
listic competition models and settings, including perfect competition with multi-stage
production and Melitz’s (Econometrica 71(6):1695–1725, 2003) model with general
firm productivity distribution.We prove that the underlyingmechanism is the envelope
theorem. We then extend our analysis to models with non-constant markups. Finally,
we carry out some empirical applications to show the user-friendliness of the formula.
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1 Introduction

One major theme of international trade economics is the gains from trade. There is a
presumption in all trade models that the more integrated is the world, the larger are
the gains from trade. Therefore, the lower the trade barriers, the greater the global
welfare should be. But, howmuch do trade barriers matter to the world quantitatively?
For example, what is the global benefit in monetary terms of a one percent reduction
in all bilateral trade costs worldwide? How sensitive is the answer to this question to
the trade model being used? Answers to these questions would help us to quantify the
global benefit of improvement in transportation technology or that of the reduction
in administrative barriers to global trade. Understanding the global welfare impact of
such changes is important as higher global GDPmeans that there ismore room tomake
every country better off by proper side payments. In fact, international organizations
recognize the importance of evaluating the global welfare gains from the reduction
in administrative trade barriers and shipping time. To this end, OECD, World Bank,
and World Economic Forum found that trade facilitation could yield large economic
gains to the world.1 This paper derives a simple equation for computing the global
welfare effect of simultaneous reduction in bilateral trade costs of multiple country
pairs, such as shipping costs or the costs of administrative barriers to trade.We find that
the equation is applicable to a broad class of models and settings. We then carry out
some empirical applications. We find the estimates from our formula to be reasonable
and consistent with others’ in the literature.

We derive a measure of the percentage change in global welfare based on the
concept of equivalent variation and Kaldor–Hicks’ concept of welfare change for a
group. We rigorously demonstrate that the expression

∑n
i=1

Ei
Yw Ûi (the expenditure-

share-weighted average percentage change of countrywelfare) is a reasonablemeasure
of the percentage change in global welfare, where Ei is the aggregate expenditure of
country i , Yw is the global GDP of the n countries in the world, and Ûi is a small
percentage change in welfare of country i . This expression for the percentage change
in global welfare has been used in the literature, such as in Hsieh and Ossa (2016),
Atkeson andBurstein (2010) (hereinafter abbreviated asAB) andBurstein andCravino
(2015) (hereinafter abbreviated as BC). However, as far as we are aware, we are among
the first to present a justification for its use.

Then, we derive a simple equation for computing the total global welfare effect
of simultaneous small reduction in bilateral trade costs of multiple country pairs. We
make three simple assumptions: 1. the level of trade balance is fixed in each country;
2. price is constant markup over marginal cost; and 3. there are no externalities. We
find that as long as these assumptions are satisfied the percentage change in global
welfare is given by

−
∑n

j=1

∑n

i=1

Xi j

Yw
τ̂i j , (1)

where Xi j is the total value of exports from country i to country j and τ̂i j ≡ �τi j/τi j
is a small percentage change in the iceberg cost, τi j , of exporting from i to j . This turns
out to be just the total saving in trade costs divided by global GDP, keeping the values

1 See, for example, World Economic Forum (2013) and Walkenhorst and Tadashi (2009).
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of all bilateral trade flows unchanged. In other words, only the direct effect matters,
as it is first order. The indirect effects, such as changes in allocation of resources to
different goods and the resulting changes in input costs, do not matter as they are
second order. The key reason is that the allocation of resources to different goods was
already optimally chosen before the changes in trade costs take place.

Expression (1) reflects the fact that, in the absence of externalities and price distor-
tions, the market response to changes in bilateral trade costs is identical to the optimal
response of a global planner whomaximizes global income. Therefore, one can invoke
the envelope theorem when evaluating the effect of changes in bilateral trade costs on
global welfare. The envelope theorem turns out to be a very powerful tool for evaluat-
ing the global welfare impact of changes in bilateral trade costs under rather general
condition.

The envelope theorem can be applied to many models and settings. Examples are 1.
models of perfect competition (hereinafter PC): Dixit and Norman (1980, Chapters 3–
5) with trade costs, the Heckscher–Ohlin model with trade costs, Dornbusch et al.
(1977, 1980), the Armington (1969) model, Eaton and Kortum (2002) (hereinafter
EK2002), Melitz and Redding (2014), Yi (2003, 2010); 2. monopolistic competition
(hereinafterMC)models with constant markup: Krugman (1980) (hereinafter K1980),
Melitz (2003) with general firm productivity distribution (hereinafter M-g). Yet, the
envelope theorem does not apply to MC models with variable markup, such as Melitz
and Ottaviano (2008).

The reason that the envelope theorem applies to the above models is that the market
is efficient as there are no externalities and no price distortions. This is clear for the
PC models. For MC models, we extend the proof of Dhingra and Morrow (2019) that
the Melitz model is efficient in the global economy.

Our paper distinguishes from the literature for its generality, as reflected in its
applicability to M-g and PC with multi-stage production. Intuitively, the reason that
Eq. (1) applies to M-g is that as cutoff productivities change due to changes in trade
costs, the effect on the average productivity of firms serving each market (productivity
effect) and the effect on the mass of firms serving each market (firm mass effect)
completely offset each other from the point of view of global welfare, regardless of
the distribution of firm productivity. The reason is that, for each exporting country,
the labor constraint dictates that the change in average productivity and change in
firm mass in each market go in opposite directions, and they offset each other when
summing up over all markets.

The intuition for Eq. (1) to hold for PC with multi-stage production (i.e., fragmen-
tation) is that whenever there is an amount of terms of trade gain by an exporter of
a good at any stage, there is an equal amount of terms of trade loss by an importer
of the same good. Thus, the global effect of terms of trade changes is nil. Therefore,
only the direct effect, which is the total saving in trade costs at all stages, matters for
global welfare change. Furthermore, any saving in trade cost at any stage is eventually
passed on to the final stage. As a result, the saving in trade cost at each stage shows up
as the gain in global income in the final stage. Given that fragmentation is pervasive
in practice, the fact that our formula is applicable to such a setting is important, as it
demonstrates that our formula is relevant to the real world.
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Ossa (2015) found that assuming symmetric trade elasticity across sectors leads to
a gross underestimation of the gains from trade. In the extensions section, we show
that if the sectors with low elasticities of substitution (i.e., low trade elasticities) tend
to be associated with positive weighted sum of the firm mass effect and productivity
effect, then there would be additional global gains from the reduction in trade costs
beyond the benchmark result given by (1). Apparently, the finding of Ossa (2015)
shows that this is true empirically.

Our work is inspired by Arkolakis et al. (2012) (hereinafter abbreviated as ACR).
They show that for a class of trade models which include Armington (1969), Krugman
(1980) (hereinafterK1980),Melitz (2003)with Pareto distribution of firmproductivity,
and EK2002, a country’s gains from trade are always given by the same simple formula
that contains two sufficient statistics: (i) the share of expenditure on domestic goods
and (ii) the trade elasticity. The focus of our analysis is, however, different from that of
ACR. In contrast to ACR, our goal is to calculate the global welfare change caused by
small changes in bilateral trade costs. Nonetheless, our two papers are related in some
way. Themapping between our Eq. (1) and the gains from trade equation inACR is that
if one adopts the assumption that the import demand system is CES (i.e., Assumption
R3 in ACR), then our global gains formula (1) is precisely equal to an expenditure-
share-weighted average percentage change of individual country’s gains from trade as
given by the ACR formula. Therefore, ACR’s equation implies our equation if their
assumptions are adopted. Indeed, there is a mapping between our main result and that
of ACR, which is presented in “Appendix D.” Thus, our work complements that of
ACR in that while ACR’s equation can be used to calculate the change in welfare of
an individual country based on a certain set of assumptions, our equation can be used
to calculate the global welfare change based on a set of less restrictive assumptions.
We require a less restrictive set of assumptions because the indirect effects (which
are important for calculating welfare change of an individual country) cancel each
other in aggregation and we do not have to account for them when we calculate the
global welfare impact. Thus, our equation is applicable to a broader set of models and
settings than ACR, e.g., our equation can be applied to M-g and PC with multi-stage
production. Our result is valid as long as there is constant markup and there are no
externalities arising from the actions of economic agents.

Our work is also inspired by Atkeson and Burstein (2010) (AB), who prove that the
details of firms’ responses are of secondary importance to the estimation of the welfare
impact of trade costs reduction for an individual country. Assuming that countries are
symmetric,2 they find that though changes in trade costs can have a substantial impact
on heterogeneous firms’ exit, export, and process innovation decisions, the impact
of these changes on a country’s welfare largely offsets each other. In the end, only
the “direct effect” of trade cost reduction matters. Our paper follows a similar line of
thinking as AB, but our focus is very different. Whereas AB focus on proving that
the individual and global welfare gains from changes in trade costs depend only on
the direct effect based on a particular two-country model, we focus on establishing a
simple general formula for the global welfare gains induced by changes in bilateral

2 That is, their expenditures in all periods and productivity distributions of operating firms in all periods
are the same.
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trade costs that can be applied to as general a condition as possible. Thus, our work
complements that of AB.

Our work has some overlaps with the independent work of BC. They find that
changes in world real GDP in response to changes in variable trade costs coincide
with changes in theoretical consumption, up to a first-order approximation.3 Like us,
they have an equation that associates changes in world real GDP with two sets of
sufficient statistics, namely changes in bilateral variable trade costs and export shares
of continuing exporting producers. Thus, our work complements each other—we cor-
roborate each other’s finding, though we start from different model environments. In
contrast with BC, we show that the formula applies to Melitz with general firm pro-
ductivity distribution, not just Pareto distribution; moreover, we show that it applies
to multi-stage production under perfect competition as well. Distinct from both AB
and BC, we rigorously prove that the underlying mechanism for the result is that in
the absence of externalities and price distortions, the envelope theorem can be applied
to the maximization problem of a global planner to obtain the market outcome.

Further distinguishing our paper from the literature, later in the paper, we allow
for non-constant markup under MC. We examine two cases. The first is a MC model
with multiple sectors and different elasticities of substitution across sectors. We find
that there is an extra term which depends on the combination of the firm mass effect
and productivity effect. Unlike in the case of MC with constant markup, these two
effects do not cancel each other. The intuition is that the sectors with lower elasticities
of substitution would set higher markups, and if these sectors tend to have negative
(positive) combined productivity effect and firm mass effect, then there would be
negative (positive) overall impact on global welfare gains from reduction in trade
costs. This makes sense as sectors with higher markups are associated with greater
distortion. The effect of sectors with greater distortion would dominate the effect of
sectors with smaller markups (and hence smaller distortion).

The second case is a one-sector MC model with variable markups. We use the
simplest possible model to illustrate the effect of the existence of variable markups
on the global gains formula (1). In this case, we find that there is an extra term which
depends on the changes in the markups of firms. If firms with large market shares tend
to reduce (raise) their markups following reduction in trade costs, the global gains
would be larger (smaller) than the benchmark case. This makes sense as markups are
distortions, and lower markups lead to high efficiency and thus higher global welfare
gains. This result is consistentwith the empirical finding of, for example, Edmond et al.
(2015), who report that there are additional gains from reduction in trade costs due
to the existence of variable markup as firms with larger market shares (i.e., domestic
firms) tend to lower their markups.

Clearly, once we depart from constant markup, the global gains formula becomes a
lot more complicated, and one needs to use more information and a more complicated
computation method to calculate the extra effect due to the existence of non-constant
markups. We describe the method and the additional data needed to carry out that task
in each of the two cases.

3 “Theoretical consumption” is a welfare measure based on consumption of goods.
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Finally, we carry out two empirical applications. In the first empirical application,
we calculate that a reduction in border procedure-related trade transaction costs by
one percent of the value of world trade in 2003 would increase global income by USD
44.3 billion, roughly the same estimate by OECD. In the second empirical application,
we calculate that the reduction in shipping time during 1960–2010 has cumulatively
increased global income by somewhere between 2.7 and 9.8%, a magnitude consistent
with the literature.

The structure of this paper is as follows: In Sect. 2, we state the general setting and
provide a justification of the definition of the percentage change in global welfare.
Then, we state and explain the general result of the paper. We state three assumptions
and two propositions and present the sketches of the proofs. The two propositions
together indicate that the underlying mechanism for formula (1) is the envelope theo-
rem. Section 3 presents the extensions to a multi-sector M-g model and a one-sector
MC model with variable markups, together with some empirical applications of the
formula. The last section concludes.

2 General results

2.1 General setting

Suppose in the world economy there are n countries (the set of countries is denoted
by N ) that are capable of producing final goods ω ∈ �F where the superscript “F”
is assigned to variables pertaining to “final good” whenever it is necessary to avoid
confusion. The set of final goods that country i is capable of producing is�F

i . Assume
that all goods are tradable and that there is complete or incomplete specialization
(complete specialization means that a country cannot import the same good from
more than one country) in all sectors for all countries and variable extensive margins
of trade. The extensive margin of country i’s exports to country j is denoted by �F

i j .

Therefore, �F
i j ⊆ �F

i ⊆ �F .
Define Ei , Yi , Pi , andUi as the expenditure, income, exact price index, and welfare

of country i , respectively. DefineqFj ≡
{
qF
i j (ω)

∣
∣
∣ω ∈ �F

i j , i ∈ N
}
as a vector of quan-

tities of final goods consumed in country j (whereqF
i j (ω) is the quantity of final goodω

consumed in j that is imported from country i) and pFj ≡
{
pFi j (ω)

∣
∣
∣ω ∈ �F

i j , i ∈ N
}

as a vector of the corresponding prices (where pFi j (ω) is the price of final good ω

consumed in country j that is imported from country i). We shall assume that ω

is continuous unless otherwise stated.4 The utility function (or welfare function) of
country i , given byUi

(
qFi
)
, is assumed to be homogeneous of degree one in qFi . Con-

sequently, we can define an exact price index Pi , which stands for the cost a consumer
has to pay to obtain one unit of utility. Therefore, the total utility of all consumers in
country i (i.e., welfare of country i) is given by Ui = Ei/Pi for all i .

4 Calling qFj and pFj “vectors” is a slight abuse of language when ω is continuous. But since there is no
ambiguity, we shall use it for simplicity of exposition.
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We assume that labor is the only factor input, and marginal cost of production is
assumed to be invariant with output. The variable L j denotes country j’s fixed labor
supply while w j denotes its labor wage. There is an iceberg trade cost such that τi j
units are shipped from the source country i for one unit to arrive at the destination
country j (assume that τi i = 1).5 Therefore,

pFi j (ω) = pFii (ω) τi j for ω ∈ �F
i j .

Define x̂ ≡ dx/x , which we call the percentage change of x . Since p̂Fii (ω) = ŵi

for all ω, we have

p̂Fi j (ω) = ŵi + τ̂i j for ω ∈ �F
i j .

The variable yFi j (ω) denotes the quantity of good ω produced in i that is exported

to j . The iceberg trade cost links qF
i j (ω) with yFi j (ω):

τi j q
F
i j (ω) ≡ yFi j (ω) for ω ∈ �F

i j

which implies that

pFi j (ω) qF
i j (ω) ≡ pFii (ω) yFi j (ω) ≡ x Fi j (ω) for ω ∈ �F

i j

where x Fi j (ω) denotes the exports of final good ω from i to j . Aggregate exports of

final goods from i to j are denoted by XF
i j ≡ ∫

ω∈�F
i j
x Fi j (ω) dω.

2.1.1 Definition of percentage change in global welfare

Next, we present a justification for an expression that we use tomeasure the percentage
change in global welfare. We want to define a measure of percentage change in global
welfare resulting from small changes (infinitesimal ones in the formal analysis) in
bilateral trade costs. We would like to have a concept of change of global welfare
such that an increase in global welfare signifies an enlargement of global GDP so
that potentially every country can be made better off by some proper income transfers
between countries. Note that income is transferable, but utility is not transferable.
Therefore, the sum of utility of all countries is not a good measure of global welfare
based on this concept.

Wedefine the percentage increase in globalwelfare (following trade costs reduction)
as the maximum potential equiproportional increase in welfare of all countries after
some proper lump-sum income transfers between countries. It measures the potential
amount of Pareto improvement to the countries of the world as a whole. In principle,
this amount can be negative. The above concept of the change in global welfare is

5 The amount τi j − 1 can be called the “wastage due to shipping” per unit arriving at the destination, but
it should also include the ad valorem trade cost equivalent of any administrative delay or other non-tariff
barriers.
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consistentwith that ofKaldor andHicks (see, for example, Feldman1998).6 Consistent
with Kaldor–Hicks’ concept of efficiency, an outcome is more efficient if those that are
made better off could in principle compensate those who are made worse off, so that a
Pareto improving outcome can potentially result. This concept of Pareto improvement
does not require compensation actually be paid, but merely that the possibility for
compensation exists.

Following the reduction in trade costs, the vector of price-cum-welfare of the coun-
tries changes from (P1, . . . , Pn;U1, . . . ,Un) to (P1 + dP1, . . . , Pn + dPn;U1 +
dU1, . . . ,Un +dUn). Letμ be the potential equiproportional increase in welfare of all
countries following the reduction in trade costs. Hereinafter,

∑
i ≡∑n

i=1 to simplify
notation. Then,

∑
i (Pi + dPi ) (Ui + dUi ) = ∑i (Pi + dPi ) (μ + 1)Ui . The LHS

is the total global expenditure before lump-sum transfers while the RHS is the total
global expenditure after lump-sum transfers that lead to an equiproportional increase
in welfare for all countries by a fraction μ. Note that this scheme of lump-sum trans-
fers is equivalent to summing up the compensating variations of all countries and then
distribute them equiproportionally across countries. However, because the changes in
Pi andUi are infinitesimal, this scheme is the same as summing up the equivalent vari-
ations of all countries and then distribute them equiproportionally across countries.7

That is,
∑

i

Pi (Ui + dUi ) =
∑

i

Pi (μ + 1)Ui .

In the rest of the paper, we shall use the concept of equivalent variation to evaluate the
percentage change in globalwelfare. Re-arranging the above equation and simplifying,
we have

μ = 1

Yw

∑

i

Ei Ûi

where Ûi ≡ dUi
Ui

, Ei = PiUi (by definition), and Yw ≡ ∑k PkUk is the GDP
of the world. Note that the sum of equivalent variations of all countries is equal to∑n

i=1EiÛi .8

Thus,
∑

i
Ei
Yw Ûi (or the expenditure-share-weighted average percentage change of

welfare of all countries) is the percentage change in global welfare. This makes sense
as the importance of a country as indicated by its size should be reflected in the

6 One shortcoming of the Kaldor–Hicks compensation criterion is that it is possible to construct an example
such that distribution x is Pareto superior to distribution y, and at the same time distribution y is Pareto
superior to distribution x using the Kaldor–Hicks criterion. This problem arises when the compensating
variation of a person (or group) is different from the equivalent variation. Because we are considering small
changes, compensating variation is equal to equivalent variation. Thus, this shortcoming does not arise.
See, for example, Feldman (1998).
7 This is because (Pi + dPi ) (Ui + dUi )− (Pi + dPi )Ui is the compensating variation of country i . Note
also that the equivalent variation of country i , Pi (Ui + dUi ) − PiUi , is the same as the compensating
variation in the current context, because the changes are infinitesimal. For the concepts of compensating
variation and equivalent variation, see, for example, Varian (1992, pp. 160–163)
8 Note also that though our formal analysis is based on infinitesimal changes, the equation should be a
sufficiently good approximation as long as all percentage changes of Pi andUi are small. The approximation
error increases with the size of the change.
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calculation of the change in global welfare. Note that we do not have to define what
the global welfare function is. We only need to define what the percentage change in
globalwelfare is. Note also that utility is cardinal, not ordinal, in thismodel. Intuitively,
the welfare impact of a fractional change in global welfare, μ, is equivalent to that
of having all consumers in the world increasing their consumption of each good by a
fraction of μ, if the same sets of goods are produced, traded, and consumed by each
country before and after the shock.9

Note that

E j = PjU j = pFj · qFj .

Moreover, the exact price index Pj is a function of pFj . Thus, given p
F
j and qFj , we can

calculate Pj and Uj . In other words, there is a one-to-one mapping from
(
pFj ; q

F
j

)

onto
(
Pj , Uj
)
and therefore a one-to-one mapping from

(
pF1 , . . . ,pFn; qF1 , . . . ,qFn

)

onto (P1, . . . , Pn;U1, . . . ,Un). The equivalent variation of j , given by PjdU j , is
equal to pFj · dqFj . So, the sum of equivalent variations of all countries, given by
∑

j Pj
(
dU j
)
, is equal to

∑
j p

F
j · dqFj . Thus, the percentage change in global welfare

can also be written as

μ =
⎛

⎝
∑

j

pFj · dqFj
⎞

⎠
/
⎛

⎝
∑

j

pFj · qFj
⎞

⎠ . (2)

2.2 Specific setting

We consider two settings below. The environment stated in Sect. 2.1 is satisfied in
both settings. In addition, some more structure is imposed in each setting.

In the rest of the paper, where it is useful to simplify notation, we shall use
∑

a,b,c
to denote

∑
a
∑

b
∑

c where each summation is over all the possible values that the
dummy variable can take, e.g.,

∑
i ≡∑n

i=1, if i is the dummy for a country and there
are n countries in the world.

We make three assumptions, which are to be applied to each of the two settings:
Assumptions:

1. The level of trade balance is fixed in each country.
2. Price is constant markup over marginal cost.
3. There are no externalities.

2.2.1 PC with multi-stage production

The multi-stage production case subsumes single-stage production as a special case.

9 This is because we assume that the utility function of each country is homogeneous of degree one in
quantities of all goods consumed in that country. Therefore, the percentage change in global welfare is
homogeneous of degree one in the percentage change of quantities of all goods consumed in the world as
a whole.
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Preferences. The utility function, which is homogeneous of degree one in the final

goods consumed, is given by Uj = Uj

({
qF
i j (ω)

∣
∣
∣∀ i , ω ∈ �F

i j

})
, where qF

i j (ω) is

country j’s consumption of the final good (which is also stage-F good) ω imported
from i .

Technology.Goods produced in each stage other than the final stage are used as inter-
mediate inputs in the production of goods in the next stage, and all intermediate goods
and final goods are tradable. The final good is assumed to be produced in F sequential
stages.10 (For a single-stage production model, F = 1.) For s = {2, 3, . . . , F}, the
output of stage-s production (which shall be called “stage-s good”) requires the inputs
of labor and the previous stage’s output. The production of stage-1 good requires only
labor. The outputs at all stages are tradable, and all countries possess the technologies
of production for all stages. The production function for the stage-s good is assumed
to be constant returns to scale and is given by:

ysj (ω)

=
{

ϕs
j (ω) f

({
qs−1
i j

(
ω′)
∣
∣
∣ i ∈ N , ω′ ∈ �s−1

i j

}
, lsj (ω)

)
for s = 2, 3, . . . , F

ϕs
j (ω) lsj (ω) for s = 1

for ω ∈ �s
j

(3)

where ysj (ω) is country j ′s output of the stage-s goodω; qs−1
i j

(
ω′) = ys−1

i j

(
ω′) /τ s−1

i j
is country j ′s use of imported input of the stage-(s-1) good ω′ from country i for
producing stage-s good ω; �s−1

i j is the extensive margin of exports of the stage-(s-1)
goods from i to j ; lsj (ω) is country j ′s labor input in the production of the stage-s
good ω; ϕs

j (ω) is productivity.
Market Structure. The market structure for all goods is assumed to be perfect com-

petition.
Examples of this kind of model include: neoclassical model based on endowment-

driven comparative advantage (e.g., Dixit and Norman 1980 with trade costs or the
Heckscher–Ohlin model with trade costs), Armington (1969), DFS1977, DFS1980
and EK2002, Melitz and Redding (2014), Yi (2003, 2010) and Kreickemeier and Qu
(2019).

2.2.2 MC with heterogeneous firm productivity

We assume that there is a large number of firms producing differentiated goods so that
any single firm’s choice of price would not affect the demand curve faced by other
firms.

Preferences. The utility function is homogeneous of degree one in the final goods
consumed.

Technology.There is only one stage of production, and all goods are final goods. For
every final good ω ∈ �i , there is a blueprint that has been acquired by a firm through

10 Here, we assume all final goods are produced in F sequential stages. Even if we assume that the number
of production stages for different countries is different, our results continue to hold.
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R&D. If a firm from country i produces yFi ≡
{
yFi j (ω)

∣
∣
∣ j ∈ N

}
units of good ω, its

cost function is given by

Ci

(
wi , yFi , ω

)
=
∑

j

[
τi jwi ai (ω) qF

i j (ω) + ξi jwi · 1
(
yFi j (ω) > 0

)]

where 1
(
yFi j (ω) > 0

)
is an indicator function, ai (ω) denotes the unit labor require-

ment in producing good ω in country i , and ξi j denotes the labor requirement that
underlies the fixed cost of exporting from i to j , where ξi j ≥ 0 ∀ i, j .

Market Structure. Ni is the measure of the number of entrants (successful or not)
in country i , which is endogenously determined by the free entry condition so that
the expected net profit for any firm is equal to zero. A firm from country i needs to
hire fe units of labor to develop a blueprint, which confers it with monopoly power.
In equilibrium, the entry cost, wi fe, is equal to the expected profit of each firm. The
number of firms in country i serving market j , Ni j , is determined by the zero cutoff
profit conditions. Labor productivity is a random variable denoted by ϕ ≡ 1/ai (ω).
From now on, ϕ and ω are used interchangeably to index goods. The functions Gi (ϕ)

and gi (ϕ) are the cdf and pdf, respectively, of ϕ. Define ϕ∗
i j as the cutoff productivity

for a firm in country i that can profitably export to country j .
Examples of this kind of model include K1980 and M-g.11

2.3 Results

Below we state two propositions. Proposition 1 provides the basis for proving Propo-
sition 2, which is the key proposition of this paper.

Proposition 1 (Market Efficiency) Under the specific settings stated in Sect. 2.2, the
market is efficient.

Proof of Proposition 1 For the setting of PCwith multi-stage production, Proposition 1
follows from the First Fundamental Theorem of Welfare Economics.

For the setting of MC with heterogeneous firm productivity, refer to “Online
Appendix A.” In that appendix, we prove that the global market is efficient, in the
sense that the market allocation of resources

{
li j (ϕ)
}
is identical to the allocation

of a global planner who maximizes global income subject to the labor constraint of
each country. Conceptually, the proof is an extension of Dhingra andMorrow’s (2019)
analysis to the global economy. Intuitively, with constant markup, there is no distortion
in the relative prices. So, in the absence of externalities, the market is efficient. 	


Next, we state the core proposition of this paper.

Proposition 2 (Global Gains) Under the specific settings stated in Sect. 2.2, the per-
centage change in global welfare induced by changes in bilateral trade costs is given

11 In fact, we can also consider any hybrid of the above two settings as long as Assumptions 1–3 are
satisfied. Examples of hybrid settings are Bernard et al. (2007) and Okubo (2009).
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by expression (1). In other words, 1
Yw

∑
i Ei Ûi = −∑ j,i

Xi j
Yw τ̂i j , where Xi j is the

total value of exports from country i to country j , τ̂i j is a small percentage change in
the iceberg trade cost, and Yw is global GDP.

Note that with multi-stage production, Xi j = ∑s X
s
i j where Xs

i j is the value of
exports of the stage-s goods from i to j , and we assume that τ si j = τi j ∀s in the above
proposition. With single-stage production, Xi j = XF

i j and τi j applies to trade in final
goods.

2.3.1 General Proof of Proposition 2

Proposition 1 implies that the effect of reduction in trade costs on global welfare under
themarket is the same as that under the settingwhen a global plannermaximizes global
income (call itW ), by choosing the allocation of labor to the production of all goods in
all countries and the consumption of all goods in all countries, subject to the set of all
bilateral trade costs, the shadow prices of all goods (which are also the market prices),
labor supplies of all countries, and the production functions of all goods. Therefore, we
can prove Proposition 2 by invoking Proposition 1 and calculate the effect of changes
in trade costs on global welfare under the setting with a global planner. Based on
the argument presented in Sect. 1, we shall use the pre-change market prices and the
concept of equivalent variation to evaluate the global welfare change. Below we give
a general proof of Proposition 2 based on this approach. Specific proofs of the two
models are relegated to “Appendixes A and B.”

From Proposition 1, we know that the equilibrium values of the endogenous vari-
ables under the market are identical to the optimal values of the choice variables
chosen by the global planner.12 As she chooses labor allocation to the production of
each good to maximize global income, she would automatically maximize the income
of each country subject to its resource constraint and the set of shadow prices. Thus, the
national GDP resulting from the global planner’s labor allocation is also the market-
determined national GDP. Simultaneously, on the demand side, the combination of the
quantities of goods consumed in each country (which are determined by the allocation
of labor to the production of those goods) maximizes the utility of the country subject
to the set of shadow prices and the GDP of the country.

Let lsi j (ω) be the variable labor input used to produce the stage-s good ω that

is exported from i to j . For a single-stage model, l Fi j (ω) is also denoted by li j (ω)

for simplicity of notation. At the shadow prices ps ≡ {ps1, . . . ,psn
}
for all s, where

psj ≡
{
psi j (ω)

∣
∣
∣ i ∈ N , ω ∈ �s

i j

}
, the quantities demanded and quantities supplied of

all goods are equalized.
Define W̃ as the maximized value of W after the global planner has optimally

chosen the values of her choice variables. We shall show that the percentage change in

12 The global planner maximizes the value of the global GDP function, given the set of shadow prices of
all goods, the labor supplies of all countries, and all bilateral trade costs. This is analogous to a country’s
social planner maximizing the value of the national GDP function subject to its labor supply, the shadow
prices of all goods, and the production functions of all goods. (See, for example, Feenstra 2004, pp. 6–8,
for the idea of GDP function used here.)
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W̃ is equal to the percentage change in global welfare. Then, to prove Proposition 2,

we shall calculate
(
1/W̃
)∑

s,i, j

[(
dW̃/dτ si j

)
dτ si j

]
and show that it is the same as

(1). As τ si j changes, it affects the equilibrium values of all the endogenous variables,
including the prices of all goods in all countries, denoted by p, and the values of all the
choice variables of the central planner, namely the labor allocated to the production
of all goods in all countries, and the bilateral exports of all goods for all country
pairs. This set of choice variables of the central planner is denoted by �. The proof of
Proposition 2 hinges on invoking the envelope theorem in that the total derivative of

W̃ with respect to τ si j , dW̃/∂τ si j , is just equal to the partial derivative ∂W/∂τ si j

∣
∣
∣
�=�̃

(i.e., when � is optimally chosen). In other words, only the direct effect of τ si j on W̃
matters; the indirect effects do not matter. The proof is completed when we show that
(
1/W̃
)∑

s,i, j

[(
∂W̃/∂τ si j

)
dτ si j

]
is given by (1). The proof is presented in three steps.

Step 1: Maximization of global income by the global planner
The global planner maximizes W by choosing a vector of choice variables �,

namely the labor allocated to the production of all goods in each country, and the
bilateral exports of all goods for all country pairs (with the formal definition given
below), taking the trade costs τi j for all i, j , and the shadow prices pFi j (ω) for all

i, j, ω, as given. Define l ≡
(
lsi j (ω)
)

,∀i, j, s, ω as a vector of all labor allocations;

p ≡ (psi j (ω)),∀i, j, s, ω as a vector of all shadow prices; and τ ≡
(
τ si j

)
,∀i, j, s as

a vector of all trade costs. The definitions of l, p and τ differ for different models as
explained in the specific proofs in “Appendix.” Thus, she solves

max{�} W =
∑

i, j

∫
ω∈�F

i j
pFi j (ω) yFi j (ω)

(
�ij
)
dω

τ F
i j

subject to the labor constraint of each country and the production functions of all
goods, yFi j (ω)

(
�ij
) ∀i, j, ω, where the vector of inputs �ij and the vector of choice

variables � are different for different models. For PC with single-stage production,
�ij = li j (ω); for PC with multi-stage production, �ij = {l, τ }; for M-g, �ij =
li j (ω), which is also denoted by li j (ϕ) (as ϕ and ω are used interchangeably to index

goods).13 � =
{
l,
{
�s

i j

}}
for PC with single-stage production and PC with multi-

stage production;14 � =
{{
li j (ϕ) ,∀i, j, ϕ} ,

{
ϕ∗
i j

}
, {Ni }
}
for M-g. The maximized

value of W before the changes in trade costs is denoted by Yw. In other words,
Yw ≡ W̃ , and we shall use them interchangeably.

13 For PCwithmulti-stage production, yFi j (ω) is affected not only by labor input l Fi j (ω) but by intermediate

inputs (which are functions of l and τ ) and labor inputs (l) in all stages. Thus, yFi j (ω) is a function of l and

τ . For PC with single-stage production, yFi j (ω) is a function of l Fi j (ω) only and is independent of τ .
14
{
�s
i j

}
is included in � when extensive margins of trade are variable under PC; it is not included when

extensive margins are fixed.
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The expressions for (i) the exports of final goods from i to j , given by∫
ω∈�F

i j
pFi j (ω) yFi j (ω)

(
�ij
)
dω, (ii) the labor constraint in each country, and (iii) the

production function, given by yFi j (ω)
(
�ij
)
, differ for different models, as explained

in the specific proofs in “Appendix.”
Note that we can also write global income in the following way:

W =
∑

i, j

X F
i j =
∑

j

pFj · qFj .

We shall make use of these equalities later.
Let the optimal value of � be denoted by �̃. Noting that pF is a function of τ , the

above maximization problem of the global planner can be re-stated as

max{�} W
(
τ ,pF (τ ) ,�

)
,

�⇒ ∂

∂�
W
(
τ ,pF (τ ) ,�

)
= 0 (first order condition),

�⇒ �̃ = g
[
τ ,pF (τ )

]
, where g is some function,

provided that the condition for the implicit function theorem is satisfied, which we
assume to be the case. Thus, �̃ is a function of τ and pF (τ ). Therefore, a change in
τ affects �̃ directly as well as indirectly through pF. Consequently, the maximized
value of W is given by

W̃ = W
(
τ ,pF (τ ) ,�

)∣
∣
∣
�=�̃

= W
(
τ ,pF (τ ) , �̃

(
τ ,pF (τ )

))
.

Hereinafter, for simplicity, we shall omit the arguments of W̃ (.) andW (.) unless there
is a risk of confusion.
Step 2: Invoking the Envelope Theorem

Based on the last equation, in evaluating the total effect of τ si j on W̃ , we have to

evaluate the direct effect of τ si j as well as the indirect effects of how � and pF are
affected by the change of τ si j . In other words, we have to take into account (1) the

direct effect of τ si j −→ W̃ ; (2) plus the indirect effect of τ si j −→ � −→ W̃ ; (3)

plus the indirect effect of τ si j −→ pF −→ � −→ W̃ ; (4) plus the indirect effect of

τ si j −→ pF −→ W̃ . However, as we explain below, only effects (1) through (3) are
relevant for calculating the sum of equivalent variations of all countries. To see this,
note that the total effect of τ si j on W̃ can be written as

dW̃

dτ si j
= ∂W

∂τ si j

∣
∣
∣
∣
∣
�=�̃︸ ︷︷ ︸

Effect (1)

+ ∂W

∂�
· ∂�

∂τ si j

∣
∣
∣
∣
∣
�=�̃︸ ︷︷ ︸

Effect (2)

+ ∂W

∂�
· ∂�

∂pF
· ∂pF

∂τ si j

∣
∣
∣
∣
∣
�=�̃︸ ︷︷ ︸

Effect (3)

+ ∂W

∂pF
· ∂pF

∂τ si j

∣
∣
∣
∣
∣
�=�̃︸ ︷︷ ︸

Effect (4)
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= ∂W

∂τ si j

∣
∣
∣
∣
∣
�=�̃︸ ︷︷ ︸

Effects (1)+(2)+(3)

+ ∂W

∂pF
· ∂pF

∂τ si j

∣
∣
∣
∣
∣
�=�̃︸ ︷︷ ︸

Effect (4)

since
∂W

∂�

∣
∣
∣
∣
�=�̃

= 0 as � has been optimally chosen. (4)

Accordingly, effects (2) and (3) are equal to zero, as they are second order, and the
exogenous changes are infinitesimal. This is precisely the principle underlying the

envelope theorem. On the other hand, since W̃ = W |�=�̃ =∑ j p
F
j · qFj
∣
∣
∣
�=�̃

(where

qFj

∣
∣
∣
�=�̃

is the optimally chosen allocation of consumption goods), the total effect of

τ si j on W̃ can also be written as

dW̃

dτ si j
=
∑

j
pFj · dqFj

dτ si j

∣
∣
∣
∣
∣
�=�̃︸ ︷︷ ︸

Effects (1)+(2)+(3)

+
∑

j

dpFj
dτ si j

· qFj
∣
∣
∣
�=�̃

︸ ︷︷ ︸
Effect (4)

.

Recall from Sect. 2.1 and Eq. (2) that the first term on the RHS of the above equation
corresponds to the sum of equivalent variations of all countries caused by a change in
τ si j , and it is the only term we care about in order to calculate the percentage change
in global welfare. The rationale is that, as we are using pre-change market prices and
concept of equivalent variation to evaluate the global welfare change, the direct effect
of pF, i.e., Effect (4) above, can be ignored. Thus, comparing the last lines of the above
two equations, we conclude that

∑

j

pFj · dqFj
dτ si j

∣
∣
∣
∣
∣
�=�̃

= dW̃

dτ si j
= ∂W

∂τ si j

∣
∣
∣
∣
∣
�=�̃

.

That is, the sum of equivalent variations of all countries induced by each unit of

infinitesimal change of τ si j is equal to the partial derivative ∂W/∂τ si j

∣
∣
∣
�=�̃

. Thus, we

have the following key lemma of this paper.

Lemma 1 (Irrelevance of Indirect Effects) The change in global welfare (measured by
the sum of equivalent variations of all countries) induced by each unit of infinitesimal

change in τ si j is equal to ∂W/∂τ si j

∣
∣
∣
�=�̃

. In other words, the only effect is the direct

effect of τ si j on world income.

Step 3: Invoking Lemma 1
Hence, according to (2), the percentage change in globalwelfare inducedby changes

in the set of trade costs
{
τ si j

}
is given by
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μ =
∑

j

pFj · d qFj

∣
∣
∣
�=�̃

∑
j p

F
j · qFj
∣
∣
∣
�=�̃

(1)

= 1

Yw

∑

s,i, j

∂W

∂τ si j

∣
∣
∣
∣
∣
�=�̃

dτ si j

= −
∑

s,i, j

Xs
i j

(
τ si j

)−1

Yw
dτ si j

= −
∑

i, j

Xi j τ̂i j

Yw
if τ̂ si j = τ̂i j for all s, and Xi j =

∑

s

Xs
i j

where W |�=�̃ = ∑i, j X
F
i j and Xs

i j ≡
[∫

ω∈�s
i j
psi j (ω) ysi j (ω)

(
�ij
)
dω
]
/τ si j , and

∫
ω∈�s

i j
psi j (ω) ysi j (ω)

(
�ij
)
dω is independent of τ si j . Although the expression for

∫
ω∈�s

i j
psi j (ω) ysi j (ω)

(
�ij
)
dω is different for different models, expression (1) holds

for all models. The second line of the above calculation stems from invoking Lemma 1
and then summing up the effects over all i, j, s. For single-stage production under PC
and M-g, the third line of the above calculation is obvious. For multi-stage production
under PC, the third line stems from the fact that the change in total global value of
outputs at stage-F is equal to the change in total global value of inputs at an earlier
stage s + 1 induced by a decrease in τ si j (where s < F).15 This completes our general
proof of Proposition 2. 	


In “Appendixes A and B,” we provide specific proofs of Proposition 2 for PC with
multi-stage production andMCwith heterogeneous firms (M-g). “Appendix A” shows
that the economic intuition for Eq. (1) to hold for PC with multi-stage production is
that whenever there is an amount of terms of trade gain by an exporter of a good at any
stage, there is an equal amount of terms of trade loss by an importer of the same good.
Thus, the global effect of terms of trade changes is nil. Consequently, only the direct
effect, which is the total saving in trade costs in all stages, matters for global welfare
change. Furthermore, any saving in trade cost at any stage is eventually passed on to
the final stage. As a result, the saving in trade cost in each stage shows up as the gain in
global income in the final stage. The percentage change in global welfare is therefore

given by −∑i, j,s
Xs
i j τ̂

s
i j

Yw = −∑i, j
Xi j
Yw τ̂i j if τ̂ si j = τ̂i j for all s, and Xi j = ∑s X

s
i j .

Note that a PCmodel withmore stages of production and a PCmodel with fewer stages
of production but with the same production function at each overlapping stage will in
general give rise to different Xi j for the same set of bilateral trade costs

{
τi j
}
(with

larger Xi j under the setting with more stages of production). Therefore, for the same

15 That is, ∂W
∂τ si j

dτ si j = ∂
∂τ si j

(∑
i ′
∑

j ′ XF
i ′ j ′
)
dτ si j = ∂

∂τ si j

(∑
i ′
∑

j ′ Xs
i ′ j ′
)
dτ si j = ∂Xs

i j
∂τ si j

dτ si j =

−Xs
i j

(
τ si j

)−1
dτ si j , where

∑
i ′
∑

j ′ Xs
i ′ j ′ is the total global value of inputs at stage-(s + 1). See

“Appendix A” for more detail.
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percentage changes in bilateral trade costs, the global welfare gains from reduction in
trade costs are higher when production is more fragmented internationally.

“Appendix B” shows that the intuition for Eq. (1) to hold for M-g is that as cutoff
productivities change due to changes in trade costs, the effect on the average produc-
tivity of firms serving each market (productivity effect) and the effect on the mass of
firms serving each market (firm mass effect) completely offset each other from the
point of view of global welfare, regardless of the distribution of firm productivity. This
is because, for each exporting country, the labor constraint dictates that the change in
average productivity and change in firmmass in each market go in opposite directions,
and they offset each other when summing up over all markets. As Melitz and Red-
ding (2015) have pointed out, a K1980 model and a M-g model with the same deep
parameters will in general give rise to different Xi j for the same set of bilateral trade
costs (with M-g yielding larger Xi j ). Therefore, for the same percentage changes in
bilateral trade costs, the M-g model in general gives rise to larger global welfare gains
than does the K1980 model with the same deep parameters.

In “Appendix C,” we analyze how the market responds to exogenous changes in
trade costs under the two models, viz. PC with multi-stage production and M-g. By
analyzing the market’s response instead of the global planner’s response, we are able
to identify effects that are canceled out when we consider the impact on global welfare
instead of welfare of individual countries.

3 Extensions and empirical applications

In this section, we analyze two special cases for which Assumption 2 is violated so
that prices are not constant markup over marginal cost. These are not general cases
of variable markup, but they are interesting extensions to the general results reported
in Sect. 2. Following these two extensions, we carry out a couple of simple empirical
applications of the baseline model.

3.1 M-g withmultiple sectors

Suppose that the set of goods ω ∈ � is separated into sectors denoted by �z where
sectors are indexed by z = 1, . . . , Z . Consumers in country j have their preferences
represented by the following utility function:

Uj = U
({

u j (z)
∣
∣ z = 1, 2, . . . , Z

})
where u j (z) =

[
∑

i

∫
ω∈�z

i j
qzi j (ω)

σz−1
σz dω

] σz
σz−1

whereUj is homogeneous of degree one in u j (z) and q
z
i j (ω) denotes the consumption

in country j of varietyω in sector z originating from country i . In general, the elasticity
of substitution σz can be different across sectors.

The fixed exporting cost from country i to j in sector z is equal to ξi j z in units of
labor; the iceberg exporting cost from country i to country j in sector z is given by
τ z
i j . Each firm needs to pay a fixed entry cost equal to the cost of fez units of labor to
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acquire a blueprint to produce in sector z. The productivity of the firm, ϕ, is a random
variable. The unit labor requirement of producing good ω is denoted by ai (ω) ≡ 1/ϕ.
Thus, ω and ϕ can be used interchangeably to index a good. The functions Giz (ϕ)

and giz (ϕ) are the cdf and pdf, respectively, of ϕ for sector z in country i .
We prove the following proposition in “Online Appendix D.”

Proposition 3 (Multiple Sectors) Suppose there are multiple sectors and the market
structure of each sector is monopolistic competition as perMelitz (2003)with general
firm productivity distribution, the percentage change in global welfare is given by

∑
j
E j

Yw
Û j = −

∑

j,i,z

X z
i j

Yw
τ̂ z
i j +
∑

j,i,z

X z
i j

Yw

(

̂ϕ̃i j z + N̂ z
i j

σz − 1

)

.

Moreover,
∑

j,i,z X
z
i j

[
(σz − 1)̂ϕ̃i j z + N̂ z

i j

]
= 0.

Besides the direct effect, −∑ j,i,z
Xz
i j

Yw τ̂ z
i j , there is one more term,

∑
j,i,z

Xz
i j

Yw

(
̂ϕ̃i j z + N̂ z

i j
σz−1

)

, which is the sum of the combination of firm mass effect

(N̂ z
i j ) and productivity effect (̂ϕ̃i j z), summing over all sectors and all country pairs.

Moreover, it can be shown that the labor market clearing condition, together with the

free entry condition, leads to
∑

j,i,z X
z
i j

[
(σz − 1)̂ϕ̃i j z + N̂ z

i j

]
= 0, i.e., the weighted

sum of the combination of firm mass effect and productivity effect (with the weight
being σz − 1) is equal to zero when summing over all sectors and all country pairs.

If σz is the same across sectors,
∑

j,i,z
Xz
i j

Yw

(
̂ϕ̃i j z + N̂ z

i j
σz−1

)

is equal to zero as

the firm mass effect and productivity effect completely offset each other (as shown
in Eq. (14) in Sect. C.2). In that case, the change in global welfare is given by
∑

j
E j
Yw Û j = −∑ j,i,z

Xz
i j

Yw τ̂ z
i j , which reduces to expression (1) when τ z

i j = τi j for
all z. If σz are different across sectors, price markups are different across sectors. As
a result, relative prices are distorted and market resource allocation is not efficient. If
∑

j,i X
z
i j

[
(σz − 1)̂ϕ̃i j z + N̂ z

i j

]
tends to be positive (negative) in the sector with small

σz (i.e., higher markup), then
∑

j,i,z X
z
i j

(
̂ϕ̃i j z + N̂ z

i j
σz−1

)

would be positive (negative),

and the combination of the firm mass effect and productivity effect on global welfare
would be positive (negative). In other words, the effect of the sectors with higher
markups dominates. This makes sense as sectors with higher markups are associated
with greater distortion. The effect of sectors with greater distortion would dominate
over the effect of sectors with smaller markups (and hence smaller distortion). Ossa
(2015) finds that assuming symmetric trade elasticity across sectors leads to a gross
underestimation of the gains from trade. Thus, we can infer that Ossa’s (2015) empiri-

cal finding implies that
∑

j,i X
z
i j

[
(σz − 1)̂ϕ̃i j z + N̂ z

i j

]
tends to be positive (negative)

when σz is small (large).
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3.2 MCwith single sector and variable markups

To use the simplest possible model to illustrate how the existence of variable markups
affects our benchmark result, we consider the case with heterogeneous firms and
assume that the number of firms serving each market is discrete in equilibrium. As
there is a discrete number of firms and the changes in trade costs are infinitesimal,
the number of firms that serve each market by each country is unchanged after the
reduction in trade costs. Thus, there is neither firm mass effect nor productivity effect.
We continue to assume that each firm only produces one variety. As we shall see,
the result would be sharper if we consider a case when a significant market share is
concentrated in a small number of firms from a small number of countries.

We assume that the utility in country j is given by:

Uj =
⎡

⎢
⎣
∑

i

∑

ω∈�F
i j

q F
i j (ω)

σ−1
σ

⎤

⎥
⎦

σ
σ−1

(5)

where σ > 1 is the elasticity of substitution. Then, consumer optimization yields the
demand function for good ω:

qF
i j (ω) = pFi j (ω)−σ

P1−σ
j

E j (6)

where Pj =
{
∑

i
∑

ω∈�F
i j

[
pFi j (ω)
]1−σ
} 1

1−σ

is the consumer price index in country

j . Let ϕ be the labor productivity associated with variety ω.
Given (6), profit maximization yields

μi j (ϕ) = 1 + 1

(σ − 1)
[
1 − si j (ϕ)

] (7)

where μi j (ϕ) = pFi j (ϕ)

ci j (ϕ)
is the markup by a firm and ci j (ϕ) = τi jwi

ϕ
is the marginal

cost, and si j (ϕ) ≡ xi j (ϕ) /E j is the market share of a good produced by a firm with
productivity ϕ from country i in country j , and xi j (ϕ) is the value of exports of the
firm with productivity ϕ from country i to country j .

Clearly, μi j (ϕ) increases with si j (ϕ), which in turn increases with ϕ. Obviously,
P̂j would be affected not just by ŵi + τ̂i j (which affects ci j (ϕ) ), but also by μ̂i j (ϕ).

We prove the following proposition in “Online Appendix E.”

Proposition 4 (Variable Markups) Suppose there is a single sector and single stage
of production and the market structure is monopolistic competition with variable
markups, the percentage change in global welfare is given by
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∑

j

E j Û j

Yw
= −
∑

i, j

Xi j

Yw
τ̂i j −
∑

i, j

E j

Yw

⎡

⎢
⎣
∑

ω∈�F
i j

si j (ϕ) μ̂i j (ϕ)

⎤

⎥
⎦ .

Compared with the benchmark result, there is an extra term −∑i, j
E j
Yw[∑

ω∈�F
i j
si j (ϕ) μ̂i j (ϕ)

]
which depends on the changes in markups of firms. If firms

with large market shares tend to reduce (raise) their markups following reduction in
trade costs, the global gains would be larger (smaller) than the benchmark case. This
makes sense as markups are distortions, and lower markups lead to high efficiency
and thus higher global welfare gains. This is consistent with the finding of, for exam-
ple, Edmond et al. (2015), who report that reduction in trade costs tends to raise the
markups of foreign firms but lower themarkups of domestic firms, but since themarket
shares of domestic firms are larger, there are additional gains from reduction in trade
costs due to the existence of variable markups. Note that in the case where countries
are symmetric (with fixed exporting costs), meaning that for any given ϕ, si j (ϕ) is
the same for all i and j such that i �= j , the extra term is trivial given that there are a
large number of countries n. However, if we consider a highly asymmetric case where
a significant market share is concentrated in a small number of firms from a small
number of countries, then the extra term can be non-trivial compared with the first
term.

In principle, we should be able to calculate the values of the extra terms in Propo-
sitions 3 and 4, respectively, but then we need a lot more data and have to go through
much more nuanced computation in order to do that. This is discussed in more detail
in Sect. 3.3.

3.3 Estimating the extra terms due to variable markups in Propositions 3 and 4

In this subsection, we discuss the method and the data needed to compute the extra
terms due to variable markup as stated in Propositions 3 and 4.

3.3.1 For Proposition 3

For simplicity, we assume thatUj =∏
z
u j (z)α(z) with

∑
zα (z) = 1. Let p j (z) denote

the exact price index for subutility u j (z) as shown in “Online Appendix D.” Then
equations (28) (exact price index of u j (z) ), (29) (labor market clearing condition),
(34) (free entry condition), and (30) (productivity effect) from “Online Appendix D,”

together with Nz
i j = Nz

i

[
1 − Giz

(
ϕ∗
i j z

)]
which is true by definition, and the zero

cutoff profit condition, represent a system of 3n2Z +2nZ +n equations with the same

number of unknowns ŵi , p̂ j (z),̂ϕ∗
i j z , N̂

z
i j ,̂ϕ̃i j z , and N̂ z

i for all i, j, z. Under Pareto

distribution, the system can be simplified to one with n2Z + 2nZ + n equations with
the same number of unknowns ŵi , p̂ j (z),̂ϕ̃i j z , and N̂ z

i for all i, j, z. Given bilateral
trade data (Xz

i j ) and the values of the parameters θ and σz (both can be obtained from
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the literature), we can solve for these n2Z + 2nZ + n unknowns given the changes

in trade costs {τ̂i j }. Thus,̂ϕ∗
i j z and N̂ z

i j can be calculated as well. Therefore, the extra
term in Proposition 3 can be computed. See “Online Appendix F” for the detail. Since
all firms in the same sector have the same markup, only sectoral data are needed. No
firm-level data are needed.

3.3.2 For Proposition 4

Let the number of firms in the set �F
i j be Ni j . Thus, there are

∑
i Ni j firms serving

market j . Log-linearizing (36) and (37) for each firm in “Online Appendix E” and the
labor market clearing conditionwi Li =∑ j Xi j =∑ j

∑
ω∈�F

i j
si j (ϕ) w j L j for all i ,

we get a linear systemwith 2
∑

j
∑

i Ni j +n equations and 2
∑

j
∑

i Ni j +n unknowns,

namely {̂si j (ϕ)} and { ̂pFi j (ϕ)} for all firms ω ∈ �F
i j ,∀i, j and {ŵi },∀i . The system

can be solved when the market share si j (ϕ) and the markup μi j (ϕ) for each firm
before the changes in trade costs are known. After we solve for the system given the
changes in trade costs {τ̂i j }, we can compute ̂μi j (ϕ) as a function of si j (ϕ), μi j (ϕ),

and ̂si j (ϕ) based on an equation obtained by totally differentiating (7). Then the extra
term in Proposition 4 can be computed. For the detail, refer to “Online Appendix G.”
In this case, firm-level data are needed, since different firm–destination pairs have
different markups.

In practice, it is almost impossible to obtain the market shares of all the firms in
all destination markets in the world. But we can focus on the largest firms instead
as a reasonable approximation. In the recent literature of granularity, people found
that all types of international trade activities concentrate mainly in a small number of
largest multinational firms.16 Thus, we can focus on the largest multinationals, whose
financial and market share information is relatively easy to obtain. For example, we
can focus on the largest 1000 or 5000 firms in the world, using the Fortune 1000 or
Global 5000 database. At the same time, focusing on a relative small number of largest
firms can greatly reduce the dimension of the linear system of equations mentioned
above. As a result, the computational complexity can be greatly reduced as well.

3.4 Empirical applications

To illustrate the user-friendliness of our formula (1), we offer two empirical applica-
tions.

3.4.1 Empirical application one

First, we demonstrate that we can easily calculate the elasticity of global welfare with
respect to a uniform percentage reduction in all bilateral iceberg trade costs. This
reduction can be due to technological improvements or other exogenous changes such

16 For example, Bernard et al. (2018) found that “The largest decile of firms accounts for over 95 percent
of total trade, exports and imports, and over 99% of related-party trade in 2007” for the USA.
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as implementation of trade facilitation measures. Based on our theory, we only need
to know the share of total trade value in world GDP in order to calculate the impact
on global welfare. For example, in 2003, the data indicate that total value of world
merchandise trade was approximately equal to 20.0% of world GDP. It follows from
(1) that the elasticity of global welfare with respect to a uniform percentage reduction
in all bilateral iceberg trade costs is equal to 0.200. In other words, 1% reduction in all
bilateral iceberg trade costs would increase global welfare by 0.200% of world GDP
in 2003.

How is the global welfare change estimated from our formula (1) compared with
other estimates in the profession? The Walkenhorst and Tadashi (2009, p. 4) esti-
mates that, in 2003, assuming that trade facilitation leads to a reduction in border
procedure-related trade transaction costs (TTCs) by 1% of the value of world trade,
global welfare gains would be about USD 40 billion. The analysis by OECD was
carried out by using the GTAP database and model, which could account for changes
in production, consumption, trade, and economic welfare of countries. Let us compare
the two estimates.

By definition, the bilateral TTCs (denoted by Ti j ) between i and j as a fraction of
the value of exports from i to j can be written as Ti j = τi j − 1− ti j , where ti j denotes
other sources of bilateral trade costs (such as transport costs, tariffs, etc) as a fraction
of the value of bilateral exports. Therefore, a reduction in bilateral TTCs from i to j
by 1% of the value of exports from i to j means that dTi j = −0.01, which implies that
dτi j = −0.01 when ti j stays unchanged. Anderson and VanWincoop (2004) estimate
that the tax equivalent total international trade cost is about 74%, which implies that
τi j = 1.74. With dτi j = −0.01, we have dτi j/τi j = −0.00575. The value of world
trade in 2003,

∑
i, j Xi j , is approximately USD 7.7 trillion. Thus, in 2003, a uniform

reduction in Ti j by 1% of the value of exports from i to j for all i, j leads to an increase
in global income of

∑
i, j Xi j τ̂i j , which is equal to USD 44.3 billion, according to our

theory. Therefore, our estimate is not that different from that of OECD, though they
have used a much more nuanced approach than ours.

3.4.2 Empirical application two

Anotable component of shipping costs is shipping time.Wewant to find the cumulative
global welfare impact of the reduction in international shipping time in the 50-year
period 1960–2010. Hummels and Schaur (2013) estimate that each additional day in
transit is equivalent to an increase in [0.6%, 2.1%] of ad valorem trade cost.We need to
estimate howmuch bilateral shipping time has been reduced each year over this period,
and it is not easy to find data. But we can do a rough estimate. Based on Hummels’
(2001) estimate that “the introduction of containerization in the late 1960s and 1970s
results in a doubling of the average ocean fleet speed,” we assume that average ocean
shipping time was 40 days for international trade in 1960, compared to the 20 days
in 2010 cited by him. In 1960, almost all international shipments were through ocean
freight. We also assume that there was gradual reduction in ocean shipping time and
a gradual substitution toward air freight since 1960. The average international ocean
shipping time in 2010 was 20 days and air-shipped trade rose from (approximately)
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0 to 50% from 1960 to 2010.17 Thus, the average shipping days dropped from 40 to
0.5×20 (by sea)+ 0.5×1 (by air)=10.5 days during the period 1960–2010 (assuming
that air freight takes just one day). If we assume the cost reduction process to be gradual
(i.e., the annual reduction in shipping days is constant throughout the 50 years), the
number of shipping days dropped by (40–10.5)/50=0.59 per year during the period
1960–2010, which is equivalent to a reduction in ad valorem trade cost by [0.354%,
1.239%] per year. Based on the data of the share of merchandise trade in GDP from
World Development Indicator (WDI) published by the World Bank for each of the
years 1960–2010, we calculate from Eq. (1) the cumulative global welfare gains in the
five decades 1960–2010 from the saving in shipping time to be [2.71%, 9.81%], which
is equivalent to an increase in global income in the range USD [1709, 6183] billion in
2010, with the midpoint being USD 3946 billion. These estimates can be considered
reasonable in the sense that they are consistent with the finding of, say, Ossa (2014),
who finds that the averagewelfare gains ofmoving from autarky to free trade for Brazil
(10%), China (13.1%), European Union (12.6%), India (11.2%), Japan (15.4%), and
USA (14.2%) are equal to about 11.0%. Our estimate should be interpreted as the
average percentage welfare gains of all countries in the world from 1960 to 2010 due
to reduction in trade costs. Since trade barriers were less restrictive than autarky in
1960 and they were more restrictive than free trade in 2010, our estimate should be
less than the average percentage welfare gains from autarky to free trade as estimated
by Ossa (2014). Since the range [2.71%, 9.81%] is less than 11%, we can say that our
estimate is within reasonable bounds.

4 Conclusion

Our paper is motivated by the following question: How much does trade facilitation
matter to the world? Guided by this question, based on a set of simple assumptions, we
derive a simple equation to evaluate the quantitative impact on global welfare of small
reduction in bilateral trade costs, such as shipping costs or the costs of administrative
barriers to trade. Although our equation cannot evaluate the distribution of gains for
different countries, it informs us of the magnitude of increase in global GDP. If global
gains resulting from bilateral trade costs reduction are found to be large, then it would
provide stronger support to the advocates of global trade facilitation such as WTO,
OECD, and the World Bank.

Surprisingly, the equation is very general and is applicable to a broad class ofmodels
and settings.We also carry out some extensions by relaxing the assumption of constant
markup. We illustrate the user-friendliness of the formula by carrying out a couple
of simple empirical applications. We find the estimates obtained from the empirical
applications to be reasonable and consistent with other estimates in the literature.

17 These numbers are based on US trade statistics. Given that the shipping industry has been very compet-
itive, we think it is reasonable to assume that these numbers also apply to all other countries of the world.
A sharp speeding up of ocean transport followed from the introduction of containerization in the late 1960s
and 1970s. To simplify the calculation, we assume that the annual rate of reduction in trade cost is constant
during this period.
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Our paper distinguishes from other works in the literature in a few key aspects.
First, not only have we proved that only the direct effect matters, but we have also
proved that the underlying mechanism driving the result is the envelope theorem.
Thus, the formula is applicable to a broad variety of models and settings as long as
there are no externalities or price distortions. This intuition has not been explained
clearly in the literature. Second, we rigorously justify the use of the expenditure-share-
weighted average percentage change of country welfare as a measure of the change
of global welfare, based on the concept of equivalent variation. Third, we investigate
the implications of non-constant markups on our benchmark result by carrying out
a couple of extensions. In each case, we describe the additional data needed and the
method of computing the extra term due to non-constant markups. The extensions
further deepen our understanding of how to evaluate quantitatively the global gains
from reduction in trade costs.

Appendix

A Specific Proof of Proposition 2: PC withmulti-stage production

The setting, preferences, technology, and market structure are as described in
Sects. 2.1 and 2.2. This specific proof is a specific case (PC with multi-stage pro-
duction) of the general proof of Proposition 2 presented in Sect. 2.3. The multi-stage
production model subsumes the single-stage production model. So, we do not provide
a separate proof for the single-stage production case. Recall that the pre-change vector

of market prices of final goods sold in country j is pFj ≡
{
pFi j (ω)

∣
∣
∣ i ∈ N , ω ∈ �F

i j

}

and pre-change vector of market quantity of final goods consumed by country j is

qFj ≡
{
qF
i j (ω)

∣
∣
∣ i ∈ N , ω ∈ �F

i j

}
. The sum of equivalent variations of all countries is

equal to
∑

j p
F
j · dqFj =∑i, j

∫
ω�F

i j
pFi j (ω) dqF

i j (ω) dω.

Maximization of global income

The global planner maximizes global income W by choosing lsjk,∀ j, k, s, and �s
jk

∀ j, k, s taking trade costs τ si j for all i, j ,s and the shadow prices of final goods pFi j for
all i, j as given:

max{
lsjk ,∀ j,k,s

}{
�s

jk ,∀ j,k,s
}W =

∑

i, j

∫

ω�F
i j

pFi j (ω) yFi j (ω)

τ F
i j

dω

s.t. (i) labor constraint L j = ∑k,s

∫
ω∈�s

jk
lsjk (ω) dω for all j , (ii) the production

function of stage-s good ω exported from j to k, given by
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ysjk (ω)

=
⎧
⎨

⎩

ϕs
j (ω) f

({
ys−1
i j,k (ω

′)
τ s−1
i j

∣
∣
∣
∣ i ∈ N , ω′ ∈ �s−1

i j

}

, lsjk (ω)

)

for s = 2, 3, . . . , F

ϕs
j (ω) lsjk (ω) for s = 1

for ω ∈ �s
jk

(8)

for all j, k = 1, . . . , n, where lsjk (ω) is the quantity of labor used in j in combination

with the quantities of inputs imported from i to j , ys−1
i j,k

(
ω′) /τ s−1

i j ≡ qs−1
i j,k

(
ω′), to

produce stage-s outputω to be exported from j to k, ysjk (ω), and ϕs
j is the productivity,

which is constant. Thus,
∑

k

∫
ω∈�s

jk
lsjk (ω) dω = lsj for all j and s, and

∑
s l

s
i = Li

for all i .
Suppose there is a change in τ ski such that τ̂ ski < 0. We want to evaluate the effect

of this change on W . We start from a state where all the lsi j (ω) for all i, j, s, ω are
optimally chosen given the exogenous variables. According to (4), we only need to
evaluate ∂W/∂τ ski , i.e., evaluate the effect of τ ski on W keeping l and p unchanged,

recalling that l ≡
(
lsi j (ω)
)

,∀i, j, s, ω and p ≡ (psi j (ω)),∀i, j, s, ω. Recall that
psi j (ω) = psii (ω) τ si j . Since the unit labor requirement for any p1i j (ω) at stage 1

is constant, wi is unchanged as all p1i j (ω) are kept unchanged. We proof our result
step by step as follows:

1. The total global value of inputs at stage s + 1 is equal to

∑

i

(
∑

k

Xs
ki + wi l

s+1
i

)

=
∑

i,k

Xs
ki +
∑

i

wi l
s+1
i

where

Xs
ki =
∫
ω∈�s

ki
pski (ω) yski (ω) dω

τ ski
for all s = 1, 2, . . . , F .

is the value of stage-s output exported from k to i which is used as stage-(s + 1)
input.

As τ ski varies while keeping pski (ω) and lski (ω) unchanged for all s, k, i ω, yski (ω)

is also unchanged. Therefore, the effect of τ ski on Xs
ki is given by

∂Xs
ki

∂τ ski
dτ ski

︸ ︷︷ ︸

Change in the value of stage-s

input exported from k to i

= −Xs
ki τ̂

s
ki (9)

which is the direct saving in trade costs.
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2. The value of stage-(s+1) output exported from i to j is given by

Xs+1
i j =
∫

ω∈�s+1
i j

ps+1
i i (ω) ys+1

i j (ω) dω.

At stage s + 1, the total global value of outputs is equal to the total global value of
inputs:

∑

i, j
Xs+1
i j

︸ ︷︷ ︸
global value of outputs at stage s+1

=
∑

i, j
Xs
i j

︸ ︷︷ ︸
global value of inputs at stage s+1

+
∑

i
wi l

s+1
i

︸ ︷︷ ︸
.

global value added at stage s+1

(10)
As τ ski is reduced, it increases the global value of inputs at stage s + 1,

∑
i, j X

s
i j ,

through the direct saving in trade costs, according to (8) for stage s + 1 production.
This in turn increases the global value of outputs at stage s + 1,

∑
i, j X

s+1
i j , through

the increases in
{
ys+1
i j (ω)

}
according to (8). At stage s+2, we have

∑

i, j

Xs+2
i j =
∑

i, j

Xs+1
i j +
∑

i

wi l
s+2
i .

That is, increases in
{
ys+1
i j (ω)

}
in turn lead to increases in

{
ys+2
i j (ω)

}
according

to (8) for stage s + 2 production, which raises the global value of outputs at stage
s+2,
∑

i, j X
s+2
i j . This process goes on until the final stage-F, leading to an increase in

∑
i, j X

F
i j through increases in

{
yFi j (ω)
}
. Thus, we have

∑

i, j
X F
i j

︸ ︷︷ ︸
global income

=
∑

i, j
Xs
i j

︸ ︷︷ ︸
global value of inputs at stage s+1

+
∑

i
wi

∑F

m=s+1
lmi

︸ ︷︷ ︸
cumulative global value added from stages s+1 to F

.

Since wi ∀i and lmi ∀i , m are kept unchanged as τ ski varies,
∑

i wi
∑F

m=s+1 l
m
i is

unchanged as well. As W =∑i, j X
F
i j , we have

∂W

∂τ ski
dτ ski = ∂

∂τ ski

⎛

⎝
∑

i, j

X F
i j

⎞

⎠ dτ ski = ∂

∂τ ski

⎛

⎝
∑

i, j

Xs
i j

⎞

⎠ dτ ski = ∂Xs
ki

∂τ ski
dτ ski = −Xs

ki τ̂
s
ki .

The economic intuition is as follows: The initial welfare impact of a small reduction
in trade cost of dτ si j at stage-s is equal to a gain of Xs

i j τ̂
s
i j at stage s + 1 received by

country j due to the reduction in the cost of its intermediate good, where Xs
i j denote

the value of exports of stage-s good from country i to country j . But since country j’s
stage-s + 1 good is subsequently used by all other countries for their production of
goods at stage-s+2, s+3 and so on, the cost saving is passed on fully to all countries in
each later stage. This process will go on until the final stage. Eventually, the saving in
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trade cost shows up as the gains in global income received by all countries in the final
stage-F . Therefore, the global welfare effect of a change in trade cost τ si j at stage-s is

equal to −Xs
i j τ̂

s
i j . Thus, the percentage change in global welfare is equal to

−
∑

i, j,s

Xs
i j τ̂

s
i j

Yw
= −
∑

i, j

Xi j

Yw
τ̂i j

︸ ︷︷ ︸
If τ̂ si j=τ̂i j for all s, and Xi j=∑s X

s
i j

,

which is expression (1). 	


B Specific Proof of Proposition 2: M-g

The setting, preferences, technology, and market structure are as described in
Sects. 2.1 and 2.2. This specific proof is a specific case of the general proof of Propo-
sition 2 presented in Sect. 2.3. Recall that the labor productivity ϕ ≡ 1/ai (ω). So,
each variety is indexed by ϕ or ω, with a unique mapping between the two. The two
indexes are used interchangeably.Analogous to the general proof inSect. 2.3,wedefine

pFj =
{
pFi j (ϕ) ,∀i, ϕ

}
and qFj =

{
qF
i j (ϕ) ,∀i, ϕ

}
. The sum of equivalent variations

of all countries is equal to
∑

j p
F
j · dqFj =

[∑
j,i Ni
∫∞
ϕ∗
i j
pFi j (ϕ) dqF

i j (ϕ) gi (ϕ) dϕ
]
.

Maximization of global income

Theglobal plannermaximizes global incomeW by choosing
{
li j (ϕ) ,∀i, j, ϕ} ,

{
ϕ∗
i j

}

and{Ni }, taking trade costs τi j for all i, j and the shadow (market) prices pFi j (ϕ) for
all i, j, ϕ as given. Thus, she solves

max
{li j (ϕ),∀i, j,ϕ},{ϕ∗

i j

}
,{Ni }

W =
∑

i, j

Ni

∫ ∞

ϕ∗
i j

pFi j (ϕ) f ϕ
(
li j (ϕ)
)
gi (ϕ)

τi j
dϕ

s.t. Ni

⎧
⎨

⎩
fe +
∑

j

ξi j

[
1 − Gi

(
ϕ∗
i j

)]
+
∑

j

∫ ∞

ϕ∗
i j

li j (ϕ) gi (ϕ) dϕ

⎫
⎬

⎭
= Li for all i

where yFi j (ϕ) = f ϕ
(
li j (ϕ)
)
is the production function for producing yFi j (ϕ) =

τi j q F
i j (ϕ) units of good by a firm with productivity ϕ in country i for sales to country

j .18

18 Here we assume that the production function is the same in all countries. We could assume that the
production function is different across countries, but the conclusion will remain the same.
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Analogous to the general proof in Sect. 2.3, we define l ≡ (li j (ϕ)
)
,∀i, j, ϕ as a

vector of all labor allocation; p ≡ (pFi j (ϕ)),∀i, j, ϕ as a vector of all shadow prices;

and τ ≡ (τi j
)
,∀i, j as a vector of all trade costs.19

Then,

∂W

∂τi j
= −Ni

∫ ∞

ϕ∗
i j

pFi j (ϕ) f ϕ
(
li j (ϕ)
)
gi (ϕ)

τ 2i j
dϕ = − Xi j

τi j

as Ni
∫∞
ϕ∗
i j

pFi j (ϕ) f ϕ(li j (ϕ))gi (ϕ)

τi j
dϕ = Xi j . As

{
li j (ϕ) ,∀i, j, ϕ} ,

{
ϕ∗
i j

}
and{Ni } have

been optimally chosen, their effects onW are second order. Thus, we can analogously
invoke (4) to compute the percentage change in global welfare as

1

Yw

∑

i, j

∂W

∂τi j
dτi j = −

∑

i, j

Xi j τ̂i j

Yw

which is expression (1). 	


C Analysis of market response to reduction in trade costs

From now on, in order to simplify notation, we shall omit the superscript “F” for most
of the variables in the context of discussion of single-stage production (PC or MC)
whenever such omission would not cause any confusion.

C.1 PC withmulti-stage production

The utility function and the production at each stage are as given in Sect. 2.2. Let
Es

j ≡ ∑i X
s
i j denote the total expenditure on stage-s good in country j . (For the

final stage, EF
j ≡ E j is country j’s total expenditure on final goods.) Define θ

j
s ≡

∑
i X

s−1
i j /
∑

k X
s
jk the cost share of intermediate goods in the total cost of stage-s out-

put produced by country j. Note that 1. Xs
i j = ∫

ω∈�s
i j
psi j (ω) qsi j (ω) dω, where psi j (ω)

is the import price in country j of stage-s good ω from country i; 2. the total value of
production of stage-s good in country j is equal to

∑
i X

s
ji = ∫

ω∈�s
j
psj j (ω) ysj (ω) dω

for s = 1, 2, . . . , F , where psj j (ω) is the unit cost of stage-s good ω produced by
country j; 3. psi j (ω) = psii (ω) τ si j ; 4. q

s
i j (ω) τ si j = ysi j (ω) which is the quantity of

stage-s good ω exported from i to j measured at the origin; 5. ysj (ω) ≡∑i y
s
ji (ω).

In addition, the total value of production of stage-s good (for s = 2, 3, . . . , F) in
country j , given by

∑
i X

s
ji , can be decomposed into two parts: first, the value-added

by country j labor in the production of stage-s good, given by V s
j =
(
1 − θ

j
s

)∑
i X

s
ji ;

19 We abuse the notation a little here as the vectors l and p include infinite elements (the upper bound for
ϕ is ∞).
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second, the total expenditure on intermediate inputs for the production of stage-s good
in country j , given by Es−1

j = θ
j
s
∑

i X
s
ji .Moreover, V 1

j =∑i X
1
j i as no intermediate

input is required for the first stage. GDP of j , Y j , is equal to the sum of value-added
over all stages:

Y j =
∑

s

V s
j for j = 1, 2, . . . , n

The percentage change in welfare of country j as τi j changes is given by

Û j = Ê j − P̂j .

Intuitively, this says that, when j exports a good, an increase in w j tends to raise Uj

through the increase in E j resulting from the increases in the prices of its exports,
i.e., the terms of trade (TOT) effect on j as an exporter. On the other hand, when j
imports a good from a foreign country i , the prices of its imports are affected in two
ways. First, an increase in foreign wage wi tends to reduce Uj through the increase
in Pj resulting from the TOT effect on j as an importer. Second, Pj is further affected
by the change in trade cost τi j . Thus, the expenditure-weighted change in welfare of
country j is given by

E jÛ j = E j Ê j
︸ ︷︷ ︸

TOT effect on j when

it is an exporter

− E j P̂j
︸ ︷︷ ︸

Welfare effect on j when

it is an importer

.

Fixed level of trade balance implies that dE j = dY j = L jdw j = w j L j ŵ j =
Y j ŵ j =∑s V

s
j ŵ j , as Y j =∑s V

s
j . Thus, the TOT effect on j when it is an exporter

is given by:

E j Ê j =
∑

s

V s
j ŵ j

Thus, the global welfare effect resulting from changes in prices of exports is given
by: ∑

j

E j Ê j =
∑

j

∑

s
V s
j ŵ j

︸ ︷︷ ︸
TOT effect on exporters over all stages

, (11)

whereas the global welfare effect resulting from changes in prices of imports is given
by

∑

j

E j P̂j =
∑

s, j,i
Xs
i j τ̂

s
i j

︸ ︷︷ ︸
Direct effect on trade in goods over all stages

+
∑

j,s
V s
j ŵ j

︸ ︷︷ ︸
TOT effect on importers over all stages

(12)
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This is the TOT effect on all the importers, plus the direct effect of changes in trade
costs borne by the importers. The derivation of (12) is given in “OnlineAppendixB.”20

The global welfare effect is the difference between the global effect resulting from
changes in prices of exports and the global effect resulting from changes in prices of
imports. From (11) and (12), we conclude that the global welfare effect is

∑

j

E j Û j = −
∑

s, j,i

Xs
i j τ̂

s
i j

︸ ︷︷ ︸
Direct effect on trade in goods over all stages

.

At each stage, the TOT effect on exporters exactly offsets the TOT effect on
importers. This is no surprise, as for each amount of TOT gain by an exporter, there
is an equal amount of TOT loss by the importer. Thus, at each stage, the only welfare
impact from the global point of view is the direct effect. If τ̂ si j = τ̂i j for all s, we

have:
∑

j
E j
Yw Û j = −∑s,i, j

Xs
i j

Yw τ̂ si j = −∑i, j
Xi j
Yw τ̂i j , (where Xi j =∑s X

s
i j ), which

is expression (1). Here we see that we need to take into account the indirect effect,
namely the net TOT gains of the country, when calculating individual country’s gains,
but not when calculating global gains.

C.2 MCwith heterogeneous firm productivity (M-g)

According toMelitz (2003), the average productivity of a firm in country i servingmar-

ket j is given by ϕ̃i j ≡
[

1

1−Gi

(
ϕ∗
i j

)
∫∞
ϕ∗
i j

(ϕ)σ−1 gi (ϕ) dϕ

] 1
σ−1

. Thus, ϕ̃i j is a function

of ϕ∗
i j . The number of firms in country i serving market j, Ni j = Ni

[
1 − Gi

(
ϕ∗
i j

)]
, is

a function of ϕ∗
i j and Ni . The values of ϕ̃i j and Ni j , in turn, directly affect Pj , as shown

below. Constant markup implies that the average price of a good sold in j imported

from i is given by
(

σ
σ−1

)
wi τi j
ϕ̃i j

. Therefore, the expected price index in country j is

given by

Pj =
{
∑

i

Ni j

[(
σ

σ − 1

)
wiτi j

ϕ̃i j

]1−σ
} 1

1−σ

Totally differentiating the logarithm of the above equation and re-arranging yield:

E j P̂j =
∑

i

Xi j

(

ŵi + τ̂i j − 1

σ − 1
N̂i j − ̂̃ϕi j

)

(13)

20 When there is single-stage production, (11) and (12) become
∑

j E j Ê j = ∑ j
∑

i X ji ŵ j and
∑

j E j P̂j =
∑

j

∑

i
Xi j τ̂i j

︸ ︷︷ ︸
Direct effect of trade costs

+
∑

j

∑

i
Xi j ŵi

︸ ︷︷ ︸
TOT effect on importers

, respectively.

123



Global gains from reduction in trade costs

We call ̂̃ϕi j the “productivity effect”—the effect of the change in cutoff productivity
ϕ∗
i j on the average productivity ϕ̃i j . On the other hand, we call N̂i j the “firm mass

effect”—the effect of the change in cutoff productivity ϕ∗
i j on firm mass Ni j . It turns

out that, given any exporting country i , the two effects are related in the following
way when summing over all the importing countries:

∑

j

(

− Xi j N̂i j

σ − 1

)

=
∑

j

(
Xi j ̂̃ϕi j
)

i.e., firm mass effect plus productivity effect = 0.

(14)
Please refer to “Online Appendix C” for detailed derivation of (14). The intuition of
the equation is: A change in τi j for any i and j will have effect on ϕ∗

i j through its
effect on wages. For any given i , from country j’s welfare point of view, an increase
in ϕ∗

i j leads to an increase in ϕ̃i j (average productivity of each firm from i serving j is
higher—RHS of the above equation without the summation over j) but a decrease in
Ni j (fewer firms from i serving the market in j—LHS of the above equation without
the summation over j), leading to counteracting (but not completely offsetting) effects
on E j P̂j , according to (13). When summing over all j , the two effects offset each
other completely from a global welfare point of view.21 Thus, the productivity effect
and firm mass effect completely offset each other from the global welfare point of
view, when summing over all i and j .

Summing up (13) for all possible destination j , global welfare change is given by

∑

j

E j Û j =
∑

j

E j
(
Ê j − P̂j

)

=
E j Ê j

︷ ︸︸ ︷∑

j,i
X ji ŵ j −

∑

j,i
Xi j ŵi

︸ ︷︷ ︸
TOT effect on all importers and exporters = 0

−
∑

i, j
Xi j τ̂i j

︸ ︷︷ ︸
Direct effect

+
∑

j,i

(
Xi j N̂i j

σ − 1
+ Xi j ̂̃ϕi j

)

︸ ︷︷ ︸
Global firm mass effect plus productivity effect = 0

�⇒
∑

j

E j

Yw
Û j = −

∑

i, j

Xi j

Yw
τ̂i j

which is expression (1).Note that the sameequationholds underK1980 simplybecause
both N̂i j and ̂̃ϕi j are equal to zero for any i and j . Again, here we see that we need to
take into account the indirect effect, namely the sum of the TOT effect, productivity

21 For example, in the symmetric two-country case (with countries 1 and 2) in Melitz (2003), a reduction
in τ = τ12 = τ21 raises the wage in each country. Suppose we focus on i = 1. This raises the domestic
productivity cutoff ϕ∗

11 (thus raising ϕ̃11 and lowering N11) but lowers exporting productivity cutoff ϕ∗
12

(thus lowering ϕ̃12 and raising N12). Moreover, − X11 N̂11
σ−1 − X12 N̂12

σ−1 = X11̂̃ϕ11 + X12̂̃ϕ12.
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effect, and the firm mass effect on the individual country when calculating its gains,
but not when calculating global gains.

D Mapping between our expression (1) and ACR’s equation (1)

Assumption R3 in ACR is equivalent to λ̂i j − λ̂ j j = d ln λi j − d ln λ j j = d ln Xi j −
d ln X j j = εd ln τi j = ετ̂i j . Thus,

−
∑

j,i

Xi j

Yw
τ̂i j = −

∑

j,i

Xi j

Yw

1

ε

(
λ̂i j − λ̂ j j

)

= −
∑

j

E j

Yw

∑

i

Xi j

E j

1

ε

(
λ̂i j − λ̂ j j

)

= −
∑

j

E j

Yw

∑

i

λi j

ε

(
λ̂i j − λ̂ j j

)

=
∑

j

E j

Yw

1

ε
λ̂ j j

as
∑

i λi j = 1 ⇒∑i dλi j = 0. In short, if one adopts Assumption R3 in ACR, then
the global gains formula is precisely equal to an expenditure-share-weighted average
percentage change of individual country’s gains from trade (as given by the ACR
formula) where the weights are the respective country’s shares in world expenditure.
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