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Import Liberalization as Export Destruction?
Evidence from the United States’

By HOLGER BREINLICH, ELSA LEROMAIN,
DENNIS Novy, AND THOMAS SAMPSON'*

In trade models with scale economies, import liberalization reduces
exports within industries by shrinking real market potential. We find
this export destruction mechanism reduced US export growth fol-
lowing the permanent normalization of trade relations with China
(PNTR). There was also an offsetting boost to exports from lower
input costs. We use our estimates to calibrate a quantitative model
and show that scale economies are economically important for trade
policy analysis. Although PNTR increased aggregate US exports rel-
ative to GDP, exports declined in the most exposed industries. US
gains from PNTR are positive but 30 percent smaller than under con-
stant returns. (JEL D24, E23, F13, F14, O19, P33)

any long-standing questions in macroeconomics hinge on whether industries
face constant or increasing returns to scale. This distinction matters for growth
and productivity (Hall 1988; Basu 1996), the propagation of fiscal and monetary
shocks (Rotemberg and Woodford 1995), and the design of industrial and competi-
tion policies (Juhdsz, Lane, and Rodrik 2024). And in open economies, industry-level
returns to scale generate the home market effect under which increased domestic
demand raises industry exports (Linder 1961; Krugman 1980) and are central to
studying the impact of trade policy (Lashkaripour and Lugovskyy 2023).
US leaders from Alexander Hamilton (1791) onward have often argued that
American manufacturing should be protected from foreign competition. Today at
least, economists tend to be skeptical of such ideas, pointing to the advantages that
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trade liberalization brings by reducing import costs and exposing domestic firms to
the rigors of international competition.!| Yet economic theory establishes that the
trade and welfare effects of import policy depend on whether production features
increasing returns to scale at the sector level. Graham (1923) and Ethier (1982)
show that scale economies can rationalize the infant industry argument for pro-
tection, and Juhdsz (2018) documents evidence supporting the infant industry
mechanism in Napoleonic France. Venables (1987) and Kucheryavyy, Lyn, and
Rodriguez-Clare (2023) find that import liberalization may reduce welfare if it
leads to specialization in sectors with weak scale economies. And Krugman (1984)
develops a model where import protection is export promoting at the industry level
because the protected industry becomes more productive as it expands and exploits
scale economies. Conversely, import liberalization is export destroying.

Building on Krugman’s (1984) insight, this paper develops a new approach to
studying scale economies by using trade policy variation to estimate the degree
of industry-level returns to scale. We show that the effect of import liberalization
on exports can be used to discriminate between constant versus increasing returns,
and we illustrate the applicability of this approach by analyzing the permanent nor-
malization of US trade relations with China (PNTR), a policy that increased US
openness to Chinese imports (Pierce and Schott 2016; Handley and Limao 2017).
We use our empirical findings to calibrate the strength of scale economies in a quan-
titative trade model and to study the macroeconomic effects of PNTR on US trade
and welfare.

To motivate our empirical strategy, Section I develops a general equilibrium trade
model featuring scale economies as in Krugman (1980) and input-output linkages as
in Caliendo and Parro (2015). The model builds upon recent work by Grossman and
Rossi-Hansberg (2010) and Kucheryavyy, Lyn, and Rodriguez-Clare (2023) study-
ing conditions under which trade models with external economies of scale are well
behaved. Although Krugman (1984) presented his argument in a partial equilibrium
oligopoly model, we show that the mechanism he identified connecting import pol-
icy to export performance also exists in a class of quantitative trade models with
scale economies.” In particular, an increase in import competition resulting from
liberalization reduces domestic real market potential, causing a fall in domestic out-
put. With scale economies, lower output reduces industry-level productivity making
the industry less competitive in global markets and causing a decline in exports.

The model also highlights two additional channels by which import liberaliza-
tion affects exports. There is an input cost effect through which a fall in the cost
of imported intermediate inputs boosts exports by reducing production costs. And
exports depend upon general equilibrium changes in domestic and foreign demand.
We account for these channels in our empirical and quantitative analysis.

We estimate the impact of PNTR on US exports in Section II. Following Pierce
and Schott (2016), we measure industry-level exposure to PNTR by the normal

!'See Harrison and Rodriguez-Clare (2010) for a comprehensive survey on trade and industrial policy and
Irwin (2021) for a history of economists’ views on import substitution policies.

2This class includes models where scale economies result from external economies of scale, from love of
variety with homogeneous or heterogeneous firms (Krugman 1980; Melitz 2003), or from endogenous innovation
(Somale 2021).
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FIGURE 1. PNTR AND US EXPORT GROWTH

Notes: Change in US export growth post-PNTR defined as the annualized change in log total exports between
2000 and 2007 minus the annualized change between 1995 and 2000. Solid line shows fitted relationship from
linear regression. The estimated slope coefficient is —0.50 with robust standard error of 0.057. NAICS goods
industries.

trade relations (NTR) gap, defined as the tariff increase that Chinese imports would
have faced if the United States had revoked China’s most favored nation (MFN)
trading status. Figure 1 plots the change in US export growth following PNTR
against the NTR gap for NAICS goods industries.? The figure shows that export
growth declined following PNTR in industries with higher NTR gaps, which is con-
sistent with import liberalization leading to export destruction, but not with constant
returns to scale trade models.

Building on Figure 1, we estimate the effect of PNTR on US exports using the
bilateral trade equation implied by our model. We compare the change in US export
growth for NAICS goods industries before and after Congress passed PNTR in 2000
to changes in the export growth of other OECD countries. Our empirical strategy
uses fixed effects to absorb changes in importer demand, technology shocks that are
common across exporters, and industry-level trends in export supply capacity and
trade costs. In addition, we control for US export supply shocks that are correlated
with industries’ input, skill, or capital intensity levels.

The reduced-form estimation results support the existence of the Krugman (1984)
mechanism and imply the existence of scale economies in US goods production.
All else equal, export growth following PNTR was lower in industries with higher
NTR gaps—i.e., industries more exposed to increased Chinese import competition.
We also estimate the model structurally using the NTR gap as an instrument that

3See Section IIB and Supplemental Appendix B for details on the data.
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shifts output growth. The estimated elasticity of exports to output is positive, con-
sistent with the reduced-form evidence of scale economies. This finding provides
evidence of increasing returns to scale at the industry level. It complements work
on industry-level scale economies in industrial organization and macroeconomics
(Hall 1990; Basu and Fernald 1997) and, also, applications that focus on the estima-
tion of internal firm-level returns to scale (Basu 2008).

Our estimates imply that PNTR reduced export growth, all else equal. However,
we also find that PNTR had an export-promoting effect by reducing input costs. US
export growth following PNTR was greater in industries more reliant on inputs from
industries with higher NTR gaps.* This input cost channel offset the export decline
caused by greater Chinese import competition, and the two effects have comparable
magnitudes. We estimate that PNTR reduced exports in 2007 by 13 percent more
for an industry at the seventy-fifth percentile of the NTR gap distribution than for an
industry at the twenty-fifth percentile. Performing the same comparison for the input
cost shock distribution implies a 20 percent increase in exports.

In Section III we calibrate our trade model and quantify the effect of PNTR on
US exports and welfare. This exercise allows us to account for impacts of PNTR
that are absorbed by fixed effects in the empirical analysis and to study the macro-
economic importance of scale economies in general equilibrium. We use the esti-
mation results to discipline the calibrated returns to scale. Conditional on the trade
elasticity, the strength of scale economies is determined by the elasticity of exports
to output. We calibrate this output elasticity for goods sectors so that the simulated
effect of the NTR gap on US exports matches our estimated effect. This yields an
output elasticity of 0.821, below the value of one in Krugman (1980) or in the Pareto
productivity version of Melitz (2003) but large enough to generate substantial scale
economies and close to the average value implied by the estimates of Bartelme,
Costinot, Donaldson, and Rodriguez-Clare (2019).

The quantitative analysis shows that PNTR increased US exports relative to GDP
for most goods sectors. The reason is that in general equilibrium, the Krugman
mechanism is dominated by the export-promoting effects of import liberalization
that operate through lower input costs and higher foreign demand.” We also find
that the interaction of scale economies with input-output linkages is quantitatively
important and magnifies changes in specialization and trade. For example, in spite
of the export destruction effect, aggregate US export growth due to PNTR is 28 per-
cent larger with scale economies than without, primarily because scale economies
make the input cost effect almost five times stronger.

At the sector level, changes in exports are qualitatively different in the calibrated
model than in the absence of scale economies. Consistent with Figure 1, our quan-
titative results imply that export growth is negatively correlated with the NTR gap.
And we find that exports decline in the “textiles and leather” and “other manufactur-
ing” sectors, which have the largest NTR gaps. Thus, PNTR did lead to net export

4We measure the input cost shock from PNTR as the input-output coefficient weighted NTR gap in upstream
industries. See Section IIB for details.

S The foreign demand effect captures the impact of global efficiency gains due to lower trade costs, as well as the
equilibrium relationship between imports and exports that operates through the trade balance.
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destruction in the most exposed sectors and shifted US comparative advantage away
from sectors with higher NTR gaps. By comparison, under constant returns, export
growth is positive in all sectors and, in contrast to our empirical findings, weakly
positively correlated with the NTR gap. These differences illustrate the importance
of scale economies for sector-level trade policy analysis.

In terms of welfare, we estimate that PNTR increased US real income by
0.068 percent. This change can be decomposed into an Arkolakis, Costinot, and
Rodriguez-Clare (2012) term that captures changes in trade openness and a spe-
cialization effect that exists only when there are scale economies, and captures the
welfare effects of sectoral reallocation. In our analysis, the specialization effect is
the same order of magnitude as the trade openness term. For the United States, the
Arkolakis, Costinot, and Rodriguez-Clare (2012) term is positive, while the special-
ization effect is negative because PNTR reallocates US production toward sectors
with weaker forward input-output linkages to the rest of the economy. Overall, we
find that US gains from PNTR are around 30 percent smaller with scale economies
than under constant returns to scale.

Our paper belongs to the empirical literatures on the returns to scale and on trade
policy. Our contribution relative to previous research is threefold. We introduce a
new approach to estimating scale economies using trade policy shocks. We docu-
ment the existence of a scale economies channel through which import liberalization
is export destroying. And we evaluate the importance of this channel for quantitative
trade policy analysis.”

Modern quantitative trade models can incorporate either constant returns to
scale (Eaton and Kortum 2002; Caliendo and Parro 2015) or increasing sector-level
returns (Kucheryavyy, Lyn, and Rodriguez-Clare 2023). In single-sector economies,
the distinction is often immaterial (Arkolakis, Costinot, and Rodriguez-Clare 2012;
Costinot and Rodriguez-Clare 2014), but with many sectors, the strength of scale
economies is a key calibration parameter. Yet existing measures of scale economies
are not estimated from trade policy variation, and most trade policy analysis uses
Ricardian models without scale economies (e.g., Caliendo and Parro 2015; Dhingra
et al. 2017). We develop an empirical methodology for exploiting changes in bilat-
eral trade policy to test for scale economies and illustrate how this approach can be
used to calibrate trade models that allow for scale economies. Our findings show
that accounting for scale economies (or their absence) is a prerequisite for success-
fully evaluating how trade policy reforms affect sector-level trade flows and welfare.

While protectionist policies are often viewed as barriers to development,
Juhdsz (2018) shows that temporary trade protection during the Napoleonic Wars
led to persistent capacity increases in mechanized cotton spinning in France, result-
ing in higher exports of cotton manufactures. Juhdsz’s (2018) findings are consistent
with French production expanding through an infant industry mechanism. Likewise,
the export destruction effect that we document can be viewed as a cost of import
liberalization. By quantifying this effect, we show that the net impact of PNTR on
aggregate exports and welfare is nevertheless positive. We also inform the import

SDick (1994) studies whether import protection is export promoting using cross-sectional data for the United
States in 1970, but finds little evidence to support the hypothesis.
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protection debate by decomposing the channels through which liberalization oper-
ates and by studying sectoral heterogeneity in these channels.

Our analysis is related to studies that use trade data to estimate scale econo-
mies (Antweiler and Trefler 2002; Bartelme, Costinot, Donaldson, and Rodriguez-
Clare 2019; Lashkaripour and Lugovskyy 2023) and test for the home market effect
(Davis and Weinstein 2003). Weder (2003 ); Hanson and Xiang (2004); and Costinot,
Donaldson, Kyle, and Williams (2019) find that increases in domestic demand raise
exports, which supports the existence of the home market effect. The evidence we
present showing the existence of scale economies is consistent with this literature.
But in contrast to prior work, we use trade policy as a source of identifying variation
(rather than the factor content of trade, market size, or exchange rates) and use our
estimates to undertake an ex post analysis of a trade policy shock. Goldberg and
Pavcnik (2016) highlight the importance of using changes in trade policy to dis-
cipline trade theory rather than relying exclusively on cross-sectional variation or
changes in other trade frictions such as transportation costs.

By studying US exports, we also add a new dimension to the literature on PNTR
and the broader China shock.’ Our results imply that the “surprisingly swift” decline
in US manufacturing after PNTR found by Pierce and Schott (2016) would have
been smaller in the absence of scale economies, and that PNTR affected US exports
and comparative advantage. Finally, our estimates are related to a small literature
that studies the spillover effects of bilateral trade cost changes on third markets
(Bown and Crowley 2007; Defever and Ornelas 2015; Fajgelbaum et al. 2024). We
show how scale economies induce spillovers through changes in real market poten-
tial and analyze their quantitative importance.

I. Trade and Scale Economies

We start by introducing a multisector trade model that nests both the case with
constant returns to scale at the sector level and the case with increasing returns to
scale. We use the model to characterize the effect of import liberalization on exports
under increasing returns and under constant returns, which motivates our empirical
analysis in Section II.

The model generalizes Krugman (1980) to allow for many countries and sectors,
intermediate inputs, and an elasticity of substitution between products that differs
for products produced in the same country versus products produced in different
countries. In this model, firms are symmetric and sector-level scale economies
result from love of variety in preferences. However, we show in Supplemental
Appendix A.4 that the effect of import liberalization on exports when there are
increasing sector-level returns to scale is the same regardless of whether increas-
ing returns result from love of variety, external economies of scale, firm heteroge-
neity in a Pareto productivity version of Melitz (2003), or endogenous technology

7 See, for example, Autor, Dorn, and Hanson (2013); Autor et al. (2020); Pierce and Schott (2016, 2018); Feng,
Li, and Swenson (2017); Handley and Limdo (2017); Jaravel and Sager (2020); and Amiti, Dai, Feenstra, and
Romalis (2020).
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investment.® It follows that although our empirical analysis sheds light on the mag-
nitude of sector-level returns to scale, we do not distinguish between alternative
sources of increasing returns.

A. Model

The world economy has N countries and S sectors. We use i,n to index coun-
tries and s to index sectors. Each country has a representative consumer with
Cobb-Douglas preferences across sectors. Let 3; ; be the expenditure share of sector
s in consumption demand in country i.

Firms in each sector make tradable varieties, which are aggregated by compet-
itive producers to make sectoral output. Sectoral output is nontradable and can be
either consumed or used as an intermediate input. Output Q,, ; of sector s in country
n is given by’

e—1

g e—1
Qn,s = [Z(LEQMQHLS<W)%CZW>”—1 ,

where g, ;(w) denotes the quantity of variety w produced in country i and used
in country n, and (), is the set of varieties produced in country i. The sectoral
production function has a nested constant elasticity of substitution structure that
embodies love of variety. In the lower nest, varieties from country i are combined
with elasticity of substitution ¢ > 1, while, in the upper nest, bundles of varieties
from different countries are combined with elasticity e > 1. Wheno = ¢, varieties
are symmetric across countries as in Krugman (1980), while, if 0 > e, varieties
are more substitutable within countries than across countries. The love-of-variety
assumption generates increasing returns to scale at the sector level. However, taking
the limit as 0 — oo gives an Armington economy with national product differenti-
ation, Armington elasticity €, and constant sector-level returns to scale.

Varieties are produced by monopolistically competitive firms, each of which
makes a single variety using a constant marginal cost technology. Within each coun-
try and sector, all firms use the same technology. The marginal cost of production in
country i and sector s is ¢; /T; ;, where T; ; denotes the technology level and c;  is the
unit cost of a country-sector specific input bundle. The input bundle is a unit elas-
ticity of substitution aggregate of labor and intermediates from all sectors such that

(1) Ci,s = (Wi)%sl:[ (Pi,V)%“” with %‘,s—i_Z%}sv = 1’

where w; is the wage in country i, P;,, is the price index for sector v in country i, ;
denotes the share of value added in production costs, and -, ;, denotes the share of

8The equivalence results in Supplemental Appendix A.4 build upon Kucheryavyy, Lyn, and
Rodriguez-Clare (2023), who show, in an economy without intermediate inputs, that the sectoral equilibrium con-
ditions and bilateral trade equation implied by the Krugman model are equivalent to those that hold with external
economies, or in a Melitz-Pareto model.

9 As in Caliendo and Parro (2015), we assume that the aggregation technology is the same for consumers and
intermediate input producers. In an economy without intermediate inputs, the output technology simply defines
consumer preferences over sector s varieties.
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intermediates from sector v in the production costs of sector s. There is free entry of
firms into variety production with entry cost f; ;c; .

B. Trade

Trade is subject to iceberg costs 7,,; , > 1, where n denotes the importing country
and i the exporting country. Bilateral trade X, ; equals expenditure by country n on
products from country i in sector s, and we show in Supplemental Appendix A.1 that
X, s satisfies

G Y Ny e
(2) Xni,s = FOQDni,sTf,sl (CU it > X sPn sl,

i,sJi,s

where I’ is a constant,m(pm-,s = 7',11{; measures bilateral openness to trade, Y

=) X,,i.s denotes total sales of country i in sector s, and X,,; = Yo X,i.s denotes
expenditure on sector s in country n. Thus, bilateral trade satlsﬁes a gravity equation

Y;
with an export supply capacity term S;; = I, Tf,sl ( - >“ ! that depends upon

i,sJis

both the unit input cost ¢; ; and output Y; ;. A decline in input costs ¢; ; raises exports
by reducing prices.

The elasticity of bilateral trade to output, (e — 1) /(o — 1), which we label the
output elasticity, equals the product of the trade elasticity, e — 1, and the scale elas-
ticity, — . The trade elasticity determines the responsiveness of trade to lower

prices, whlle the scale elasticity controls the rate at which the industry price index
declines as output rises. To see this, note that the price index P,; for imports by
country n from country i in sector s is given by

1
--L
P _ g Thi,s Yi,s 7
ni,s — T .
o—1 Ti,S O-Ci,sfi,s

Higher output reduces the price index because it increases the mass of varieties of
produced, leading to a decline in P,; ; due to love of variety. An increase in o reduces
the scale elasticity because it makes varieties more substitutable, weakening the
love-of-variety effect. In the absence of scale economies, such as in the Armington
model obtained when 0 — oo, the scale elasticity and the output elasticity both
equal 0. Thus, the output elasticity is positive if and only if there are increasing
sector-level returns to scale.

Since the bilateral trade equation (2) is a structural gravity equation (as defined
by Head and Mayer 2014), it can also be written as

Y,
(3) X (pnlSR]‘ll;)lsMn A

191n particular, Ty = (L)ﬁ (L_l) 671-

a a
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where M, ; = X,,,SP;,_SI and RMP;; = >, cpni,SXn’SPﬁ,fsl is the real market poten-
tial of country i. Real market potential is the sum across markets of real demand
XMP,Z;1 weighted by bilateral openness ¢,;; (Redding and Venables 2004; Jacks
and Novy 2018). Any structural gravity equation can be expressed in this form,
regardless of whether there are sectoral scale economies. However, because out-
put generally depends upon real market potential, equation (3) does not imply that
exports are increasing in output whenever structural gravity holds. In models with-
out scale economies, output is proportional to real market potential, and changes in
output induced by shocks to real market potential do not affect exports.

C. Import Liberalization

How does import liberalization affect exports? Suppose that there is a reduction
in US barriers to Chinese imports, leading to an increase in openness ¢y, Where
U denotes the United States and C denotes China. In our empirical application, the
reduction in US import barriers results from PNTR with China."’

The bilateral trade equation (2) shows that an increase in ¢y directly raises
US imports from China. However, US import liberalization may also affect trade
indirectly through changes in output, input costs, prices, and expenditure. What is
the effect of these changes on US exports?

Suppose that there are increasing returns to scale, meaning that 0 < oo and that
the output elasticity of exports is strictly positive. Using Y;; = ZnXm’S, the bilat-
eral trade equation (2) implies that if o > ¢, meaning that varieties produced in the
same country are closer substitutes than varieties from different countries, then

NG G = o
(4) Yis =Tg Tiy™ ( T ) (RMPis) o
’ ’ ci,sf;‘,s ’

Thus, output depends upon technology, input costs, and country i’s real market
potential, RMP;; = O @ni,SXn’SPf,’_SI. Countries that face lower trade costs to
access larger markets have higher real market potential and, consequently, higher
output, all else equal. When 0 = ¢, as in Krugman (1980), equation (4) does not
hold. However, Y still depends upon country i’s market access through the mar-
ket clearing conditions, and Proposition 1 below still applies (see Supplemental
Appendix A.2).

The increase in ¢y caused by import liberalization has a direct negative effect
on the US price index Py by cutting the cost of Chinese imports. All else equal, a
lower Py, makes the US market more competitive, leading to a fall in US real mar-
ket potential in sector s. And by equation (4), smaller real market potential reduces
output Yy, ; as US producers lose domestic market share to Chinese imports.

Lower output in turn implies a decline in sector-level productivity because of
scale economies, and the bilateral trade equation (2) shows that this results in a
reduction in US exports to all destinations. This is the mechanism proposed by

""We model PNTR as a decline in variable trade costs. However, treating it as a reduction in the fixed cost of
exporting to the United States for Chinese firms would not change our results (see Supplemental Appendix A.4).
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Krugman (1984) through which import policy affects exports. Formally, we show
in Supplemental Appendix A.2 that, holding foreign variables, domestic input costs,
and domestic expenditure constant, the effect of ;¢ on US exports satisfies

5) OlogX,ys B Avcs Huu.s <0
— — ,
dlogpyc,s f T — 1+ Ayustous

where A\, = X,;,/X,, is the import share of country i in country n and
= X,;,/Y;, is the share of sales to country n in country i output. Equation (5)
shows that the magnitude of the elasticity of exports to ¢y is increasing in the
output elasticity, ;: 1] - A higher-scale elasticity, ——, makes productivity more
sensitive to changes in output, while a larger trade elasticity, ¢ — 1, implies that
exports are more elastic to variation in productivity. Proposition 1 summarizes
these results.

PROPOSITION 1: Holding constant foreign outcomes, domestic input costs, and
domestic expenditure:

(i) Import liberalization reduces exports to all destinations if and only if there
are increasing returns to scale at the sector level.

(ii) The magnitude of the elasticity of exports to import openness is strictly
increasing in the output elasticity.

Importantly, Proposition 1 holds not only in the love-of-variety model devel-
oped above but in a broad class of trade models with increasing returns to scale.
Supplemental Appendix A.4 shows that equations equivalent to those used to prove
Proposition 1 hold in models where scale economies result from (i) external econ-
omies of scale, (ii) endogenous technology investment, or (iii) Melitz-Pareto firm
heterogenity.

The bilateral trade equation (2) also implies that in the constant returns to scale
case where o — 00, exports do not depend on output. It follows that, conditional
on input costs ¢;; and real foreign demand X,LSP;;l, import liberalization does not
affect exports when there are constant returns to scale at the sector level. This obser-
vation holds not only in an Armington economy but also in economies based on the
Eaton and Kortum (2002) model.

Proposition 1 implies that we can use the effect of import liberalization on exports
to determine whether there are increasing sector-level returns to scale. Under a null
hypothesis of constant returns, there is no effect. Alternatively, with increasing
returns, there is a negative relationship. However, since these predictions are partial
equilibrium results, implementing this strategy also requires controlling for other
channels through which import liberalization may affect exports.

In particular, the decline in US output prices Py, ; caused by import liberalization
reduces input costs by equation (1). And lower input costs increase exports, all else
equal, as shown by equation (2). Through this input cost channel, import liberaliza-
tion has a positive effect on exports regardless of whether there are scale economies.
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Our empirical strategy and quantitative analysis will allow for this effect and for
other general equilibrium adjustments to import liberalization.

II. Empirical Analysis

This section estimates the impact of PNTR on US exports. The estimation results
provide evidence on whether import liberalization leads to export destruction and
allow us to distinguish between constant returns and increasing returns trade mod-
els. Our approach leverages international trade data to test for the presence of scale
economies at the industry level (Breinlich, Leromain, Novy, and Sampson 2026).
This approach complements methods used in industrial organization and macroeco-
nomics to estimate scale economies in closed economy settings (Hall 1990).

A. PNTR

Our empirical strategy exploits PNTR as a liberalization shock that increased
US openness to Chinese imports. China was granted temporary MFN status by the
United States in 1980, meaning that imports from China faced NTR tariffs instead
of the higher tariffs imposed on non-MFN countries. However, there was ongo-
ing uncertainty over whether China would retain its MFN status, especially after
the Tiananmen Square protests in 1989. The House of Representatives voted to
revoke China’s MEN status in 1990, 1991, and 1992, and although these bills did
not pass the Senate, the threat to MFN status remained high throughout the 1990s."
Revoking China’s MFN status would have resulted in substantial tariff increases. In
2000, the average US NTR tariff was 4 percent, whereas the average non-NTR tariff
was 31 percent (Handley and Limao 2017).

China received permanent NTR status as part of its accession to the World Trade
Organization (WTO). Congress passed PNTR in October 2000, and it became effec-
tive after China joined the WTO in December 2001. While PNTR did not change the
tariffs charged on Chinese imports, it removed the threat of higher tariffs. Pierce and
Schott (2016) and Handley and Limao (2017) show that the reduction in uncertainty
led to growth in US imports from China, as firms that had previously been unwilling
to make sunk investments in export capacity found it profitable to start exporting.
Amiti, Dai, Feenstra, and Romalis (2020) and Jaravel and Sager (2020) provide
evidence that PNTR reduced prices in the United States.'

Building on this literature, we use the industry-level difference between the
non-NTR and NTR tariffs—i.e., the NTR gap—to measure exposure to PNTR, and
treat years after 2000 as the post-PNTR period. Unlike Handley and Limao (2017),
we do not explicitly model the effects of trade policy uncertainty on entry in an

12See Pierce and Schott (2016) and Handley and Liméo (2017) for more detail on how the political debate
around relations with China created trade policy uncertainty prior to PNTR.

13 Amiti, Dai, Feenstra, and Romalis (2020) also document that China’s accession to the WTO cut US prices
because reductions in China’s tariffs on intermediate inputs lowered the production costs of Chinese exporters. Our
empirical strategy does not exploit this source of variation in import competition because, like other concurrent
Chinese policy reforms, it affected China’s exports to all countries and was not a bilateral shock specific to the
United States.
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environment with sunk investments. Instead, we model PNTR as a reduction in
effective US import costs from China that increased bilateral openness ¢ .

The NTR gap is plausibly exogenous to US export growth following PNTR.
Variation in the NTR gap arises mostly from differences in non-NTR tariffs set by
the Smoot-Hawley Tariff Act of 1930, differences that are unlikely to be related
to economic conditions 70 years later. This reduces the possibility of endogene-
ity bias that could arise if, for example, NTR tariffs are higher in industries with
lower expected future export growth. Moreover, note that if NTR tariffs are higher
in industries with weaker expected export growth, then these industries would have
smaller NTR gaps, biasing our results away from finding a negative effect of the
NTR gap on export growth.

B. Data

The baseline analysis uses data for NAICS goods industries at the six-digit level.
We define the NTR gap in industry s as the log difference between the non-NTR
tariff and the NTR tariff on US imports:

(6) NTRGap, = log(1 + Non-NTR tariff;) — log(1 + NTR tariff;).

Tariff data from Feenstra, Romalis, and Schott (2002) is used to compute the NTR
gap in 1999 for eight-digit Harmonized Tariff System import codes. We then cal-
culate NTRGap, as the average NTR gap across eight-digit products that map to
industry s, where the mapping uses a concordance from Pierce and Schott (2012). A
full description of the aggregation procedure and the estimation dataset can be found
in Supplemental Appendix B.

We also construct a variable to capture the effect of PNTR on input costs. Input
cost growth is a weighted average of wage growth and changes in sectoral price
indices, where the weights depend upon input-output linkages between sectors as
shown in equation (1). Consequently, the fall in prices caused by PNTR reduces
input costs, and the strength of this effect varies across sectors depending upon the
input-output network. Let I';; be the matrix of input-output coefficients in the United
States that has elements vy, ;,. We control for the effect of PN'TR on input costs using
an input-output weighted sum of upstream NTR gaps CostShock given by

(7) CostShock = — (I — FU)_IFUNTRGap,

where [ is the identity matrix and NTRGap is the vector of industry-level NTR gaps
defined in equation (6). As the right-hand side of equation (7) includes the Leontief
inverse (1 —Ty) ~1of I'y, the CostShock variable captures both first-order and
higher-order input-output linkages between sectors. And because we multiply the
right-hand side of equation (7) by —1, CostShock is more negative for industries that
purchase relatively more inputs from industries that are more exposed to PNTR. To
construct CostShock, we measure 7y, as expenditure by industry s on inputs from
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TABLE 1—INDUSTRY-LEVEL DESCRIPTIVE STATISTICS

Mean Median Std. dev. Min. Max. Observations

Panel A. Summary statistics

NTRGap 0.23 0.26 0.13 0 0.59 444
CostShock —0.14 —0.14 0.06 —-0.29 —0.03 444
IOExposure 1.19 0.37 2.07 0.00 15.13 444
Input intensity 0.50 0.49 0.12 0.19 0.85 384
Skill intensity 0.28 0.26 0.11 0.05 0.69 384
Capital intensity 431 4.25 0.87 2.31 7.27 384

NTRGap CostShock IOExposure Input intensity Skill intensity

Panel B. Correlations

NTRGap

CostShock —0.43

IOExposure —0.17 0.08

Input intensity —0.30 —0.33 0.13

Skill intensity —0.06 0.13 —0.02 —0.21

Capital intensity —0.47 0.35 0.36 0.18 0.21

Note: NAICS goods industries.

industry v relative to the value of industry s output. The input-output coefficients are
calculated from the Bureau of Economic Analysis Use Table for 1997.

In addition to the cost shock variable, we compute each industry’s exposure to the
input-output network IOExposure as

10Exposure = (I — FU)_IFUf,

where I is a vector of ones. We include /OExposure in all specifications that use
the CostShock variable to control for differences in the expected cost shock that
stem purely from cross-industry variation in the strength of input-output linkages.
Borusyak and Hull (2023) show that not controlling for this expected shock can lead
to omitted variable bias.

Bilateral trade data from 1995 onward at the six-digit level of the Harmonized
System classification is taken from the CEPII BACI database and aggregated to
NAICS industries. We also obtain population by country from CEPII and use the
National Bureau of Economic Research manufacturing database to measure output
levels, input intensity, skill intensity, and capital intensity for manufacturing indus-
tries (see Supplemental Appendix B for details).

Table 1 shows descriptive statistics for the industry-level variables. The NTR gap
ranges between 0 and 0.59 with an average of 0.23 and a standard deviation of 0.13.
The average input cost shock is —0.14 with a standard deviation of 0.06. The NTR
gap and input cost shock are negatively correlated because industries disproportion-
ately use their own output as intermediate inputs—i.e., the input-output matrix has
a lot of weight on the diagonal elements 7y, . The correlation is —0.43 across all
sample industries and —0.27 within manufacturing. Input-output exposure is neg-
atively correlated with the NTR gap and positively correlated with the input cost
shock, though both correlations are small. For manufacturing industries, the NTR
gap is also negatively correlated with input and capital intensity, but approximately
uncorrelated with skill intensity.
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C. Estimation Specification

Our estimation specification is derived from the bilateral trade equation (2).
Taking log differences of equation (2) yields

ole —1 __1
(8) Along’,s = c—1 AlogYi,s - uAIOgci,S =+ (6 - 1)A10g<Ti,Sfi :71)

o—1 o—1

+Alog (XMP;;I) + Alogy,;-

Thus, bilateral export growth AlogX,,; ; in country i depends upon changes in bilat-
eral openness ¢,;, import demand in the destination country X,”P,i;l, and the
exporter’s supply capacity S; ;, which itself depends upon output Y; , input costs c; ,
the technology level T;, and entry costs f; ;.'*

We estimate a reduced-form version of equation (8) treating PNTR as an
industry-level shock to output. We also control for changes in input costs due to
PNTR using the cost shock variable and include fixed effects to absorb changes in
import demand, bilateral openness, and technology levels. The estimating equation
is

(9) AIOgX,t,”"S = 5m',s + (55,” + 5;,S + O[1POStt X US, X NTRGClpv
+ay Post’ x US; x CostShock, + BPost’ x US; X Zs + €h; s,

where ¢ denotes the period, Post' is a dummy for the post-PNTR period, US; is a
dummy for the exporter i being the United States, Z is a vector of industry charac-
teristics, and we include importer-exporter-industry, importer-exporter-period, and
importer-industry-period fixed effects. We perform the estimation in long differences
using two periods: a pre-PNTR period from 1995 to 2000 and a post-PNTR period
from 2000 to 2007. The dependent variable AlogXj,  is the annualized change in
log exports during period .

The main coefficient of interest is «;, which gives the effect of PNTR on US
exports conditional on the fixed effects, input cost shock, and industry characteris-
tic controls. It is a triple-differences estimate that is identified from changes in US
bilateral export growth by sector following PNTR relative to changes in the export
growth of other sample countries. The identifying assumption is that the NTR gap
is uncorrelated with unobserved shocks to relative US export growth during the
post-PNTR period.

In the absence of scale economies, import liberalization does not affect exports
conditional on foreign demand and domestic input costs. Equation (9) controls for
foreign demand using importer-industry-period fixed effects and, for the effect of
PNTR on input costs, using the cost shock variable. Therefore, under a null hypoth-
esis of constant returns to scale, oy = 0.

e—1
Y: =1
14Recall that the supply capacity S, ;s of exporter i is given by S;; = I'y T,‘-;' <c0'; ) 1.
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By contrast, when there are increasing returns to scale, equation (8) implies that
lower output reduces exports since the output elasticity ;;_11 > 0. Consequently,
whenever output growth is lower in industries with a higher NTR gap,'> US export
growth is declining in the NTR gap, meaning o; < 0. It follows that estimating o
allows us to distinguish between constant and increasing returns to scale models.

We estimate the effect of PNTR on US exports via the input cost channel by
interacting CostShock, with the Post' and US; dummy variables. When using this
interaction, we also include input-output exposure /OExposure; in the vector of
industry characteristics Z,. Assuming that the direct negative effect of PNTR on
US sectoral price indices dominates any offsetting general equilibrium effects, we
expect a, < 0 since lower input costs are export promoting. This prediction holds
regardless of whether there are scale economies in US production.

The remaining controls and fixed effects in equation (9) are included to capture
other shocks to US export growth that may be correlated with the NTR gap. The
fixed effects absorb all three-dimensional sources of bilateral trade growth, except
for variation at the exporter-industry-period level. Considering equation (8) makes
explicit which sources of export growth are absorbed by the fixed effects.

Changes in import demand X,,’SP,“,’_S1 by period and changes in supply capacity that
do not vary by exporter, such as technology shocks that vary across industries but
not countries, are captured by 0}, . Industry-level trends in bilateral openness ¢,
and exporter supply capacity S that do not vary before and after PNTR are cap-
tured by 9, ;. Therefore, the inclusion of ¢, ; allows for productivity growth trends at
the industry level to differ across countries. Finally, 4}, controls for period-specific
changes in bilateral trade costs and supply capacity that do not vary by industry.

Because the predicted effect of PNTR on US exports is not importer specific,
the estimation equation does not include an exporter-industry-period fixed effect.
Consequently, a threat to identification is the possibility that the NTR gap is cor-
related with unobserved shocks to US export supply capacity, such as industry-level
shocks that affect technology levels T ; or entry costs f;; ;. Since technology shocks
are more likely to be correlated within the OECD and 4}, controls for common
technology shocks across exporters, our baseline sample restricts exporters to coun-
tries that were OECD members at the start of 1995. We also control for export sup-
ply shocks that are correlated with observable industry characteristics by including
measures of input, skill, and capital intensity by industry in 1995 in the vector of
controls Z,. Interacting Z, with Post’ x US; captures changes in US export growth
that are systematically related to these industry characteristics.

D. Estimation Results

Before analyzing bilateral exports, we consider the effect of PNTR on total exports
to all destinations. Figure 1 in the introduction plots US export growth from 2000
to 2007 relative to 1995-2000 against the NTR gap by industry. The figure shows
that export growth declined following PNTR in industries with higher NTR gaps.

IS Proposition 1 shows that the direct effect of PNTR on output is negative. Empirically, we find in Section ITE
that PNTR led to lower US output growth in industries with higher NTR gaps (see the first-stage results in Table 5).
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FIGURE 2. NTR GAP AND US ExPORT GROWTH: EVENT-STUDY ESTIMATES

Notes: Event-study coefficients ¢; and 95 percent confidence intervals from estimating equation (10). Exporters
restricted to OECD members at start of 1995 with population above one million in 1995. NAICS goods industries.

The relationship is statistically significant and implies that a 10-log-point increase
in the NTR gap is associated with 5.0-log-points-lower annual export growth after
2000. Moreover, the NTR gap explains 18 percent of the variation in the change in
US export growth after PNTR.

To investigate the timing of this effect, we use an event-study specification:

(10)  logX!, — logX’,' = 6+ &'+ &5+ ¢ x US; x NTRGap, + €.,
t

where ¢ denotes the year, X} is the total exports of country / in industry s and year
t to all destinations other than the United States, and we include exporter-industry,
exporter-year, and industry-year fixed effects. The event-study coefficients (, give
the relationship between the NTR gap and export growth in the United States rela-
tive to other countries. Equation (10) is estimated using annual data from 1995 to
2010 for OECD exporters and clustering standard errors by exporter-industry.
Figure 2 plots the estimated effect of the NTR gap on US export growth in each
year together with 95 percent confidence intervals for the estimated coefficients.
There is no sign of a relationship between the NTR gap and US export growth before
2000. But from 2001 until the global financial crisis hits in 2007-2008, exports
grow more slowly in higher-NTR-gap sectors. These estimates imply that the nega-
tive NTR gap effect cannot be explained by pre-PNTR trends in US export growth.
Specifically, if US industries with higher NTR gaps had been experiencing declin-
ing export growth over time, our estimates could mistakenly attribute this trend to
PNTR. However, Figure 2 shows no evidence of any such trend before 2000.
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TABLE 2—PNTR AND US ExPORT GROWTH, REDUCED-FORM ESTIMATES

Dependent variable A log exports
(M 2 3) (4) ©) (6) (™) (8) 9)
Post x US x NTRGap —-0.094 023 —0.30 —0.29 —0.25 —0.14 —0.24 —0.19 —0.10
(0.020)  (0.040)  (0.042)  (0.043) (0.046) (0.044) (0.044) (0.051) (0.044)
Post x US x CostShock —0.39 —0.39 —0.47 —0.21 —0.37 —0.56 —0.31
(0.082)  (0.083) (0.087) (0.093) (0.085) (0.090) (0.092)
Post x US x IOExposure 0.0031  0.0018 0.00018 0.0013 —0.00098 —0.0029
(0.0021)  (0.0023) (0.0020) (0.0023) (0.0024) (0.0021)
Post x US x Input intensity 0.24 0.16
(0.039) (0.038)
Post x US x Skill intensity —-0.22 —0.22
(0.039) (0.036)
Post x US x Capital intensity 0.021 0.024
(0.0065) (0.0063)
Fixed effects
Importer-exporter-industry No Yes Yes Yes Yes Yes Yes Yes Yes
Importer-exporter-period Yes Yes Yes Yes Yes Yes Yes Yes Yes
Importer-industry-period Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry sample Goods Goods Goods Goods ~ Manuf.  Manuf. Manuf. Manuf. Manuf.
Observations 1,069,951 1,069,951 1,069,951 1,069,951 1,010,551 1,010,551 1,010,551 1,010,551 1,010,551
R? 0.25 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Notes: OLS estimates. Standard errors clustered by exporter-industry in parentheses. Estimated in long differences
using 1995-2000 as pre-PNTR period and 2000-2007 as post-PNTR period. Industry sample covers 444 NAICS
goods industries in columns 1-4 and 384 NAICS manufacturing industries in columns 5-9. Country sample includes
countries with population above one million in 1995 and requires exporters to be OECD members at start of 1995.

We now turn to estimating the effect of PNTR on bilateral US exports using the
specification in equation (9). The estimation sample covers exports from 23 OECD
countries including the United States to 141 importers for 444 NAICS goods indus-
tries. We omit the United States, China, Hong Kong, and Macao from the sample of
importers, as these countries are directly affected by PNTR. We also drop all small
countries that have a population below one million in 1995.

The estimation results are shown in Table 2 with standard errors clustered by
exporter-industry pairs. We start in column 1 by estimating equation (9), omitting
the input cost shock, industry characteristics, and the importer-exporter-industry
fixed effect. The estimate of «; is negative and statistically significant, implying
that PNTR led to lower export growth in industries with higher NTR gaps. Column
2 introduces the importer-exporter-industry fixed effect, causing the magnitude of
the estimated NTR gap effect to more than double. The estimates in columns 1 and
2 differ because the NTR gap is positively correlated with US export growth in
the pre-PNTR period. Failing to control for this correlation biases estimates of the
impact of PNTR on US exports toward zero.

In column 3 we add the input cost shock variable. We estimate that o, < 0and is
statistically significant, meaning that industries that experienced larger falls in input
costs because of PNTR had higher export growth. The estimate of «; also increases
in magnitude, illustrating that omitting the cost shock effect biases «; toward zero
due to the negative correlation between NTRGap, and CostShock,. Column 4 adds
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the input-output exposure control, which is insignificant and makes a negligible dif-
ference to our estimates of «; and . And column 5 restricts the sample to the 384
manufacturing industries in our dataset, which also yields similar results.

In columns 6-9, we include the input, skill and capital intensity controls. The
estimates imply that export growth in the United States relative to other OECD
countries increased in the post-period in more input and capital intensive industries
and declined in more skill-intensive industries. The inclusion of the input and cap-
ital intensity controls also reduces the size of the estimated NTR gap effect. But
we continue to find that industries with greater NTR gaps had lower export growth
following PNTR and that industries with larger input cost reductions experienced
higher export growth.

The results in Table 2 show that increased import competition after PNTR led
to export destruction within industries. This finding is inconsistent with the con-
stant returns to scale hypothesis and implies that there are increasing industry-level
returns to scale in US goods production.

Table 2 also shows that PNTR boosted US exports by reducing intermediate input
costs. Both the import competition and input cost channels are quantitatively import-
ant. The estimates in column 9 imply that, conditional on input cost changes, PNTR
reduced exports by 13 percent more by the end of the post-period for an industry
at the seventy-fifth percentile of the NTR gap distribution than for an industry at
the twenty-fifth percentile. At the same time, conditional on the NTR gap, PNTR
increased exports by 20 percent more for an industry at the seventy-fifth percentile
of the input cost shock distribution than for an industry at the twenty-fifth percen-
tile. The net effect of these two forces varies substantially across industries and
ranges from —18 percent (cigarette manufacturing) to 456 percent (automobile
manufacturing). However, these numbers do not capture the full impact of PNTR
on US exports, since they do not account for general equilibrium adjustments that
are absorbed by the fixed effects in the regression model. We quantify the general
equilibrium effects of PNTR in Section III.

Threats to Identification.—The negative NTR gap effect estimated in Table 2 pro-
vides evidence of scale economies in US production. Next, we consider whether the
results could arise from two alternative mechanisms that do not require increasing
returns to scale. First, unobserved, US-specific technology shocks in the post-PNTR
period that are negatively correlated with the NTR gap and are not captured by the
input, skill, and capital intensity controls could generate a negative NTR gap effect.
To examine this possibility, we estimate the impact of PNTR at a more disaggre-
gated level while controlling for technology shocks to the NAICS industries used
in the baseline specification. In particular, we estimate equation (9) with sectors s
defined by HS six-digit products. At this level of aggregation, we do not observe
the input cost shock or industry characteristic variables. But we can include NAICS
industry-exporter-period fixed effects. These fixed effects absorb all of the variation
used in Table 2, including any unobserved exporter-period technology shocks at the
NAICS industry level.

The results are shown in Table 3. In column 1 we only include US exports.
Column 2 uses the baseline sample of OECD exporters from Table 2. Column 3



VOL. 18 NO. 3 BREINLICH ET AL.: IMPORT LIBERALIZATION AS EXPORT DESTRUCTION? 95

TABLE 3—PNTR AND US ExPorT GROWTH, HS S1X-DIGIT SECTORS

Dependent variable A log exports

OECD exporters,
OECD exporters, within NAICS

US exports OECD within NAICS manufacturing
only exporters industries industries
(1) 2 3) (4)
Post x US x NTRGap —0.082 —0.054 —0.045 —0.051
(0.013) (0.014) (0.020) (0.020)

Fixed effects
Importer-exporter-sector Yes Yes Yes Yes
Importer-exporter-period Yes Yes Yes Yes
Importer-sector-period No Yes Yes Yes
NAICS industry-exporter-period No No Yes Yes
Observations 363,775 3,658,798 3,172,658 3,031,300
R? 0.36 0.52 0.53 0.53

Notes: OLS estimates. Standard errors clustered by exporter-sector in parentheses. Estimated in long differences
using 1995-2000 as pre-PNTR period and 2000-2007 as post-PNTR period. Sectors defined by HS six-digit prod-
ucts. Country sample includes countries with population above one million in 1995 and requires exporters to be
OECD members at start of 1995, except column 1 includes only US exports. Columns 3 and 4 include NAICS
industry-exporter-period fixed effects for the NAICS industries that contain each HS six-digit sector. Column 4
restricts the sample to sectors belonging to NAICS manufacturing industries.

adds NAICS industry-exporter-period fixed effects, and column 4 restricts the sam-
ple to products that belong to NAICS manufacturing industries.'9 In all cases, we
estimate that products with higher NTR gaps experienced lower export growth in
the post-PNTR period. This finding, which exploits different variation to the base-
line estimates, reduces the likelihood that the negative NTR gap effect is driven by
unobserved technology shocks to NAICS industries.

The second potential threat to our identification strategy comes from competition
between US and Chinese exports in third markets. Suppose that PNTR (or other
shocks to the Chinese economy) affected China’s exports to countries outside the
United States through changes in China’s export supply capacity S ;. Our baseline
specification controls for the impact of S¢; on non-Chinese exports to country n
using importer-industry-period fixed effects ¢}, ;. To see this, note that higher S¢
reduces import demand growth in country n because of greater Chinese competition.
But this change in import demand is common across all exporters selling to country
n. Therefore, it is captured by ¢/, ;.

This approach is valid provided that the within-industry substitutability between
Chinese and US exports, relative to the substitutability between Chinese and non-US
OECD exports, is uncorrelated with the NTR gap. In the model in Section IA, this
condition is satisfied because the trade elasticity € is symmetric across country pairs.
However, suppose that PNTR led China to specialize within industries in products
previously exported by the United States. This change in the composition of China’s
export basket might increase the substitutability between Chinese and US exports

16 The dataset includes 4,698 HS six-digit products. In columns 3 and 4, we drop products that do not map to a
unique NAICS industry, which reduces the number of products by 6 percent.
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TABLE 4—PNTR AND US EXPORT GROWTH, THIRD MARKET COMPETITION

Dependent variable A log exports
Sample NAICS industries HS six-digit products
Initial China A China Initial China A China
import share import share import share import share
in destination in destination in destination in destination
(1) 2) 3) 4
Post x US x NTRGap —0.12 —0.11 —0.050 —0.051
(0.049) (0.049) (0.022) (0.021)
Post x US x China market share 0.0032 —0.31 0.032 0.0094
(0.077) (0.60) (0.033) (0.20)
Post x US x NTRGap x China market share 0.33 0.72 —0.028 —0.014
(0.25) (1.91) (0.094) (0.57)
Fixed effects Yes Yes Yes Yes
Industry controls Yes Yes No No
Observations 1,010,551 1,010,551 3,031,300 3,031,300
R? 0.50 0.50 0.53 0.53

Notes: OLS estimates. Standard errors clustered by exporter-sector in parentheses. Estimated in long differences
using 1995-2000 as pre-PNTR period and 20002007 as post-PNTR period. Sectors defined by NAICS manufac-
turing industries in columns 1 and 2 and by HS six-digit products in columns 3 and 4. Sample restricted to manufac-
turing sectors. Country sample includes countries with population above one million in 1995 and requires exporters
to be OECD members at start of 1995. In columns 1 and 3, “China market share” is China’s share of total imports
by destination-industry in 2000. In columns 2 and 4, China Market Share is the change in China’s share of total
imports by destination-industry between 2000 and 2007. Columns 1 and 2 include triple interactions of a post-pe-
riod dummy, a US exporter dummy, and the cost shock, input-output exposure, and input, skill and capital intensity
variables. All columns include importer-exporter-sector, importer-exporter-period, and importer-sector-period fixed
effects. Columns 3 and 4 include NAICS industry-exporter-period fixed effects.

in higher-NTR-gap industries, leading to lower US exports. Any such effect would
be stronger in markets where China is a more important competitor. Consequently,
to look for evidence of a third market competition effect, we test whether the effect
of PNTR on US exports is more negative in destinations where China has a higher
market share.

To implement this test, we add the interactions of Post’ x US; and Post' x U
S; X NTRGap, with China’s market share to our baseline specification in column 9
of Table 2. Column 1 of Table 4 reports results when China’s market share is mea-
sured by China’s share of total imports in country n and industry s in 2000, while
column 2 uses the change in China’s import share between 2000 and 2007. The qua-
druple interaction effect is positive and insignificant, implying that the effect of the
NTR gap on US exports does not depend upon the strength of Chinese competition.
In addition, the baseline NTR gap and input cost shock estimates are unaffected.
Columns 3 and 4 include the Chinese market share controls in the HS six-digit
specification used in Table 3. Again, there is no evidence that the NTR gap effect is
more negative in markets with greater Chinese competition. These results are incon-
sistent with the hypothesis that Chinese competition in third markets explains the
post-PNTR decline in US export growth in higher-NTR-gap industries.

Robustness.—Supplemental Appendix C presents additional robustness checks on
the baseline estimates. It shows that our results are robust to starting the post-PNTR
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period in 2001 instead of 2000; using alternative definitions of the NTR gap and the
input cost shock; aggregating exports across destinations; varying the set of export-
ers, importers, and industries in the estimation sample; allowing PNTR to affect
domestic expenditure; and controlling for growth in imports from China caused by
shocks other than PNTR.

E. Structural Estimates

The reduced-form results provide evidence of increasing returns to scale in US
production, implying that the output elasticity ;: 11 is strictly positive. An alterna-
tive approach is to estimate the output elasticity structurally from equation (8) using
the NTR gap as an instrument for US output growth following PNTR. To implement

this strategy, we estimate

(11) AlogXiLi,s = 5m',s + 5511 + 5;,s + ag USl X AlOthU,s
+ay Post’ x US; x CostShock, + [BPost’ x US; X Z; + €b; ,

where US; x AlogYy is instrumented by Post’ x US; x NTRGap,. This equa-
tion differs from the reduced-form specification (9) only through the inclu-
sion of US; x AlogYy;, in place of the NTR gap interaction. The presence of
importer-exporter-industry fixed effects implies that, for the instrument to be rel-
evant, the NTR gap needs to explain changes in US output growth between the
pre-PNTR and post-PNTR periods—i.e., Alog V773" — AlogY7/%. The coefficient of
interest is a3, which gives the output elasticity ;: 11 Under a null hypothesis of
constant returns to scale, ay = 0.

Table 5 presents the results of estimating equation (11) using the sample of man-
ufacturing industries. Column 1 omits all industry controls. Column 2 includes the
input cost shock and input-output exposure variables, and column 3 adds the remain-
ing industry controls. As expected, the first-stage results show that industries with
higher NTR gaps experienced lower output growth following PNTR. This result
validates interpreting the negative NTR gap effect estimated from the reduced-form
specification as evidence of increasing returns to scale (see Section IIC and foot-
note 15). The first stage is closely related to Pierce and Schott’s (2016) finding that
PNTR led to employment declines in industries with higher NTR gaps. However, in
our case, the dependent variable is output rather than employment.

In the second stage, the estimated output elasticity is positive and significantly
different from zero at the 10 percent level in all three columns. For our preferred
specification in column 3, the estimated output elasticity is 0.74. But note that
including the full set of industry controls reduces the power of the instrument and
the first-stage F-statistic in column 3 is below conventional thresholds used to test
for weak instruments. This contributes to an imprecise estimate of the output elas-
ticity with standard error 0.41.

Nevertheless, the results in Table 5 reinforce the reduced-form evidence that US
production exhibits scale economies. In particular, we estimate that the output elas-
ticity is greater than 0. However, based on the structural estimates we cannot reject
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TABLE 5S—INSTRUMENTAL VARIABLE ESTIMATES OF OUTPUT ELASTICITY

Dependent variable A log exports
() 2 ©)
US x A log Output 0.66 0.98 0.74
(0.20) (0.24) (0.41)
Post x US x CostShock —0.81 —0.55
(0.16) (0.20)

First stage

Post x US x NTRGap —0.30 —0.25 —0.14
(0.048) (0.043) (0.051)
Kleibergen-Paap F-statistic 37.6 34.1 7.5
Fixed effects Yes Yes Yes
Industry controls
Input-output exposure No Yes Yes
Input, skill and capital intensity No No Yes
Observations 1,011,530 1,011,530 1,010,551

Notes: Instrumental variable estimates with US x A log Output instrumented by
Post x US x NTR Gap. Standard errors clustered by exporter-industry in parentheses.
Estimated in long differences using 1995-2000 as pre-PNTR period and 2000-2007 as post-
PNTR period. Industry sample covers 384 NAICS manufacturing industries. Country sam-
ple includes countries with population above one million in 1995 and requires exporters to be
OECD members at start of 1995. Industry controls interacted with a post-period dummy and
a US exporter dummy. All columns include importer-exporter-industry, importer-exporter-pe-
riod, and importer-industry-period fixed effects.

either the hypothesis that the output elasticity equals 1 as in Krugman (1980) or
that it falls within the range of values below 1 estimated by Bartelme, Costinet,
Donaldson, and Rodriguez-Clare (2019) and Lashkaripour and Lugovskyy (2023).!

III. Quantitative Analysis

We have shown that PNTR affected US exports both negatively through scale
effects caused by increased competition from Chinese imports and positively due to
input cost reductions. However, the empirical estimates do not account for general
equilibrium effects of PNTR and do not allow us to assess the welfare consequences
of import liberalization.

This section quantifies the impact of PNTR on trade and welfare using the trade
model with scale economies developed in Section I. We use our empirical results to
calibrate the strength of scale economies and then simulate the effects of PNTR in
the calibrated model. The goals of the quantitative analysis are to understand how
the trade and welfare effects of import liberalization are shaped by the existence of

7 Bartelme, Costinot, Donaldson, and Rodriguez-Clare (2019) estimate the scale elasticity for 15 manufac-
turing industries. Multiplying their scale elasticity estimates (table 1, column 2) by the trade elasticities that they
impose yields the implied output elasticity. The estimated output elasticities range from 0.68 for chemicals to
0.96 for wood products with a mean of 0.83. Lashkaripour and Lugovskyy (2023) estimate output elasticities for
14 goods industries (table 3). Their estimates range from 0.36 for transport equipment to 0.94 for “not elsewhere
classified” and recycling, with a mean of 0.79.
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scale economies and input-output linkages, and to evaluate whether PNTR led to
export destruction in general equilibrium.

A. Model Calibration

We solve the model in changes using exact hat algebra. For any variable or param-
eter that takes value z in the initial equilibrium and z’ in the new equilibrium, let Z
= z//zto be the relative change in this variable. Supplemental Appendix D.1 derives
the equilibrium in relative changes and shows that it can be reduced to a system of
equations in output changes f/i,s and price index changes IA’M.

The solution depends upon four sets of parameters and variables: (i) import
shares ), expenditures X, and output levels Y, in the initial equilibrium; (ii)
expenditure shares in final demand (3;; and cost shares of value-added and inter-
mediate inputs in production ~;; and 7;,; (iii) changes in US openness to Chinese
imports due to PNTR @y ; and (iv) the parameters € and o that determine the trade
and output elasticities.

We calibrate the initial values in set (i) and the parameters in set (ii) using the
World Input-Output Tables for 2000 (Timmer et al. 2015). The calibrated economy
has 12 economies, including the United States and China, and 24 sectors, including
15 goods sectors.'®

Openness Shock—PNTR lowered US barriers to Chinese imports by reducing
uncertainty over future tariff levels (Handley and Limao 2017). We do not model
the mapping from tariff uncertainty to trade costs. Instead we calibrate the reduced-
form effect of PNTR on openness @yc ; by estimating the bilateral trade equation (8)
allowing the NTR gap to affect growth in US imports from China. We estimate

(12) AlogXhis = Opis + Opi + Ohs + 01y + asPost’ x US, x China;
X NTRGap + €l s

where US,, is a dummy for the importer n being the United States and Chinag; is a
dummy for the exporter i being China. We estimate this specification in long differ-
ences with 1995-2000 as the pre-PNTR period and 2000-2007 as the post-PNTR
period. Because PNTR is a bilateral shock, we include in equation (12) the complete
set of three-dimensional fixed effects. The fixed effects control for all variation in
trade growth that is not importer-exporter-industry-period specific, including the
indirect effects of PNTR on expenditure, prices and exporter supply capacity.

The coefficient of interest a5 gives the impact of PNTR on US imports from
China due to changes in bilateral openness. Since the estimation strategy uses
cross-industry variation to identify changes in openness, we must also normalize
the level of the PNTR effect. We assume that PNTR did not affect US openness to
imports from China in a hypothetical industry with a zero NTR gap. Therefore, we

18 Supplemental Appendix D.2 details the country and sectoral aggregations used in the calibration.
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TABLE 6—PNTR AND US IMPORTS FROM CHINA

Dependent variable A log trade
() & 3 4 )
Post x US importer x China exporter x NTRGap 0.43 0.41 0.33 0.39 0.54
(0.13) (0.14) (0.14) (0.15) (0.40)
Post xUS importer x China exporter —0.24
x NTRGap squared (0.80)
Fixed effects
Importer-exporter-industry Yes Yes Yes Yes Yes
Importer-exporter-period Yes Yes Yes Yes Yes
Importer-industry-period Yes Yes Yes Yes Yes
Exporter-industry-period Yes Yes Yes Yes Yes
Industry sample Goods Goods Goods Manuf. Goods
Importer sample OECD OECD All OECD OECD
Exporter sample All Non-OECD All All All
Observations 670,445 929,615 1,913,939 616,724 670,445
R? 0.55 0.59 0.53 0.55 0.55

Notes: OLS estimates. Standard errors clustered by importer-industry in parentheses. Estimated in long differences
using 1995-2000 as pre-PNTR period and 2000-2007 as post-PNTR period. Industry sample covers 444 NAICS
goods industries in columns 1-3 and 5 and 385 NAICS manufacturing industries in column 4. Importer and exporter
samples exclude countries with population below one million in 1995. OECD membership status defined at start
of 1995.

set Pycs = exp(7 X as x NTRGapy), where we multiply the estimated effect by
seven because the dependent variable in equation (12) is annualized trade growth.

Table 6 shows the estimation results using our dataset of bilateral trade for NAICS
goods industries. The baseline sample in column 1 restricts the set of importers to be
OECD countries.'” As expected, we estimate that PNTR increased US imports from
China by more in industries where the NTR gap is higher. This finding is robust to
restricting the set of exporters to non-OECD countries (column 2), expanding the
set of importers to include both OECD and non-OECD countries (column 3) and
only using manufacturing industries (column 4). Finally, in column 5 we examine
whether the relationship between the NTR gap and openness is nonlinear by includ-
ing Post' x US, x China; x NTRGap? as an additional regressor. We do not find
evidence of statistically significant nonlinearity in the relationship.

We calibrate PNTR using o5 = 0.43 as estimated in column 1. To obtain @y¢
for the goods sectors used in the calibration, we average the openness shock across
NAICS industries that map to each sector. We also set ¢,;; = 1 unlessn = U and
i = C (i.e., unless the United States is importing from China) and @y, = 1 for
services sectors.

The calibration of @, does not impose any restrictions on the trade elastic-
ity. However, given a value for the trade elasticity, we can assess the magnitude of
the PNTR shock by calculating the ad valorem equivalent effect of PNTR on trade

19 As in Section II, we drop all small countries with a population below one million in 1995 from the sample.
We also omit China from the sample of importers, the United States from the sample of exporters and Hong Kong
and Macao from both samples.
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costs: Tycy = (@UC,S):—_II. Suppose that the trade elasticity equals 5, which is the
value used below to calibrate €. Then our estimates imply that PNTR was equivalent
to a 13 percent reduction in trade costs on US imports from China for the average
NAICS goods industry, with a standard deviation across industries of 6.6 percent.’"

Output and Trade Elasticities.—We set the trade elasticity ¢ — 1 equal to 5, based
on the preferred estimate of Head and Mayer (2014). We also set the output elastic-
ity for services sectors equal to O following Costinot and Rodriguez-Clare (2014);
Bartelme, Costinot, Donaldson, and Rodriguez-Clare (2019); and Kucheryavyy,
Lyn, and Rodriguez-Clare (2023). Allowing for scale economies in goods sectors
but not services implies that shifting production from services to goods can raise
welfare. We examine the robustness of our quantitative results to including scale
economies in services at the end of Section IIIB.

We calibrate the output elasticity for goods sectors by matching the simulated
effect of the NTR gap on US manufacturing exports in the model to the reduced-
form effect identified empirically. Specifically, we target the estimate from column
9 of Table 2 that the conditional elasticity of annual US export growth to the NTR
gap equals —0.10. To compute the simulated NTR gap effect, we estimate a specifi-
cation equivalent to our estimating equation (9), but using simulated data obtained
by solving the calibrated model for a given output elasticity (see Supplemental
Appendix D.3 for details).

Trade models incorporating both scale economies and input-output linkages may
have multiple equilibria (Krugman and Venables 1995). In Krugman and Venables’s
(1995) model, the output elasticity equals 1 and the existence of multiple equilib-
ria depends upon the level of trade costs, the trade elasticity, and the strength of
input-output linkages. Kucheryavyy, Lyn, and Rodriguez-Clare (2023) show that
trade models with scale economies are well behaved for quantitative work when the
output elasticity does not exceed 1, although their framework does not include inter-
mediate inputs. Numerically, we find that our calibrated model has a unique solution
for the impact of PNTR whenever the output elasticity for goods is below 0.95.
However, for output elasticities above 0.95, our solution algorithm is not always
well behaved.

Figure 3 plots the simulated NTR gap effect as a function of the output elasticity.
The simulated effect is decreasing in the output elasticity, which is consistent with
part (ii) of Proposition 1. The magnitude of the simulated effect is small compared
to the estimated effect when the output elasticity is below around 0.6, but increases
rapidly thereafter as the output elasticity approaches 1. To match the estimated NTR
gap effect, we calibrate the output elasticity to 0.821 for goods sectors. Reassuringly,
this value is close to our structural estimate of the output elasticity from Section IIE,
which equals 0.74 in column 3 of Table 5.

29For comparison, Handley and Limdo (2017) estimate, using a structural model of trade and uncertainty,
that PNTR lowered US prices by the equivalent of a 13 percentage point permanent decrease in tariffs on Chinese
imports.
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FIGURE 3. OUTPUT ELASTICITY AND SIMULATED EFFECT OF NTR GAP ON US EXPORTS

Notes: Simulated NTR gap effect in the calibrated model. Output elasticity on horizontal axis is for goods sectors.
For services sectors, output elasticity equals 0. The horizontal dashed line shows the target estimated NTR gap
effect of —0.10 from Table 2, column 9.

B. Quantitative Results

To quantify the effects of PNTR, we shock the calibrated model using the values
of @yc implied by column 1 of Table 6. We start by reporting the impact of PNTR
on US exports and then consider its welfare consequences. In order to assess the
quantitative importance of scale economies, we compare results from the calibrated
model with those obtained from a constant returns economy that is identical to the
calibrated model except that the output elasticity is O in all sectors. The constant
returns model is an Armington economy and is equivalent for quantitative purposes
to the Eaton and Kortum (2002)—style model used by Caliendo and Parro (2015)
to study the North American Free Trade Agreement (NAFTA) and by Dhingra
et al. (2017) to analyze Brexit.

Exports.—We draw two principal conclusions from the quantitative results for
exports. First, PNTR was export promoting for most sectors. Figure 4 plots the per-
cent change in US exports relative to GDP due to PNTR, on aggregate (leftmost bar)
and by goods sector. The sectors are ordered with the NTR gap increasing from left
to right. We find that exports rose following PNTR in 12 out of 15 goods sectors.”"

21 For clarity, the “textiles and leather” sector is not shown in Figure 4 or Figure 5. Exports relative to GDP
declined by 22 percent in this sector, which can be decomposed into a —32 percent real market potential effect, a
+8.5 percent input cost effect, and a +4.6 percent foreign demand effect. The large fall results from “textiles and
leather” having both the highest NTR gap of all sectors and a relatively low share of value added in output.
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FIGURE 4. IMpACT OF PNTR oN US ExporTs RELATIVE TO GDP

Notes: Simulated percent changes in model with output elasticity of 0.821 for goods sectors and O for services sec-
tors. Sectors ordered with NTR gap increasing from left to right. Goods sectors only. “Textiles and leather” not
shown.

To understand the mechanisms behind these findings, we can decompose US
export growth into the change in supply capacity—which in turn depends upon
a real market potential effect and an input cost effect—and the change in foreign
demand:

Ae—1

(13) ﬁ(U,s = SU,s X ; XnU,s)A(n,sPn,s
n#U

e—1

—— o= Gl N
= (RMPU,S) X (CU,S) e X ;}XHU,SXVZ,SP;,Y
n

Real market potential Input cost Foreign demand

In this express1on the change in real market potential is defined by RMPUA
=), unUan SP,” , and X,us = X,us/EXy, denotes the initial share of country
n in US exports. Note that the real market potential effect operates only if there are
scale economies in sector s and, with US GDP as the numeraire, the input cost effect
operates only if there are input-output linkages between sectors.

The estimation results in Section II establish that PNTR reduced exports by
shrinking real market potential and boosted exports by cutting input costs. The
decomposition in equation (13) allows us to quantify the magnitude of these chan-
nels when incorporating both the direct effects identified empirically and indirect
general equilibrium effects due to changes in expenditure and prices. It also allows
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FIGURE 5. DECOMPOSITION OF CHANGE IN US ExPorTs DUE TO PNTR

Notes: Simulated percent changes in model with output elasticity of 0.821 for goods sectors and 0 for services sec-
tors. Decomposition of change in exports into real market potential effect, input cost effect, and foreign demand
effect defined in equation (13). Total exports decomposition averaged across sectors using pre-PNTR US export
shares as weights. Sectors ordered with NTR gap increasing from left to right. US GDP is the numeraire. Goods
sectors only. “Textiles and leather” not shown.

us to quantify changes in foreign demand due to PNTR, which are absorbed by
importer-industry-period fixed effects in the empirical specification. The foreign
demand effect captures, among other general equilibrium adjustments, the aggre-
gate link between imports and exports through the trade balance.*”

Figure 5 shows the export decomposition in equation (13) on aggregate and by
goods sector. The real market potential effect is negative in all goods sectors and stron-
ger in sectors with higher NTR gaps. However, export destruction caused by this chan-
nel is offset by export growth due to reduced input costs and higher foreign demand.
The input cost effect is positively correlated with the NTR gap due to the dispropor-
tionate weight on the diagonal of the input-output table. The foreign demand effect is
positive for all sectors due to the expansion of the global economy, but uncorrelated
with the NTR gap. Demand growth is particularly high in China, which is the main
beneficiary of PNTR. Together, the input cost and foreign demand effects outweigh
the real market potential effect for most sectors. It follows that although import liber-
alization causes within-sector export destruction when there are increasing returns to
scale, this channel is dominated by the export-promoting effects of PNTR.

22When solving the model, we hold constant each country’s trade deficit as a share of global value added, as dis-
cussed in Supplemental Appendix D.1. This trade deficit constraint induces a positive relationship between import
growth and export growth at the aggregate level.
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FIGURE 6. US EXPORT GROWTH BY SECTOR DUE TO PNTR

Notes: Simulated percent changes in exports. Calibrated model has output elasticity of 0.821 for goods sectors and
0 for services sectors. Constant returns model has output elasticity of 0 in all sectors. US GDP is the numeraire.
Goods sectors only. “Textiles and leather” not shown.

We also find that in spite of the negative real market potential effect, total US
export growth is 0.7 percentage points greater in the calibrated model than under
constant returns. This surprising result arises primarily because scale economies
strengthen the input cost effect, as sectoral expansion due to lower input costs
boosts productivity through increased scale. The input cost effect is 2.4 percent in
the calibrated model compared to 0.5 percent with constant returns. This difference
highlights that the interaction between scale economies and input-output linkages is
quantitatively important, which is an important implication of our analysis.

Our second principal conclusion is that the pattern of sector-level export growth
resulting from PNTR is qualitatively different due to the existence of scale econ-
omies. Figure 6 plots export growth by sector against the NTR gap in the cali-
brated model (blue circles) and under constant returns (red squares). Without scale
economies, export growth is positive in all sectors and weakly positively correlated
with the NTR gap because higher-NTR-gap sectors benefit more from the input cost
effect. By contrast, with scale economies, there is greater heterogeneity in export
growth across sectors, growth is weakly negatively correlated with the NTR gap
because of the real market potential effect, and export growth is negative in three of
the four sectors with the highest NTR gaps.*

23For clarity, the “textiles and leather” sector is not shown in Figure 6. Under constant returns, exports relative
to GDP increase by 5.0 percent in this sector, meaning that it has the highest export growth under constant returns
compared to the lowest export growth in the calibrated model.
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TaBLE 7—WELFARE EFFECTS OF PNTR (PERCENT CHANGES)

Real income

Real ACR Specialization Nominal wage
expenditure Total effect effect relative to United States

Panel A. Calibrated model

United States 0.087 0.068 0.22 —0.15 n/a

China 1.1 0.87 1.90 -1.0 6.0

Rest of world 0.014 0.013 0.017 —0.0036 0.52

Panel B. No scale economies

United States 0.11 0.10 0.10 n/a n/a

China 0.72 0.59 0.59 n/a 39

Rest of world —0.0094 —0.0094 —0.0094 n/a 0.35

Notes: Simulated percent changes. Panel A: output elasticity of 0.821 for goods sectors and O for services sectors.
Panel B: output elasticity O in all sectors. Rest of world results averaged across countries using pre-PNTR GDP
shares as weights.

Perhaps most importantly, the correlation between sector-level export growth with
and without scale economies is insignificant when excluding the “textiles and leather”
sector (and significantly negative if it is included). It follows that misspecifying the
strength of returns to scale in quantitative trade models can lead to qualitatively mis-
leading conclusions about cross-sector variation in trade growth. Our results imply
that PNTR shifted US exports away from sectors that experienced the largest import
liberalizations. This shift would not have occurred under constant returns to scale.

Welfare—Next, we consider the effect of PNTR on welfare. Kucheryavyy, Lyn,
and Rodriguez-Clare (2023) show that scale economies may boost the gains from
trade liberalization by allowing for greater specialization according to compara-
tive advantage. However, as proved originally by Venables (1987) and generalized
by Kucheryavyy, Lyn, and Rodriguez-Clare (2023), import liberalization can also
be welfare reducing if it reallocates resources to sectors with weaker scale econ-
omies. We find that goods output declined by 0.55 percent, while services output
rose 0.11 percent, implying that PNTR shifted production and employment toward
services sectors without scale economies. >

Welfare results are reported in Table 7. Overall, we find that the United States
gains from PNTR as shown in panel A. We estimate PNTR increased US real
expenditure by 0.087 percent and real income by 0.068 percent.”® For com-
parison, Caliendo and Parro (2015) find that NAFTA increased US welfare by

24 Supplemental Appendix D.4 further analyzes how returns to scale affect sector-level export growth. It shows
that the within-sector effect of import liberalization reduces exports with increasing returns but increases exports
under constant returns. This difference illustrates why sector-level export growth patterns are sensitive to the
strength of scale economies.

23See Supplemental Appendix Table A4. Note that for our choice of numeraire, sector-level employment
growth equals sector-level output growth in the United States.

25Income and expenditure differ because trade is not balanced, as explained in footnote 22. As is standard
in quantitative trade policy analysis, our model features constant markups and full employment. Consequently,
the welfare estimates do not incorporate any procompetitive effects of PNTR (Jaravel and Sager 2020; Amiti,
Dai, Feenstra, and Romalis 2020) or any impact of import competition on employment levels (Autor, Dorn, and
Hanson 2013).
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0.08 percent, while Fajgelbaum, Goldberg, Kennedy, and Khandelwal (2020) esti-
mate that the US-China trade war initiated by President Trump reduced US real
income by 0.04 percent.

US gains from PNTR are around 30 percent smaller in the calibrated model than
if there are no scale economies (see Table 7, panel B). To understand why, we fol-
low Costinot and Rodriguez-Clare (2014) and decompose gains in real income M;
into the ACR effect resulting from changes in the share of expenditure on domestic
goods (Arkolakis, Costinot, and Rodriguez-Clare 2012) and a specialization effect
due to scale economies:

Bish BisVisv

Mi = H(S\m)ij H(ti,v)ﬁ >

ERY S,V

ACR Specialization

where 7, ;,, denotes the elements of (I — A) ~!'with I the S x S identity matrix and A
an adjusted input-output matrix with typical element % Visve

The ACR term in this decomposition takes the same form as in economies without
scale effects, although \; ; will in general differ across models. The specialization

term only exists because of scale effects and captures the welfare effect of changes
in industry productivity due to reallocation of employment across sectors. The spe-
cialization effect is positive when employment growth is concentrated in sectors
with strong scale effects or with large forward linkages to the rest of the economy as
captured by high values of the adjusted Leontief inverse coefficients 7, .

Table 7 shows that the ACR effect raises US real income by 0.22 percent with
scale economies but only by 0.10 percent without, implying that scale economies
magnify the impact of PNTR on trade openness. However, the additional gains from
this channel are more than offset by a —0.15 percent specialization effect caused
by the reallocation of employment across sectors. Consequently, allowing for scale
economies reduces total US gains from PNTR.

The specialization effect is negative because PNTR shifted resources both toward
sectors with weaker scale economies (i.e., from goods to services) and toward sec-
tors with weaker forward input-output linkages. Supplemental Appendix D.5 shows
that the latter effect drives our results, while cross-sectoral heterogeneity in scale
economies makes a quantitatively negligible contribution to the negative special-
ization effect. Setting the output elasticity in services sectors equal to the calibrated
value for goods yields a specialization effect of —0.14 percent (see Supplemental
Appendix Table A4). This result again illustrates the quantitative importance of the
interaction between scale economies and input-output linkages.

We find that Chinese gains from PNTR are more than ten times greater than US
gains (see Table 7, panel A). This difference reflects the fact that the US economy
was much larger than the Chinese economy in 2000, meaning that PNTR was a
bigger shock to China than the United States. In addition, China’s nominal wage
relative to the United States rose by 6.0 percent, implying that PNTR made a nota-
ble contribution to international factor price convergence. The rest of the world also
benefits from increased trade, although the impact is smaller than it is for the United
States or China.
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Alternative Calibrations.—Supplemental Appendix D.5 provides further insight
into the properties of the calibrated economy by analyzing how the simulated impact
of PNTR changes under alternative calibrations. A few findings stand out.

First, using a model without input-output linkages weakens the real market poten-
tial effect and reduces cross-sectoral heterogeneity in export growth. Consequently,
the simulated NTR gap effect is smaller, and there is less reallocation of production
from goods to services. However, total export growth is essentially unchanged because
shutting down the input cost effect offsets the weaker real market potential effect.
Second, allowing for scale economies in services sectors increases US gains from
PNTR because it raises the ACR effect and slightly shrinks the specialization effect.

Third, the baseline results are robust to combining the “textiles and leather” sec-
tor with “other manufacturing.” This reaggregation shows that the results are not
solely driven by the sharp contraction in the “textiles and leather” sector in the
baseline simulation. Finally, the impact of PNTR on US exports is similar to the
baseline when we calibrate the model using trade and output elasticities that vary
across sectors from Bartelme, Costinot, Donaldson, and Rodriguez-Clare (2019).
An increase in the average trade elasticity reduces US gains from PNTR, but we
still find that PNTR induces a negative specialization effect that partially offsets the
positive ACR effect.

IV. Concluding Comments

Scale economies lie at the heart of many macroeconomic policy debates. In this
paper, we develop a methodology that exploits changes in trade policy to estimate
the strength of scale economies by analyzing the effect of import liberalization on
exports. We then use our estimation results to discipline the returns to scale in a
quantitative trade model and investigate the quantitative importance of scale econo-
mies for trade policy analysis.

To implement our approach, we study US export growth after PNTR. Our empir-
ical analysis provides evidence of lower export growth in industries more exposed
to increased import competition from China. This finding establishes the existence
of a channel connecting import protection to export performance as hypothesized by
Krugman (1984), and implies that there are increasing returns to scale at the sector
level in US goods production. We also show that PNTR boosted exports by reducing
imported input costs and that export growth from this channel is comparable in mag-
nitude to the export destruction caused by greater import competition.

Calibrating a quantitative trade model to match our estimates, we find that for a
given trade elasticity, scale economies are slightly weaker than in Krugman (1980)
or in Melitz-Pareto models. Nevertheless, quantifying the effects of PNTR shows
that scale economies have important effects on trade and welfare in the calibrated
model. Three effects are particularly noteworthy. First, within-sector export destruc-
tion due to lower real market potential reduces export growth in those sectors most
exposed to import liberalization. Consequently, variation in export growth across
sectors is negatively correlated with changes under constant returns to scale. A
corollary of this finding is that targeted import protection can be used to promote
sector-level exports in our calibrated model, but not with constant returns.
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Second, the interaction between scale economies and input-output linkages is
quantitatively important. It acts to magnify cross-sector reallocation and changes in
trade flows. We even find that total export growth is greater in the calibrated model
than under constant returns to scale because stronger input cost and foreign demand
effects more than offset the negative real market potential effect that occurs with
scale economies. Third, the welfare effects of changes in sectoral specialization are
the same order of magnitude as those of changes in trade openness. For the United
States, we find that PNTR induced a negative specialization effect and that the gains
from PNTR are around 30 percent smaller than in a constant returns economy.

Our results provide new evidence to inform debates over import protection. The
implications are nuanced and underline the importance of accounting for general
equilibrium effects when evaluating trade policy. On the one hand, the findings sup-
port the existence of the scale economies channel that has traditionally been used to
rationalize demands for protection. And they imply that import protection prior to
PNTR shifted US comparative advantage toward the most protected industries. On
the other hand, we find that the export destruction effect of PNTR is dominated for
most sectors by channels that promote exports. Indeed, total export growth is greater
with than without scale economies. Similarly, although scale economies generate
a negative specialization effect that reduces US gains from PNTR, it is more than
offset by traditional gains from trade.

The analysis in this paper considers a single liberalization episode. However, the
empirical methodology that we develop to test the export destruction mechanism
could be applied to other bilateral trade policy shocks. We hope that future applica-
tions of this approach will shed further light on the extent to which scale economies
and intermediate inputs shape the effects of international trade.
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