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Abstract

Gains from trade are typically calculated using a constant elasticity estimated from
substitution across foreign countries. For general homothetic preferences, however,
gains from trade depend only on the domestic expenditure share and the elasticity
schedule between expenditures on the home good and a Hicks composite of foreign
goods. We further show that every finite point on this price path can be implemented
in general equilibrium, so suitable trade-policy variation can, in principle, identify this
one-dimensional schedule directly from equilibrium responses. To take this welfare
result to the data, we directly estimate sector-level home-foreign elasticity schedules
in a multi-sector framework using changes in home relative to foreign expenditure and
import-tariff changes as shifters of foreign relative prices. Estimated home-foreign
elasticities generally rise with domestic expenditure shares. Compared with holding
each country-sector elasticity fixed at its initial value, allowing those elasticities to
rise along the path to autarky lowers measured gains from trade for every country,
regardless of how expenditure is aggregated across sectors.

1 Introduction

How large are the welfare gains from international trade? In a broad class of quantitative
trade models, the answer depends on two statistics: the domestic expenditure share and a
trade elasticity that governs both substitution between home and foreign goods and substi-
tution across foreign sources (Arkolakis et al., 2012). In practice, this elasticity is typically
estimated from expenditure reallocation across foreign origins in response to changes in their
relative prices. Thus, while the underlying theory restricts two distinct margins of substi-
tution to be equally elastic, the empirical implementation identifies this common elasticity
using variation only across foreign sources. This distinction matters: the welfare conse-
quences of moving from trade to autarky generally depend on the home-foreign elasticity
schedule, but not at all on the across-foreign-source elasticity that is used to identify it.

*I thank Arnaud Costinot and Andres Santos for very helpful comments.



The basic idea of this paper is simple. Costinot and Rodriguez-Clare (2018) observe
that foreign goods can be treated as a Hicks composite along a path on which their prices
move proportionally relative to home prices. We first formalize this observation: for general
homothetic preferences, gains from trade can be calculated from the initial domestic expen-
diture share and the schedule of elasticities between home and foreign expenditures along
this path. Substitution across foreign sources does not enter this welfare calculation. The
proportional ray can be used to calculate gains from trade even if its intermediate points
are not equilibrium outcomes. However, if this ray could not be implemented in general
equilibrium, the low-dimensional welfare representation would not yield a low-dimensional
identification strategy. Under the general homothetic preferences considered here, recovering
the schedule from off-ray price movements would generally require estimating a much richer,
high-dimensional demand system of the sort studied by Adao et al. (2017). Because wages
adjust endogenously, it is not obvious that equilibrium price variation can trace the ray. We
show that it can. Every finite point on the ray can be implemented in general equilibrium us-
ing bilateral tariffs or subsidies imposed by the home country, with revenue rebated through
a lump-sum transfer. Our implementation result has a strong implication for identification:
trade-policy variation can, in principle, identify the one-dimensional welfare-relevant elastic-
ity schedule directly from equilibrium responses of the domestic-to-foreign expenditure ratio
to proportional foreign-price shifters.

In practice, however, the price variation available in the data does not trace this ray:
source-specific prices move by different amounts, even when underlying trade-cost changes
are proportional across sources. To use this variation for identification, we introduce multiple
sectors and impose weak separability between home and foreign goods within each sector
and weak separability across sectors. Our general welfare results continue to apply under
this additional structure but do not require it. The additional structure serves two roles
in our empirical implementation. First, and most importantly, within-sector weak separa-
bility provides a sector-level foreign price aggregate for these source-specific price changes.
Changes in this aggregate relative to the home price play the same role as the proportional
foreign-price shifter in our general theory and provide the variation used to identify the
sector-level home-foreign elasticity schedule. Second, the inclusion of many sectors allows
us to pool variation in expenditure shares and tariff changes across sectors within broader
sectoral aggregates when estimating how the home-foreign elasticity varies with the domestic
expenditure share.

We first treat each sector-level home-foreign elasticity as an arbitrary function of the
domestic expenditure share. Our baseline identification approach assumes that this elasticity
schedule is common across countries within each sector; countries with different domestic
expenditure shares can, therefore, have different elasticities within sectors. We also assume
that tariff changes satisfy a conditional exclusion restriction. Under these assumptions, tariff
variation identifies each sectoral elasticity schedule nonparametrically over the supported
range of domestic expenditure shares. In sensitivity, we partially relax the cross-country
restriction by allowing the level of each sector’s schedule to vary with observable destination-
country characteristics, while retaining a common slope. For estimation, we approximate
each schedule with a polynomial. Within this polynomial family, a constant home-foreign
elasticity as in CES models is the zeroth-order approximation, while our baseline linear
schedule is the first-order approximation. In a sensitivity exercise, we use a quadratic,



second-order approximation.

Our empirical strategy estimates these sector-level home-foreign elasticity schedules di-
rectly, rather than inferring them from substitution across foreign sources. The dependent
variable is the change in expenditure on the home sector relative to aggregate foreign ex-
penditure in the same sector. Import-tariff changes shift the price of the foreign aggregate
relative to the home price. Because producer costs are endogenous and unobserved, we es-
timate their changes jointly with the elasticity parameters. Under the maintained exclusion
restriction, variation in the full foreign-relative-price shifter, which combines tariff changes
with estimated country-level productivity-adjusted wage changes, identifies the level of the
home-foreign elasticity, while its interaction with the initial domestic expenditure share iden-
tifies how that elasticity varies with the share.

The baseline estimator requires the observed tariff and estimated country-cost com-
ponents to satisfy exclusion restrictions. We assess these restrictions using two distinct
instrumental-variable strategies. The first uses lagged tariff shifters and domestic expendi-
ture shares to address correlated measurement error between the dependent variable and the
regressor that identifies the elasticity-schedule slope. The second combines tariff changes
implied by predetermined trade agreements with leave-sector-out estimates of country cost
changes to address potential endogeneity in the tariff-and-country-cost shifter. This exercise
implements a parametric analogue of the tariff-based nonparametric identification argument
outlined above.

Because sectoral domestic expenditure is constructed under many assumptions and mea-
sured less directly than international trade flows, we implement this strategy in two inde-
pendently constructed global data sets. The first combines the Inter-Country Input-Output
(ICIO) tables of the Organisation for Economic Co-operation and Development (OECD)
with tariff changes from the Global Tariff Database. It covers 80 destination countries and
19 manufacturing sectors. In our baseline, we use changes between 1995 (the first year in the
dataset) and 2007 (the year before the financial crisis). The second combines expenditure
data from the Global Trade Analysis Project (GTAP) Data Base with the same tariff source
and covers 120 destination countries and 27 manufacturing sectors between 2004 and 2014
(the first and last years in the dataset). In a sensitivity exercise, we also estimate the OECD
ICIO model from 2004 to 2013, closely aligning its sample period with the GTAP analysis.
Both data sets measure total absorption, including intermediate and final uses. We therefore
impose the assumption that final and intermediate users purchase the same sectoral com-
posite and consequently have the same origin shares and home-foreign elasticity, as in, e.g.,
Caliendo and Parro (2015).

We find that home-foreign elasticities generally increase with domestic expenditure shares
across data sets, sample periods, and sectoral classifications. For instance, with elasticity-
schedule intercepts that are sector-specific and slopes that are common across all manufac-
turing sectors, the estimated slopes are 5.45 and 2.39 in the OECD ICIO and GTAP data,
respectively; both 95 percent confidence intervals based on standard errors clustered by des-
tination country exclude zero. These estimates imply that the average fitted home-foreign
elasticity rises from 4.01 at the sector-specific 25th percentiles of the domestic expenditure
share to 5.88 at the 75th percentiles in the OECD ICIO, and from 2.55 to 3.48 in GTAP.
When slopes are allowed to vary across consumer- and producer-serving manufacturing, both
slopes are positive in both data sets. When slopes are allowed to vary across seven manu-



facturing aggregates, all seven estimates are positive in GTAP and five of seven are positive
in the OECD ICIO.

We subject these findings to an extensive sensitivity analysis that varies samples, pool-
ing restrictions, tariff construction, functional form, influential observations, and identifying
variation. These exercises include a specification that allows the level of each sectoral sched-
ule to vary with observable destination-country characteristics and the two IV strategies
described above. Across these exercises, the fitted elasticity levels evaluated at the 25th,
50th, and 75th percentiles of the domestic expenditure share distribution remain broadly
comparable in magnitude, and the conclusion that home-foreign elasticities generally in-
crease with domestic expenditure shares is stable. A Monte Carlo exercise based on the
quantitative multi-sector extended Armington model developed in Appendix C shows that
the estimator produces slopes centered around and near zero when the true slopes are zero
and accurately recovers positive slopes generated by linear elasticity schedules.

Finally, we combine the estimated elasticity schedules (both intercepts and slopes) with
alternative assumptions about substitution across sectors and a parsimonious structure for
intermediate inputs to calculate gains from trade. These calculations reveal a novel relation-
ship between the initial domestic expenditure share and the elasticity relevant for gains from
trade. When the home-foreign elasticity increases with the domestic expenditure share, a
sector with a lower initial domestic expenditure share is not only more exposed to trade; it
also begins at a lower elasticity and travels along a longer portion of the elasticity schedule
on the path to autarky. The initial domestic expenditure share therefore determines both
trade exposure and the effective home-foreign elasticity along that path, even when the same
elasticity schedule applies across sectors. Using the OECD ICIO estimates, the median gain
from trade across countries, defined as the log change in real income from autarky to the
trade equilibrium, is 10.59 log points. Holding each country-sector elasticity fixed at its
initial value raises this median to 12.64 log points. In general (regardless of the particular
assumptions imposed on sectoral aggregation), allowing estimated elasticities to vary along
the path to autarky rather than fixing them at their initial levels lowers measured gains from
trade for every country.

This paper contributes to two closely related literatures. First, it contributes to the lit-
erature on sufficient statistics for the gains from trade. Arkolakis et al. (2012) show that,
within a broad class of quantitative trade models, changes in welfare can be recovered from
changes in domestic expenditure shares and a constant trade elasticity. Their CES restric-
tion on import demand implies that the welfare-relevant home-foreign elasticity equals the
elasticity governing substitution across source countries. They recommend estimating this
common elasticity using the gravity relationship between bilateral imports and variable trade
costs; that is, they suggest leveraging variation across foreign source countries. Costinot and
Rodriguez-Clare (2018) characterize the welfare-relevant object more generally. They inter-
pret gains from trade as the area under the compensated demand curve for foreign factor
services and emphasize that, outside the constant-elasticity case, the relevant object is the
elasticity of that demand along the path to autarky. It is their insight that we extend and
bring to the data. Ansari et al. (2026) provide a nice bridge between the two previous papers.
They show that gains-from-trade predictions can be highly sensitive to small departures from
workhorse models, even when taking an approach motivated by Arkolakis et al. (2012) and
matching the gravity moment used in standard estimation to identify substitution across for-
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eign sources. Across the broader class of models they consider, satisfying this moment does
not pin down the welfare-relevant home-foreign elasticity. Motivated by the sensitivity docu-
mented by Ansari et al. (2026) and building on the insights of Costinot and Rodriguez-Clare
(2018), we allow the home-foreign elasticity to differ from the elasticity across foreign sources,
estimate the home-foreign elasticity schedule directly rather than infer it from the bilateral
elasticity conventionally identified by the across-foreign-source gravity moment, and show
that the proportional ray can also be implemented in general equilibrium.? Circling back to
the quantitative applications that motivated Arkolakis et al. (2012), Sections C, D, and E
of the theoretical appendix develop fully specified Armington, Krugman, and Melitz-Pareto
structural gravity models that generate the baseline linear home-foreign elasticity schedule
exactly (thereby nesting the case of CES demand) while also allowing the home-foreign elas-
ticity to differ from the elasticity across foreign sources. These models provide tractable
parametric implementations of the general results. The Krugman model also shows that,
within this parametric setting, the gains-from-trade formula does not rely on the Armington
supply structure imposed in the main theoretical analysis.

The second is the literature on nonparametric approaches to trade counterfactuals. Adao
et al. (2017) show that counterfactual trade and welfare changes can be recovered from a
reduced factor-demand system without imposing the functional-form restrictions of standard
gravity models. We focus on the one-dimensional demand system sufficient for measuring
gains from trade. Our implementation result shows that suitable trade-policy variation can,
in principle, trace this one-dimensional object directly along the proportional ray. We then
provide conditions under which the non-proportional tariff variation observed in the data
identifies the same object. Relatedly, Adao et al. (2026) estimate functions that summarize
firm heterogeneity on the extensive and intensive export margins and use a monopolistic-
competition model to quantify their implications for gains from trade. Whereas their ap-
proach estimates bilateral firm-export responses, we directly estimate the home-foreign elas-
ticity schedule that enters the gains-from-trade calculation.

The paper is also related to the broader literature on trade elasticities. A large gravity
literature estimates constant trade elasticities from bilateral variation across source countries
(e.g., Eaton and Kortum, 2002; Simonovska and Waugh, 2014; Caliendo and Parro, 2015).
We estimate home-foreign elasticity schedules, which govern substitution between the home
good and all foreign sources jointly, which is the margin that enters the gains-from-trade
calculation. The home-foreign elasticity is also central to international macroeconomics,
where it shapes trade-balance dynamics and the international transmission of shocks (e.g.,
Backus et al., 1994; Heathcote and Perri, 2002; Corsetti et al., 2008).2 Closest to our em-
pirical analysis, Feenstra et al. (2018) distinguish the “macro” elasticity between home and
imported goods from the “micro” elasticity across foreign sources and estimate both using
detailed U.S. data. Like them, we distinguish between these two margins. Unlike them,
we allow the home-foreign elasticity to vary with the domestic expenditure share and esti-

'Relatedly, Baqaee et al. (2025) address the sensitivity of surplus measurement to demand-curve ex-
trapolation by measuring the area under firms’ input demand curves directly. We instead estimate the
welfare-relevant elasticity schedule and use it to integrate along the path to autarky.

2Qur estimated home-foreign elasticities tend to be higher than those estimated in the international macro
literature, although we use changes over substantially longer horizons: 1995-2007 in the OECD ICIO and
2004-2014 in GTAP.



mate its sector-specific schedule using variation across countries. Appendix E embeds this
schedule in their Melitz-Pareto environment, with their constant home-foreign elasticity as
the constant-schedule case. Our data are suitable only for long differences, so we provide
no evidence on whether the home-foreign elasticity varies with the adjustment horizon, a
dimension that Boehm et al. (2023) show is important for bilateral trade-flow elasticities.

The remainder of the paper proceeds as follows. Section 2 derives the welfare results and
establishes the feasibility of the proportional foreign-price path. Section 3 introduces the
multi-sector structure used for identification. Section 4 describes the empirical implemen-
tation and presents the elasticity estimates. Section 5 uses these estimates to quantify the
gains from trade and Section 6 concludes.

2 Gains from Trade

Theoretical Framework. On the production side, the model is a standard Armington
model of international trade (Armington, 1969). Let N denote a finite set of countries.
Each country 7 € N produces one country-specific differentiated good using an exogenously
supplied and internationally immobile factor.®> Country ¢ has an exogenous factor endowment
L; > 0 and linear production technology y; = a;L;, with a; > 0. Markets are competitive and
each country has a representative consumer. Endogenous wages are w;, so nominal income
is Y; = w;L; and the unit production cost is ¢; = w;/a;. Delivering one unit of country i’s
good to country k requires shipping Dy; > 1 units with D;; = 1, where Dy; is the iceberg cost
of shipping. The consumer price in destination k is therefore py; = Dyic;. Goods markets
clear and trade is balanced.

Preferences, however, are more general. Country k has preferences over the vector x;, =
(ki )ienr, where xp; > 0 denotes the quantity of country i’s good delivered to country k.
These preferences are represented by a utility function w; that is continuous, increasing,
concave, and homogeneous of degree one. For strictly positive consumption bundles, uy is
twice continuously differentiable and strictly quasi-concave, and Hicksian demand is interior
and continuously differentiable in prices at every strictly positive price vector.* Country n’s
preferences may contain arbitrary interactions between the domestic variety and the foreign
varieties.

Here, we focus on country n. Because u,, is homogeneous of degree one, define country
n’s unit expenditure function as

and let

3The one-good-per-country formulation is for expositional convenience. Section 3 shows how the gains-
from-trade result applies in a multi-sector environment. Appendices D and E replace the Armington supply
side with, respectively, a Krugman model and a Melitz-Pareto model.

4Interiority is imposed only for tractability: if aggregate imports reach zero at a finite choke price, the
welfare result can be re-stated over the range in which imports are positive, with autarky defined as the
limiting endpoint.



denote the corresponding Hicksian demand corresponding to one unit of utility. The assump-
tions above imply that e, is positive, increasing, concave, and homogeneous of degree one.
By the assumed continuous differentiability of Hicksian demand and Shephard’s lemma, e,
is twice continuously differentiable at every strictly positive price vector.

Let X,;, = pnir,; denote expenditure by country n on goods from origin i, let \,; =
Xni/ Zj X,; denote its share of country n’s total expenditure, and define X, r = Z#n Xni
as n’s spending across all foreign sources. Country n’s expenditure shares sum to 1 — A,
across all foreign sources. Denote by W,, = Y,,/e,(p,) country n’s real income.

Welfare Along a Proportional Foreign-Price Ray. Costinot and Rodriguez-Clare
(2018) observe that foreign goods can be treated as a Hicks composite along a path on which
their prices move proportionately relative to the domestic price. We now formalize this
observation.

Consider a path in country n’s consumer-price space indexed by m > 1, beginning at the
consumer-price vector in the initial equilibrium, where m = 1. The scalar m is the common
multiplier applied to every foreign price relative to the home price: as m rises, all foreign
relative prices rise in the same proportion. Let p,;(m) denote the consumer price in country
n of the good produced by country i at point m on this path, and let p,(m) = (pni(m))ien
denote the corresponding consumer-price vector. Define the normalized price vector by
Tan(m) = 1 and, for every i # n,

pnn(l).

The vector 7,(m) is obtained from the normalized consumer-price vector in the initial equi-
librium by holding its domestic component fixed and multiplying every foreign component
by m. In what follows, we restrict attention to a proportional foreign-price ray, defined by
the requirement that, for every i # n,

(1)

Tni(m) =m

pm(m) = Tpi (M

Define unit expenditure along the normalized ray by
H,(m) = e,(m,(m)),

where H,,(m) is expressed in units of the domestic good because 7,,,(m) = 1. By construc-
tion, p,(m) = pps(m)m,(m), so homogeneity implies

en(Pn(m)) = ppn(m)Hn(m). (3)
Along the ray, homotheticity and Shephard’s lemma imply that each origin’s expenditure

share satisfies
Tni (m)hnz (ﬂ-n (m))

Euler’s theorem implies that these shares sum to one.

)\ni(m> = (4)



Because every foreign component of 7r,(m) is proportional to m, differentiating H,,(m)
and applying Shephard’s lemma gives

dln H,(
dlnm ; Ani(m) = 1= Ann (m).

Moreover, since Y,,/pun = an Ly, equation (3) implies

an Ly

and hence

dlnW,, = — (1 = \,,)dInm.

Thus, along the ray, the welfare effect of a proportional increase in all foreign prices relative
to the home price depends only on the aggregate foreign expenditure share. It does not
depend at all on how that expenditure is allocated across foreign sources.

The assumption that Hicksian demand is continuously differentiable in prices at every
strictly positive price vector makes expenditure shares continuously differentiable, so we can
define the home-foreign elasticity along the ray as

dIn[Xpn,(m)/Xpp(m)]
dlnm '

en(m) (5)

This is both the Hicksian and Marshallian elasticity of the home-to-foreign expenditure
ratio.” The home-foreign elasticity determines how the domestic expenditure share changes
along the ray. For any two values m > my > 1, we have

In . in:\linm(in) =In ] in;i:ESBLO) + /m en(z)dn z. (6)

mo

Hence, the initial domestic expenditure share, A, (mg), and the elasticity schedule indexed by
m, e,(m), determine the path of domestic expenditure shares. If, in addition, the elasticity
is strictly positive throughout the interval between mg and m, the domestic expenditure
share is strictly increasing in m and can itself index the path. In this case, we write the
elasticity schedule as e, () = €,(m(A)). The next proposition gives welfare changes in the
general case and an alternative expression indexed by the domestic expenditure share when

the elasticity is positive. Proofs of all propositions and corollaries are provided in Appendix
B.

Proposition 1. Consider two points, indexed by 0 and 1, on the proportional foreign-price
ray in equation (2), corresponding to m = mg and m = my. Hold country n’s preferences,
technology, and factor endowment fized. Then

W, m
ln@ = —/ [1— Apn(m)]dlnm. (7)

mo

SFor any price vector p,,, Hicksian demand at utility U is Uh,, (p,,) and Marshallian demand at expenditure
Y, is [Yn/€n(Pn)]hn(pr). The common scalar cancels from the ratio X,,,/ X, r, so its response to m is the
same under Hicksian and Marshallian demand.



If, in addition, €,(m) > 0 along the portion of the ray connecting the two points, then

1 . (8)

Wl A dIn A
twy / 200

Together, equation (6) and Proposition 1 show that, for given endpoints mq and m; on
the proportional ray, welfare changes depend only on the initial domestic expenditure share
and the one-dimensional home-foreign elasticity schedule. This schedule can be indexed by
m in general and by the domestic expenditure share when ¢, (m) > 0. Elasticities governing
substitution across foreign sources do not enter equations (7) and (8).

For a finite counterfactual along the ray, the terminal point is itself an outcome to be
determined. The autarky counterfactual is special because it corresponds to m — oo. To
focus on the case of finite gains from trade and avoid separating the autarky result into two
cases (finite and infinite), assume that foreign goods are not jointly essential: one unit of
utility can be attained using a finite quantity of the home good alone.® This assumption
implies that the domestic expenditure share converges to one as m tends to infinity along
the proportional foreign-price ray, without requiring a sign restriction on &, (m).”

Corollary 1. Let T denote an initial trade equilibrium atm = 1, and let A denote autarky for
country n. Hold country n’s preferences, technology, and factor endowment fixed. Suppose
one unit of utility can be attained using a finite quantity of the home good alone. Then
Aan(m) — 1 as m — oo, WA >0, and

wr o[
an—;;‘—/l [1— Apn(m)]dInm. (9)

If, in addition, £,(m) > 0 for every finite m > 1, then

wT L dln )\
In -~ = . 1
U / oY 1o

We define gains from trade as the log change in real income from autarky to the trade
equilibrium. Equation (6) and Corollary 1 imply that calculating gains from trade requires
only the initial domestic expenditure share and the home-foreign elasticity schedule along
the proportional ray. When &,(m) > 0 for every finite m > 1, this schedule can be indexed

by the domestic expenditure share from Al to one.

Implementing the Proportional Foreign-Price Ray. The preceding welfare results
use the proportional ray as a price path along which to calculate gains from trade. Can

6This is a condition on the level of utility at the boundary of the consumption set. It is distinct from
standard Inada conditions, which restrict marginal utilities as consumption approaches the boundary.

TIf this assumption is violated, equation (7) continues to apply on every finite portion of the ray, but
real income converges to zero as m — 00, so gains from trade are infinite. Cobb-Douglas preferences over
the domestic good and a foreign aggregate illustrate this case: the domestic expenditure share is fixed at
the Cobb-Douglas parameter and therefore does not converge to one as the foreign relative price tends to
infinity.



suitable trade-policy variation trace the ray in equilibrium and identify its elasticity sched-
ule directly? If equilibrium variation could not trace the ray, recovering the one-dimensional
schedule from price movements off the ray would generally require estimating a richer, high-
dimensional demand system. Because wages respond endogenously to the policies used to
change consumer prices, it is not obvious that equilibrium variation can trace the ray. We
show that every finite m > 1 can be implemented using origin-specific tariffs or subsidies
imposed by country n along with lump-sum rebates. These lump-sum transfers affect dis-
posable income (factor income plus the net lump-sum transfer) at intermediate points on the
ray, but the welfare formula for gains from trade compares the initial and autarky endpoints,
at both of which tariff revenue and, therefore, the net transfer are zero.®

Taking country n’s good as the numeraire, we represent the policy on imports from
country ¢ by a specific trade tax, measured in units of country n’s good per unit of good 7
delivered to country n. Because the tax is specific, it enters the consumer price additively,
with a negative value representing a subsidy. Net revenue is returned to the representative
country-n household through a lump-sum transfer; the transfer is negative when subsidy
payments exceed tariff revenue. The initial equilibrium has no tariffs. For each finite m > 1,
we seek an equilibrium satisfying equation (2) for every foreign origin ¢ # n. Preferences,
productivities, and endowments remain fixed in every country, while wages and other equi-
librium prices adjust. By Corollary 1, country n approaches autarky as m tends to infinity,
and its imports and tariff revenue are zero at that endpoint.

Proposition 2. Fiz an initial equilibrium without tariffs at m = 1. Hold all primitive pa-
rameters fived. For every finite m > 1, there exist origin-specific tariffs or subsidies imposed
by country n (with revenue rebated lump sum) such that there is a competitive equilibrium
satisfying equation (2) for every foreign origin i # n. At m = 1, the implementing trade
tazes can be set to zero. As m — oo, country n approaches autarky, where imports and tariff
revenue are zero.

The implementation of each finite point does not require a sign restriction on &, (m).

Fix a finite m > 1. Because wages (and, therefore, producer costs) are endogenous in
general equilibrium and respond to changes in the economic environment, including coun-
try n’s trade policy, the trade policy required to generate particular consumer-price ratios
depends on the equilibrium wages induced by that same policy. This creates a fixed-point
problem: the policies needed to implement the target consumer-price ratios depend on equi-
librium wages, while those wages themselves depend on the policies. The argument can be
understood as follows.

We construct an auxiliary economy with the same endowments, technologies, iceberg
trade costs, and resource constraints as the original economy. In the auxiliary economy,
every country k # n has preferences wuy (as in the original economy), while country n’s
preferences differ from those in the original economy. Specifically, n’s preferences are Leon-
tief and chosen so that its consumption is proportional to h, (7, (m)), its Hicksian demand

8 A similar approach can be used to establish feasibility using exogenous iceberg trade-cost changes rather
than trade taxes. These trade-cost changes generate no fiscal revenue for country n, so disposable income
equals factor income at every finite point along the ray. The construction guarantees D,;(m) > 0 but may
yield D,,;(m) < 1, which is why we prefer the trade-tax formulation.
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under its original preferences at the target prices along the ray. An equilibrium of this aux-
iliary economy determines a vector of unit costs and a feasible allocation. Two features of
the construction avoid fixed-point problems. First, we use the unit costs in the auxiliary
economy without trade-policy wedges to define country n’s trade policies that implement
the target consumer-price ratios m,(m) in the original economy. We then verify that the
auxiliary-equilibrium wages and allocation are an equilibrium of the original economy under
those policies. This approach avoids the loop, described in the previous paragraph, between
trade policies and endogenous wages in the original economy. Second, Leontief preferences
fix country n’s consumption shares across goods independent of unit costs, which are them-
selves endogenous. This allows auxiliary preferences to be specified before those costs are
determined and, therefore, avoids an additional fixed-point problem between consumption
shares and endogenous unit costs within the auxiliary economy.

The auxiliary economy plays a role analogous to that of a planner’s problem in an im-
plementation argument. One could instead formulate a planner’s problem subject to the
relevant foreign-equilibrium and trade-balance constraints. However, a trade-balance con-
straint is restriction on values that must be evaluated at endogenous (supporting) prices.
That alternative approach would therefore have to either solve for prices jointly with quan-
tities or substitute equilibrium conditions that express prices as functions of quantities into
the planner’s problem before establishing a decentralization.” For our feasibility question,
our auxiliary-equilibrium formulation is relatively direct. Country n’s Leontief preferences
impose the target Hicksian consumption shares across goods. And retaining the original en-
dowments and the original preferences of every other country allows the equilibrium to deliver
balanced trade, a feasible allocation, and the supporting unit costs needed to construct the
implementing policies.

We prove the proposition in four steps. First, we invoke a standard equilibrium existence
result for the auxiliary economy. Second, we use this equilibrium to construct the country-n
policies that implement the target price ratios in the original economy. Third, we show
that the resulting allocation is an equilibrium of the original economy under these policies:
consumers and firms optimize, markets clear, and trade is balanced. Finally, we establish
the claims concerning the initial equilibrium and the autarky limit. The proof is contained
in Appendix B.

3 Weak Separability and Identification

The implementation result in Section 2 shows that suitable trade-policy variation can trace
the proportional foreign-price ray under the general homothetic preferences considered there.
Price changes available in the data do not generally follow this ray. In Section 3.1, we
therefore introduce a multi-sector model that imposes weak separability between home and

9Kemp and Wan (1976) hold a customs union’s aggregate net trade with non-members fixed, obtain
supporting prices for an efficient allocation, and use those prices to construct a common external tariff
vector. We fix the relative consumer prices faced by one country, use an auxiliary equilibrium to obtain
the supporting unit costs, and construct origin-specific trade policies that implement those prices. See also
Costinot et al. (2015) and Costinot et al. (2020) for related primal approaches that characterize allocations
subject to foreign-equilibrium and trade-balance constraints and then construct taxes that implement them.
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foreign goods within each sector and weak separability across sectors. Within-sector weak
separability provides a foreign price aggregate for arbitrary, potentially non-proportional
source-specific price changes. The ratio of that price index to the domestic price then plays
the role of the index m of the price ray in Section 2. Hence, in spite of not being on the
ray, we avoid estimating the full matrix of cross-price responses. These restrictions are not
required for the welfare and autarky results in Section 2. Indeed, along the proportional price
path described below, the gains-from-trade result in Section 2 applies to this model using
the aggregate domestic expenditure share and the corresponding aggregate home-foreign
elasticity.

We derive the formula for evaluating gains from trade in the multi-sector environment in
Section 3.1. Section 3.2 then establishes conditions under which cross-country variation in
tariffs and domestic expenditure shares identifies the sector-specific home-foreign elasticity
schedules that enter this formula.

3.1 A Multi-Sector Model

Now let s € § index sectors. Suppose preferences in country n are weakly separable across
sectors, each sectoral sub-preference is homothetic, and the cross-sector aggregator is homo-
thetic. At each nest, we maintain the utility and demand assumptions of Section 2. Within
each sector, suppose preferences are weakly separable between a home good and a foreign
aggregate, with homothetic sub-preferences within the foreign aggregate and homothetic
preferences across the two aggregates. Let €,s(Puns, Purs) denote the sector-s unit expendi-
ture function and let &,((e,s)ses) denote the cross-sector unit expenditure function, whose
arguments are the sectoral unit expenditure functions. Weak separability implies that the
allocation of sectoral spending between the home good and foreign aggregate depends only
on pnns and P,ps. Hence, given weak separability we can study demand within sector s
without specifying the allocation of total expenditure across sectors (or demand in other
sectors).

The demand system above is stated for a representative consumer. However, the data we
use in estimation measures total absorption, which aggregates across household consumption,
government purchases, investment, and intermediate-input demand. We aim to estimate the
elasticity schedules without separately modeling each user. To achieve this, we impose a
common sourcing assumption within each destination-sector cell. Specifically, every user of
sector s in country n buys the same sector-s composite at the same prices. If a indexes
users and X,,s denotes user a’s total expenditure in sector s, then expenditure on origin ¢
is Xanis = AnisXans, Where the origin share \,;s; is common across users. Summing across
users therefore leaves the origin shares unchanged. This assumption concerns sourcing within
sectors and does not require users to allocate expenditure across sectors in the same way. This
assumption parallels Caliendo and Parro (2015), where the same country-sector composite
is used for final consumption and as an intermediate input.

Let X,,,s and X,,rs denote expenditure on the home good and foreign aggregate in sector
s, let A,ns denote the home expenditure share within sector s, and define the sectoral home-
foreign elasticity in sector s as

a1n()(nns/‘XVnFs)
aln<PnF's/pnns) ’
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which we assume is strictly positive throughout the relevant interval of sectoral domestic
expenditure shares. This restriction allows the domestic expenditure share to index the
relative-price path within each sector, as in the expenditure-share representation of Proposi-
tion 1. Weak separability between home and foreign goods allows us to treat demand within
each sector as a choice between the home good and the foreign aggregate, whose price is
P,rs. The demand-side argument used to establish Proposition 1 then applies separately in
each sector. In particular, expressing the sectoral unit expenditure function relative to the

domestic sectoral price '°
din (Lo} = A0 A (11)
pnns gnS<Ann3>

Equation (11) determines the change in each sectoral price index relative to the corresponding
domestic price. Combining these sectoral changes into aggregate welfare requires the cross-
sector aggregator &,.

For two equilibria, indexed by 0 and 1, across which the sectoral and cross-sector prefer-

ence shifters are fixed, define
1 0
Inszln<elns ) —ln(eo’” ),
p’n’ns pnns

as the change in the log sectoral unit expenditure function, denominated in units of country
n’s good in sector s, relative to the domestic sectoral price. Integrating equation (11) between

the two equilibria gives
;o /*%ns dln X
" A Ens(A)

0
nns

Equivalently, exponentiating the definition of I, yields

Therefore, without imposing a particular cross-sector aggregator,

W Y En (€ (Pona/Prns) €XP(Tns))ses)

Wo Y, &n ((€Ds)ses)
Suppose nominal income and all domestic sectoral prices change proportionally, so that
YI/V0=pl /pl . =q,forevery sector s. This condition holds, for example, in a one-factor
environment with fixed sectoral productivities. Homogeneity permits dividing equilibrium
1 nominal income and all prices by ¢, without changing real income. Because all domestic-
sector prices change by ¢,, this normalization returns them to their equilibrium 0 levels,
while sector s’s unit expenditure becomes

| =1In

(12)

1
€ 0

"2 = e, exp(lns)-

n

10The result follows from the same demand-side argument used in Proposition 1. For a two-good problem
with home price p, foreign-aggregate price P, domestic expenditure share A, and home-foreign elasticity £(\),
we have dIn(e/p) = (1—A)dIn(P/p) and dIn[A/(1 — )] = (A)d In(P/p). Combining these expressions gives
dln(e/p) = dlnA/e(N).
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Hence, using homogeneity of &,, equation (12) becomes

W’I(l) 1 5" ((e(r)bs eXp(InS))SES) )

In—=2 =1n
Wl En ((€9,)ses)

(13)

Equation (13) generally aggregates the sectoral unit-expenditure changes through &,. If
we additionally assume that every foreign price changes by a common factor m relative to
the corresponding domestic-sector price, then after the preceding normalization (7) the entire
vector of domestic prices is fixed at its equilibrium 0 value, while (i) the entire vector of
foreign prices is multiplied by m. Relative prices are therefore fixed within the domestic
price vector and, separately, the foreign price vector. Hence, the domestic goods and foreign
goods can each be treated as a Hicks composite along this path. The full multi-sector
problem then reduces to the proportional foreign-price-ray problem in Section 2, with the
domestic composite playing the role of the home good. The representation indexed by m
in Proposition 1 therefore applies using the aggregate domestic expenditure share and the
corresponding aggregate home-foreign elasticity, without requiring the aggregate domestic
expenditure share to be monotone along the ray.

The additional common-m restriction is not required to calculate gains from trade from
equation (13). If equilibrium 0 is the trade equilibrium and equilibrium 1 is autarky, then
AL . =1 1in every sector. The gains-from-trade calculation generally depends on the cross-
sector aggregator &,. As a familiar benchmark, suppose &, is Cobb-Douglas with expenditure
weights s, a specification commonly used in quantitative trade models (e.g., Caliendo and

Parro, 2015). Then
wT ' dln)
= a, . 14
Hwa “ /AT Ens(A) (14

seS fims

The baseline quantification in Section 5 instead uses the more flexible nested CES cross-sector
aggregator described in Section 5.2.

3.2 Identification

Nonparametric Identification Under Cross-Country Invariance. Weak separability
permits identification of the sectoral elasticity function from within-sector demand variation
without specifying the cross-sector aggregator &£,. One might imagine using alternative
sources of variation to achieve this identification. For instance, one approach involves as-
suming that the elasticity schedule is stable over time within a given country-sector pair.
Given this assumption, one could then leverage repeated observations over time within that
pair to trace the elasticity schedule. We instead assume that the elasticity schedule is com-
mon across destinations within each sector. Hence, use cross-sectional variation in a single
time change to trace the elasticity schedule within each sector. This approach requires only
one time change and exploits variation across destinations in domestic expenditure shares
and relative-price changes. The key cross-country restriction in our baseline is therefore
ens(A) = g5(A) for every destination n within sector s. Because we estimate in changes, this
restriction permits time-invariant differences in demand levels across destinations.

To connect this restriction to the variation used in estimation, let Ak,s denote the change
in the foreign-versus-home demand shifter in destination n and sector s. By the definition of
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the home-foreign elasticity, a first-order expansion around the initial domestic expenditure
share gives

Xnns PnFs
XnFs Prns

where nfl is the error from applying the local relationship over a finite change; Section 4.4
assesses this approximation by re-estimating the model using the exact relationship between
the initial and terminal domestic expenditure shares.

To decompose the relative-price change in equation (15), we use a first-order approxima-
tion to the foreign price-index change,

A]n - gs(Anns,O) (A ln - AK%S) + 7775{9) (15)

A log PTLFS == Z ,M'mjs,OA 1ngni5 + 77557
i#En

where 1,50 is origin 4’s initial-period share of country n’s foreign expenditure within sector
s, with the shares summing to one across foreign sources. The term n?. contains the foreign-
source demand-shifter component of the first-order approximation and the approximation
error. One benefit of this approach is that it does not require an estimate of the across-
foreign-source elasticity. Let ¢;s = w;/a;s denote the unit production cost of country i
in sector s. Decompose productivity growth into a country average and a sector-specific
deviation:
Aloga;s = @; + ajs,

where @; is average productivity growth across sectors in country ¢ and a;, is sector s’s
deviation from that average. Define C; = Alogw; — @;. Unit-cost growth then satisfies

A log Cis = Cz - Zii&

where C} is average unit-cost growth across sectors in country i and —ay, is sector s’s deviation
from that average. For each source country ¢, consumer prices satisfy

Alngms = AlOg(l + 7;L’LS) + C’L - ais + Alog Dni87

where 7, is the tariff and D, is the non-tariff trade cost and where 7,,,,s = 0 and D,,,,s = 1.
The tariff-induced component of the change in foreign prices relative to home prices is

;71'5 = Z Mnis,OA 1Og(1 + 77115)

Let C = (C;); collect the country-level unit-cost shifters. The corresponding country-level
unit-cost component of this relative-price change is

gs(c) = Z ,Ufm's,O(Cz' - On) - Z /Jm‘s,oCi — Cn
i#n i#En

Define their sum as the tariff-and-country-cost component of the change in foreign prices
relative to home prices:

Qns(C) = QI+ Q5L(C) =D ftniso [Alog(1 + Tris) + Ci — Ci]
i#n
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Combining the previous expressions gives
A 10% PnFs - A logpnns = Qns(C) + Rns;

where R, collects relative sector-specific unit-cost changes, changes in non-tariff trade costs,
and the foreign-price-index residual:

Rns = — Z Nnis,Oais + Eins + Z ,unz's,(]A log Dnis + 771}1)5
i#n i#n

Finally, substituting into equation (15) gives the estimating relationship underlying both the
nonparametric identification argument and the parametric implementation:

Xnns
A hl - 55(/\nns,O)Qns(C) + Uns, (16)
XnFs
where
Uns = 55(/\7”1570) (Rns - AI{”S) + n”Il{S

The error term u,, combines sector-specific deviations in productivity growth from country
averages, changes in non-tariff trade costs, and the foreign-price-index residual (collected in
R,s); changes in the home-foreign demand shifter (collected in Ak,;); and the finite-change
approximation error nZ .

The following proposition gives conditions under which variation in Q7 identifies the
elasticity schedule g45(\).

Proposition 3. Fiz a sector s and let L; C (0,1) be an interval contained in the support
of A\nso across destinations in that sector. Let Vs collect predetermined shares and any
additional controls. Suppose equation (16) holds for a cross-section of destination-sector
cells after one time change. For each \ € L, suppose that

Var(@; | )\nns,O = )‘7 Q7€3<C)7 Vn57 3) >0

and

COV(QT Uns ‘ )\nns,O = )\7 QSS(C), Vns, S) =0.

ns?

Then the elasticily function is identified on Ls as

Cov (A In %}?7 st ‘ )\nns,O = )\7 Qgs(c)a Vn37 8)
s A) = -
© ( ) Var(@zs ’ )\nns,O = )\7 ans(c)a Vnsa S)

(17)

Proof. Conditional on (Auns0, QS (C), Vi, s), take the covariance of equation (16) with Q7.

Because Q9,(C) is held fixed, Cov(QT. + Q%,(C), Q7. | -) = Var(QI, | ). Orthogonality of
Q7. and u,, then gives equation (17). O

The tariff component Q7 is an observed component of the relative-price change that
enters the regressor in equation (16). Conditional on the country-level unit-cost component,
its variation identifies the coefficient on that regressor. A sufficient orthogonality condition
is that st be conditionally orthogonal to R,,, the demand-shifter change Ak,,, and the
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finite-change error L. This condition permits Ak, # 0; it requires only that this change
be conditionally orthogonal to tariff-induced price variation.

The country-level unit-cost shifters entering Q¢ (C) may be conditioned on directly or
recovered jointly under a normalization and a rank condition. Each combines the country’s
wage change with its country-average productivity change, as defined above. Our baseline
estimator uses the latter approach, while our main IV specification uses separately estimated
country-cost components and conditions on them.

This nonparametric argument identifies £,(\) only on the range of domestic shares for
which there is both support in A,,,s o and residual tariff variation within sector s. Calculating
gains from trade requires the elasticity function between the observed trade share and one.
If that interval extends beyond the support of the identifying variation, the gains calculation
necessarily uses functional-form or shape restrictions to extrapolate the elasticity function.
As shown in Figure 1 after introducing the data, both empirical samples contain substantial
support in initial domestic expenditure shares near one, reducing the extrapolation required
along this dimension.

Parametric Identification via a Polynomial Elasticity Schedule. In what follows,
we introduce a polynomial approximation, which has the standard approximation rationale:
because domestic expenditure shares lie in [0, 1], any continuous elasticity schedule can be
uniformly approximated arbitrarily well on this domain by polynomials. If the elasticity is
bounded away from zero, a sufficiently accurate approximation also remains positive.
Proposition 3 treats 5(\) as an unrestricted function and identifies it locally at each
domestic expenditure share using tariff variation across destinations within sector s. A
finite-order polynomial replaces this collection of local identification problems with a finite-
dimensional parameter vector, allowing observations at different initial shares to identify the
elasticity schedule. Consider the following sector-specific approximation of order .J,

J

Eas(N) =D 04N, (18)

J=0

The corresponding finite-change estimating equation is

[Aln P,ps — Alnpyps) + r’

ns?

X J
nns \J
Aln = = [; 0si Xm0

where r/, contains the demand-shifter change and finite-change error in equation (15), the

error from approximating the true elasticity function by an order-J polynomial, and any
measurement error. The coefficients are identified by the interactions of the tariff-induced
foreign relative price change with powers of the initial domestic expenditure share, provided
these interactions satisfy the corresponding exogeneity and rank conditions. Setting J = 0
recovers the constant-elasticity case, setting J = 1 allows the home-foreign elasticity to
vary linearly with the domestic expenditure share, and higher values of J allow non-linear
variation. For a fixed J, a polynomial is a flexible approximation to a smooth elasticity
function on the supported range of shares. For better or for worse, a polynomial also allows us
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to extrapolate outside of this range of shares when the gains-from-trade calculation requires
it.

Appendix C provides a quantitative Armington gravity model that delivers a linear J =
1 home-foreign elasticity schedule, strictly nesting the standard J = 0 constant-elasticity
framework. Appendices D and E provide corresponding Krugman and Melitz-Pareto gravity
models.

4 Estimating Home-Foreign Elasticities

Building on the identification results in Section 3.2, this section estimates sector-specific
home-foreign trade elasticity schedules. We first describe the parametric implementation,
then the data and measurement, and finally the estimation results and a range of sensitivity.

4.1 Parametric Implementation

Parametric Specification and Estimating Equation. As in Section 3.2, the empirical
sample consists of one T-year change for each destination-sector cell. This time change
removes the time-invariant component of destination-sector demand heterogeneity, while
changes in demand shifters remain in the residual. We use the estimating relationship in
equation (16), where A denotes this single time change and A5 denotes the initial-period
domestic expenditure share. Section 4.4 replaces the local approximation underlying that
equation with the exact relationship as a sensitivity exercise.

Our baseline starts from the sector-specific elasticity schedule in equation (18), which is
common across destination countries up to the initial domestic expenditure share. We make
two additional parametric choices. First, we use the linear J = 1 specialization. Second, we
partially pool slopes across sectors by imposing 5 = 451, where g(s) denotes the aggregate
containing sector s. The resulting home-foreign elasticity schedule, evaluated for country n
and sector s at the domestic expenditure share A, is

E:s()\nns) = 950 + eg(s)l)\nns~

As in equation (18), the intercept and slope are common across destination countries. We
allow the intercept to vary freely across sectors and impose that the slope is common across
sectors within group g(s). Across the baseline specifications, we vary the extent to which sec-
tors are pooled into groups. We consider three sensitivity exercises related to these modeling
choices. First, we relax linearity by moving to the quadratic J = 2 specialization. Second,
we relax the cross-country invariance embedded in equation (18) by allowing the intercept
to vary with observable country characteristics. Third, we relax the pooling of slopes across
sectors by setting g(s) = s.

Specializing equation (16) to the linear elasticity schedule yields the estimating equation

Xons
A log X = (950 + eg(s)l)\nns,O) Qns(c> + Ups, (19)

nF's

where u,s, defined in Section 3.2, collects the remaining relative-price component, the
demand-shifter change, and the finite-change error.
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Variation Used in Estimation. The initial foreign expenditure shares fi,;;0 weight the
destination-origin-specific tariff changes Alog(1+7,) in Q7 and country-cost change differ-
ences C; — C,, in Q¢,(C). Hence, the tariff component, Q7_, predicts a larger relative decline
in foreign-to-home prices (within destination-sector ns) when initial foreign expenditure is
concentrated in sources whose tariffs decline more. Similarly, the country-cost component,
¢ (C), predicts a larger relative decline in foreign-to-home prices when initial foreign ex-
penditure is concentrated in sources whose country-common unit costs decline more than
the destination’s, as measured by low C; relative to C),.
Conditional on the elasticity parameters, variation across destination-sector cells identi-
fies the country-cost shifters. The country-cost component in cell ns equals the average of

source-country shifters weighted by foreign expenditure less the destination’s own shifter:

SS(C) = Z:um'sﬂci - Cn-
This component varies across cells because destinations and their initial foreign expenditure
shares, fins0, differ. For each candidate elasticity vector, we first choose the country-cost
shifters that best fit the estimating equation and then evaluate the fit of that candidate using
those chosen shifters.

At each candidate elasticity vector, the observed tariff component and the country-cost
shifters chosen in this way determine @Q,s(C), the tariff-and-country-cost component of the
change in foreign prices relative to home prices. Variation across cells in @,s(C) identifies
the levels of the sectoral elasticity schedules, while variation in A,,s0@Qns(C) identifies how
the home-foreign elasticities vary with the domestic expenditure share.

Moment Conditions and Identification. Here, we describe the moment conditions
and identification restrictions underlying our baseline estimator. Section 4.4 relaxes many
of these restrictions using two distinct instrumental-variable strategies.

The identifying assumptions can be written as moment conditions corresponding to the
NLLS first-order conditions. We have

Qns(c> - QZL—S + Z ,unis,(](ci - Cn)
Because the country cost shifters enter @,,s(C) only through differences C; — C,,, adding the
same constant to every Cj; leaves Q,,s(C') unchanged, so the level of the country cost shifters
is not identified. Hence, we normalize Cysy = 0. Collect the elasticity parameters (6y)s and
(641), and the remaining country cost shifters in ~, and let Y,,s = Alog(X,ns/Xnrs). The
nonlinear regression function is

mns(7) — [630 + eg(s)l)\nns,O} QZ—S + Z ,U/m's,O(Ci - Cn) )
i#n
where Cysa = 0. At the true parameter vector 7o, let u,s = Y5 — mus(y) and let

D,s(v0) = Omiys(v0)/07. The implemented nonlinear least-squares estimator uses the pop-
ulation moment conditions

E [Dis (Vo) ttns] = 0.
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Writing €50 = 050 + Og(s)1 Anns,0, the moment conditions can be expressed as

E[1{s = (}Qns(C)uns] =0 for every sector /,

K [1{9(8) = g}/\nns,OQns(C)uns] =0 for every g,

E |enso (1{n # JHnjso — H{n = j} Z Mm‘s,o) uns] =0 for every j # USA.
i#En

The three lines are, respectively, the first-order conditions for the sector-specific intercepts
(610)¢, the group-specific slopes (6,1),, and the normalized country-cost shifters (C});.usa.
The first condition requires the residual to be orthogonal to the tariff-and-country-cost shifter
that identifies the elasticity schedule intercept. The second condition requires the residual
to be orthogonal to interaction between the tariff-and-country-cost shifter and the initial
domestic expenditure share that identifies the elasticity schedule slope. The third condition
corresponds to each country-cost shifter C;. Country j enters @Q,,s(C') with coefficient fi,,50
when j is a foreign source and with coefficient — . _n Hniso = —1 when j is the destination.
The derivative of the regression function with respect to C; multiplies this coefficient by
€ns,0, S0 the third condition requires the residual to be orthogonal to this derivative. Since
C; includes country-common productivity change, the restriction concerns the remaining
sector-specific unit-cost component and the other terms in the residual.

These conditions can also be presented as a just-identified GMM system, with one mo-
ment for each parameter in 7. The first two moments use the fitted tariff-and-country-cost
shifter Q),,s(C), including both its tariff and recovered country-cost components, as its own
instrument. Thus, the NLLS criterion uses the fitted tariff-and-country-cost shifter, Q,,s(C),
as its own instrument; using Q7 as the instrument would instead define a different nonlin-
ear IV/GMM estimator.!! The NLLS first-order conditions set all of these moments equal
to zero. If they have a unique zero, NLLS and exactly identified GMM based on these mo-
ments therefore have the same solution. We take NLLS as the estimator because its objective
determines these moment conditions.

A convenient sufficient condition for all of these moments is

]E [uns ‘ Qz;a >\nns,07 (Mnjs,O)j; S} = O (20)

Equation (20) is stronger than the orthogonality condition used in Proposition 3. Equa-
tion (20) requires orthogonality with every NLLS derivative, including the country-exposure
terms used to estimate C'j; but Proposition 3 requires orthogonality only with the tariff com-
ponent conditional on QY,(C). We require the stronger condition here because we jointly
estimate the country cost shifters and the elasticity parameters by nonlinear least squares
rather than identifying the elasticity parameters only from residualized tariff variation. In
Section 4.4, we relax different parts of these exclusion restrictions using two alternative in-
strumentation strategies. The first uses a lagged tariff shifter and its interaction with the
lagged domestic expenditure share to address correlated measurement error. The second
combines tariff changes implied by pre-determined trade agreements with leave-sector-out

1 Gection 4.4 considers a related approach that constructs the country-cost component separately and uses
agreement-implied tariff changes as excluded instruments for the resulting tariff-and-country-cost shifter.
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estimates of country cost changes, implementing the core identification logic of Proposition
3 by instrumenting the tariff-and-country-cost shifter with excluded tariff variation.
For local identification and regular inference, the expected outer product

]E[DnS('VO)Dns<'YO)/]

must be nonsingular. We assess the sample analogue of this condition using numerical rank
and conditioning diagnostics for the sample derivative matrix.

Estimator and Inference. We estimate equation (19) by unrestricted nonlinear least
squares. Let u,(0, C) denote its residual for elasticity parameters € and normalized country
cost shifters C', where Cyspa = 0. For every candidate 0, define

S _ )
co) = argménzuns(e,C) :

n,s

Conditional on 6, the country cost shifters enter linearly, so C (@) is obtained by least squares.
The unrestricted NLLS estimator of 0 is

6 = arg mgnZuns (0, 6(0))2 .

Thus, the numerical minimization is over only the sector-specific intercepts (6y0)s and group-
specific slopes (6,1),. Appendix Section A.2 provides details of the numerical implementa-
tion.

Here, “unrestricted” means only that we do not impose the inequalities 6, > 0 and
Os0 + O4¢1 > 0, which make each linear elasticity schedule nonnegative on [0, 1]. We use the
unrestricted estimator as our baseline to show what the data call for under the maintained
specification before imposing positivity. Section 4.4 reports how often the resulting fitted
elasticities are negative at the observed initial domestic expenditure shares. For the specifi-
cation used in the baseline quantification, positivity at those shares is sufficient for positivity
along the path to autarky because the estimated slopes tend to be positive. Nevertheless,
Section 4.4 also re-estimates the model imposing these restrictions in sensitivity; and the
quantification uses the resulting estimates.

We report destination-country-clustered sandwich standard errors and apply the con-
ventional finite-sample degrees-of-freedom adjustment, multiplying the sandwich covariance
matrix by G/(G—1) x (N —1)/(N — K), where G is the number of destination-country clus-
ters, N is the number of observations, and K is the total number of estimated elasticity and
country-cost parameters (Cysa is excluded because it is normalized to zero). Standard errors
for functions of the estimated parameters use the delta method, and confidence intervals use
the corresponding normal approximation. Let ~ denote the full estimated parameter vec-
tor, consisting of € and C(0). Because the country-cost shifters are estimated jointly with
the elasticity parameters, the covariance matrix is computed using the full derivative vector
D,s(%), thereby accounting for estimation of the country-cost shifters.
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Reported Functions of Estimates. We report each group-specific slope 6791. To sum-
marize the levels of the implied elasticity schedules, let S, = {s: g(s) = g} denote the set of
sectors in group g, and let A, ; denote the pth percentile of the initial domestic expenditure
share across destination countries within sector s. For each group g, we report

ng ‘S ‘ Z < s0 + egl)\ps> ; P S {25,50, 75}

sESy

Thus, &, , is the unweighted average across sectors in group ¢ of the fitted sectoral elasticity
evaluated at each sector’s own pth percentile of the domestic expenditure share.

4.2 Data and Measurement

This section describes the empirical objects required to estimate equation (19) and how we
construct them using two separate data sets. One implementation uses the OECD ICIO
tables for 1995 and 2007; the other uses GTAP 10 for 2004 and 2014. Both use tariff changes
from the Global Tariff Database (Teti, 2024).

Unlike bilateral trade flows, sectoral domestic expenditure is not observed in a single
harmonized international source. The OECD ICIO and GTAP construct such measures
separately from national supply-use and input-output tables, supplemented and harmonized
using additional sources and assumptions (Organisation for Economic Co-operation and
Development, 2025b; Aguiar et al., 2019). Because these independently constructed data
sets provide distinct measures of the dependent variable, we put them on equal footing
throughout the empirical analysis.

In both data sets, X,,;s+ measures total absorption from origin ¢ within sector s at time ¢
by destination n summed across intermediate and final users within n. Under the common-
sourcing assumption in Section 3.1, every user in a destination-sector cell has the same origin
shares and home-foreign elasticity. Aggregating their expenditures therefore preserves the
common domestic expenditure share and home-foreign elasticity that enter the estimating
equation.

Objects to Be Measured. For each destination country, origin country, sector, and
endpoint year, estimation requires bilateral expenditures X,,;s, and bilateral tariffs 7T,;s;.
Bilateral expenditures are used to construct the change in relative domestic expenditure,
the initial domestic expenditure share A,,s0, and the initial foreign-origin shares fi,;s -
Bilateral tariffs are used to construct the tariff-induced foreign price shifter Q7 . The country-
level unit-cost components C; are estimated jointly with the elasticity parameters under the
normalization Cysa = 0. In robustness, we allow the elasticity schedule to vary across
countries as a function of destination country characteristics, Z,,, which contains log PPP
GDP per capita, log population, remoteness, and landlocked status.

OECD ICIO Measurement. Our first expenditure data set comes from the 2025 regular
release of the OECD ICIO tables (Organisation for Economic Co-operation and Development,
2025b). We use 1995 and 2007, and the estimation sample includes 80 destination countries
and the 19 OECD ICIO manufacturing sectors. For each origin-sector row, we construct
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destination absorption by summing over every intermediate-use and final-demand column
belonging to the destination. The diagonal origin-destination cell gives X+, and the sum
across all foreign origins gives X, ps ;.

Tariff changes come from the ISIC two-digit file in the Global Tariff Database. We
concord these industries to OECD ICIO sectors, averaging with equal weight when multiple
ISIC industries map to one ICIO sector; details are provided in the Empirical Appendix.
Following Teti’s recommendation to use the winsorized tariff measures, we use tariff95,
the unweighted average bilateral applied tariff winsorized at the 95th percentile (Teti, 2024).
For each importer, exporter, and sector, we compute

(21)

t ff95n15 t ff95ms
ATy = log (1 + 2 ’20”7> ~log (1 + 2 ’1995> .

100 100

Let ¢y denote the initial year, which is 1995 for the OECD ICIO estimates. We construct
origin weights using initial-year expenditure shares among foreign origins with tariff obser-
vations in both endpoint years:

Xnis,to

Hnis,0 = X
2]6(’)"5 njsyto

where O, is the set of foreign origins with observed tariff values in both endpoint years for
destination n and sector s, including origins whose tariff change is zero. Thus the origin
shares are normalized to sum to one within each destination-sector cell over origins with
tariff observations in both endpoint years.

for i € O,,, (22)

GTAP Measurement. Our second expenditure data set comes from GTAP 10 (Aguiar et
al., 2019). We use the benchmark years 2004 and 2014, the first and last years available, and
the estimation sample includes 120 destination countries and 27 manufacturing sectors. For
foreign expenditure, we use VIMS, which is defined as bilateral imports at importer market
prices. For domestic expenditure on domestic output, we use the domestic-use analogue of
the same absorption concept:

Xpnst = Y VDFMqypy + VDPMyy; + VDGM,pt,

u

where VDFM is domestic purchases by firms and the capital-goods sector and we sum across
using sectors u, VDPM is private household purchases of domestic goods, and VDGM is govern-
ment purchases of domestic goods. We then set

XnFs7t - Z VIMSin:-
i#£n
Tariff changes come from the GTAP-sector file in the Global Tariff Database. We construct
AT, as in equation (21), replacing 1995 and 2007 with 2004 and 2014. We construct the

initial-year bilateral-import shares as in equation (22), with ¢, = 2004.

In both data sets, X, rs; includes imports from all foreign origins, including the rest of
the world (ROW) region in the OECD ICIO and the residual regional aggregates in GTAP;
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we refer to these regions collectively as ROW. Hence, imports from ROW enter both the
dependent variable and A5 9. Because ROW lacks matched bilateral tariff observations, we
exclude it as an estimation destination and from the origin weights entering the tariff-and-
country-cost shifter @,,s(C'), which are normalized over origins with tariffs observed at both
endpoints. Across destination-sector observations in each baseline sample, the median share
of initial foreign expenditure accounted for by origins with tariffs observed at both endpoints
is 98.94 percent in the OECD ICIO and 99.57 percent in GTAP.

The Distribution of ), and Extrapolation. The gains-from-trade calculation eval-
uates each sector’s elasticity schedule from every destination’s initial domestic expenditure
share to one. Although the estimating equation identifies elasticities locally at observed
initial shares, cross-country variation in those shares provides information about the elas-
ticity schedule over the range relevant for the path to autarky, under the assumption that
each sector’s schedule is common across countries. The extent of the required extrapolation
therefore depends on the support of the initial domestic expenditure shares.

—— OECD ICIO (1995) == GTAP (2004)

(a) Full distribution (b) Upper tail
100% 4

w
o
<
X

s
80% ” 25.0%

60% - > 20.0% 1

15.0%
40% A Pad :
10.0%

20% A -~
5.0%

Share of observations at or below threshold
\
\

Share of observations at or above threshold

0%

T T T T 1 0.0% T T T T T T T J
0.0 0.2 0.4 0.6 0.8 1.0 0.800 0.825 0.850 0.875 0.900 0.925 0.950 0.975 1.000

Initial domestic expenditure share, Anns, 0 Domestic-expenditure-share threshold, A

Figure 1: Distribution of Initial Domestic Expenditure Shares in Manufacturing
Notes: The figure plots the empirical distributions of the initial domestic expenditure share, Apps.0,
across the manufacturing destination-sector observations used in the baseline estimates. The OECD
ICIO distribution uses 1995 observations for 80 destinations and 19 manufacturing sectors; the GTAP
distribution uses 2004 observations for 120 destinations and 27 manufacturing sectors. Each destination-
sector observation receives equal weight. The left panel plots the empirical CDF: it reports the share
of observations at or below each threshold. The right panel plots the corresponding upper-tail share: it
reports the share at or above each threshold for thresholds of at least 0.8.

Figure 1 displays the distribution of initial domestic expenditure shares across the manu-
facturing destination-sector observations in the two baseline samples: the 1995 OECD ICIO
data and the 2004 GTAP data. The data contain substantial support at high domestic
expenditure shares. In the OECD ICIO and GTAP samples, respectively, 12.7 and 12.5
percent of observations have domestic expenditure shares of at least 0.90, while 4.4 and 6.9
percent have shares of at least 0.95. We conclude that the samples used to estimate the
elasticity schedules include a substantial share of observations near one. Under the main-
tained restriction that €,s(\) = €5()\), observations with higher initial domestic expenditure
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shares in a sector provide identifying variation for the elasticity schedule along the path to
autarky for destinations that begin with lower shares. Within the range of shares observed in
a sector, the functional form interpolates across observations. Functional-form extrapolation
is required only for the portion of the path above the highest domestic expenditure share
observed in that sector.

Additional Measurement. To allow the home-foreign elasticity to differ across broad
types of manufacturing sectors, we split manufacturing into consumer and producer sectors
separately in each data set. For each manufacturing sector, we calculate the global final-use
share of absorption in the initial year and classify sectors weakly above the within-data-
set median as consumer manufacturing. We also estimate seven-group specifications using
analogous manufacturing aggregates in the two classifications. Appendix Tables 5 and 6
report the OECD ICIO and GTAP allocations, respectively.

In our baseline and in sensitivity exercises focusing on early periods ending in 2007, we use
tariffs from the Global Tariff Database. In a sensitivity exercise, we use OECD ICIO data for
2004-2013 and the more product-disaggregated MAcMap-HS6 tariff data (Guimbard et al.,
2012), which begin later. The OECD ICIO contains eight non-manufacturing goods sectors;
seven have matched tariff products. GTAP contains 17 corresponding non-manufacturing
goods sectors after omitting raw milk, which is not separately reported in the tariff data.
We add these sectors in robustness and in the quantification.

For the country-characteristics sensitivity, PPP GDP per capita and population come
from Penn World Table 10.01 (Feenstra et al., 2015), using 1995 values for the OECD ICIO
exercise and 2004 values for the GTAP exercise. PPP GDP per capita is expenditure-side real
GDP at chained PPPs divided by population. Remoteness is the corresponding-year partner-
PPP-GDP-weighted mean of log population-weighted bilateral distance, using the full set
of partner countries available in Penn World Table 10.01. Population-weighted bilateral
distance and landlocked status come from CEPII GeoDist (Mayer and Zignago, 2011).

4.3 Estimation Results

Tables 1 and 2 report estimates of the group-specific slope 6,51 and the unweighted average
across sectors within each g of the fitted sectoral elasticities evaluated at each sector s’s
own 25th, 50th, and 75th percentiles of the initial domestic expenditure share. Table 1
uses data from the OECD ICIO and focuses on the period 1995-2007, whereas Table 2 uses
data from GTAP and focuses on the period 2004-2014. The OECD ICIO estimates use 19
manufacturing sectors and 80 destination countries from 1995 to 2007; the GTAP estimates
use 27 manufacturing sectors and 120 destination countries from 2004 to 2014.

Specification (A) estimates a common slope across all manufacturing sectors while al-
lowing each sector to have its own elasticity intercept. The estimated slope is 5.45 in the
OECD ICIO and 2.39 in GTAP, and both 95 percent confidence intervals exclude zero. In
the OECD ICIO, the average fitted home-foreign elasticity rises from 4.01 at the sector-
specific 25th percentiles of the domestic expenditure share to 5.88 at the 75th percentiles.
The corresponding increase in GTAP is from 2.55 to 3.48.

Specification (B) allows the slope to differ between consumer and producer manufac-
turing. In the OECD ICIO, the consumer-manufacturing slope is 8.06 and its confidence
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Table 1: OECD ICIO Estimates of the Home-Foreign Trade Elasticity, 1995-2007

Spec. Aggregate 0, Eo5 €50 g5 R?
(A) All manufacturing 5.45 4.01 5.12 5.88 0.26
(1.88) (1.12) (1.32) (1.49)
(B) Consumer manuf. 8.06 2.98 4.67 5.76 0.27
(2.44) (0.81) (1.12) (1.39)
Producer manuf. 2.05 5.19 5.60 5.89
(2.49) (1.56) (1.56) (1.65)
(C) Food, bev., tob. 6.90 3.04 3.73 4.03 0.28
(3.91) (0.74) (0.80) (0.87)
Textiles/apparel/leather 12.35 0.84 4.19 6.11
(4.09)  (0.92)  (1.00)  (1.48)
Wood/paper/printing -1.32 3.34 3.13 3.01
(4.15) (1.04) (0.87) (0.98)
Petrol./chem./pharm. /rubber 3.70 4.53 5.18 5.60
(2.80) (1.30) (1.45) (1.61)
Minerals/metals -1.48 7.18 6.90 6.71
(3.14) (2.18) (2.03) (2.01)
Machinery/electrical 5.50 3.00 4.06 4.93
(2.99) (1.07) (1.22) (1.50)
Transport /other manuf. 9.25 0.68 3.35 5.25

(2.92) (0.72) (0.97) (1.46)

Notes: This table reports the OECD ICIO 1995-2007 baseline, imposing €,s(A) = 050 + y(5)1A in
the 19 manufacturing sectors and using the ISIC two-digit tariff95 measure from the Global Tariff
Database. Specification (A) estimates one manufacturing slope; (B) estimates consumer- and producer-
manufacturing slopes; and (C) estimates seven manufacturing-aggregate slopes. Each sector has its

own intercept. The column 51 reports the slope for the aggregate shown. For each aggregate, &, is
the unweighted mean across sectors of the fitted sectoral elasticities evaluated at each sector’s own pth
percentile of the initial domestic expenditure share. FEach specification uses 1,510 destination—sector
observations. Standard errors are clustered by destination country and reported in parentheses.

interval excludes zero, while the producer-manufacturing slope is 2.05 and is imprecisely
estimated. In GTAP, both estimates are positive and their confidence intervals exclude zero:
2.12 for consumer manufacturing and 2.71 for producer manufacturing. Specification (C)
allows the slope to vary across seven manufacturing aggregates. Five estimates are positive
and two are negative in the OECD ICIO; two of the positive estimates have confidence in-
tervals that exclude zero, while neither negative estimate does. All seven GTAP estimates
are positive, ranging from 1.76 for textiles, apparel, and leather to 3.64 for transport and
other manufacturing; four have confidence intervals that exclude zero.

4.4 Empirical Sensitivity

We consider three broad types of sensitivity exercises. Our baseline specifications provide
our preferred quantitative estimates. The exercises below show how the estimated magni-
tudes respond to alternative samples, specifications, variable constructions, and sources of

26



Table 2: GTAP Estimates of the Home-Foreign Trade Elasticity, 2004-2014

Spec. Aggregate 0 o5 50 £75 R?
(A) All manufacturing 2.39 2.55 3.04 3.48 0.30
(0.82) (0.51) (0.57) (0.66)
(B) Consumer manuf. 2.12 3.01 3.47 3.88 0.30
0.90)  (0.59)  (0.63)  (0.71)
Producer manuf. 2.71 2.02 2.55 3.00
(0.93) (0.48) (0.55) (0.65)
(C) Food, bev., tob. 2.04 3.95 4.40 4.79 0.30
(1.43) (0.81) (0.82) (0.91)
Textiles/apparel/leather 1.76 1.70 2.10 2.55
(0.96)  (0.40)  (0.42)  (0.56)
Wood/paper/printing 1.93 0.82 1.18 1.47
(1.30) (0.34) (0.38) (0.50)
Petrol./chem./pharm. /rubber 2.34 1.68 2.30 2.66
(1.05) (0.41) (0.51) (0.62)
Minerals/metals 2.79 2.63 3.14 3.64
(1.34) (0.80) (0.81) (0.89)
Machinery /electrical 3.21 2.30 2.69 3.17
(1.21) (0.61) (0.62) (0.67)
Transport/other manuf. 3.64 1.92 2.61 3.26

(1.15)  (0.51)  (0.55)  (0.66)

Notes: This table reports results using GTAP data and the GTAP-sector tariff95 measure from the
Global Tariff Database over the single 2004-2014 time change, imposing £,s(\) = 050 + 04(s)1A. Spec-
ification (A) estimates one manufacturing slope; (B) estimates consumer- and producer-manufacturing
slopes; and (C) estimates seven manufacturing-aggregate slopes. Each sector has its own intercept. The

column 6; reports the slope for the aggregate shown. For each aggregate, &, is the unweighted mean
across sectors of the fitted sectoral elasticities evaluated at each sector’s own pth percentile of the initial
domestic expenditure share. Each specification uses 3,240 destination—sector observations. Standard er-
rors are clustered by destination country and reported in parentheses.

identifying variation. We use both the magnitudes of the resulting estimates and the persis-
tence of the central qualitative pattern—that home-foreign elasticities generally increase with
domestic expenditure shares—to assess robustness. First, we examine alternative samples,
specifications, and variable constructions. Second, we consider potential endogeneity. We use
lagged variables to address correlated measurement error in the dependent and independent
variables. Separately, we combine tariff changes implied by predetermined trade agreements
with leave-sector-out estimates of country cost changes to address potential endogeneity in
the tariff-and-country-cost shifter, thereby returning to the tariff-based identification logic
of Proposition 3. Third, Monte Carlo exercises ask whether the estimator mechanically
generates positive elasticity-schedule slopes when the true schedules are flat and whether
it correctly identifies positive slopes when the true schedules are linear. We generate the
model data using the quantitative multi-sector version of the extended Armington model in
Appendix C, in which the home-foreign elasticity can differ from the elasticity across foreign
sources and is linear in the domestic absorption share.
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Alternative Samples and Specifications. The empirical appendix reports parallel ro-
bustness exercises for both data sets, generally replicating Specifications (A)-(C). The first
sensitivity exercise expands the estimation sample to incorporate non-manufacturing goods-
producing sectors. This asks whether the positive relationship between the home-foreign
elasticity and the domestic expenditure share applies more broadly than manufacturing.
Appendix Tables 7 and 22 report the results.

The second set of sensitivity exercises examines how the baseline restrictions on variation
in the elasticity schedule across sectors and countries affect the results. In one exercise,
we allow the elasticity schedule’s intercept to vary with destination-country characteristics,
checking whether the restriction that the intercept is common across destinations confounds
variation in the domestic expenditure share with systematic differences across countries in
income, size, or geography. This exercise replaces the baseline schedule, £4(\), with

Ens(A) = Os0 + Zr,z(s +99(8)1)‘7
enSO

where Z,, contains PPP GDP per capita, population, remoteness, and landlocked status.
Appendix Tables 8 and 23 report the results. We next restrict variation across sectors
by pooling the intercepts within sector aggregates. This imposes more structure than the
baseline and asks whether the slope estimates rely on allowing every sector to have its own
elasticity level (Appendix Tables 9 and 24). Moving in the opposite direction, we allow the
elasticity-schedule slope to vary freely by sector, which asks whether the conclusion that
the home-foreign elasticity increases with the domestic expenditure share survives without
pooling slopes within manufacturing-sector aggregates (Appendix Tables 10 and 25).

A third set examines the construction of the tariff shifter. The baseline tariff shifter, Q7
uses only foreign origins with observed tariff levels in both end years and defines ;50 by
renormalizing initial foreign expenditure shares to sum to one across those origins within each
destination-sector cell. To assess sensitivity to incomplete tariff coverage, we re-estimate the
model retaining only destination-sector cells in which these origins account for at least 50
percent of total initial foreign expenditure. This exercise asks whether the results rely on cells
in which the tariff shifter represents only a small portion of foreign expenditure; Appendix
Tables 11 and 26 report the results. We next use trade-weighted rather than unweighted
tariffs. This allows us to determine whether the results depend on how product-level tariffs
are aggregated (Appendix Tables 12 and 27). Finally, we repeat the analysis using MFN
tariffs. This allows us to deal with any endogeneity induced from applied tariffs including
bilateral preferential rates that may respond endogenously to productivity or other sectoral
shocks (Appendix Tables 13 and 28).

A fourth set examines the parametric specification and the influence of individual ob-
servations. We replace the linear elasticity schedule with a quadratic one, thereby relaxing
the assumption that its slope is constant over the observed range of domestic expenditure
shares (Appendix Tables 14 and 29). Because a quadratic schedule has no single slope, these
tables replace 591 with the derivative of the fitted schedule evaluated at the average of the
sector-specific median domestic expenditure shares within each group, giving every sector
equal weight. Finally, we re-estimate Specifications (A)-(C) after omitting each destination
country and each manufacturing sector in turn to determine whether an influential country
or sector drives the results (Appendix Figures 4 and 5).
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The magnitudes of individual slope estimates and fitted elasticities typically change mod-
estly across these exercises, with some appreciable changes. Across the exercises, the home-
foreign elasticity generally increases with the domestic expenditure share. The common slope
in Specification (A) remains positive in every sensitivity that retains the linear schedule in
both data sets. When slopes vary freely by sector, 14 of the 19 OECD ICIO estimates and 23
of the 27 GTAP estimates are positive. The quadratic estimates generally imply increasing
elasticities over the supported range, and the leave-one-out estimates show that no individual
country or sector drives the positive Specification (A) slope.

A fifth set of exercises restricts estimates to impose positivity of the elasticity schedule
and addresses the finite-change approximation. The baseline empirical analysis does not
impose positivity on the elasticity schedules. In Specification (B), for example, the fitted
elasticity at the initial domestic expenditure share is negative for only 24 of 1,510 OECD
ICIO manufacturing destination-sector observations and 89 of 3,240 GTAP observations.
Because both estimated slopes are positive in each data set, the fitted elasticities in all
remaining observations stay positive as their domestic expenditure shares rise toward one.
For quantification, we use the expenditure-share representation with a positive elasticity
along the full path to autarky for every observation. We therefore re-estimate the model
imposing 0, > 0 and 04 + 0451 > 0 for every sector. The estimates are broadly robust
to imposing these positivity restrictions. Appendix A.4 provides details of the constrained
estimator, and Appendix Tables 15 and 30 report the estimates used in Section 5.

We next retain these constraints, but replace the elasticity evaluated at the initial do-
mestic expenditure share with the exact finite-change relationship. The exact estimator
solves demand forward from the observed initial share for each potential elasticity schedule
and vector of country cost changes. It minimizes the difference between the predicted and
the observed terminal log home-foreign expenditure ratios. Appendix A.4 provides details
of the exact finite-change estimator, and Appendix Tables 16 and 31 report the results.
Comparing the exact estimates with the corresponding constrained initial-share estimates,
the common-manufacturing slope changes from 3.90 to 4.04 in the OECD ICIO and from
1.78 to 1.91 in GTAP, while the signs of every group-specific slope in Specifications (B) and
(C) remain unchanged. Thus, the initial-share approximation does not drive the estimated
positive relationship.

Inference under the positivity restrictions would require methods that account for pa-
rameters on or near the boundary. Andrews (1999) derives asymptotic distributions for
parameters on the boundary, while Chernozhukov et al. (2023) develops uniformly valid
inference for constrained conditional moment models. Because we use the constrained esti-
mates only as quantitative inputs or sensitivity point estimates and do not report standard
errors or confidence intervals for them, we do not conduct constrained inference.

Finally, the longer OECD ICIO time series allows us to check the extent to which the
OECD baseline results depend on using the earlier period than used in the GTAP sample.
Appendix Table 17 repeats the OECD ICIO analysis using expenditure changes from 2004
to 2013 and the more disaggregated MAcMap-HS6 tariff changes, as described in Section
4.2; we end this analysis in 2013 because it is the closest available MAcMap-HS6 benchmark
year to 2014. The common-manufacturing slope is 8.77 and its confidence interval excludes
zero. The consumer- and producer-manufacturing slopes are 5.37 and 10.66, and all seven
slopes in Specification (C) are positive. This exercise shows that the positive relationship in
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the OECD ICIO data is equally evident over a sample period closely aligned with the GTAP
analysis.

Endogeneity I: Correlated Measurement Error. We first address a concern about
measurement error. The initial domestic expenditure share, A,;,s0, and the initial home-
foreign expenditure ratio are constructed, in part, from the same measurements, since
log(Xnns0/Xnrspo) can be re-expressed as 10g[Anns0/(1 — Aunso)]- This enters the dependent
variable with a negative sign because Alog(X,,s/Xnrs) subtracts the initial expenditure
ratio. Consequently, measurement error that (e.g.) overstates initial domestic expenditure
relative to foreign expenditure raises the measured initial domestic expenditure share but
lowers the measured change in the home-foreign expenditure ratio. Measurement errors in the
dependent variable and in A, are therefore mechanically negatively correlated. Because
the regressor that identifies the elasticity-schedule slope is s 0@ns(C), this correlation can
bias the estimated slope even if the price shifter itself is measured without error.

Appendix Table 18 uses 1995 data to construct lagged instruments for an estimating
equation based on changes from 1996 to 2007, thereby separating the initial-year measure-
ments entering the dependent variable from those entering the instruments. Both panels
use expenditure and tariff changes from 1996 to 2007, rather than our baseline 1995 start
date. In the instrumented panel, the 1995-2007 tariff shifter instruments the 1996-2007 tariff
shifter, while the interaction of the 1995-2007 tariff shifter with the 1995 domestic expendi-
ture share instruments the interaction of the 1996-2007 tariff shifter with the 1996 share.!?
The instrument for the slope regressor therefore does not use the 1996 expenditure mea-
surements that enter the dependent variable. The common slope changes from 4.87 without
instruments to 5.81 with instruments, while the average fitted elasticity at the sector-specific
median domestic expenditure shares, &5, changes from 5.66 to 7.03. To the extent that mea-
surement errors in the 1995 and 1996 domestic expenditure shares are uncorrelated, and the
lagged tariff instruments otherwise satisfy the exclusion restriction, the similar magnitudes
of both estimates suggest that correlated measurement error is not driving our results.

Endogeneity II: The Price Shifter. We next address the possibility that destination-
sector shocks entering the residual are correlated with either applied tariff changes or the
country-cost changes estimated jointly with the elasticity parameters. We construct a first
tariff instrument from changes required by the May 2004 accession of ten countries to the
European Union. The entrants eliminated tariffs on imports from the other members of
the enlarged European Union and adopted the common external tariff on imports from
other origins, while the incumbent EU15 eliminated tariffs on imports from the entrants.
A second, broader instrument adds changes associated with the 2007 EU enlargement—
including the elimination of EU15 tariffs on imports from Bulgaria and Romania—the EU-
Tiirkiye customs union, the Gulf Cooperation Council, and the West African Economic
and Monetary Union. In constructing each instrument, we set bilateral tariff changes not
covered by these agreements to zero. We aggregate using exactly the same initial foreign
expenditure shares, fi,is 0, as in Q7,. We identify agreement membership and implementation
dates from the WTO Regional Trade Agreements Database and official institutional sources

12The first year with coverage in the OECD ICIO data is 1995.
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and construct the implied sectoral tariff changes from the Global Tariff Database (World
Trade Organization, 2025; Teti, 2024); Appendix A.1 provides details.

For each specification and sector s, we re-estimate the unrestricted NLLS model after
excluding all observations in sector s. Within this auxiliary estimation, we choose the country
cost shifters by least squares at every candidate elasticity vector for the retained sectors and
then choose the elasticity vector that minimizes the profiled sum of squared residuals. Let
C(=%) denote the country cost shifters evaluated at this leave-sector-out NLLS optimum. We
define

QLY = Qus(C)

Excluding sector s constructs the country-cost component for observation (n,s) using out-
comes from the other sectors. This prevents the outcome in (n, s) from feeding mechanically
into its own constructed price shifter. In spite of this, it is possible that the leave-sector-out
country-cost estimate may remain correlated with the residual. For this reason, we treat
the constructed price shifter as endogenous in the instrumental-variable estimation. At the
same time, retaining the other sectors for destination n allows its own cost change, d‘;s), to
be identified from the role of the domestic price in those sectors.

The baseline estimator is nonlinear because the elasticity parameters and country-cost
changes are estimated jointly: changing an elasticity parameter changes the country-cost es-
timates, which in turn changes the tariff-and-country-cost shifter. However, once C) has
been estimated from the other sectors, we hold Q%}S fixed; hence, here estimation becomes
linear. Specifically, let Cj denote the true vector of country cost changes, so that Q,s(C))
is the true tariff-and-country-cost shifter. Proxying Q,s(Cy) with @;;s), the resulting esti-
mating equation is linear in the elasticity parameters:

Xnns SN(—s N(—s ~
Aln ﬁ = 050Q7(15 ) + gg(s)l/\nns,OQrgs ) + Uns,

where R
ans = Uns — €ns,0 QS;S) - Qns(CO>

We estimate it by two-stage least squares, instrumenting @%;S) and )\nn&o@%;s) with the
agreement-implied tariff shifter and its interaction with \,,s 0. This construction implements
the core identification logic of Proposition 3: the agreement-implied tariff shifter supplies
excluded tariff variation after the country-cost component has been constructed separately.
The leave-sector-out country-cost component appears in the endogenous regressors but not
in the excluded instruments.

The exclusion restriction requires the agreement-implied tariff instrument and its interac-
tion with A5 to be orthogonal to the composite error u,. A sufficient condition is that the
agreement-implied tariff changes are unrelated to non-price destination-sector shocks, so that
their effect on relative home and foreign expenditure operates through relative prices. They
must also be unrelated to the component of the country-cost proxy error inherited from the
retained sectors. Because the instruments are constructed using initial foreign expenditure
shares and one is interacted with the initial domestic expenditure share, these shares must
also be predetermined with respect to the composite error. Cross-sector correlation in resid-
uals does not by itself violate the exclusion restriction; it is a concern only if the agreement
instruments are correlated with shocks in other sectors that enter the country-cost proxy.

31



To account for uncertainty from estimating the leave-sector-out country-cost components,
we use a destination-cluster bootstrap that re-estimates the leave-sector-out NLLS models,
country-cost changes, and linear IV model in each draw. Appendix A.3 describes the boot-
strap procedure. Appendix Tables 19 and 20 report the full-sample estimates, medians across
999 bootstrap draws, and 95 percent confidence intervals.

Each table additionally reports the smallest destination-clustered Sanderson-Windmeijer
conditional first-stage F' statistic across all endogenous regressors (Sanderson and Windmei-
jer, 2016; Windmeijer, 2024). For the EU-enlargement instrument, these minima are 33.18,
14.83, and 16.44 in Specifications (A), (B), and (C); for the broader instrument, they are
20.01, 22.41, and 7.36. Table 21 reports the full vector for every specification and instrument.
As a simpler benchmark, in Specification (A), conventional scalar first-stage regressions of
@%}S) on the agreement-implied tariff shifter, controlling for destination and sector effects,
yield destination-clustered F' statistics of 104.2 for the EU-enlargement instrument and 111.9
for the broader instrument. Thus, the scalar first-stage statistics indicate a strong first-stage
relationship.!?

The common-manufacturing slope is 8.83 using the EU-enlargement instrument and
10.75 using the broader customs-union instrument; the corresponding bootstrap medians
are 5.28 and 6.91. The 95 percent bootstrap confidence interval is [—1.77,18.08] using
the EU-enlargement instrument and [1.20, 14.79] using the broader instrument; the latter
excludes zero. The full-sample fitted-elasticity profiles in Specification (A) are quantita-
tively similar to the baseline. The triplet (&35, &50,75) equals (4.01,5.12,5.88) in the base-
line, (3.62,5.42,6.65) using the EU-enlargement instrument, and (2.76,4.96, 6.45) using the
broader instrument. Each baseline value lies within the corresponding 95 percent bootstrap
confidence interval under both instruments. The agreement-IV estimates therefore place the
fitted elasticity near the center of the observed domestic-share distribution at a level similar
to the baseline and imply a steeper increase across that distribution.

Both consumer- and producer-manufacturing slope estimates and their bootstrap medians
are positive with either instrument. With the broader instrument, the confidence interval
excludes zero for the consumer-manufacturing slope, [0.62,12.97], and has a lower endpoint
of —0.16 for the producer-manufacturing slope, [—0.16,19.41]; both intervals include zero
with the EU-enlargement instrument. In Specification (C), six of seven point estimates are
positive under each instrument; under the broader instrument, the remaining estimate is
—0.18, or essentially zero. The average fitted elasticities at the sector-specific 50th and 75th
percentiles are positive for every group under both instruments. At the 25th percentiles, they
are negative for machinery/electrical and transport/other manufacturing in Specification (C)
under both instruments.

We conduct this exercise only with the OECD ICIO data because the 2004 GTAP tariffs
already incorporate the May 2004 accession changes.

Monte Carlo Exercises. Appendix H reports Monte Carlo exercises designed to an-
swer two questions. First, does our estimation procedure mechanically generate positive
elasticity-schedule slopes when the true slopes are zero? Second, does it accurately recover

13The EU-enlargement instrument is nonzero in 25 destination clusters, and the broader instrument is
nonzero in 32 destination clusters.
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positive slopes when the data are generated by a model featuring linear home-foreign elas-
ticity schedules with positive slopes? We answer these questions using the quantitative
multi-sector version of the extended Armington model developed in Appendix C. We con-
sider four calibrations. Each calibration matches the same initial equilibrium and therefore
the same domestic share in every country-sector pair, but differs in its home-foreign elasticity
schedules. For each calibration, we use the same sequence of 200 independently generated
tariff-shock matrices. To construct each matrix, we select every destination-origin-sector cell
with a foreign origin independently with probability 0.45. In each selected cell, we reduce
the tariff by a random amount. The selected cells and the magnitudes of their tariff reduc-
tions vary across the 200 draws, while the tariff-shock matrix for a given draw is held fixed
across the four calibrations. Conditional on the calibrated economy, the variation across
draws comes only from the incidence and magnitude of the tariff reductions. For each of
the 200 matrices and each calibration, we then solve for the new equilibrium, and estimate
Specifications (A)-(C) in the model-generated data using our baseline procedure. We report
the distribution of estimates.

The first calibration determines whether our estimation procedure mechanically generates
positive elasticity-schedule slopes when the true slopes are zero. It sets #5; = 0 in every sector,
while allowing the resulting constant home-foreign elasticity, 6, to vary across sectors.
We also set 04 equal to the elasticity of substitution across foreign sources. Under these
restrictions, demand is CES across all origins within each sector, yielding the standard
constant-elasticity expenditure-share system of many-sector Armington and Eaton-Kortum
models. Table 34 reports estimates of Specifications (A)-(C) using the model-generated data.
The mean estimated slope in Specification (A) is 0.001; the estimates in Specifications (B)
and (C) are likewise close to and centered around zero. We conclude that the estimation
procedure does not mechanically produce the pattern found in the data within canonical
constant-elasticity environments.

The remaining three calibrations determine whether our estimation procedure accurately
recovers positive slopes when the data are generated by linear home-foreign elasticity sched-
ules with positive slopes. The second calibration sets the slope equal to 4 in every sector.
The third assigns slopes of 2.5,3.0,...,5.5 to the seven manufacturing groups used in Spec-
ification (C). The fourth allows every sector to have a distinct positive slope. Tables 35-37
report the results. When the pooling imposed by the estimator matches the calibration,
the estimates closely recover the true group-specific slopes. For every pooled group within
which true sector slopes vary, all 200 draw-specific slope estimates underlying the averages
reported in the tables remain positive and lie within the range of true slopes in that group.
We conclude that our estimation procedure accurately recovers elasticity-schedule slopes in
the generalized Armington environment.

5 Quantification

In this section and the Quantitative Appendix, we quantify gains from trade relative to
autarky, building on equation (13), but now allowing traded goods to be used as intermediate
inputs. We take equilibrium 0 to be the 2007 trade equilibrium when using the OECD ICIO
data and estimates and the 2014 trade equilibrium when using GTAP. Equilibrium 1 is
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autarky, so that A\l . =1 in every traded sector. We therefore raise each sector’s domestic
expenditure share from its observed value in the corresponding trade equilibrium to one and
calculate the resulting increase in aggregate unit expenditure. This increase determines the
ratio of real income in the initial trade equilibrium to real income under autarky. We focus
on the OECD ICIO quantification in the body and report the corresponding GTAP exercise
in Appendix G.

According to the theory in Section 3.1, the increase in each traded sector’s unit expen-
diture function as its domestic expenditure share rises to one is determined by its initial
domestic expenditure share and its home-foreign elasticity schedule. As also shown there,
translating these sectoral changes into aggregate welfare requires the demand system that
aggregates consumption across sectors. Section 3.1 allows us to estimate the elasticity sched-
ules from total absorption by imposing common sourcing across intermediate and final users
within each sector, but it leaves their roles in production and welfare unspecified. For quan-
tification, intermediate-input use determines how sectoral cost changes feed into production
costs, while the treatment of final uses connects total absorption to household welfare. We
next specify this additional structure.

We retain 26 goods-producing sectors from the OECD ICIO: 19 manufacturing sectors
and seven non-manufacturing goods sectors with matched tariff data. Let Sy; and Sg denote
these two sets. We combine the remaining sectors, including the non-manufacturing goods
sector without matched tariffs, into a single composite, indexed by 0, which we treat as
non-traded. For manufacturing, we use Specifications (A), (B), and (C) of Appendix Table
15. To obtain the complete set of schedules required for quantification (which includes the
non-manufacturing goods sectors not included in the baseline), we estimate the correspond-
ing constrained specifications on all goods, retain the manufacturing schedules from the
manufacturing-only estimates, and use the all-goods estimates for the non-manufacturing
schedules. Our primary exercise uses Specification (B): the 19 manufacturing-sector inter-
cepts and consumer- and producer-manufacturing slopes come from Appendix Table 15,
while the seven non-manufacturing-sector intercepts and common non-manufacturing slope
come from the corresponding constrained all-goods specification.

5.1 Production and Final Uses

The assumptions in this subsection are used only for quantification; neither the elasticity
estimates nor the welfare results in Sections 2 and 3.1 require them. In country n, every
production sector has the same value-added share 3, € (0,1) and uses as its intermediate
input the same aggregate composite used for household consumption, government purchases,
and investment. Let P, = &,((e,s)ses) denote the price index for this composite. The unit
cost in sector s is

Cns = a;slwﬁ"P;_’B".

Thus, intermediate producers and final users have the same sourcing system within sectors
and the same aggregation across sectors. This deliberately parsimonious structure yields the
familiar scalar intermediate-input amplification of gains from trade (Arkolakis et al., 2012).
The production structure can be generalized to allow sector-specific value-added shares and
input-output linkages, as in Caliendo and Parro (2015), but our focus is on the role of
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home-foreign elasticity schedules rather than heterogeneity in production networks.

Let Vo, Yna, and 7,5 denote the fixed shares of nominal income allocated to household
consumption, government purchases, and investment, with v,c + Vug + Ynr = 1. We treat
government purchases and investment expenditures as current final demands that absorb
resources. We hold capital stocks fixed, so investment does not alter productive capacity
through capital accumulation. Household real consumption is therefore 7,,¢Y,/P,. Because
Yno 1s fixed across the trade and autarky equilibria, it cancels from their proportional welfare
comparison, which is governed by Y,/ P,.

Because every final and intermediate user has the same cross-sector expenditure shares
and the same origin shares within each sector, summing across users preserves both sets
of shares. We can therefore calibrate the cross-sector weights from total absorption and
estimate the sectoral sourcing elasticities from total absorption. We calibrate (3,, as economy-
wide value added divided by gross output in the relevant trade equilibrium. For the OECD
ICIO exercise, this is the sum of the VA row divided by the sum of the OUT row across country
n’s production sectors in 2007. For GTAP, it is primary-factor cost divided by primary-factor
plus domestic and imported intermediate-input costs at agents’ prices in 2014. The median
B is 0.48 in the OECD ICIO quantification sample and 0.42 in the GTAP sample.

It remains to specify preferences across sectors, which we treat as fully general in Section
3.1. We turn to this next.

5.2 Preferences

We use nested CES preferences across sectors. At the lower tier, manufacturing sectors
are aggregated into a manufacturing composite and non-manufacturing goods sectors are
aggregated into a non-manufacturing-goods composite. For b € {M, G}, let E,; denote the
exact price index (unit expenditure function) for composite (b),

1/(1-or)
Enb ((ens)se&,) = [Z wnbser}lgaL] )

SESy

where oy, is the elasticity of substitution across sectors within each goods-producing com-
posite. We impose the same o within the manufacturing and non-manufacturing-goods
composites. At the upper tier, the unit expenditure function aggregates the manufacturing
composite, the non-manufacturing-goods composite, and the non-goods composite:

. p. —o11/(1—0o
gn(EnM7 EnG7 6nO) = [wnMErlLMU + wnGErlzG v+ Wn()eio U} / v

I

where oy is the elasticity of substitution across the three upper-tier composites. Our baseline
imposes o5, > oy. The preference weights are country specific and calibrated to reproduce
each country’s 2007 expenditure shares.

For each goods-producing sector, define its unit-expenditure increase moving to autarky,
relative to its domestic price, by

P (/1 dln)\)
ns — €X .
P AT Ens(A)

T
nns
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By construction, €,9 = 1 for the non-traded non-goods composite. Let a,p denote sector
s’s initial expenditure share within composite b and let a7, g, and ay,g denote the initial
upper-tier expenditure shares. The exact CES changes in the two lower-tier price indexes

are
E - 1,0-L
ans|b€ns
SES)

1/(1—opr)

B = . be{M,G).

Under the production structure in Section 5.1, the resulting gains from trade are

wr 1

1 —
"WAT 8. —ou

) In [QHME\:LXZU + angE\iEJUU + ano] . (23)

Thus, initial domestic expenditure shares and the home-foreign elasticity schedules determine
the sectoral costs of autarky, €,s. The lower-tier elasticity o, aggregates these sectoral costs
into the composite costs E,;, while oy aggregates the composite costs and 1/f,, captures
their amplification through intermediate inputs. Appendix F derives equation (23).

We choose oy using estimates from the structural-change literature, in which substitu-
tion across broad sectors is a central concern. Our baseline sets oy = 0.6. Comin et al.
(2021) estimate an elasticity of 0.57 using a country-level panel of 39 countries with sectoral
employment, value added, and prices together with consumption per capita. Cravino and
Sotelo (2019) obtain a final-consumption estimate of 0.59 from U.S. input-output use tables
for 1977-2012, using final-consumption shares at producer prices and sectoral gross-output
price indexes. Our baseline sets o, = 2. Berlingieri et al. (2026, Appendix Table D.1,
column 3) estimate a between-sector elasticity of 2.03 when French sectors are defined at
the two-digit level, an aggregation roughly comparable to the OECD ICIO manufacturing
sectors used here. In robustness we set o, = 1 and o, = 3. The former reproduces the
Cobb-Douglas aggregation across sectors commonly imposed in quantitative trade models
(e.g., Caliendo and Parro, 2015), while the latter provides a higher-substitution comparison.

5.3 Quantitative Results

Table 3: Gains from Trade Across Elasticity-Schedule Specifications

pl0 P25 Median Mean P75 P90
Specification (A) 4.45 6.01 10.34 12.53 15.64 23.15
Specification (B) 4.44 6.05 10.59 12.82 15.91 23.74
Specification (C) 4.34 6.14 10.56 12.80 15.92 23.47

Notes: Entries report 100 In(W,T /W) calculated using equation (23), where 3, is 2007 economy-wide
value added divided by gross output. The percentiles and mean are calculated across the 80 countries in
the OECD quantification sample. All three specifications set o, = 2 and oy = 0.6.

Table 3 reports the distribution of gains from trade across the 80 OECD ICIO countries
using elasticity schedules estimated in Specifications (A), (B), and (C). Under Specification
(B), the median and mean gains from trade are 10.59 and 12.82 log points, while the 10th and
90th percentiles are 4.44 and 23.74 log points. Thus, the estimated gains are economically
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substantial for the typical country and heterogeneous across countries. The results are also
very similar across the three specifications. Given this similarity, we use Specification (B) in
what follows.

Cross-country variation in gains from trade is closely related to the initial aggregate
import share. Figure 2 plots this relationship under Specification (B). The import share
is measured as expenditure on imports in the 26 goods-producing sectors divided by total
expenditure, including expenditure on the outside composite. Its correlation with gains from
trade is 0.67. This relationship is intuitive: the aggregate import share measures how far the
initial trade equilibrium is from autarky. The relationship is not one-to-one, however. The
same aggregate import share can arise from different combinations of sectoral expenditure
shares and within-sector domestic expenditure shares. Because these objects interact with
sector-specific elasticity schedules, countries with similar aggregate import shares can have
different gains from trade. The two largest deviations in Figure 2 illustrate this compo-
sition effect: the OECD ICIO records zero domestic expenditure for Singapore (SGP) in
several non-manufacturing-goods sectors, while Cambodia (KHM) devotes a large share of
expenditure to highly import-dependent manufacturing sectors whose fitted elasticities are
low. In addition, countries differ in their value-added shares. This is a separate source of
variation: holding the other objects fixed, a lower [, raises measured gains through the
intermediate-input multiplier 1/4,.
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Figure 2: Gains from Trade and Initial Import Shares
Notes: Each observation is one of the 80 countries in the OECD ICIO quantification sample. The vertical
axis reports gains from trade, 100In(W,” /W), under constrained Specification (B), with o = 2,
oy = 0.6, and the country-specific intermediate-input multiplier 1/4,,. The horizontal axis reports 2007
expenditure on imports in the 26 goods-producing sectors divided by total expenditure, including the
non-traded composite. Selected countries are labeled.

To assess the quantitative implications of allowing the home-foreign elasticity to vary
along the path to autarky, we consider fixed-elasticity comparisons. There is no unique
way to construct such a comparison. We consider two examples here. First, in the left
panel of Figure 3, we hold each country-sector elasticity fixed at its fitted 2007 value,
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€ns,2007 = 550 + 59(5)@39?57. This comparison isolates the implications of allowing the elastic-
ity to vary after the initial equilibrium. Second, in the right panel, let \;50 denote the
median 2007 domestic expenditure share in sector s across the 80 countries and define
€550 = U0 + O4(5)1 s 50. We apply this sector-specific elasticity to every country and hold it
fixed along the path to autarky. This comparison produces one fixed elasticity per sector,
as in standard multi-sector constant-elasticity specifications, with each elasticity evaluated
at a central value of the domestic expenditure share. Both comparisons retain Specification
(B) and the baseline values of the cross-sector elasticities. Moreover, both use home-foreign
elasticities estimated directly from variation in home relative to foreign expenditure. Thus,
even the fixed-elasticity calculations differ from the standard approach of using elasticities
estimated from substitution across foreign sources. Figure 3 plots the gains from trade under
each fixed-elasticity calculation against the baseline estimates using the variable elasticity

schedules. The dashed lines are 45-degree lines.
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Figure 3: Gains from Trade with Variable and Fixed Home-Foreign Elasticities
Notes: Each observation is one of the 80 countries in the OECD ICIO quantification sample. The
horizontal axis reports 100 In(W,”' /W) under the variable-elasticity schedules from constrained Speci-
fication (B), with oy, = 2, oy = 0.6, and the country-specific intermediate-input multiplier 1/43,,. In the
left panel, the vertical axis holds each country-sector elasticity fixed at its fitted 2007 value. In the right
panel, it holds each sector’s elasticity fixed at the value implied by that sector’s median 2007 domestic
expenditure share and applies that value to every country. Dashed lines are 45-degree lines.

The two measures in the left panel are closely related. Holding each elasticity fixed at
its 2007 value increases gains from trade for every country because all slopes used in the
quantification are positive. The intuition for this result is simple. Because the baseline
elasticity rises along the path to autarky, the fixed elasticity lies below the baseline elasticity
at every point along the path except for the original point, where they are equal. This
implies larger gains from trade under the fixed-elasticity calculation. These effects are not
small: the median rises from 10.59 to 12.64 log points and the mean rises from 12.82 to 15.60

log points.
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The two measures in the right panel are also closely related. For a country whose initial
domestic expenditure share lies above the corresponding sectoral median in every sector,
€550 lies below the baseline elasticity throughout the path to autarky. The fixed-elasticity
calculation therefore produces larger gains from trade. This intuition helps explain why
countries with lower gains from trade, which tend to have higher domestic expenditure
shares as reflected in Figure 2, generally lie above the 45-degree line in the right panel of
Figure 3.

Conversely, consider a country whose initial domestic expenditure shares lie below the
corresponding sectoral medians. Until a sector’s domestic expenditure share reaches its
median, the baseline elasticity lies below the fixed elasticity, increasing the gains from trade
under the baseline specification. Once the domestic expenditure share exceeds its median,
this ordering reverses. The comparison in the right panel therefore depends on the relative
importance of these two portions of the path. For countries with sufficiently low initial
domestic expenditure shares in important traded sectors, the first portion dominates, placing
them below the 45-degree line. This intuition helps explain why countries with higher gains
from trade, which tend to have lower domestic expenditure shares as reflected in Figure 2,
generally lie below the 45-degree line in the right panel of Figure 3.

These calculations are related to the between-sector mechanism emphasized by Ossa
(2015): cross-sector heterogeneity in constant trade elasticities can magnify gains from trade.
Under Cobb-Douglas aggregation, a sector’s contribution to gains is the product of its trade
exposure, a,s[—InAT ] and its inverse trade elasticity. Trade exposure is approximately

nns
ans(1=AL ), which is the share of country n’s aggregate expenditure that is spent on imports

nns

in sector s. Holding the cross-sector distributions of these two objects fixed, increasing the
covariance between trade exposure and inverse trade elasticities further magnifies gains from
trade. Our framework nests this calculation when cross-sector aggregation is Cobb-Douglas
and the home-foreign elasticity in each sector is constant, and therefore incorporates the
between-sector mechanism. Figure 3, however, does not isolate its quantitative importance:
both axes in both panels retain differences in elasticity levels across sectors. Instead, the
figure compares the variable-elasticity schedules with two distinct ways of holding home-
foreign elasticities fixed along the path to autarky.

Our framework also introduces a distinct within-sector mechanism, which is most directly
isolated in the left panel of Figure 3. When the home-foreign elasticity rises with the domestic
expenditure share, a sector with a lower initial domestic expenditure share, for a given
elasticity schedule, begins at a lower elasticity and and travels along a longer portion of the
elasticity schedule on the path to autarky; consequently, a larger portion of its gains-from-
trade integral is evaluated at low elasticities. For a given sectoral expenditure share, its initial
domestic expenditure share therefore determines both its trade exposure and the portion of
the elasticity schedule relevant for its contribution to gains from trade. The connection to
the between-sector mechanism is that both give greater welfare weight to low elasticities in
sectors with greater trade exposure. The within-sector mechanism, however, operates even
if every sector has the same home-foreign elasticity schedule.

Sensitivity. Finally, Table 4 reports robustness of the Specification (B) results to alter-
native values of the two cross-sector elasticities. The first row replicates the second row of
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Table 4: Gains from Trade Sensitivity to Cross-Sector Substitution

or, oy pl0 P25 Median Mean P75 p90
2 0.6 4.44 6.05 10.59 12.82 15.91 23.74
1 0.6 4.70 7.57 18.65 o0 o0 00
3 0.6 4.05 5.58 9.37 10.68 13.70 20.72
2 1 4.38 6.00 10.26 11.99 15.33 22.96

Notes: Entries report 100 In(W,1 /W) calculated using equation (23), where 3, is 2007 economy-wide
value added divided by gross output. The percentiles and mean are calculated across the 80 countries in
the OECD quantification sample. The baseline sets o0, = 2 and oy = 0.6; each subsequent row changes
the elasticities shown.

Table 3. The next two rows lower and raise oy from 2 to 1 and 3. Raising o, mitigates the
impact of a move to autarky because countries can more easily substitute consumption away
from sectors in which price indices rise the most. When o7 = 1, 20 countries have infinite
gains because the OECD ICIO records zero domestic expenditure in at least one traded
sector and Cobb-Douglas preferences make every sector essential. The median among all
countries remains finite at 18.65 log points, but the mean and upper quartile are infinite.
Raising o7 to 3 lowers the median to 9.37 log points. The final row raises oy from 0.6 to
one while holding o, = 2. The higher upper-tier elasticity allows consumption to shift more
easily toward the outside composite as the prices of the two goods-producing composites
rise; the median falls more modestly, from 10.59 to 10.26 log points.

Appendix G then repeats the quantification using the GTAP data and estimates, taking
the 2014 trade equilibrium as the initial equilibrium. It reports and discusses the correspond-
ing distribution of gains from trade, relationship with initial import shares, fixed-elasticity
comparisons, and sensitivity to cross-sector substitution.

6 Conclusion

Two broad messages emerge from our analysis. The first is negative. The elasticity rele-
vant for gains from trade describes how expenditure on all foreign goods changes relative
to expenditure on home output as foreign prices rise relative to the home price. In prac-
tice, this elasticity is typically estimated from the relationship between expenditure across
foreign countries and their relative prices. Using such an estimate to calculate gains from
trade either incorrectly measures gains or requires strong assumptions equating very differ-
ent margins of substitution. Moreover, typical approaches additionally impose a constant
elasticity along the path to autarky. These assumptions may or may not be appropriate in
particular contexts, but they restrict the demand system beyond homotheticity and are not
required for quantifying the gains from trade.

The second message is more positive. For measuring gains from trade, a more direct
empirical approach exists: estimate how home expenditure changes relative to aggregate
foreign expenditure as foreign prices change relative to the home price. The logic paral-
lels Arkolakis et al. (2012). They argue that leveraging the relationship between bilateral
imports and bilateral trade costs is attractive for welfare analysis because it measures the
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welfare-relevant response of trade to trade costs rather than recovering that response indi-
rectly from a micro-level parameter. We apply the same argument, but take it a step further.
Leveraging the relationship between home-relative-to-foreign expenditure and home-relative-
to-foreign price shifters directly targets the elasticity that enters the gains-from-trade calcu-
lation, rather than inferring it from substitution across foreign sources. This direct approach
remains tractable because gains from trade remain a low-dimensional object. Conditional
on the initial domestic expenditure share, measuring gains requires only the home-foreign
elasticity schedule along a path on which all foreign prices rise proportionally relative to
the home price. Our implementation result has an implication for measuring that schedule:
suitable trade-policy variation can, in principle, identify the elasticity schedule directly from
proportional changes in foreign prices. In our empirical implementation, weak separability
allows non-proportional price changes to identify the same home-foreign elasticity schedule.
Thus, the welfare-relevant object remains low-dimensional in theory and can be targeted
directly in the data.

For future structural applications, we develop Armington, Krugman, and Melitz-Pareto
gravity models in which the home-foreign elasticity is exactly linear in the domestic expen-
diture share rather than constant, while substitution across foreign sources is governed by a
separate elasticity. These models retain the tractability of familiar gravity frameworks while
permitting variable home-foreign elasticity schedules in quantitative counterfactual analysis.

In the empirical analysis, we estimate the welfare-relevant elasticity schedule directly from
changes in home relative to foreign expenditure. Across two independently constructed global
data sets, the OECD ICIO and GTAP, the estimated home-foreign elasticities generally rise
with domestic expenditure shares. The Specification A estimate is positive and statistically
significant in both data sets. The broad pattern is stable across alternative samples, sectoral
classifications, variable constructions, and instrumental-variable strategies.

The paper introduces a novel within-sector connection between trade exposure and the
elasticity relevant for welfare. A destination-sector pair with a lower initial domestic expen-
diture share begins the path to autarky at a lower home-foreign elasticity. Hence, a larger
portion of its gains-from-trade integral is evaluated at low elasticities. Quantitatively, using
the OECD ICIO estimates, the median gain from trade is 10.59 log points when the elastic-
ity is allowed to rise along the path to autarky, compared with 12.64 log points when each
country-sector elasticity is held fixed at its initial value. Allowing the elasticity to vary low-
ers measured gains from trade for every country, regardless of how expenditure is aggregated
across sectors. This ordering is a consequence of the increasing schedules found in the data,
rather than a general implication of allowing elasticities to vary.

The analysis also indicates where further evidence would be most valuable. Sectoral
domestic expenditure is constructed less directly than international trade flows, although
the similarity of the findings across the OECD ICIO and GTAP data is reassuring. In
addition, the calculation of gains from trade requires evaluating elasticity schedules all the
way to autarky. Both datasets include a substantial share of observations with high domestic
expenditure shares; nevertheless, the exercise relies on the functional form of the elasticity
schedule and on restrictions that allow observations from different countries and, in some
specifications, sectors to inform one another. Better measurement of domestic expenditure
and additional price variation over a wider range of domestic expenditure shares would
permit these restrictions to be relaxed.
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Empirical Appendix

A Additional Empirical Details

A.1 Additional Data Details

Country Characteristics. For the country-characteristics sensitivity, log PPP GDP per
capita, log population, and remoteness use 1995 values for the OECD ICIO exercise and 2004
values for the GTAP exercise. Within each exercise, we subtract the mean across destination
countries and divide by the sample standard deviation. We demean the landlocked indicator
across the corresponding destinations.

OECD ICIO Measurement. For each origin-sector row in the ICIO table, we construct
Xnist by summing absorption in destination n across intermediate-use columns and final-
demand columns. The final-demand columns are HFCE, NPISH, GGFC, GFCF, INVNT, and
DPABR. Negative changes in inventories are allowed to offset other uses when constructing
absorption, after which any negative aggregate origin-destination-sector expenditure is set
to zero. The diagonal origin-destination cell gives X5, while X, ps = >, 4n Xnist- The
log-change second step keeps cells with positive domestic and foreign expenditure in both
years.

The OECD ICIO baseline uses the ISIC two-digit tariff95 measure from the Global
Tariff Database in 1995 and 2007. The exercise using a lagged instrument uses the same
source in 1995, 1996, and 2007. To use connect the two datasets, we concord ISIC industries
to OECD ICIO goods sectors. When several ISIC industries concord into one ICIO sector,
we require each industry to be observed at both endpoints and average their tariff levels
with equal weight before taking the log change. Where the ICIO classification is more
disaggregated than the public ISIC file, we allocate the same ISIC tariff change to each of
the corresponding ICIO sectors. In particular, chemicals and pharmaceuticals share ISIC
sector 24, ferrous and non-ferrous basic metals share sector 27, and ships and other non-
motor-vehicle transport equipment share sector 35. The resulting crosswalk covers all 19
manufacturing sectors and seven of the eight non-manufacturing goods sectors used in the

paper.

Trade-Agreement Tariff Instruments. We identify customs-union membership and im-
plementation dates using the WTO Regional Trade Agreements Database and official sources
from the European Union, the Gulf Cooperation Council, and the West African Economic
and Monetary Union. Both instruments use the 1995 and 2007 ISIC two-digit tariff95
measures from the Global Tariff Database, which are concorded to OECD ICIO sectors as
described above.

For the May 2004 EU entrants, we set terminal tariffs as follows: tariffs are set to zero
on imports from the future EU25 and tariffs are set to the average tariff applied by EU15
destinations in 2007 for each external origin and sector. For incumbent EU15 destinations,
we set terminal tariffs as follows: tariffs are set to zero on imports from the ten entrants.
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The instrument is the change in the log gross tariff from each destination’s observed 1995
tariff to the terminal target.

The broader instrument adds the 2007 EU accession, the EU-Tiirkiye customs union, the
Gulf Cooperation Council, and the West African Economic and Monetary Union. Consider
first the 2007 EU expansion and the EU-Tirkiye customs union. When considering as
destinations the set of Bulgaria, Romania, and Tiirkiye: (i) we set tariffs on imports from
EU members to zero and (i) we set tariffs on imports from non-EU members equal to the
2007 EU15 tariff for each origin-sector pair. When considering as destinations the incumbent
EU15 countries, we set the tariff to zero on imports from Bulgaria and Romania. The EU
had already eliminated tariffs on Turkish industrial goods before our 1995 baseline, so the
EU-Tiirkiye component assigns tariff changes only to Tiirkiye as a destination. Consider
next the Gulf Cooperation Council and the West African Economic and Monetary Union.
We set internal tariffs to zero and use, for each destination-origin-sector triplet, the average
2007 tariff among the other union members observed in the OECD ICIO sample. The leave-
one-out construction does not use a destination’s own 2007 tariff in its predicted change.

In both instruments, bilateral tariff changes not covered by the agreements are set to
zero. We aggregate the resulting bilateral changes using exactly the same initial foreign
expenditure shares, [0, as in the baseline tariff shifter.

MAcMap-HS6 Tariffs. For the 2004-2013 period sensitivity, we use CEPII’s MAcMap-
HS6 data and construct a sector-level measure designed to match the tariff95 measure
from the Global Tariff Database as closely as possible. The MAcMap variable ADV is an
ad-valorem equivalent in decimal units. Let h index HS6 products, n the importer, ¢ the
exporter, s the OECD ICIO sector, and ¢ € {2004,2013} the year. For each year, we pool
the valid bilateral ADV observations among the concorded HS6 products and countries in the
ICIO sample and calculate their 95th percentile, denoted by ¢?°. The resulting caps are

@004 = 0.30 and ¢55,5 = 0.20. We then cap each product-level tariff from above:

ADV?[?h,t = min{ADV,;p q?E)}'

We concord HS2007 products to OECD ICIO sectors using the OECD’s Bilateral Trade
in Goods by End-Use conversion key (Organisation for Economic Co-operation and Develop-
ment, 2025a). The key assigns each HS commodity to a unique detailed CPA activity, which
we aggregate to the OECD ICIO activity classification. Let mys denote the concordance
weight from HS6 product h to OECD ICIO sector s, which equals one for the sector to
which h is assigned and equals zero for any other sector.

Set tg = 2004. For each importer-exporter-sector cell, let Hffis denote the set of concorded
HS6 products for which valid tariffs are observed in both t; and 2013. We average the capped
tariff levels across these products without using trade weights:

95
=959 __ Zhe’}-{to_ thADVnih,t

nis

2 newto, Mihs

nis,t —

The concordance weights assign products to ICIO sectors; no HS6 import values enter this
average. The importer-exporter-sector tariff change used in estimation is the change in the
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log gross tariff constructed from these unweighted averages:
AT = 1og (14 Tontbona ) —og (1+ T, )

In words: (7) We first winsorize product-level tariff levels separately by year. (i) We then
average these winsorized tariff levels, without trade weights, within importer-exporter-sector
cells. (7i7) Finally, we take the log change. The output of this approach is a log change of
unweighted average tariff levels.

We keep importer-exporter-sector cells for which AT,Z;ZS’tO is observed. Origin weights are

constructed from initial-year OECD ICIO bilateral expenditures. We use
Xm’s,to

Hnis,0 = X
. > t
Z]eom nJs,to

where O, is the set of foreign origins with an observed tariff change (including observed
zero tariff changes) for destination n and sector s. Thus the origin shares are normalized to
sum to one within each destination-sector cell over origins with observed tariff changes.

for i # n,

Consumer and Producer Manufacturing Allocation. This appendix reports the sec-
tor allocations used in specifications that allow separate elasticities for consumer and pro-
ducer manufacturing. The allocations are constructed separately using initial-year absorp-
tion data from the OECD ICIO and GTAP. For each manufacturing sector s, we compute
the final-use share at the global level as follows:

world final consumption of sector s

Xs = world absorption of sector s

The numerator combines domestic and imported final consumption. The denominator is total
sectoral absorption, including intermediate and final uses, again summing over domestic and
imported sources. Sector s is classified as consumer manufacturing if y, is weakly above the
median value of s across manufacturing sectors in the relevant data set. It is classified as
producer manufacturing otherwise.

HS-to-ICIO Crosswalk. To aggregate the product-level MAcMap-HS6 tariffs to OECD
ICIO sectors, we use the OECD’s Bilateral Trade in Goods by End-Use conversion key
(Organisation for Economic Co-operation and Development, 2025a). This key assigns ev-
ery HS2007 commodity to a unique detailed CPA activity. We aggregate the detailed CPA
activities to the goods activities in the OECD ICIO 2025 classification. The resulting cross-
walk therefore assigns each HS2007 product to one OECD ICIO sector rather than splitting
products across sectors.

App.3



Table 5: OECD ICIO Manufacturing Sector Allocation

Code Description Final-use share Allocation
C10T12 Food, beverages, tobacco 70.3 Consumer
C13T15 Textiles, apparel, leather 59.0 Consumer
C19 Coke and refined petroleum 25.9 Consumer
C20 Chemicals 20.2 Consumer
C21 Pharmaceuticals 51.5 Consumer
C26 Computer, electronic, optical 20.2 Consumer
C27 Electrical equipment 21.6 Consumer
C29 Motor vehicles 37.6 Consumer
C302T309 Rail, aircraft, other transport 16.6 Consumer
C317T33 Furniture, other manufacturing, repair 32.8 Consumer
C16 Wood products 6.7 Producer
C17.18 Paper and printing 12.4 Producer
C22 Rubber and plastics 15.8 Producer
C23 Other non-metallic minerals 10.7 Producer
C24A Iron and steel 0.7 Producer
C24B Non-ferrous metals 1.7 Producer
C25 Fabricated metals 8.7 Producer
C28 Machinery and equipment 7.0 Producer
C301 Ships and boats 11.9 Producer

Notes: The final-use share is the 1995 share of worldwide absorption accounted for by household,

nonprofit-institution, and government final consumption in the OECD ICIO tables.

Sectors weakly

above the median manufacturing-sector final-use share are assigned to consumer manufacturing; the

remaining sectors are assigned to producer manufacturing.
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Table 6: GTAP Manufacturing Sector Allocation

Sector Code Description Final-use share Allocation
19 cmt Cattle meat 63.5 Consumer
20 omt Other meat 68.2 Consumer
21 wvol Vegetable oils 39.1 Consumer
22 mil Dairy products 59.3 Consumer
23 per Processed rice 75.8 Consumer
24 sgr Sugar and molasses 45.6 Consumer
25 ofd Other food 58.2 Consumer
26 bt Beverages and tobacco 67.4 Consumer
27 tex Textiles 25.9 Consumer
28 wap Wearing apparel 78.1 Consumer
29 lea Leather products 62.0 Consumer
34  bph Pharmaceuticals 28.0 Consumer
43 mvh  Motor vehicles 29.5 Consumer
45 omf  Other manufacturing 27.5 Consumer
30  lum Wood products 10.7 Producer
31 ppp Paper and printing 6.4 Producer
32 pc Petroleum and coke 20.3 Producer
33 chm  Chemicals 18.5 Producer
35 rpp Rubber and plastics 11.5 Producer
36 nmm Non-metallic minerals 7.2 Producer
37 is Iron and steel 0.6 Producer
38 nfm Non-ferrous metals 1.1 Producer
39 fmp Fabricated metals 4.4 Producer
40 ele Computer, electronic, and optical products 13.8 Producer
41  eeq FElectrical equipment 7.1 Producer
42  ome Machinery and equipment n.e.c. 8.4 Producer
44  otn Other transport equipment 15.3 Producer

Notes: The table lists GTAP manufacturing sectors and their allocation to the consumer and producer
manufacturing aggregates. The final-use share is the 2004 share of worldwide absorption accounted for
by private household and government purchases, using domestic and imported GTAP flows. Sectors with
final-use shares weakly above the median manufacturing-sector final-use share are assigned to consumer
manufacturing; the remaining sectors are assigned to producer manufacturing.
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A.2 Numerical Implementation of the Baseline Estimator

The baseline estimator described in Section 4 profiles out the normalized country cost
shifters: for each candidate elasticity vector €, we solve by least squares for C(6), with
Cysa = 0, and substitute this solution into the sum of squared residuals. We minimize
the resulting profiled NLLS objective over @ using the Broyden-Fletcher-Goldfarb-Shanno
(BFGS) quasi-Newton algorithm and supply its analytic gradient with respect to 8. BFGS
approximates the curvature of the objective function using changes in this gradient. When
we construct the gradient, we hold C(0) fixed rather than differentiating its least-squares
solution with respect to 6. Nevertheless, this gives the exact gradient of the profiled ob-
jective by an envelope condition. This makes BFGS a convenient optimizer: it uses the
exact gradient of the profiled scalar objective without requiring the Jacobian of the profiled
residual vector, which would have to account for the dependence of C(8) on 6.

For each baseline linear specification, we use four starting vectors: we set all sector-
specific intercepts, (650)s, and all group-specific slopes, (6,1),, respectively, to (2.2,0), (1,2),
(4,—1), and (0,0). We require no starting values for the country cost shifters, since they are
profiled out. We run BFGS from each starting elasticity vector. We keep the run with the
smallest sum of squared residuals. Across the baseline OECD ICIO and GTAP specifications,
all four starting vectors lead to_the same objective up to numerical precision. At the final
estimate 8, we solve again for C(0).

The normal approximation used for inference in Section 4 requires an asymptotic sequence
with an increasing number of independent destination clusters, increasing information for
each country- and sector-specific nuisance parameter, and nuisance-estimation bias that is
negligible relative to the standard error of each reported statistic.

A.3 Bootstrap Inference for the IV Estimates

For the OECD ICIO 1V estimates, we construct the leave-sector-out country-cost components
before estimating the elasticity-schedule parameters using 2SLS. Inference must account for
uncertainty from estimating these components. A conventional destination-cluster bootstrap
can omit some destinations from a draw, even though an omitted country’s cost change is still
needed (since that country appears as a foreign origin in the price shifters of retained des-
tinations). We therefore use a positive-weight destination-cluster bootstrap. These weights
retain every destination in every draw while varying the influence of its observations in every
estimation stage.

This is an exchangeably weighted bootstrap in the sense of Praestgaard and Wellner
(1993). In bootstrap draw b, we draw independent E° ~ Exponential(1) and assign destina-
tion n the weight

b S8OE?
w, = =
2 By
The normalized exponential weights are equivalent to 80 times a Dirichlet(1,...,1) draw

(Rubin, 1981). They are strictly positive and sum to 80, so every destination remains in
every draw. We apply the same destination weight in every sector and estimation stage,
re-estimating the leave-sector-out NLLS models, country-cost changes, and linear IV model.
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Appendix Tables 19 and 20 report the full-sample estimates, medians across the 999 boot-
strap draws, and 95 percent confidence intervals. The intervals are the empirical 2.5th and
97.5th percentiles of the bootstrap estimates.'*

A.4 Additional Empirical Results

Table 7: OECD ICIO Estimates Including Non-Manufacturing Sectors

Spec. Aggregate 0 o5 €50 €75 R?
(A) All goods 4.98 3.85 4.93 5.58 0.18
(1.55) (0.87) (1.04) (1.17)
(B) Consumer manuf. 6.92 2.59 4.05 4.99 0.19
(2.00) (0.65) (0.86) (1.06)
Producer manuf. 0.54 4.67 4.77 4.85
(2.50) (1.25) (1.10) (1.13)
Non-manufacturing 7.69 4.08 5.99 6.83
(2.92) (1.08) (1.39) (1.61)
(©) Food, bev., tob. 1.25 3.27 3.39 3.45 0.19
(3.31) (0.73) (0.70) (0.74)
Textiles/apparel/leather 10.79 0.94 3.87 5.55
(3.88) (1.00) (0.91) (1.31)
Wood/paper /printing 0.64 3.01 3.11 3.17
(4.00) (0.94) (0.78) (0.90)
Petrol./chem./pharm. /rubber 3.81 4.39 5.07 5.50
(2.41) (1.07) (1.12) (1.24)
Minerals/metals -4.29 7.22 6.41 5.87
(3.95) (1.93) (1.54) (1.44)
Machinery /electrical 4.95 247 3.41 4.20
(2.66) (0.93) (0.95) (1.15)
Transport /other manuf. 9.10 0.08 2.71 4.58
(2.54) (0.70) (0.69) (1.06)
Non-manufacturing 6.93 4.30 6.02 6.77
(2.75) (1.10) (1.35) (1.55)

Notes: This table replicates Table 1, but adds the seven non-manufacturing goods sectors with matched
tariff data. Standard errors are clustered by destination country and reported in parentheses.

4\We retain all 999 requested draws. No draw is rank deficient, and no leave-sector-out estimation fails.
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Table 8: OECD ICIO Estimates with Country Characteristics in the Elasticity Intercept

Spec. Aggregate 91 525 &/5\50 §75 R2
(A) All manufacturing 5.92 3.26 4.47 5.29 0.28
(1.85)  (0.80)  (1.02)  (1.22)
(B) Consumer manuf. 8.71 2.37 4.19 5.38 0.28
(2.33) (0.60) (0.90) (1.16)
Producer manutf. 3.59 4.39 5.10 5.61
(2.46) (1.16) (1.31) (1.50)
(C) Food, bev., tob. 16.60 0.86 2.52 3.23 0.29
(6.14) (0.50) (0.70) (0.91)
Textiles/apparel/leather 16.15 -1.13 3.25 5.76
(5.09)  (0.96)  (0.80)  (1.48)
Wood/paper/printing 0.79 2.55 2.67 2.74
(2.39)  (0.81)  (0.76)  (0.81)
Petrol./chem./pharm./rubber 8.40 2.73 4.21 5.16
(3.11) (0.85) (1.19) (1.48)
Minerals/metals 0.56 4.16 4.26 4.33
(2.46) (1.34) (1.37) (1.47)
Machinery /electrical 7.53 0.77 2.22 3.42
(2.58) (0.59) (0.79) (1.10)
Transport/other manuf. 10.32 -1.02 1.96 4.08
(3.63)  (0.88)  (0.64)  (1.22)

Notes: This table replicates Table 1, but allows sector elasticity intercepts to vary with 1995 PPP GDP
per capita, population, remoteness, and landlocked status. Standard errors are clustered by destination

country and reported in parentheses.
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Table 9: OECD ICIO Estimates with Intercepts Pooled within Sector Aggregates

Spec. Aggregate 51 €95 €50 g5 R?
(A) All manufacturing 1.57 3.20 3.64 3.91 0.17
(1.34) (1.00) (1.13) (1.26)
(B) Consumer manuf. 3.04 2.37 3.25 3.86 0.18
(1.26) (0.76) (0.97) (1.17)
Producer manuf. -1.40 3.90 3.54 3.33
(2.03) (1.31) (1.24) (1.30)
(©) Food, bev., tob. 3.90 3.07 3.46 3.62 0.21
(3.21) (0.86) (0.88) (0.92)
Textiles/apparel/leather 11.75 0.75 3.94 5.76
(4.35) (0.91) (1.10) (1.64)
Wood/paper/printing -1.68 3.14 2.90 2.74
(3.55) (1.12) (0.95) (0.97)
Petrol./chem./pharm./rubber 2.09 4.12 4.43 4.80
(2.16) (1.42) (1.50) (1.67)
Minerals/metals -5.89 6.44 5.07 4.34
(4.73) (2.32) (1.95) (1.99)
Machinery/electrical 3.42 3.15 3.84 4.54
(2.11) (1.25) (1.36) (1.59)
Transport/other manuf. 4.76 0.95 2.61 3.74
(2.20) (0.76) (0.85) (1.23)

Notes: This table replicates Table 1, but pools intercepts within manufacturing aggregates. Standard

errors are clustered by destination country and reported in parentheses.

Table 10: OECD ICIO Estimates with Sector-Specific Elasticity Schedules

Industry Os0 0s1 €50 €75

C10T12 Food, beverages, tobacco -2.53 (3.18) 7.11 (3.89) .00 (0.70) 3.71 (0.77) 4.01 (0.85)
C13T15 Textiles, apparel, leather -4.06 (2.27) 12.21 (4.06) .88 (0.92) 4.20 (0.98) 6.09 (1.46)
C16 Wood products 5.58 (3.78)  -2.33 (4.70) 14 (1.35)  3.65 (1.20)  3.46 (1.35)
C17.18 Paper and printing 317 (3.17)  -0.98 (4.12) 53 (0.78)  2.42 (0.65)  2.32 (0.78)
C19 Coke and refined petroleum 2.81 (3.19) 5.05 (4.46) . 1.92) 6.93 (2.20) 7.41 (2.44)
C20 Chemicals 2.34 (2.28)  7.21 (4.12) 34 (1.84)  6.62 (2.09)  7.36 (2.33)
C21 Pharmaceuticals 2.74 (3.68)  2.19 (5.04) 88 (1.43)  4.27 (1.14)  4.53 (1.29)
C22 Rubber and plastics 3.26 (2.91) -0.74 (4.35) . 1.04) 2.79 (0.91) 2.69 (1.09)
(C23 Other non-metallic minerals 3.41 (2.72) -1.61 (3.14) .16 (0.70) 2.03 (0.67) 1.95 (0.70)
C24A Tron and steel 7.44 (3.13)  1.83 (3.38) 21 (2.45)  8.61 (2.37)  8.90 (2.46)
(C24B Non-ferrous metals 14.27 (6.43)  0.40 (7.46) 39 (5.06)  14.51 (4.53)  14.59 (4.73)
C25 Fabricated metals 6.00 (2.66)  -4.69 (3.21) 35 (1.07)  2.60 (0.81)  2.09 (0.79)
C26 Computer, electronic, optical 0.63 (1.52) 5.53 (4.56) . 1.12) 2.34 (1.07) 3.31 (1.50)
C27 Electrical equipment 2.14 (1.92) 6.16 (3.90) . 1.43) 5.50 (1.66) 6.23 (1.94)
(28 Machinery and equipment 2.74 (1.77) 4.88 (4.59) . 1.48) 4.29 (1.46) 5.18 (1.87)
C29 Motor vehicles -1.20 (1.32) 9.45 (3.30) .08 (0.97) 2.75 (0.78) 5.32 (1.38)
C301 Ships and boats -1.99 (2.96)  12.35 (5.60) 25 (2.42)  4.84 (2.09)  8.17 (3.03)
C302T309 Rail, aircraft, other transport -0.25 (1.26) 8.90 (3.62) .96 (1.08) 3.90 (1.46) 5.71 (2.04)
(C31T33 Furniture, other manufacturing, repair ~ -0.99 (1.78) 4.26 (2.34) 1.80 (0.74) 2.34 (0.77) 2.67 (0.84)

Notes: This table replicates Table 1, but allows every manufacturing sector to have its own intercept and slope. Standard
errors are clustered by destination country and reported in parentheses. The specification uses 1,510 observations and has

R? =0.28.
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Table 11: OECD ICIO Estimates Requiring at Least 50 Percent Tariff Coverage

Spec. Aggregate 51 525 &/5\50 §75 R2
(A) All manufacturing 5.46 4.01 5.12 5.88 0.26
(1.87) (1.12) (1.32) (1.49)
(B) Consumer manuf. 8.02 2.99 4.66 5.74 0.27
(2.43) (0.82) (1.13) (1.39)
Producer manutf. 2.11 5.15 5.57 5.87
(2.48) (1.56) (1.56) (1.66)
(C) Food, bev., tob. 6.97 3.03 3.73 4.03 0.28
(3.93) (0.74) (0.80) (0.88)
Textiles/apparel/leather 12.31 0.84 4.18 6.10
(4.08) (0.91) (1.00) (1.48)
Wood/paper/printing -1.20 3.33 3.14 3.03
(4.14) (1.03) (0.87) (0.98)
Petrol./chem./pharm./rubber 3.60 4.57 5.19 5.59
(2.79) (1.31) (1.45) (1.61)
Minerals/metals -1.45 7.16 6.89 6.70
(3.15) (2.18) (2.03) (2.01)
Machinery /electrical 5.54 2.99 4.05 4.93
(2.99) (1.07) (1.22) (1.51)
Transport/other manuf. 9.25 0.69 3.35 5.25
(2.92) (0.71) (0.97) (1.46)

Notes: This table replicates Table 1, but requires origins with observed tariff changes to account for at
least 50 percent of initial foreign expenditure. Standard errors are clustered by destination country and

reported in parentheses.
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Table 12: OECD ICIO Estimates Using Trade-Weighted Winsorized Tariffs

Spec. Aggregate 91 525 &/5\50 §75 R2
(A) All manufacturing 4.52 3.43 4.35 4.99 0.27
(1.53)  (0.86)  (1.02)  (1.17)
(B) Consumer manuf. 6.73 2.48 3.87 4.81 0.27
(1.99) (0.63) (0.86) (1.08)
Producer manutf. 1.58 4.38 4.69 4.91
(2.05) (1.19) (1.22) (1.33)
(C) Food, bev., tob. 10.03 2.26 3.27 3.67 0.28
(4.75) (0.62) (0.71) (0.83)
Textiles/apparel/leather 10.47 0.47 3.37 5.06
(3.53) (0.84) (0.86) (1.28)
Wood/paper/printing -0.36 2.90 2.85 2.82
(3.62) (0.86) (0.78) (0.90)
Petrol./chem./pharm./rubber 3.13 3.73 4.28 4.63
(2.45) (0.98) (1.07) (1.21)
Minerals/metals -1.20 5.79 5.57 5.41
(2.40) (1.56) (1.47) (1.48)
Machinery /electrical 4.49 2.59 3.44 4.20
(2.42) (0.79) (0.89) (1.15)
Transport/other manuf. 7.34 0.72 2.80 4.35

(2.16) (0.57) (0.77) (1.13)

Notes: This table replicates Table 1, but uses the trade-weighted winsorized applied-tariff measure
tariff95_w from the Global Tariff Database. Standard errors are clustered by destination country and
reported in parentheses.
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Table 13: OECD ICIO Estimates Using Winsorized MFN Tariffs

Spec. Aggregate 51 £25 £50 Evs R?
(A) All manufacturing 4.33 3.21 4.10 4.70 0.26
(1.65) (1.03) (1.23) (1.40)
(B) Consumer manuf. 6.61 2.45 3.83 4.73 0.26
(2.22) (0.78) (1.10) (1.35)
Producer manuf. 1.74 4.17 4.52 4.76
(2.07) (1.39) (1.41) (1.49)
(C) Food, bev., tob. 5.81 2.73 3.31 3.56 0.27
(3.39)  (0.84)  (0.95)  (1.03)
Textiles/apparel/leather 11.35 0.73 3.81 5.57
(4.00) (0.78) (1.12) (1.64)
Wood /paper/printing -0.65 2.78 2.68 2.62
(3.46) (1.04) (0.86) (0.91)
Petrol./chem./pharm. /rubber 2.99 3.64 4.17 4.51
(2.29) (1.23) (1.36) (1.49)
Minerals/metals -0.92 5.66 5.49 5.37
(2.59) (1.97) (1.85) (1.84)
Machinery /electrical 4.01 2.32 3.09 3.73
(2.37) (0.94) (1.09) (1.32)
Transport/other manuf. 7.52 0.46 2.63 4.18
(2.78) (0.57) (0.91) (1.41)

Notes: This table replicates Table 1, but uses the winsorized MFN measure mfn95 from the Global Tariff
Database. Standard errors are clustered by destination country and reported in parentheses.
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Table 14: OECD ICIO Estimates with a Quadratic Elasticity Schedule

Spec. Aggregate o Eo5 €50 E7s R?
(A) All manufacturing 7.17 3.32 4.28 5.34 0.27
(2.45)  (0.99)  (1.16)  (1.41)
(B) Consumer manuf. 8.98 2.46 3.90 5.15 0.27
(2.78) (0.77) (1.02) (1.31)
Producer manutf. 5.24 4.21 4.51 5.38
(3.01) (1.29) (1.31) (1.57)
(C) Food, bev., tob. 18.96 2.01 3.40 4.31 0.29
(6.75) (0.62) (0.73) (0.94)
Textiles/apparel/leather 11.49 0.75 4.00 5.74
(4.54) (0.87) (1.13) (1.39)
Wood/paper/printing 12.51 1.62 2.71 4.12
(6.33) (0.66) (0.78) (1.32)
Petrol./chem./pharm. /rubber 6.16 3.67 4.50 5.30
(4.10) (1.25) (1.28) (1.46)
Minerals/metals 9.55 5.06 5.15 6.64
(3.45) (1.57) (1.52) (1.83)
Machinery/electrical 4.84 2.68 3.32 4.27
(2.74)  (0.93)  (111)  (1.39)
Transport/other manuf. 8.61 0.65 2.93 4.75

(2.89) (0.67) (0.91) (1.33)

Notes: This table replicates Table 1, but estimates €,5(A) = 00 + Og(s)1A + 09(5)2)\2. The derivative
column is evaluated at the unweighted average across sectors of each sector’s median initial domestic
expenditure share. Standard errors are clustered by destination country and reported in parentheses.
Each specification uses 1,510 destination—sector observations.
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Figure 4: OECD ICIO Leave-One-Out Estimates of the Home-Foreign Elasticity Slopes

Notes: The left panel re-estimates Specifications (A)-(C) after omitting each of the 80 destination
countries in turn. The right panel re-estimates the same specifications after omitting each of the 19
manufacturing sectors in turn. Boxes show the interquartile range, vertical lines within the boxes show
the median, and whiskers show the full range of leave-one-out estimates. Each point is an individual
leave-one-out estimate, and black diamonds are the baseline estimates.

Constrained and Exact Finite-Change Estimates. The constrained estimator retains
the estimating equation and NLLS objective from Section 4, but imposes

O >0 and 050 + 0y(s1 > 0 for every s.

Because the elasticity schedule is linear in the domestic expenditure share, these endpoint
restrictions ensure that it is non-negative on [0,1]. Conditional on each elasticity vector,
we obtain the normalized country cost shifters by least squares, exactly as in the unre-
stricted estimator. We then minimize the resulting profiled sum of squared residuals over
the elasticity parameters subject to 0, > 0 and 0, + 041 > 0 for every sector, using a
sequential quadratic programming algorithm that incorporates these linear constraints into
each optimization step. Thus, the objective function and profiling step are unchanged from
the baseline estimator, while the elasticity parameters are optimized over the restricted pa-
rameter space. We initialize the constrained optimizer from three feasible elasticity vectors,
setting all sector-specific intercepts and group-specific slopes, respectively, to (2.2,0), (1,2),
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and (4, —1), and retain the feasible solution with the smallest sum of squared residuals. Ap-
pendix Tables 15 and 30 report the resulting point estimates. These are the estimates used
in the quantification.

The exact finite-change estimator retains the same samples, specifications, and positivity
constraints but does not evaluate the elasticity schedule only at its initial value. For each
candidate elasticity schedule and vector of country cost changes, let A,,,51(6, C) solve

C )\nns,l(gvc) d)\
Qns( ) - /}\nns’o )\<1 — )\)[‘930 + 09(5)1)\] .

We estimate 0 and C jointly by minimizing

- 2
Z In M —In )\nﬁs’l(e’ © .
1-— )\nns,l 1-— )\nns,1<07 C>

n,s

In the baseline estimator, the country cost changes enter linearly (conditional on the elas-
ticity schedule) and are obtained by least squares for each candidate elasticity vector. In
the exact finite-change objective, they enter nonlinearly, so we minimize jointly over the
elasticity parameters and normalized country cost changes. We use a sequential quadratic
programming algorithm subject to the same linear endpoint restrictions imposed by the con-
strained initial-share estimator. At each candidate parameter vector, we use a fourth-order
Runge-Kutta algorithm to solve the finite-change demand equation and calculate its param-
eter derivatives from analytically differentiated equations. We then use these derivatives to
compute the gradient of the objective supplied to the optimizer. When 6,,); = 0, the exact
equation reduces to Aln(X,,,s/ Xnrs) = 050Qns(C), so the exact and initial-share equations
coincide in the constant-elasticity case. Appendix Tables 16 and 31 report the exact point
estimates.

We use three starting vectors for the joint optimization. The first combines the con-
strained initial-share elasticity estimates with their corresponding least-squares country cost
changes. The other two multiply the initial elasticity estimates by 0.75 and 1.25, with ad-
justments when needed to satisfy the endpoint restrictions. We retain the solution with the
smallest sum of squared residuals. All three starting vectors yield the same objective up to
numerical precision in every OECD ICIO and GTAP specification. For each observation,
we divide the finite relative-price change into 64 equal steps when solving the demand equa-
tion by Runge-Kutta Doubling this number changes the predicted terminal log home-foreign
expenditure ratio by less than 2 x 10719 in every observation.
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Table 15: Constrained OECD ICIO Estimates Used in Quantification

Spec. Aggregate 51 £95 €50 E7s R?

(A) All manufacturing 3.90 4.20 5.00 5.54 0.26

(B) Consumer manuf. 4.74 3.45 4.45 5.09 0.26
Producer manuf. 1.42 5.13 5.41 5.61

(C) Food, bev., tob. 4.37 3.40 3.83 4.02 0.27
Textiles/apparel/leather 6.63 2.68 4.48 5.51
Wood /paper/printing -2.13 3.64 3.30 3.11
Petrol./chem./pharm./rubber 3.91 4.79 5.48 5.92
Minerals/metals -1.75 7.59 7.26 7.04
Machinery/electrical 5.64 3.35 4.44 5.33
Transport/other manuf. 5.05 1.97 3.42 4.46

Notes: This table reports constrained NLLS estimates using the OECD ICIO over 1995-2007. The
estimates impose 659 > 0 and 059 + 6,4(5)1 > 0 for every sector and are used in the quantification. The
table reports point estimates only. Each specification uses 1,510 destination—sector observations.

Table 16: Exact Finite-Change Constrained OECD ICIO Estimates

Spec. Aggregate 51 £95 €50 g5 R?

(A) All manufacturing 4.04 4.57 5.40 5.96 0.26

(B) Consumer manuf. 5.17 3.77 4.85 5.55 0.26
Producer manuf. 0.84 5.45 5.62 5.74

(C) Food, bev., tob. 4.18 3.74 4.15 4.33 0.27
Textiles/apparel/leather 7.41 3.00 5.01 6.16
Wood/paper/printing -2.96 3.77 3.31 3.04
Petrol./chem./pharm./rubber 3.15 5.21 5.77 6.12
Minerals/metals -3.17 7.97 7.37 6.97
Machinery /electrical 8.08 3.66 5.21 6.50
Transport/other manuf. 5.83 2.20 3.88 5.08

Notes: This table replicates Table 15, replacing the initial-share approximation by solving the exact
demand equation forward from the observed initial domestic expenditure share and comparing its pre-
dicted terminal log home-foreign expenditure ratio with the observed ratio. The estimates use the OECD
ICIO over 1995-2007. The table uses the same sample, Specifications (A)—(C), sector classifications, and
constraints 659 > 0 and 04 + 99(5)1 > 0 as the comparison table. The table reports point estimates only.
For each aggregate, &, is the unweighted mean across sectors of the fitted sectoral elasticities evaluated at
each sector’s own pth percentile of the initial domestic expenditure share. The country-cost changes and
elasticity parameters are estimated jointly. The residual and R? remain in log home-foreign expenditure-
ratio units.
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Table 17: OECD ICIO Estimates, 2004-2013

Spec. Aggregate 51 525 &/5\50 §75 R2
(A) All manufacturing 8.77 -0.22 1.42 2.74 0.23
(3.81)  (0.26)  (0.80)  (1.35)
(B) Consumer manuf. 5.37 0.39 1.33 2.17 0.25
(2.33) (0.33) (0.66) (1.00)
Producer manutf. 10.66 -0.12 2.00 3.55
(4.37) (0.33) (1.01) (1.63)
(C) Food, bev., tob. 4.02 0.67 0.94 1.22 0.26
(3.35) (0.41) (0.56) (0.76)
Textiles/apparel/leather 2.68 0.43 0.93 1.57
(1.98) (0.48) (0.61) (0.98)
Wood/paper/printing 4.37 0.20 0.80 1.18
(3.18) (0.26) (0.53) (0.79)
Petrol./chem./pharm./rubber 1.21 0.84 1.07 1.23
(1.43) (0.54) (0.65) (0.77)
Minerals/metals 11.16 0.15 2.44 3.97
(5.57) (0.40) (1.32) (2.06)
Machinery /electrical 8.18 -0.63 1.07 2.37
(4.23) (0.39) (0.61) (1.26)
Transport/other manuf. 8.82 -0.69 1.14 2.97
(4.51) (0.40) (0.67) (1.58)

Notes: This table replicates Table 1, but uses OECD ICIO outcomes over 2004-2013 and MAcMap-
HS6 tariff changes rather than the baseline period and tariff source. Standard errors are clustered by
destination country and reported in parentheses.
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with Lagged Instruments

Table 18: OECD ICIO Estimates

Spec. Aggregate 61 €25 €50 g75 R2
Panel A. Ordinary 1996-2007 estimates
(A) All manufacturing 4.87 4.69 5.66 6.32 0.26
(2.18) (1.22) (1.45) (1.65)
(B) Consumer manuf. 7.01 3.77 5.23 6.16 0.26
(2.36) (0.94) (1.22) (1.46)
Producer manuf. 2.28 5.62 6.05 6.37
(2.81) (1.61) (1.80) (2.02)
(©) Food, bev., tob. 0.62 3.44 3.50 3.53 0.27
(4.14) (0.77) (0.65) (0.68)
Textiles/apparel/leather 11.23 2.09 4.78 6.48
(4.37) (1.02) (1.15) (1.63)
Wood/paper/printing -3.16 4.19 3.68 3.41
(4.53) (1.17) (1.03) (1.15)
Petrol./chem./pharm./rubber 5.13 5.25 6.17 6.73
(2.98) (1.53) (1.78) (1.98)
Minerals/metals 1.56 7.78 8.06 8.26
(3.33) (2.27) (2.54) (2.78)
Machinery/electrical 2.83 4.48 5.03 5.47
(2.75) (1.40) (1.42) (1.57)
Transport/other manuf. 8.38 0.88 3.13 4.85
(2.77) (0.63) (0.85) (1.31)
Panel B. Instrumented estimates
(A) All manufacturing 5.81 5.87 7.03 7.83 0.25
(2.61) (1.60) (1.75) (1.93)
(B) Consumer manuf. 8.52 4.65 6.42 7.55 0.26
(2.86) (1.22) (1.43) (1.67)
Producer manuf. 2.27 7.02 7.45 7.7
(3.43) (2.08) (2.20) (2.41)
(©) Food, bev., tob. -1.20 4.03 3.91 3.86 0.26
(6.59) (0.95) (0.71) (0.77)
Textiles/apparel/leather 9.42 2.64 4.90 6.32
(6.80) (1.76) (1.17) (1.73)
Wood/paper/printing -5.72 5.10 4.18 3.69
(6.55) (1.40) (1.25) (1.51)
Petrol./chem./pharm./rubber 8.05 7.00 8.46 9.33
(3.86) (1.81) (2.09) (2.34)
Minerals/metals 0.71 10.58 10.71 10.80
(4.18) (2.93) (3.18) (3.44)
Machinery/electrical 5.47 5.78 6.85 7.70
(4.76) (2.02) (1.84) (2.03)
Transport/other manuf. 10.20 1.29 4.03 6.13
(3.61) (0.94) (1.08) (1.63)

Notes: This table replicates Table 1, but both panels use 1996-2007 outcomes and tariff changes. Panel B
uses the 1995-based lagged instruments described in the text. Standard errors are clustered by destination

country and reported in parentheses. Both panels use the same 1,510 destination—sector observations.
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Table 19: OECD ICIO IV Estimates Using the 2004 EU Enlargement

Full-sample estimate (bootstrap median)

Spec. Aggregate 01 £25 €50 £75 Min. cond. F
(A) All manufacturing 8.83 (5.28) 3.62 (2.33) 5.42 (3.67) 6.65 (4.47) 33.18
[-1.77,18.08] 0.12,7.71] 0.91,8.15] [1.21,9.98]
(B) Consumer manuf. 5.20 (3.36) 4.24 (2.57) 5.33 (3.54)  6.04 (4.01) 14.83
[-8.85,14.06] [0.45,9.45] [1.08,8.78] [1.26,9.24]
Producer manuf. 10.51 (6.55) 3.91 (2.57) 5.99 (4.13) 7.48 (5.25)
[-2.57,22.46] [-0.85,11.34]  [0.97,11.79]  [1.33,12.05]
(©) Food, bev., tob. 15.57 (11.53) 2.70 (2.00) 4.25 (3.18)  4.92 (3.70) 16.44
[2.71,22.59] [0.64,3.33] [1.14,4.98] [1.32,5.75]
Textiles/apparel/leather 26.27 (14.94) 0.92 (0.86) 8.05 (5.72) 12.13 (7.98)
[53.04,59.64]  [11.19.27.25]  [0.76,12.81]  [0.68,16.99]
Wood/paper/printing 16.10 (11.70) 1.06 (0.52) 3.59 (2.40) 5.05 (3.52)
[0.48,34.70] [-2.10,2.61] [0.68,5.50] [1.06,7.98]
Petrol. /chem. /pharm. /rubber -8.48 (-2.90) 9.08 (5.22) 7.58 (4.68) 6.62 (4.21)
[-25.34,10.35] [1.12,14.28] [1.37,11.72]  [1.19,10.84]
Minerals/metals 6.27 (4.48) 5.77 (3.11) 6.95 (4.43) 7.75 (5.15)
[-33.93,46.91] [-6.24,16.67] [0.80,12.34] [1.07,13.52]
Machinery/electrical 15.37 (7.79) -1.30 (-0.34) 1.65 (1.11) 4.10 (2.44)
[-2.55,35.00] [-5.85,2.59] [-0.43,3.59] [0.50,7.38]
Transport/other manuf. 9.77 (6.09) -0.35 (-0.22) 2.47 (1.53) 4.48 (2.82)
[-0.34,20.67] [-3.37,2.45] [0.21,4.37] [0.58,8.10]

Notes: This table reports linear IV estimates using the 1995-2007 OECD ICIO sample. For each spec-
ification and sector s, the unrestricted NLLS model is re-estimated after excluding sector s at every
destination, jointly re-estimating the retained-sector elasticity parameters and country-cost changes. The
resulting country-cost changes are held fixed in the linear IV estimation, and their leave-sector-out com-
ponent is combined with the observed tariff component in the structural price shifter. The excluded
instruments are the tariff changes required by the May 2004 EU enlargement, including changes applied
by both the ten entrants and the incumbent EU15. Bilateral tariff changes not covered by these agree-
ments are set to zero, and the instrument uses the same initial foreign-expenditure weights as the baseline
tariff shifter. The instrument is also interacted with the initial domestic expenditure share. For each
aggregate, €, is the unweighted mean across sectors of the fitted sectoral elasticities evaluated at each
sector’s own pth percentile of the initial domestic expenditure share. In each coefficient or elasticity cell,
the first number is the full-sample point estimate, the number in parentheses is the median across 999
bootstrap estimates, and brackets contain percentile 95 percent confidence intervals, given by the 2.5th
and 97.5th percentiles of those estimates. In each bootstrap draw, independent exponential weights are
assigned to destination countries and normalized to sum to 80. The same destination weight is applied
to all sectors and estimation stages, and the leave-sector-out NLLS models, country-cost changes, and
linear IV model are re-estimated. The bootstrap uses the predetermined draw IDs 0 through 998; no
draw is discarded based on its coefficient magnitude or numerical condition number. Because the pos-
itive weights retain every destination, the intervals condition on the observed country and sector sets,
trade network, agreement support, and initial expenditure shares. Complete draw-level coefficient ranges,
condition-number distributions, effective cluster counts, rank diagnostics, and first-stage estimation fail-
ures are retained in the accompanying numerical-summary files. The final column reports, once for each
specification, the smallest destination-clustered Sanderson-Windmeijer conditional first-stage F' statistic
across all endogenous regressors for the instrument used in this table; Table 21 reports the full vector.
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Table 20: OECD ICIO IV Estimates Using the Broader Customs-Union Instrument

Full-sample estimate (bootstrap median)

Spec. Aggregate 01 £95 €50 £75 Min. cond. F
(A) All manufacturing 10.75 (6.91) 2.76 (1.81) 4.96 (3.34) 6.45 (4.37) 20.01
[1.20,14.79] [0.20,5.77] [0.86,7.09] [1.06,8.34]
(B) Consumer manuf. 8.60 (5.93) 2.75 (1.76) 4.55 (3.18) 5.72 (4.07) 22.41
[0.62,12.97] [0.15,4.97] [1.01,5.88] [1.39,7.10]
Producer manuf. 11.64 (7.24) 3.47 (2.25) 5.77 (3.90) 7.43 (5.07)
[-0.16,19.41] [-0.72,8.46] [0.93,10.66]  [1.34,12.07]
(©) Food, bev., tob. 9.70 (7.01) 2.54 (1.82) 351 (2.56)  3.92 (2.86) 7.36
[0.10,13.92] 0.63,3.17] [0.91,4.08] [1.03,4.55]
Textiles/apparel/leather 11.08 (8.04) 1.78 (0.76) 4.78 (3.61) 6.50 (4.77)
[14.38,34.98]  [-4.60,11.21] (0.80,8.26]  [1.29,11.83]
Wood /paper /printing 19.03 (13.75)  0.68 (0.36) 3.68 (2.55)  5.40 (3.82)
[3.48,32.03] [1.34,1.54] [0.78,4.97] [1.19,7.82]
Petrol./chem./pharm./rubber -0.18 (0.76) 6.31 (3.90) 6.28 (4.07) 6.26 (4.13)
[-14.30,10.02] [1.14,9.48] [1.33,8.10] [1.26,8.52]
Minerals/metals 6.85 (2.83) 5.77 (3.61) 7.06 (4.38) 7.93 (4.89)
[34.82,10.82]  [-0.05,18.60]  [0.92,13.77]  [1.04,12.38]
Machinery /electrical 15.34 (8.36)  -0.81 (-0.21)  2.14 (1.36)  4.58 (2.87)
[-1.43,35.16] [-6.05,2.74] [-0.45,3.64] [0.66,7.29]
Transport/other manuf. 11.69 (8.08) -0.88 (-0.54) 2.49 (1.69) 4.90 (3.43)
[2.17,18.41] [-3.09,1.24] [0.42,3.82] [1.02,7.04]

Notes: This table reports linear IV estimates using the 1995-2007 OECD ICIO sample. For each spec-
ification and sector s, the unrestricted NLLS model is re-estimated after excluding sector s at every
destination, jointly re-estimating the retained-sector elasticity parameters and country-cost changes. The
resulting country-cost changes are held fixed in the linear IV estimation, and their leave-sector-out com-
ponent is combined with the observed tariff component in the structural price shifter. The excluded
instruments are the tariff changes associated with the 2004 and 2007 EU enlargements, the EU-Tiirkiye
customs union, the Gulf Cooperation Council, and the West African Economic and Monetary Union.
Bilateral tariff changes not covered by these agreements are set to zero, and the instrument uses the
same initial foreign-expenditure weights as the baseline tariff shifter. The instrument is also interacted
with the initial domestic expenditure share. For each aggregate, &, is the unweighted mean across sec-
tors of the fitted sectoral elasticities evaluated at each sector’s own pth percentile of the initial domestic
expenditure share. In each coefficient or elasticity cell, the first number is the full-sample point estimate,
the number in parentheses is the median across 999 bootstrap estimates, and brackets contain percentile
95 percent confidence intervals, given by the 2.5th and 97.5th percentiles of those estimates. In each
bootstrap draw, independent exponential weights are assigned to destination countries and normalized
to sum to 80. The same destination weight is applied to all sectors and estimation stages, and the leave-
sector-out NLLS models, country-cost changes, and linear IV model are re-estimated. The bootstrap uses
the predetermined draw IDs 0 through 998; no draw is discarded based on its coefficient magnitude or
numerical condition number. Because the positive weights retain every destination, the intervals condi-
tion on the observed country and sector sets, trade network, agreement support, and initial expenditure
shares. Complete draw-level coefficient ranges, condition-number distributions, effective cluster counts,
rank diagnostics, and first-stage estimation failures are retained in the accompanying numerical-summary
files. The final column reports, once for each specification, the smallest destination-clustered Sanderson-
Windmeijer conditional first-stage F' statistic across all endogenous regressors for the instrument used in
this table; Table 21 reports the full vector.
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Table 21: First-Stage SW F' Statistics for the Agreement Instruments

EU enlargement Broader customs unions

Regressor associated with (A) (B) (C) (A) (B) (C)
Sector-specific intercepts, 04

C10T12 154.89 72.52 188.53 55.35 37.84 71.70
C13T15 111.37 72.30 17.84 52.63 45.04 17.23
C16 145.63 144.57 38.06  48.53 65.35 21.92
C17_18 182.83 146.97 42.67 51.41 61.80 21.39
C19 70.73 68.52 38.75 52.99  47.42 21.71
C20 223.08 105.24 48.42 43.93 39.17 18.25
c21 199.07 91.63 38.67  37.21 34.99 18.66
C22 162.35 189.73 29.25 60.45 71.97 27.44
C23 209.62 168.01 24.40 50.17  56.33 43.87
C24A 76.74 50.40 23.40 25.01 33.72 34.91
C24B 33.18 14.83 16.57 20.01 22.41 30.86
C25 176.67 130.94 24.57 42.33 50.07 41.54
C26 125.98 76.29 75.50 36.03 30.08 9.52
Cc27 165.28 83.03 105.12 35.29 24.96 7.36
C28 189.39 152.27  210.15 53.43 73.62 13.50
C29 148.81 81.47 142.43 79.57  52.38 142.03
C301 155.12 161.90 181.11 40.00 595.33 82.23
C302T309 238.25 121.49 211.60 31.59 29.75 31.29
C31T33 95.16 58.81 118.13 53.70  41.86 69.21
Group-specific slopes, 641

All manufacturing 175.83 — — 40.02 — —
Consumer manufacturing — 76.52 — — 31.74 —
Producer manufacturing — 133.55 — — 45.52 —
Food, beverages, tobacco — — 214.14 — — 82.37
Textiles/apparel/leather — — 16.44 — — 14.33
Wood/paper/printing — — 45.72 — — 17.25
Petrol./chem./pharm./rubber — — 38.15 — — 17.41
Minerals/metals — — 21.78 — — 40.09
Machinery /electrical — —  150.17 — — 8.68
Transport/other manufacturing — — 187.13 — — 53.11
Minimum 33.18 14.83 16.44 20.01 22.41 7.36

Notes: Destination-clustered Sanderson-Windmeijer conditional first-stage F' statistics for every endogenous

regressor in Tables 19 and 20 (Sanderson and Windmeijer, 2016; Windmeijer, 2024). Intercept regressors

. . . SN(—s . . . ~N(—s
are sector indicators times Q%S ); slope regressors are group indicators times )\nns,OQgLs ).

regressors absent from a specification. Every statistic has one numerator degree of freedom.

Dashes denote
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Table 22: GTAP Estimates Including Non-Manufacturing Sectors

Spec. Aggregate 0 o5 50 £75 R?
(A) All goods 3.73 -0.56 0.32 1.09 0.20
(1.56) (0.31) (0.25) (0.51)
(B) Consumer manuf. 3.30 0.24 0.94 1.59 0.20
(1.43) (0.27) (0.43) (0.68)
Producer manuf. 4.04 -0.03 0.75 1.42
(1.88) (0.24) (0.40) (0.68)
Non-manufacturing 3.94 -1.64 -0.53 0.45
(1.72) (0.76) (0.40) (0.43)
(C) Food, bev., tob. 4.04 0.20 1.09 1.85 0.20
(1.75) (0.33) (0.51) (0.80)
Textiles/apparel/leather 2.57 0.17 0.76 1.41
(1.31) (0.31) (0.39) (0.65)
Wood /paper/printing 3.95 -1.27 -0.54 0.06
(1.84) (0.51) (0.31) (0.36)
Petrol./chem./pharm./rubber 1.97 0.49 1.00 1.30
(1.37) (0.32) (0.47) (0.64)
Minerals/metals 4.92 0.16 1.05 1.93
(2.35) (0.37) (0.56) (0.93)
Machinery /electrical 4.11 0.09 0.60 1.22
(2.05) (0.32) (0.36) (0.57)
Transport/other manuf. 4.11 0.12 0.90 1.64
(1.85) (0.33) (0.46) (0.73)
Non-manufacturing 3.89 -1.61 -0.51 0.45
(1.69) (0.74) (0.39) (0.42)

Notes: This table replicates Table 2, but adds the 17 non-manufacturing goods sectors. Standard errors
are clustered by destination country and reported in parentheses.
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Table 23: GTAP Estimates with Country Characteristics in the Elasticity Intercept

Spec. Aggregate 91 525 &/5\50 §75 R2
(A) All manufacturing 3.62 1.70 2.44 3.10 0.31
(1.06)  (0.39)  (0.48)  (0.62)
(B) Consumer manuf. 3.45 2.28 3.01 3.69 0.31
(1.11) (0.48) (0.58) (0.72)
Producer manutf. 3.87 1.07 1.83 247
(1.24) (0.38) (0.43) (0.56)
(C) Food, bev., tob. 3.86 3.19 4.04 4.77 0.31
(1.41) (0.68) (0.78) (0.95)
Textiles/apparel/leather 2.33 1.19 1.72 2.31
(1.11) (0.45) (0.45) (0.59)
Wood/paper/printing 2.17 0.15 0.54 0.88
(1.63) (0.45) (0.38) (0.48)
Petrol./chem./pharm./rubber 3.14 1.03 1.85 2.33
(1.15) (0.33) (0.42) (0.55)
Minerals/metals 3.77 1.61 2.29 2.97
(1.42) (0.59) (0.62) (0.74)
Machinery /electrical 4.89 1.09 1.70 2.43
(1.58) (0.50) (0.47) (0.53)
Transport/other manuf. 5.15 0.95 1.92 2.84
(1.53) (0.48) (0.46) (0.59)

Notes: This table replicates Table 2, but allows sector elasticity intercepts to vary with 2004 PPP GDP
per capita, population, remoteness, and landlocked status. Standard errors are clustered by destination

country and reported in parentheses.
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Table 24: GTAP Estimates with Intercepts Pooled within Sector Aggregates

Spec. Aggregate 51 £25 £50 Evs R?
(A) All manufacturing 2.45 2.55 3.23 3.87 0.26
(0.70) (0.53) (0.64) (0.77)
(B) Consumer manuf. 2.59 2.67 3.56 4.20 0.26
(0.78) (0.54) (0.70) (0.85)
Producer manuf. 2.09 2.17 2.66 3.14
(0.96) (0.54) (0.61) (0.74)
(C) Food, bev., tob. 1.51 3.91 4.38 4.62 0.27
(0.89)  (0.76)  (0.86)  (0.94)
Textiles/apparel/leather 2.60 1.73 2.24 3.03
(1.13) (0.44) (0.48) (0.69)
Wood /paper/printing 1.22 1.23 1.46 1.64
(1.44) (0.32) (0.39) (0.55)
Petrol./chem./pharm./rubber 2.07 1.75 2.18 2.68
(1.11) (0.42) (0.49) (0.67)
Minerals/metals 2.34 2.54 3.13 3.60
(1.59) (0.87) (0.80) (0.89)
Machinery /electrical 4.66 2.26 2.81 3.72
(1.49) (0.57) (0.65) (0.84)
Transport/other manuf. 2.96 1.94 2.61 3.28
(0.93) (0.52) (0.57) (0.68)

Notes: This table replicates Table 2, but pools intercepts within manufacturing aggregates. Standard

errors are clustered by destination country and reported in parentheses.
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Table 25: GTAP Estimates with Sector-Specific Elasticity Schedules

Industry 050 051 Eo5 €50 £75

19 Cattle meat -8.38 (4.65) 15.37 (6.15) 3.10 (1.12) 5.29 (1.47) 6.66 (1.87
20 Other meat 2.62 (1.25) 3.02 (2.16) 4.63 (1.07) 5.30 (1.39) 5.55 (1.52
21 Vegetable oils 3.52 (1.10) 1.34 (1.38) 3.85 (0.97) 4.16 (0.95) 4.48 (1.04
22 Dairy products 2.10 (1.08) 1.48 (1.40) 3.06 (0.67) 3.36 (0.75) 3.50 (0.82
23 Processed rice 2.52 (1.39) 3.93 (2.51) 3.00 (1.22) 4.02 (1.07) 6.15 (1.79
24 Sugar/molasses 4.49 (1.76) -0.90 (3.15) 4.28 (1.32) 3.92 (1.38) 3.67 (1.95
25 Other food 2.94 (1.65) 0.64 (2.00) 3.35 (0.77) 3.43 (0.74) 3.50 (0.79
26 Beverages/tobacco 1.26 (1.68) 1.53 (2.07) 2.27 (0.64) 2.54 (0.62) 2.67 (0.69
27 Textiles -0.13 (0.50) 1.39 (1.34) 0.14 (0.34) 0.36 (0.31) 0.62 (0.44
28 Wearing apparel 1.04 (0.59) 3.68 (1.27) 1.92 (0.51) 3.04 (0.64) 4.09 (0.91
29 Leather products 2.72 (0.73) -0.04 (1.10) 2.71 (0.64) 2.71 (0.58) 2.69 (0.64
30 Wood products 0.10 (0.94) -0.10 (1.31) 0.05 (0.42) 0.03 (0.35) 0.01 (0.43
31 Paper/printing 0.16 (0.87) 3.49 (1.65) 1.54 (0.51) 2.16 (0.56) 2.63 (0.69
32 Petroleum/coke 1.32 (0.99) ~0.00 (1.84) 1.32 (0.86) 1.32 (0.98) 1.32 (1.27
33 Chemicals 1.10 (0.63) 3.45 (1.36) 1.85 (0.57) 2.47 (0.62) 2.87 (0.70
34 Pharmaceuticals 0.87 (0.46) 2.79 (1.20) 1.22 (0.40) 1.69 (0.40) 2.06 (0.47
35 Rubber /plastics 1.24 (0.69) 1.96 (1.31) 1.93 (0.51) 2.29 (0.56) 2.57 (0.66
36 Non-metallic minerals 0.11 (1.35) 2.96 (1.92) 1.85 (0.59) 2.25 (0.61) 2.56 (0.69
37 Iron/steel 2.22 (1.12) 0.99 (1.79) 2.37 (0.93) 2.61 (0.75) 2.82 (0.77
38 Non-ferrous metals 3.37 (2.62) 1.99 (3.82) 3.81 (1.96) 4.14 (1.60) 4.60 (1.44
39 Fabricated metals -0.06 (0.56) 4.61 (1.27) 1.95 (0.52) 2.77 (0.66) 3.57 (0.83
40 Computers/electronics/optical 1.00 (0.60) 3.08 (1.52) 1.48 (0.52) 1.74 (0.52) 2.17 (0.58
41 Electrical equipment 3.71 (1.38) 4.05 (2.04) 4.47 (1.27) 5.19 (1.27) 5.96 (1.38
42 Machinery/equipment n.e.c. 0.27 (0.74) 2.13 (2.52) 0.44 (0.61) 0.67 (0.49) 0.93 (0.53
43 Motor vehicles 1.40 (0.64) 3.04 (1.22) 1.65 (0.61) 2.21 (0.60) 2.82 (0.68
44 Other transport equip. 0.37 (0.96) 5.34 (2.63) 1.29 (0.71) 2.31 (0.73) 3.31 (1.02
45 Other manufacturing 0.73 (0.60) 3.26 (0.97) 2.15 (0.53) 2.78 (0.60) 3.27 (0.69

Notes: This table replicates Table 2, but allows every manufacturing sector to have its own intercept and slope. Standard
errors are clustered by destination country and reported in parentheses. The specification uses 3,240 observations and has
R? =0.31.
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Table 26: GTAP Estimates Requiring at Least 50 Percent Tariff Coverage

Spec. Aggregate 91 525 &/5\50 §75 R2
(A) All manufacturing 2.45 2.56 3.06 3.51 0.30
0.83)  (0.51)  (0.57)  (0.67)
(B) Consumer manuf. 2.18 3.02 3.49 3.91 0.30
(0.91) (0.59) (0.63) (0.72)
Producer manutf. 2.80 2.02 2.57 3.03
(0.93) (0.48) (0.55) (0.65)
(C) Food, bev., tob. 2.17 3.96 4.44 4.85 0.30
(1.44) (0.81) (0.82) (0.92)
Textiles/apparel/leather 1.74 1.74 2.13 2.57
(0.97) (0.40) (0.43) (0.56)
Wood/paper/printing 1.88 0.84 1.19 1.48
(1.29) (0.34) (0.38) (0.50)
Petrol./chem./pharm./rubber 2.55 1.70 2.37 2.76
(1.05) (0.42) (0.52) (0.63)
Minerals/metals 2.89 2.62 3.14 3.66
(1.35) (0.80) (0.81) (0.89)
Machinery /electrical 3.27 2.29 2.69 3.18
(1.22) (0.61) (0.62) (0.67)
Transport/other manuf. 3.70 1.90 2.61 3.27
(1.15) (0.51) (0.55) (0.66)

Notes: This table replicates Table 2, but requires origins with observed tariff changes to account for at
least 50 percent of initial foreign expenditure. Standard errors are clustered by destination country and

reported in parentheses.
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Table 27: GTAP Estimates Using Trade-Weighted Winsorized Tariffs

Spec. Aggregate 91 525 &/5\50 §75 R2
(A) All manufacturing 1.90 1.82 2.21 2.55 0.30
(0.68) (0.45) (0.53) (0.62)
(B) Consumer manuf. 1.75 2.18 2.55 2.89 0.30
(0.72) (0.54) (0.60) (0.68)
Producer manutf. 2.07 1.43 1.83 217
(0.76) (0.40) (0.49) (0.58)
(C) Food, bev., tob. 1.72 2.92 3.29 3.62 0.30
(1.06) (0.74) (0.78) (0.87)
Textiles/apparel/leather 1.37 1.32 1.63 1.97
(0.71) (0.37) (0.38) (0.46)
Wood/paper/printing 1.39 0.64 0.89 1.10
(1.05) (0.26) (0.32) (0.44)
Petrol./chem./pharm./rubber 1.97 1.17 1.68 1.98
(0.92) (0.31) (0.45) (0.56)
Minerals/metals 1.93 1.91 2.25 2.60
(1.01) (0.64) (0.68) (0.76)
Machinery /electrical 2.40 1.62 1.91 2.27
(0.87) (0.49) (0.51) (0.57)
Transport/other manuf. 2.96 1.27 1.84 2.37
(0.93) (0.40) (0.47) (0.59)

Notes: This table replicates Table 2, but uses the trade-weighted winsorized applied-tariff measure
tariff95_w from the Global Tariff Database. Standard errors are clustered by destination country and
reported in parentheses.
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Table 28: GTAP Estimates Using Winsorized MFN Tariffs

Spec. Aggregate 0 o5 €50 €75 R?
(A) All manufacturing 1.81 1.81 2.18 2.51 0.30
0.65)  (0.49)  (0.55)  (0.63)
(B) Consumer manuf. 1.52 2.21 2.53 2.83 0.30
(0.64) (0.60) (0.64) (0.71)
Producer manuf. 2.11 1.37 1.78 2.13
(0.78) (0.39) (0.48) (0.57)
(C) Food, bev., tob. 1.32 2.94 3.23 3.48 0.30
0.99)  (0.81)  (0.82)  (0.88)
Textiles/apparel/leather 1.32 1.27 1.57 1.91
(0.73) (0.41) (0.46) (0.56)
Wood /paper/printing 1.60 0.52 0.81 1.06
(1.01) (0.28) (0.32) (0.41)
Petrol./chem./pharm. /rubber 1.76 1.20 1.66 1.93
(0.86) (0.34) (0.45) (0.55)
Minerals/metals 2.20 1.82 2.22 2.61
(1.06) (0.62) (0.66) (0.75)
Machinery /electrical 2.35 1.54 1.83 2.18
0.98)  (0.47)  (051)  (0.59)
Transport/other manuf. 2.72 1.28 1.80 2.29
(0.92) (0.40) (0.46) (0.57)

Notes: This table replicates Table 2, but uses the winsorized MFN measure mfn95 from the Global Tariff
Database. Standard errors are clustered by destination country and reported in parentheses.
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Table 29: GTAP Estimates with a Quadratic Elasticity Schedule

Spec. Aggregate o a5 50 €75 R?
(A) All manufacturing 3.07 2.29 2.67 3.39 0.31
(0.88) (0.46) (0.52) (0.66)
(B) Consumer manuf. 3.60 2.69 3.08 3.96 0.31
(1.06) (0.53) (0.57) (0.74)
Producer manutf. 2.85 1.81 2.21 2.81
(0.91) (0.44) (0.51) (0.63)
(C) Food, bev., tob. 5.83 3.34 3.92 5.11 0.31
(1.65) (0.70) (0.76) (0.97)
Textiles/apparel/leather 1.50 1.48 1.38 2.46
(0.87) (0.37) (0.39) (0.56)
Wood/paper/printing 3.99 -0.06 0.27 1.19
(1.57)  (0.49)  (0.46)  (0.47)
Petrol./chem./pharm. /rubber 1.96 2.01 2.79 2.93
(1.28) (0.54) (0.75) (0.75)
Minerals/metals 4.11 1.92 2.19 3.17
(1.35)  (0.65)  (0.63)  (0.75)
Machinery/electrical 3.07 2.27 2.63 3.12
(1.96) (0.63) (0.70) (0.79)
Transport/other manuf. 3.75 1.76 2.35 3.11
(1.17)  (047)  (0.52)  (0.65)

Notes: This table replicates Table 2, but estimates €,5(A) = 00 + Og(s)1A + 09(5)2)\2. The derivative
column is evaluated at the unweighted average across sectors of each sector’s median initial domestic
expenditure share. Standard errors are clustered by destination country and reported in parentheses.

Each specification uses 3,240 destination—sector observations.
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Figure 5: GTAP Leave-One-Out Estimates of the Home-Foreign Elasticity Slopes

Notes: The left panel re-estimates Specifications (A)-(C) after omitting each of the 120 destination
countries in turn. The right panel re-estimates the same specifications after omitting each of the 27
manufacturing sectors in turn. Boxes show the interquartile range, vertical lines within the boxes show
the median, and whiskers show the full range of leave-one-out estimates. Each point is an individual

leave-one-out estimate, and black diamonds are the baseline estimates.
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Table 30: Constrained GTAP Estimates Used in Quantification

Spec. Aggregate 51 €95 €50 E75 R?

(A) All manufacturing 1.78 2.72 3.09 3.41 0.30

(B) Consumer manuf. 1.76 3.10 3.48 3.82 0.30
Producer manuf. 1.81 2.32 2.67 2.96

(©) Food, bev., tob. 1.93 3.96 4.38 4.75 0.30
Textiles/apparel/leather 1.47 1.85 2.19 2.56
Wood /paper/printing 0.46 1.29 1.37 1.44
Petrol./chem./pharm./rubber 2.29 1.69 2.29 2.64
Minerals/metals 2.73 2.66 3.15 3.65
Machinery/electrical 3.14 2.33 2.72 3.19
Transport/other manuf. 3.56 1.95 2.63 3.26

Notes: This table reports constrained NLLS estimates using GTAP over 2004-2014. The estimates
impose 50 > 0 and 059 + 04(5)1 > 0 for every sector and are used in the quantification. The table reports
point estimates only. Each specification uses 3,240 destination—sector observations.

Table 31: Exact Finite-Change Constrained GTAP Estimates

Spec. Aggregate @\1 €95 €50 E7s R?

(A) All manufacturing 1.91 2.80 3.19 3.53 0.30

(B) Consumer manuf. 1.97 3.17 3.59 3.97 0.30
Producer manuf. 1.86 2.40 2.76 3.07

(C) Food, bev., tob. 1.91 4.01 4.43 4.80 0.30
Textiles/apparel/leather 1.95 1.96 2.40 2.90
Wood/paper/printing 0.52 1.30 1.40 1.48
Petrol./chem./pharm./rubber 2.36 1.77 2.39 2.75
Minerals/metals 2.77 2.84 3.34 3.84
Machinery /electrical 3.69 2.49 2.94 3.50
Transport/other manuf. 3.81 2.14 2.87 3.55

Notes: This table replicates Table 30, replacing the initial-share approximation by solving the exact
demand equation forward from the observed initial domestic expenditure share and comparing its pre-
dicted terminal log home-foreign expenditure ratio with the observed ratio. The estimates use GTAP
over 2004—2014. The table uses the same sample, Specifications (A)—(C), sector classifications, and con-
straints 6,9 > 0 and 04 + 9g(5)1 > 0 as the comparison table. The table reports point estimates only. For
each aggregate, &, is the unweighted mean across sectors of the fitted sectoral elasticities evaluated at
each sector’s own pth percentile of the initial domestic expenditure share. The country-cost changes and
elasticity parameters are estimated jointly. The residual and R? remain in log home-foreign expenditure-
ratio units.
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Theoretical Appendix

B Proofs

B.1 Proof of Proposition 1

Because utility is homogeneous of degree one, a consumer attaining utility W,, has Hick-
sian demand W, h,;(p,) and total expenditure We,(p,). The standard expenditure-share
expression is therefore
Prilini(Pn)

en(Pn)
Along the ray, equation (2), together with m,,(m) = 1, gives

)\m' =

for every i € N. Hicksian demand is homogeneous of degree zero in prices, so
i (Pn(m)) = hyi(1,(m)),

and equation (3) gives
en(Pn(m)) = ppn(m)H,(m).

Substituting these three relationships into the standard expenditure-share expression yields

A (m) _ pnn(m)ﬂnl<m)hnz(7"n(m)) _ an(m)hm(ﬂ'n(m))
" Pan(m) H, (m) Hym)

which is equation (4). Euler’s theorem applied to the homogeneous of degree one expenditure
function gives
Z 7Tn7, m Trn m))7

so the expenditure shares in equation (4) sum to one.
Differentiating H,,(m) = e, (m,(m)) yields

H (m) = 37 2 1)) A7)
ieN ni
1 8677, Thlm
_ 1§~ eafm(m)

87Tm Tni (m)

where we used m,,(m) = 1 and dm,;(m)/dm = m,;(m)/m for every i # n in the second
equality and we applied Shephard’s lemma in the third. Using equation (4), it follows that

dln H,(
dlnm ;Anz - 1 _)\nn(m)7
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which is exactly the equation displayed in the body.
Since pp, = Wy /ay,, we have Y, = w, L, = pynanL,. Thus, equation (3) implies
Yo(m)  anly
en(Pn(m))  Hn(m)

W, (m) =

Hence
dlnW,, = —(1 — A\,,)dInm.

Integrating between mg and m; gives equation (7). Moreover, since X,/ X,r = Apn/(1 —

Ann), the definition of e,(m) gives

Ann

d1
T

= ep(m)dInm.

Integrating this identity gives equation (6).
If, in addition, €,(m) > 0 throughout the relevant interval, A, (m) is strictly increasing
and can index the path. Since

dln A, = (1 = A\pp)en(m)dInm,

we obtain

dIn A,

gn(Ann) .

Changing variables from m to \,, and integrating between the two points gives equation

(8).

dlnW, = —

B.2 Proof of Corollary 1

It remains to establish that the proportional foreign-price ray converges to autarky. Denote
by H?' the finite amount of the domestic good needed to reach one util when consuming only
the domestic good. It is finite given the assumption preceding the corollary. This bundle is
feasible in the expenditure minimization problem at every m, so H,(m) < H?'. The function
H,,(m) is increasing and concave, and therefore converges to a finite limit. Moreover, H}
is nonnegative, nonincreasing, and integrable on [1,00), which implies mH/ (m) — 0. Since
the foreign expenditure share is mH/ (m)/H,(m), it follows that X,,(m) — 1.

To identify the limiting expenditure, let h,(7,(m)) denote Hicksian demand. The bound
H,(m) < HZ' implies hpi(m,(m)) < H2/m.:(m) — 0 for every foreign i. Any limit of the
domestic component must therefore attain one unit of utility using the domestic good alone,
50 limyy, 00 Hp(m) = H,f. Consequently, factor-income welfare converges to positive autarky
welfare, WA = a,L,/H? > 0. Applying equation (7) between m = 1 and a finite m and
taking m — oo yields equation (9). If, in addition, &,(m) > 0 for every finite m > 1,
applying equation (8) and using \,,(m) — 1 yields equation (10).
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B.3 Proof of Proposition 2

1. Existence of an auxiliary equilibrium. Fix a finite m > 1 and consider the auxiliary
economy described in the text. All primitives are the same as in the original economy except
that country n has Leontief preferences

-~m

) = 2 |

The auxiliary economy has finitely many commodities, consumers, and production activ-
ities. Linear production and iceberg transportation generate closed convex constant-returns-
to-scale production sets. Producing a positive amount of country ¢’s good requires country
1’s factor, and each country has a positive endowment of its factor. Every factor can be
transformed directly into a differentiated good desired by consumers. Preferences are con-
tinuous, convex, and locally nonsatiated. Country n’s fixed-proportions auxiliary preference
has the same properties because hy;(7,(m)) > 0 for every i at every finite m.

These primitives satisfy the conditions of Theorem II of Arrow and Debreu (1954).'°
Therefore, the auxiliary economy has a competitive equilibrium.

2. Construction of the country-n policies that implement the target price ratios in the original
economy. The auxiliary economy has no trade-policy wedges. Let ¢(m) = (¢;(m));en denote
the vector of unit production costs in an auxiliary equilibrium, normalized by ¢,(m) = 1.

We use these unit costs to construct the source-specific policies {¢,;(m)}ien that imple-
ment the target price ratios 7, (m) in the original economy. Recall that equation (2) requires
Pri(M) = ppn(m)mei(m). Since pp,(m) = ¢,(m), implementing each target relative price re-
quires ppi(m) = cp(m)my;(m). The untaxed delivered cost is D,;c;(m), so set tp,(m) = 0
and, for every ¢ # n, define the source-specific per-unit tariff or subsidy by

tni(m) = cp(m)mpi(m) — Dpici(m). (24)

The wedge may be positive, representing a tariff, or negative, representing a subsidy. When-
ever D,;c;(m) > 0, the equivalent ad valorem rate is t,;(m)/[Dp;c;(m)]. The consumer prices
in country n are

Pan(m) = cn(m)

and, for every i # n,
Pni(m) = Dyici(m) + ti(m) = cp(m)mp(m).

Consequently,

which is the proportional ray in equation (2).

15Their Theorem II allows a finite collection of commodities differentiated by location, closed convex
production sets, continuous convex non-satiated preferences, and consumers endowed with productive labor.
Linear one-factor production and iceberg transportation satisfy their production assumptions, and each
country’s factor directly produces a commodity desired by consumers.
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3. Verification of equilibrium in the original economy. Because the auxiliary and orig-
inal economies have the same endowments and production and transportation technolo-
gies, we take the auxiliary-equilibrium unit costs ¢(m) and consumption allocation x(m) =
(ri(m))kien as the corresponding objects in a candidate for an equilibrium of the original
economy. For this candidate, set w;(m) = a;c;(m) and impose the country-n trade policies
constructed in Step 2. Because production technologies, wages, and producer prices are
unchanged from the auxiliary economy, firms’ profit-maximization conditions continue to
hold in the candidate original equilibrium. We now verify consumer optimization, market
clearing, and balanced trade in the original economy.

3a. Country n. Since physical output is y,, = a, L, country n’s factor income in the auxiliary
economy is ¢, (m)yy,. Its fixed-proportions demand therefore satisfies

where
cn(M)Yn

>~ jen Dnjci(m)hn;(m,(m))
is the scale of country n’s fixed-proportions consumption bundle in the auxiliary equilibrium.
Because the candidate original-economy allocation uses these same consumption quantities
and Hicksian demand is homogeneous of degree zero in prices, this bundle is proportional to
country n’s Hicksian demand for one unit of utility at p,(m) = ¢,(m)m,(m).

Tariff revenue, with a negative value representing the fiscal cost of subsidies, is

Rn(m) = Ztm(m)xm(m)

i#n

sn(m) = (25)

Country n’s consumer expenditure in the candidate equilibrium satisfies

me(m)xm(m) = Z Dnlcz(m)InZ(m) + Rn(m)
1EN 1EN
= ¢u(m)y, + Ru(m),

where the first equality follows from the construction of country n’s trade policy in Step 2—
with p,;(m) = Dpici(m)+t,;(m) for all i # n—and the definition of R,,(m), while the second
equality follows because country n exhausts its budget in the auxiliary equilibrium. The final
expression is labor income plus the lump-sum rebate of tariff revenue. Country n therefore
affords the bundle constructed above. Because this bundle is proportional to country n’s
Hicksian demand at the implemented consumer prices and exhausts its disposable income,
homotheticity implies that it is optimal under country n’s original preferences. It remains
to show that every other country is also optimizing under its original preferences and that
markets clear and trade is balanced.

3b. Other countries. For every country k # n, its consumption bundle in the auxiliary
equilibrium maximizes ug(xx) subject to

Z DriciTii < CrY.
i
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This is also its optimization problem in the candidate original equilibrium. Thus every other
country is also optimizing under its original preferences and trade costs.
Goods-market clearing in the auxiliary economy is

Yi = Z Dy,

keN

which is also goods-market clearing in the candidate original equilibrium. Since y; = a;L;,
this also gives factor-market clearing, with

w;(m) = a;c;(m).
To establish balanced trade, country k’s budget in the auxiliary equilibrium is

> Diicitri = cryr-
ieN
Define its import expenditure at source values, inclusive of the resources used in transporta-
tion, by
M, = ZDkicixki.
itk
The budget implies My, = cxyr — crxre. Goods-market clearing for country k’s variety gives

Yk — Tk = > Dontiur.
-k

Therefore,
My = ¢ > Dun,
£k

which is country k’s export revenue. Imports and exports are equal country by country.

4. Initial and autarky endpoints. At m = 1, the absence of tariffs implies D, Dpic;(1)z,,(1) =
¢n(1)y,. Homotheticity makes @, (1) proportional to h,(m,(1)). Every other country’s ini-
tial consumption remains optimal in the auxiliary economy, and goods-market clearing is
unchanged. The initial equilibrium allocation and unit costs therefore constitute an equilib-
rium of the auxiliary economy. Selecting this auxiliary equilibrium gives

ci(1)
7Tnz(1> - Dnzcn(l)a
so equation (24) yields ¢,,;(1) = 0.

The proof of Corollary 1 shows that h,;(7m,(m)) — 0 for every i # n and that domestic
Hicksian demand converges to the finite amount required to attain one unit of utility using
the domestic good alone. Equation (25) therefore implies that s,(m) remains bounded, so
delivered import quantities converge to zero. At the autarky endpoint there is no trade
involving country n, and tariff revenue is zero.
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C An Armington Gravity Model

Here, we restrict preferences to a parametric expenditure system. Our goal is to provide a
simple general-equilibrium gravity model that strictly generalizes the canonical CES frame-
work. The substantive generalization is in the upper nest between the home good and the
foreign aggregate. We retain CES aggregation across foreign sources but replace the CES up-
per nest with a constant-difference-of-elasticities (CDE) expenditure system (Hanoch, 1975).
Whereas the CES restriction generates the constant, zeroth-order elasticity schedule corre-
sponding to J = 0 in equation (18), the CDE upper nest generates exactly the linear,
first-order schedule corresponding to J = 1.

A non-nested CDE system over national varieties could also be used to construct a gravity
model with variable substitution elasticities. We use the nested specification because one of
our focuses is the distinction between substitution across foreign sources and substitution
between the home good and the foreign aggregate. The nested system allows the home-
foreign elasticity schedule to vary separately from the elasticity across foreign sources.

Sections C.1 and C.2 develop the one-sector version, corresponding to a simplification of
Section 2. Section C.3 applies the same demand system within each sector of the multi-sector
environment in Section 3. Section D shows that the gains-from-trade formula is unchanged
when the Armington goods are replaced by Krugman varieties with free entry. Section
E introduces heterogeneous firms and Pareto productivity and derives the corresponding
welfare-relevant elasticity schedule.

C.1 Environment

Except for the demand system, the environment and notation are the same as in Section 2.'6

Notation. For later use, let E, = Zie v Xni = Y, denote country n’s total expenditure
and, for each foreign source i # n, let p,; = X,;/ X, r denote its share of country n’s foreign
expenditure. Thus, X,,;/E, = (1 — Aup) fhni-

Preferences. We use a nested homothetic CDE-CES expenditure system: a CDE upper
nest over home goods and an aggregation of foreign goods, and a constant-elasticity-of-
substitution (CES) foreign-source aggregator. Because preferences are homothetic, they can
be represented by an implicit unit expenditure function.!”

The unit expenditure function e,(p,) is defined implicitly by

s (@] e

where 6y > 0, 0g+ 6, > 0, p > 0, Wy, > 0, and w,; > 0. The parameters 6y, 6,, and p shape
substitution elasticities, as shown below. The parameters w,; shape relative expenditure

16The Armington formulation is not essential; see Sections D and E.
1"We use a CES lower nest for simplicity only. A single-nested CDE model would already be strictly more
general than the canonical quantitative trade models.
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shares across foreign sources, while w,, shifts demand for the home good relative to the
foreign aggregation. When 6; = 0, the elasticity between the home aggregate and the
foreign aggregate is constant and equal to 6. When, in addition, p = 6, equation (26) is
equivalent to the standard CES unit expenditure function/price index, where the elasticity
of substitution is 1 + .

C.2 Characterization

Define A,,, = wny (€n/Prn) ° and A, p = [EZ i Wi (€n/ Pni)’ . According to equation
(26),

Ay 4+ Ap =1 (27)
Let

Bn = QOA,m + (90 + 91)Anp.

Holding preference weights fixed and differentiating equation (27) with respect to prices gives

OoApn(dIne, — dInp,,) + (0y + 61)Anr (d e, — > fiidIn pm> =0,
where
— wnzpq:zp
N Zk;én WnkPph ‘

Solving the previous expression for dIne, and combining with Shephard’s lemma yields the
domestic expenditure share

Honi

Xon  Olne,  OgAnn,

= = = 2
"B T Opw | B )
and, for each foreign source ¢ # n,
X, Olne, 0o+ 01)A,
)\m' = = Do ( 0 1> F,U/m" (29>

E, d1n p,; N B,

The restricted CDE system in equation (26) can be written as a CDE system across two

aggregates,
e ) N 0o+01
Won | — ) + [ =2 =1, 30

—1/p
P.r= (Z wm'pmp> :

i#En

given the following definition

18The word “restricted” refers to the fact that we restrict the exponents to be common across foreign
sources. A non-nested homothetic CDE system would be > wy; (én/pni)”™" = 1. Our specification instead
imposes a common within-foreign exponent p.
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The restriction in equation (26) is that the many foreign sources enter the foreign aggregate
with the common exponent p. At the upper level, however, equation (30) is an unrestricted
two-good CDE system, up to the normalization of the foreign-aggregator’s weight.

The upper-level exponents are 6y and 6y + 6, while p governs substitution across foreign
sources inside the foreign aggregate. The share of foreign expenditure on source country ¢ is

-p
Xni WniPpsi

Xnr Zk;én WikPrfs '

Mni =

Therefore, for any two foreign source countries i, j # n,

—p
an an pnj
Relative expenditure across foreign source countries is CES, and the across-foreign-source

trade elasticity is p.
According to equations (28) and (29),
Xon Ann 0o Ann
Xor  1=Awm (B0 +60)Aur
Log differentiating the previous expression holding all w terms fixed,
Xnn

nF

dIn

=dnA,, —dnA,r,

where, again holding all w terms fixed, we have
dln A, = Oy(dlne, — dInp,,),

and
dlnAnF = (00 + 01)(dlnen — dlnPnF)

Using Shephard’s lemma, we have
dlne, = \ppdInp,, + (1 — Ay )dIn Pyp.

The previous expressions therefore yield

X P,
dln 2 = (6o +01)\m)dln< ”F) .

nkF Pnn
The previous expression implies
OIn( X,/ Xur)
a 1n(PnF/pnn)

6n()\rm> = - 00 + ‘91/\nn-

Discussion. The three parameters in the unit expenditure function in equation (26) have
distinct roles. First, the across-foreign-source trade elasticity is p. Second, the value of
the home-foreign trade elasticity at \,, = 0 is #p. Third, the slope of the home-foreign
trade elasticity in the domestic expenditure share \,, is 6;. Thus the model allows the
across-foreign elasticity, the slope of the home-foreign elasticity, and the gap between the
two elasticities at a given domestic expenditure share to vary separately.
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Gains from Trade. Substituting the linear elasticity schedule into Proposition 1 gives
the following closed form for two equilibria, indexed by 0 and 1, across which country n’s
productivity, labor, and preference weights are fixed:

wo 1 AL (00 +60:22)
In—=2=—1In .
wh 6 A0 (O + 61 ML)

If equilibrium 0 is the trade equilibrium, indicated with 7', and equilibrium 1 is autarky,
then A\l =1 and gains from trade are

wr 1 0o + 0L\
In ot — —p |0 N 31
! w0 ! {(90 + 91))\51} (531

As 6, — 0, equation (31) converges to the CES/ACR formula (Arkolakis et al., 2012)

T
n o —1 T
hoo WA B, I (A"") ) (32)

n

The elasticity 6y in equation (32) is the elasticity between home expenditure and aggregate
foreign expenditure. The across-foreign elasticity p does not enter the gains formula. When
01 = 0 and p = 6, the home-foreign elasticity equals the elasticity across foreign sources and
using p for welfare is therefore correct.

C.3 The Multi-Sector Version

The environment and notation are those of Section 3.1. We impose Cobb-Douglas aggrega-

tion across sectors,
Qns
e
gn ((ens)sES) = H ( ns) )
ans

seS

where a,; > 0 and > __ca,s = 1, and use the CDE-CES expenditure system from Section

C within each sector:

(4
617,3 s0
Wnns | — +
Pnns

where 0,0 > 0, 050 + Og1 > 0, pns > 0, and all preference weights are positive. As in the
empirical specification, g(s) denotes the sectoral aggregate containing sector s.

The derivations above apply separately within each sector. In particular, relative expen-
diture across foreign sources is CES:

seS

(0s0+04(5)1)/ Prs

Zwm’s (%>pm] =1,

i#n DPnis

Xnis o Whnis (pnzs

ans Wnjs \ Pnjs

—Pns
) for all i, j # n,
while the sectoral home-foreign elasticity is
6ns()\nns) - 950 + eg(s)l/\nns~
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Thus p,s is the elasticity across foreign sources, 6y is the intercept of the home-foreign
elasticity schedule, and 0, is its slope in the domestic expenditure share. Under Cobb-
Douglas aggregation, substituting this linear elasticity schedule into equation (14) gives

In

Wg Opg 1 |: 930 + eg(s)lAZns
= —1In
WA scS 980 (950 + eg(s)l)Aan

n

D A Krugman Gravity Model

We now replace the Armington good produced by each country with an endogenous mass of
differentiated firm varieties, as in Krugman (1980). We retain the CDE upper tier between
the domestic and foreign aggregates and CES demand with exponent p across firm varieties.
We show that the resulting gains-from-trade formula is exactly the same as in the Armington
model.

Origin ¢ has a mass M; of symmetric firms. Each firm has marginal cost ¢; = w;/a;, and
entry requires f units of country ¢’s factor. Delivering a variety from country < to country
n requires the iceberg trade cost D,;, with D,,, = 1. Because the elasticity of substitution
across firm varieties is 1 4+ p, the consumer price of each variety is

_1+p

Ani ¢iDp;.

Let (,; > 0 denote a fixed destination-origin demand shifter. The price index for the com-
posite of country i’s varieties sold in country n is

—p1—1/p
P = [Msz;qmp} .
The domestic and foreign price indexes are therefore

Pnn = [Mnéﬁnqr;f] e

and

=1/p
P.r = [Z MiCﬁiqmp] .

i#En
Country n’s unit expenditure function is defined by the same CDE upper tier as in equation

(30):
e 0o e Oo+61 .

This upper tier implies that the elasticity between domestic and foreign expenditure varies
with the domestic expenditure share. However, within the CES variety aggregate, each
atomistic firm faces the constant demand elasticity 1 + p and therefore charges the same
constant markup (1 + p)/p as in the standard CES Krugman model.

A constant markup, the free-entry condition, and factor-market clearing together imply
that the mass of firms is independent of trade costs and expenditure patterns, as in the
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standard (CES) Krugman model. Let R; denote the total revenue of a representative country-
i firm across all destinations. Operating profits are R;/(1 + p), so free entry implies

1+ = w; f}.
The variable factor bill is the fraction p/(1 + p) of revenue and therefore equals pw; ff.
Including the entry cost, each firm uses (1 + p) f¢ units of the factor. Factor-market clearing
then gives

L
(L+p)ff

Thus M; depends on the factor endowment and entry cost but not on trade costs or expen-
diture patterns.
For country n, the domestic price index can be written as

M, = (3)

1+ pw, 1
Pnn = 1/p
Since Y,, = w, L,
Y,
LU G WY 3
P, 1+p

The previous expression implies that Y,/ P,, is unchanged across equilibria for fixed values
of technology, a,,, factor endowments, L,,, demand shifters, (,,, and entry costs. The same
cancellation between nominal income and the domestic price is used to derive the Armington
welfare formula.

Let A, now denote the share of country n’s expenditure allocated to the domestic firm
composite. The derivation in Section C.2 applies directly to the CDE upper tier:

en dIn A,
dln{ — ) =——"""—.
" (Pnn) 00+61)\nn

More generally, before imposing equation (33), the welfare comparison between equilibria 0
and 1 would be

o /A%n dind 1, MO
n— — _— —1n —-:--.
Wé A0 904‘81)\ 14 Mﬁ

Equation (33) makes the second term zero. Therefore, if equilibrium 0 is the trade equilib-
rium and equilibrium 1 is autarky,

an_nT_/l dind 1, T fh+6N,
WA Jar Go+60h b [(60+ 01)AL,

This is exactly the Armington gains-from-trade formula in equation (31). When 6; = 0, it
reduces to the canonical Krugman result in Arkolakis et al. (2012).
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E A Melitz-Pareto Gravity Model

We next replace the symmetric firms in Section D with heterogeneous firms and endogenous
selection into each destination, as in Melitz (2003), imposing Pareto distributed productivi-
ties. We retain the CDE upper tier between the domestic and foreign aggregates and CES
demand with exponent p across firm varieties. This extension nests the constant-elasticity
welfare result in Feenstra et al. (2018) and shows how that result changes when the home-
foreign elasticity varies with the domestic expenditure share.

Each origin has a fixed mass of potential firms, normalized to one. A firm in country
i draws productivity ¢ from a Pareto distribution with Pr(® > ¢) = ¢=" for ¢ > 1,
where k > p. Serving country n requires f,; units of country i’s factor, in addition to the
iceberg trade cost D,,;. Let ¢}, denote the productivity cutoft for serving country n and let
Ny = (¢5;)~" denote the mass of active country-i firms in that market. We assume active
selection as is standard in the literature, and impose this throughout the path to autarky:
every cutoff for a market served remains strictly above the Pareto lower support, ¢7, > 1,
including domestic cutoffs in the autarky limit. Since the elasticity of substitution across
firm varieties is 1 4 p, firms charge the constant markup (1 + p)/p. Integrating over the
active firms gives the price index

P, = AmCiDle-/Hil/p

where A,; > 0 collects the markup, Pareto, and fixed demand-shifter terms. The zero-profit
condition for the cutoff firm and the Pareto distribution also imply

1
X = LHPE N
K=p

Thus, changes in the mass of firms serving a market can be recovered from changes in
expenditure and the origin wage.

Country n’s unit expenditure function is defined by the same CDE upper tier as in
equation (30), replacing the Armington prices with the domestic and foreign firm-variety
price indexes. Let

EEF()\) = 90 + 91)\
denote the home-foreign expenditure elasticity generated by this upper tier. Consumers own
the domestic firms, so Y,, includes factor income and firm profits. In the one-sector model,
combining factor-market clearing and the balanced-budget condition yields
1+p

Y, =—" w,
l+p—p/k

L,.

The coefficient multiplying factor income is constant across equilibria. Hence, dInY, =
dInw,. Since X, = A\, Y,, the preceding expenditure equation implies

dinN,,, =dnX,,, —dlnw,, = dIn \,,,.

The domestic firm-variety price index therefore satisfies

1 1
dhlpnn = dlnwn—i— (_ - _) dln)\nn;
Koop
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and thus v -
n{=-2)=(=-=)dl )
dn(Pm) (p /@)d n A,
The CDE upper tier implies
e dln A\
dl n — nn .
! (P) £ (M)

Using W,, =Y, /e, and combining the previous two expressions gives

1 1
——— +— — — | dIn \,,.
{5711{F()‘nn) - K P} !

It is therefore useful to define the welfare-relevant Melitz-Pareto elasticity schedule by

1 1 . 1 1 (34)
eMP(XN) — Op+0N Kk p

dlnW, = —

Provided this expression is positive and the interior-selection restriction above holds along
the path to autarky, gains from trade are

| wr /1 dln \
n— = S —
Wit g, et ()

1 0o + L \T 1 1 1
=—hh|——F|+|—-———-|In|{ =]

0o L(00 + 01)A%, Kop An
The first term is the Armington and Krugman expression in equation (31); the second term
captures firm selection.

To relate equation (34) to Feenstra et al. (2018), set #; = 0, let w = 1 4 6y denote their

macro elasticity of substitution, and let o = 14 p denote their micro elasticity of substitution.
The welfare-relevant elasticity is then constant and can be written

MP _ F(w—1)
" (c—w)(k/(c—1)=1)+0c—1

39

which is their trade-elasticity formula. When o = w, or equivalently p = 6, this elasticity
equals the Pareto shape parameter k, as in the standard Melitz-Pareto model. Equation
(34) therefore replaces their constant macro elasticity with the linear home-foreign elasticity
schedule while retaining their firm-selection mechanism.

Quantitative Appendix

F Intermediate-Input Multiplier

This section derives equation (23). Let R, denote the increase in country n’s aggregate
unit expenditure moving from trade to autarky while holding all domestic sectoral unit costs
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fixed. Under the nested CES system in Section 5.2,

In R, = ——1In [anME;;;U + Bl + ano] .

Let P, = PA/PT, @, = w?/w?, and ¢, denote the common proportional change in domestic
sectoral unit costs. Homogeneity of the expenditure system implies

P, =0¢,R,.
Because every sector has the same value-added share and uses the same intermediate com-

posite, its unit-cost change is
/C\ — Aﬁn ﬁl_ﬁn
n n n :

~ Bn
by
Wn

Fixed factor endowments imply that nominal income changes in proportion to the wage.
Hence,

Combining these equations gives

r 5
W _ Do _ pus,
wa  a, n

which yields equation (23). When ,, = 1, the formula reduces to the no-intermediate-input
expression in equation (13).

G GTAP Quantification

This appendix repeats the OECD ICIO quantification but now using GTAP. We use the
2014 trade equilibrium, 27 manufacturing sectors and 17 non-manufacturing goods sectors,
combine raw milk with dairy products, and treat the remaining 20 non-goods sectors as a
single non-traded composite. We construct the manufacturing home-foreign elasticity sched-
ules from the constrained estimates in Table 30 and the non-manufacturing home-foreign
elasticity schedules from the corresponding constrained all-goods specification. We calculate
each country’s value-added share from GTAP primary-factor and intermediate-input costs;
see Section 5.1. As in the baseline exercise, the subsequent results use Specification (B),
or, = 2, and oy = 0.6 unless otherwise stated.

Table 32 reports the distribution across the 120 GTAP countries. Under Specification
(B), the median and mean gains from trade are 30.61 and 41.61 log points. The results
remain similar across Specifications (A)-(C).

The larger GTAP estimates are not driven solely by its broader country sample. Among
the 75 countries common to the two quantifications, the median gain from trade is 28.83
log points using GTAP and 10.43 log points using the OECD ICIO. Three differences push
the results in this direction. First, trade exposure is larger in GTAP in 2014 than in the
OECD ICIO in 2007: among these countries, the median share of total expenditure devoted
to goods imports is 16.9 percent in GTAP and 12.5 percent in the OECD ICIO, while the
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Table 32: GTAP Gains from Trade Across Elasticity-Schedule Specifications

pl0 P25 Median Mean P75 p90
Specification (A) 12.20 20.44 30.77 41.65 51.79 78.75
Specification (B) 12.16 20.42 30.61 41.61 51.74 78.77
Specification (C) 11.42 20.08 30.63 42.09 52.20 80.55

Notes: Entries report 100 In(W..' /W4). The percentiles and mean are calculated across the 120 countries
in the quantification sample. The calculation includes the country-specific intermediate-input multiplier
1/fB,, where f,, is the 2014 economy-wide value-added share. All three specifications set o7, = 2 and
oy = 0.6.

median share devoted to goods-producing sectors is 41.7 and 37.1 percent. Second, the
GTAP estimates imply lower home-foreign elasticities. Under Specification (B), the average
fitted elasticities at the sector-specific median domestic expenditure shares are 3.48 and 2.67
in GTAP for consumer and producer manufacturing, compared with 4.45 and 5.41 in the
OECD ICIO; the corresponding non-manufacturing-goods values are 3.87 and 5.91. Third,
the median value-added share among these countries is 0.41 in GTAP and 0.48 in the OECD
ICIO, so the intermediate-input multiplier is larger in GTAP. Greater trade exposure places
the initial equilibrium farther from autarky, while lower elasticities and value-added shares
increase the gains from trade.
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Figure 6: GTAP Gains from Trade and Initial Import Shares
Notes: Each observation is one of the 120 countries in the GTAP quantification sample. The vertical
axis reports gains from trade, 100In(W,] /W), under constrained Specification (B), with o7 = 2,
oy = 0.6, and the country-specific intermediate-input multiplier 1/43,,. The horizontal axis reports 2014

expenditure on imports in the 44 goods-producing sectors divided by total expenditure, including the
non-traded composite. Selected countries are labeled.
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(a) Fixed at the 2014 elasticity (b) Fixed at the sector median
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Figure 7: GTAP Gains from Trade with Variable and Fixed Home-Foreign Elasticities
Notes: Each observation is one of the 120 countries in the GTAP quantification sample. The horizontal
axis reports 100 In(W, /W) under the variable-elasticity schedules from constrained Specification (B),
with o, = 2, oy = 0.6, and the country-specific intermediate-input multiplier 1/3,,. In the left panel, the
vertical axis holds each country-sector elasticity fixed at its fitted 2014 value. In the right panel, it holds
each sector’s elasticity fixed at the value implied by that sector’s median 2014 domestic expenditure
share and applies that value to every country. Dashed lines are 45-degree lines.

Figures 6 and 7 repeat the two main figures. Holding each country-sector elasticity fixed
at its 2014 value raises the median gain from 30.61 to 34.79 log points and raises gains
for every country. Holding each sector’s elasticity fixed at the value implied by its median
domestic expenditure share produces a median of 33.25 log points.

Table 33: GTAP Gains from Trade Sensitivity to Cross-Sector Substitution

or, oy pl0 p25 Median Mean p75 p90
2 0.6 12.16 20.42 30.61 41.61 51.74 78.77
1 0.6 13.09 29.59 57.66 909.21 112.38 190.48
3 0.6 10.79 16.66 23.54 32.05 38.70 57.35
2 1 11.81 19.49 29.36 38.63 48.84 72.43

Notes: Entries report 100 In(W,” /W) under Specification (B). The percentiles and mean are calculated
across the 120 countries in the GTAP quantification sample. The calculation includes the country-specific
intermediate-input multiplier 1/8,,, where j3,, is the 2014 economy-wide value-added share. The baseline

sets o, = 2 and oy = 0.6; each subsequent row changes the elasticities to the values shown.

Table 33 varies the cross-sector elasticities. Lowering o, to one raises the median to 57.66
log points, while raising it to three lowers the median to 23.54 log points. Setting oy = 1
lowers the median to 29.36 log points.
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H Details of Monte Carlo Exercises

This appendix uses model-generated data to answer two questions. First, does our estimation
procedure mechanically generate positive elasticity-schedule slopes when the true slopes are
zero? Second, does our estimation procedure accurately recover positive slopes when the data
are generated by the linear home-foreign elasticity schedules that we estimate? We answer
these questions using the quantitative multi-sector version of the extended Armington model
developed in Appendix C.

We simulate an economy with 40 countries and 27 sectors, the same number of sectors as
in the GTAP manufacturing sample. Preferences are Cobb-Douglas across sectors. Within
each sector, demand follows the CDE-CES system

e 050
wnns ( - ) +
pnns
As shown in Appendix C, the elasticity across foreign sources is ps, while the home-foreign
elasticity is

s (050+951)/Ps

Zw ; (%)ﬂ =1
" Prnis

Es(Anns) - 950 + 951)\71715-

Thus, the model allows the home-foreign elasticity to differ from the elasticity across foreign
sources and generates the linear schedule imposed in the empirical analysis.

We hold labor endowments, destination-specific Cobb-Douglas sectoral expenditure shares,
iceberg trade costs, initial tariffs, and sector-specific across-foreign-source elasticities fixed
throughout the exercise. We draw each of these objects once. Initial tariffs range from
zero to 20 percent. To parameterize the across-foreign-source elasticities, we draw log ps ~
N (log 2,0.35%) independently across sectors and set p, = min{4.5, max{0.9, p;}}. We impose
050 = ps throughout.

We then consider four calibrations of the elasticity-schedule slopes. Each calibration
contains 27 sectors, matching the GTAP analysis.

1. Calibration 1 sets 5, = 0 in every sector. Because 05y = p,s, demand is CES across
all origins within each sector. This is the traditional multi-sector CES Armington
environment and generates the same expenditure-share system as a multi-sector Eaton-
Kortum model.

2. Calibration 2 sets #,; = 4 in every sector, so the pooling imposed by Specification
(A) is correct.

3. Calibration 3 assigns slopes of 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 5.5 to the seven man-
ufacturing groups used in Specification (C), with the same sectors assigned to each
group as in the GTAP analysis.

4. Calibration 4 draws a positive slope separately for each sector from a uniform distri-
bution on [2, 6]; the realized slopes range from 2.29 to 5.95.

We first solve Calibration 1 for its initial equilibrium wages and bilateral expenditure
shares. We then choose the CDE preference weights in Calibrations 2-4 so that, at the same
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wages and initial tariffs, they reproduce the Calibration 1 bilateral shares. The four cali-
brations therefore have the same initial equilibrium and domestic-share distribution. They
differ in the home-foreign elasticity schedules that govern their responses to the tariff shocks.

We generate 200 tariff-shock matrices. For each matrix, we select every foreign destination-
origin-sector cell independently with probability 0.45. In each selected cell, we reduce the
log gross tariff by a fraction equal to 0.25 times an independent Beta(2,2) draw; tariffs in the
remaining cells are unchanged. We apply the same 200 shock matrices to all four calibrations
and solve for the new equilibrium wages and expenditure shares after each shock. Within
each calibration, the model parameters and initial equilibrium remain fixed across draws.
The only variation across draws comes from which tariffs are reduced and by how much.

For each calibration and each of the 200 equilibrium changes, we construct the variables
used in the empirical analysis: the dependent variable, initial domestic absorption share,
tariff shifter, and country-exposure terms. Because the initial equilibrium is common across
calibrations and fixed across tariff shocks, the initial domestic absorption shares and country-
exposure terms are the same in every model-generated data set.

We apply the paper’s unrestricted NLLS estimator to each data set (there are 200 datasets
given the 200 tariff-shock matrices), jointly estimating the country cost shifters and imposing
no positivity constraints. For every calibration, we estimate Specifications (A), (B), and (C)
using the same code as in the GTAP analysis. The tables report the mean and the 5th and
95th percentiles of each slope estimate across the 200 tariff-shock matrices. When every
sector represented in a row has the same true slope, the first column, with the “true sector
slope” reports that common value. When a row pools sectors with different true slopes, the
column reports their range.

Calibration 1: Constant Home-Foreign Elasticities. Table 34 reports the results
when every true slope is zero. The estimates are centered close to zero throughout Specifica-
tions (A), (B), and (C). The mean Specification-(A) slope is 0.001, with a 5th-95th percentile
range of [—0.004,0.006]. Across the seven Specification-(C) groups, mean slopes range from
—0.001 to 0.003, and every percentile range contains zero.
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Table 34: Armington Monte Carlo with Constant Home-Foreign Elasticities

Spec.  Aggregate True sector slope(s)  Mean 51 5th pet.  95th pct.
(A) All manufacturing 0.00 0.001 -0.004 0.006
(B) Consumer manuf. 0.00 0.002 -0.004 0.007
Producer manuf. 0.00 0.001 -0.008 0.009
(©) Food, bev., tob. 0.00 0.003 -0.003 0.008
Textiles/apparel /leather 0.00 -0.001 -0.022 0.016
Wood/paper/printing 0.00 0.002 -0.007 0.011
Petrol./chem./pharm./rubber 0.00 -0.001 -0.018 0.015
Minerals/metals 0.00 0.000 -0.012 0.013
Machinery /electrical 0.00 0.001 -0.010 0.011
Transport/other manuf. 0.00 0.002 -0.007 0.011

Notes: Every sector has 651 = 0 and p; = 659. The table reports results from Specifications (A), (B), and
(C) across 200 independently drawn tariff shocks, holding the realized 40-country, 27-sector Armington
economy fixed. The mean, 5th percentile, and 95th percentile refer to the distribution of the estimated
pooled slope across tariff shocks. The true-slope column reports the common true slope among sectors
in the row when one exists and their range otherwise; a row spanning different true slopes has no single
structural pooled coefficient. Every regression uses the same unrestricted NLLS estimation routine as the
real-data tables, including the jointly estimated country cost shifters.

Calibration 2: A Common Positive Slope. Table 35 reports the results when the true
slope is 4 in every sector. Specification (A), which imposes the correct pooling structure,
has a mean estimate of 4.040 and a 5th-95th percentile range of [4.030, 4.050]. Specifications
(B) and (C) estimate additional slopes, each of which also closely recovers the common true
value.
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Table 35: Armington Monte Carlo with a Common Positive Slope

Spec.  Aggregate True sector slope(s)  Mean 51 5th pet.  95th pct.
(A) All manufacturing 4.00 4.040 4.030 4.050
(B) Consumer manuf. 4.00 4.035 4.024 4.045
Producer manuf. 4.00 4.046 4.030 4.063
(C) Food, bev., tob. 4.00 4.033 4.021 4.045
Textiles/apparel /leather 4.00 4.043 4.006 4.079
Wood/paper/printing 4.00 4.030 4.013 4.051
Petrol./chem./pharm./rubber 4.00 4.049 4.015 4.080
Minerals/metals 4.00 4.061 4.034 4.089
Machinery /electrical 4.00 4.026 4.003 4.048
Transport/other manuf. 4.00 4.045 4.028 4.064

Notes: Every sector has 051 = 4, so Specification (A) matches the data-generating pooling structure.
The table reports results from Specifications (A), (B), and (C) across 200 independently drawn tariff
shocks, holding the realized 40-country, 27-sector Armington economy fixed. The mean, 5th percentile,
and 95th percentile refer to the distribution of the estimated pooled slope across tariff shocks. The
true-slope column reports the common true slope among sectors in the row when one exists and their
range otherwise; a row spanning different true slopes has no single structural pooled coefficient. Every
regression uses the same unrestricted NLLS estimation routine as the real-data tables, including the
jointly estimated country cost shifters.

Calibration 3: Seven Positive Group Slopes. Table 36 reports results when the slopes
are common across the sectors within each of the seven groups in Specification (C). When
estimating Specification (C), estimates are 2.523, 3.031, 3.528, 4.048, 4.568, 5.029, and 5.559,
compared with true values of 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 5.5. Although Specifications
(A) and (B) pool sectors with different true slopes, their estimates remain positive and
summarize the slopes within the corresponding broader groups.
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Table 36: Armington Monte Carlo with Seven Positive Group Slopes

Spec.  Aggregate True sector slope(s)  Mean 51 5th pet.  95th pct.
(A) All manufacturing [2.50, 5.50] 3.745 3.673 3.815
(B) Consumer manuf. [2.50, 5.50] 3.256 3.173 3.360
Producer manuf. [3.50, 5.50] 4.380 4.322 4.438
(©) Food, bev., tob. 2.50 2.523 2.514 2.533
Textiles/apparel /leather 3.00 3.031 2.998 3.064
Wood/paper/printing 3.50 3.528 3.512 3.546
Petrol./chem./pharm./rubber 4.00 4.048 4.017 4.080
Minerals/metals 4.50 4.568 4.540 4.597
Machinery /electrical 5.00 5.029 5.003 5.054
Transport/other manuf. 5.50 5.559 5.538 5.581

Notes: Slopes equal 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 5.5 across the seven manufacturing aggregates, so Spec-
ification (C) matches the data-generating pooling structure. The table reports results from Specifications
(A), (B), and (C) across 200 independently drawn tariff shocks, holding the realized 40-country, 27-sector
Armington economy fixed. The mean, 5th percentile, and 95th percentile refer to the distribution of the
estimated pooled slope across tariff shocks. The true-slope column reports the common true slope among
sectors in the row when one exists and their range otherwise; a row spanning different true slopes has no
single structural pooled coefficient. Every regression uses the same unrestricted NLLS estimation routine
as the real-data tables, including the jointly estimated country cost shifters.

Calibration 4: Sector-Specific Positive Slopes. Table 37 reports the results when all
27 sector slopes are positive and distinct. Every slope estimate in Specifications (A), (B),
and (C) is positive. The mean Specification-(A) estimate is 4.139, the two Specification-(B)
means are 4.107 and 4.178, and the seven Specification-(C) means range from 3.373 to 4.828.
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Table 37: Armington Monte Carlo with Sector-Specific Positive Slopes

Spec.  Aggregate True sector slope(s)  Mean 51 5th pet.  95th pct.
(A) All manufacturing [2.29,5.95] 4.139 4.063 4.215
(B) Consumer manuf. [2.46,5.93] 4.107 4.009 4.210
Producer manuf. [2.29,5.95] 4.178 4.068 4.313
(C)  Food, bev., tob. [2.65,5.93] 4.702 4.624 4.778
Textiles/apparel /leather [3.38,4.38] 3.531 3.481 3.573
Wood/paper/printing [3.26, 5.95] 4.828 4.601 5.109
Petrol./chem./pharm./rubber [2.29,5.76] 4.071 3.787 4.384
Minerals/metals [2.58,4.88] 3.471 3.342 3.604
Machinery /electrical [3.49, 5.46] 4.208 4.120 4.292
Transport/other manuf. [2.46,4.61] 3.373 3.240 3.505

Notes: Every sector has a distinct positive slope. The table reports results from Specifications (A),
(B), and (C) across 200 independently drawn tariff shocks, holding the realized 40-country, 27-sector
Armington economy fixed. The mean, 5th percentile, and 95th percentile refer to the distribution of the
estimated pooled slope across tariff shocks. The true-slope column reports the common true slope among
sectors in the row when one exists and their range otherwise; a row spanning different true slopes has no
single structural pooled coefficient. Every regression uses the same unrestricted NLLS estimation routine
as the real-data tables, including the jointly estimated country cost shifters.

In summary, the Monte Carlo exercises show two things. First, our estimation proce-
dure does not mechanically produce the pattern found in the data when data is generated
by canonical constant-elasticity trade models. Second, our estimation procedure success-
fully recovers positive elasticity-schedule slopes when the data-generating model is one with
positive linear schedules.
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