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Abstract

I show that export controls can "backfire," increasing productivity and exports in the
target country. This productivity response mitigates the negative welfare effect in
the target country and exacerbates it in the imposing country. I leverage Korea’s re-
sponse to the 2019 Korea-Japan Trade Dispute. In 2019, Japan announced export con-
trols on South Korea for national strategic items, leaving enforcement up to Japanese
officials. Although no export restrictions were imposed in practice, the potential risk
alone triggered substantial changes in Korea’s imports and exports. Imports from
Japan declined significantly, irrespective of whether items were subject to the an-
nouncement. However, imports from Japan decreased disproportionately in sectors
where Japan had been the primary supplier, and Korean producers’ revenue also
increased in these sectors, suggesting import substitution. Notably, Korea’s exports
expanded more in these sectors while prices declined, suggesting increased produc-
tivity. Motivated by these empirical findings, I structurally estimate the strength of
scale economies in Korea (and elsewhere). Quantitatively, I show that the presence of
scale economies mitigates the negative welfare effect of the export controls in Korea

and exacerbates it in Japan.
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1 Introduction

Export controls have recently emerged as a pivotal tool in geopolitics. For instance,
since October 2022, the US has required multinational firms to obtain prior authoriza-
tion before exporting advanced semiconductors and related manufacturing equipment
to China. Some argue that such measures could be detrimental to the target country
due to restricted access to crucial intermediate goods. Others, however, view it as an
opportunity for the target country to bolster domestic production. The feasibility of the
latter depends on whether production exhibits increasing returns to scale, allowing the
industry to become more productive as it scales up to meet increased domestic demand.

I examine this issue in the context of Korea’s response to Japan’s 2019 announcement
of export controls. I show that Japan’s export controls backfire in the sense that they in-
crease Korea’s productivity and exports, thereby mitigating the welfare loss in Korea
while exacerbating it in Japan. The key mechanism driving this effect is scale economies
in production. By shifting demand toward domestic goods, foreign export controls lead
to an increase in domestic production. In the presence of scale economies, this increased
output enhances productivity, which in turn drives down prices and boosts exports. My
empirical findings provide strong support for this mechanism. Korean producers’ rev-
enue and exports increased, accompanied by a decrease in prices, precisely in sectors
where Korea had been most reliant on Japan. Motivated by these empirical findings, I
structurally estimate the strength of scale economies, leveraging demand-side variation
in exposure to Korea’s substitution away from Japan across sectors. The results indi-
cate that they are substantial: a 1% increase in total sales leads to a 0.18% increase in
productivity. The welfare implications of scale economies are quantitatively significant.
Compared to a scenario without them, their presence offsets 15% of the welfare loss in
Korea while amplifying the welfare loss in Japan by 17%.

In late 2018, tensions between Korea and Japan emerged following a Korean Supreme
Court ruling that ordered Japanese companies to compensate Korean victims forced into
labor during World War II, a decision Japan strenuously contested. In July 2019, the
Japanese government responded to this decision by announcing potential export controls
on three items essential to Korea’s semiconductor and display industries. In September
2019, Japan removed Korea from its list of preferential trade partners, which means
that all national strategic items exported to Korea were now subject to potential export
controls. Therefore, Japanese firms exporting these national strategic items to Korea
were required to obtain government approval. The approval decision was uncertain, as

the Japanese government was legally authorized to ban or restrict shipments to Korea.



Despite this possibility, in practice the Japanese government did not enforce any export
restrictions on these items following the announcement of export controls.

Although the controls were not enforced, I demonstrate that the announcement itself
led to a significant decline in Korea’s imports from Japan. First, Korea’s overall imports
from Japan declined substantially, both relative to the pre-event period and to imports
from other countries. Second, non-targeted goods experienced a similarly significant
decrease in imports from Japan as did targeted goods. This suggests that Korean firms
perceived Japan as an unreliable source, not only for targeted goods but also for non-
targeted goods.! Third, Korea’s imports from Japan decreased disproportionately in
sectors where Japan had been the primary supplier. This indicates that Korea’s prior de-
pendence on Japan was a more significant factor in the import decline than whether an
item was targeted. Fourth, despite the substantial decrease in imports from Japan, Ko-
rea’s imports from the rest of the world in those sectors did not increase, both compared
to the pre-event period and to less-dependent sectors.

Instead, Korean producers’ revenue rose rapidly, precisely in Korea’s most Japan-
dominant sectors, precisely in the quarters following the announcement of export con-
trols. This finding implies that, in the Korean market, goods previously imported from
Japan were replaced with domestically produced alternatives. More interestingly, Ko-
rea’s exports of these goods increased disproportionately, while the prices of these ex-
ports fell—both relative to the pre-event period and to other goods.? This indicates that
Korea experienced a productivity increase in sectors where Japan had been dominant.

To demonstrate how foreign export controls can lead to an increase in exports and a
decrease in price for the target country, I present an Armington trade model featuring ex-
ternal economies of scale, following Kucheryavyy et al. (2023) and Bartelme et al. (2025).
The key mechanism of the model is that an increase in output enhances productivity,
which in turn lowers prices and boosts sales. To provide intuition for this, supply curves
in a partial equilibrium model can slope downward in the presence of scale economies,
as shown in Figure 1. Along this downward-sloping supply curve, an increase in de-
mand leads to a decrease in price and an increase in quantity. Applying this framework
to Japan’s export controls on Korea, the positive shocks to demand for domestically pro-
duced goods (caused by the threat of foreign export controls) resulted in an increase in
Korean producers’ revenue, an increase in export quantities and a decrease in export

prices—exactly as observed in my empirical analysis.

!Note that the Korean government did not impose any import restrictions on Japanese goods during
the post-event period. I return to these issues in Section 5.1.

2In fact, Korea was already exporting 99% (630 out of 636) of these specific Japan-dominant goods to
the world during the pre-event period. I return to this point in Section 3.
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Figure 1: Downward Supply Curve

Notes: Supply curves in a partial equilibrium model can slope downward in the presence of scale
economies. Within this framework, foreign export controls directly shift the demand curve for domes-
tic goods to the right (from Dy to Dj), as they act as a positive shock. This, in turn, leads to an increase
in quantity (from Qp to Q1) and a decrease in price (from P to P;) along the downward-sloping supply
curve. This framework rationalizes my empirical findings in Section 3.

Based on this structural model, I estimate the strength of scale economies by project-
ing changes in origin-destination-sector exports on changes in origin-sector total sales.
A challenge is the potential endogeneity of total sales, which could be driven by unob-
served supply-side shocks. To address this, I employ an instrumental variable strategy
that uses purely demand-side variation. For the analysis of Korea, the instrument is
the interaction between Japan'’s pre-event market share and the trade elasticity. This in-
strument, based on the structural model, is designed to capture the exogenous demand
shocks from the 2019 Trade Dispute by leveraging the increase in demand for domesti-
cally produced goods that arose from Korea’s substitution away from Japan. The results
strongly support the presence of substantial scale economies in Korea. The estimate
of scale economies is 0.18, indicating that a 1% increase in total sales leads to a 0.18%
increase in productivity or a 0.18% decrease in price.

The analysis is then extended to all other countries, excluding Korea and Japan, to
investigate the presence of scale economies. These countries could have expanded their
sales to Korea to take over Japan’s market share, which would have in turn increased
their productivity. To address the endogeneity of changes in total sales, I construct an
instrumental variable, based on the structural model, that exploits demand-side variation

induced by the event. The instrument captures an origin’s sector exposure to an increase



in demand by interacting three components: first, the pre-event share of sales to Korea in
an origin sector’s exports; second, Japan’s pre-event share in Korea for that sector; and
third, the trade elasticity. The results provide strong evidence of scale economies across
all other countries. The estimated scale elasticity is 0.22, indicating that a 1% increase in
total sales leads to a 0.22% increase in productivity. This estimate is consistent with that
from the Korea-only analysis.

The final part of the paper quantifies the welfare effects of the 2019 Korea-Japan
Trade Dispute by integrating the scale elasticity estimates into the structural model.
The core exercise is to compare the welfare outcomes for Korea and Japan across two
scenarios: one without scale economies and one with scale economies. The analysis
shows that the presence of scale economies substantially alters the welfare outcomes: it
mitigates the negative welfare impact of the export controls in the target country (Korea)
while exacerbating it in the imposing country (Japan). Quantitatively, compared to the
scenario without scale economies, their presence offsets 15% of the welfare decline in
Korea and amplifies the decline in Japan by 17%. This central finding proves to be
robust across a range of alternative calibrations. These findings demonstrate how export
controls can "backfire": by increasing productivity in the target country through scale
economies, such policies can lead to unintended and self-harming consequences for the

imposing country.

Related Literature. This paper contributes to several strands of literature. First, it re-
lates to a growing literature on contemporary trade policy. A number of studies assess
the economic effects of substantial tariff increases resulting from the US-China Trade War
(e.g., Amiti et al. (2019); Waugh (2019); Fajgelbaum et al. (2020)).3 Morgan et al. (2023)
survey the related literature on economic sanctions, and Becko (2024) studies the opti-
mal sanction design for imposing countries. Itskhoki and Mukhin (2023) and Lorenzoni
and Werning (2023) examine the effects of the Russian invasion of Ukraine through the
lens of exchange rates. This paper’s primary contribution is to provide novel evidence
that export controls backfire by increasing productivity in the target country, which in
turn mitigates the welfare loss for the target country and exacerbates the loss for the
imposing country. To the best of my knowledge, this is the first study to document such
unintended, self-harming outcomes in the context of a modern trade dispute between
two major, technologically advanced economies.

Second, this paper builds on the literature on economies of scale. (Antweiler and

3Fajgelbaum and Khandelwal (2022) provide a comprehensive review of the economic consequences
of the US-China Trade War.



Trefler (2002); Kucheryavyy et al. (2023); Lashkaripour and Lugovskyy (2023); Bartelme
et al. (2025)). Kucheryavyy et al. (2023) develop the generalization of the Ricardian model
with external economies of scale. Bartelme et al. (2025) propose an empirical strategy
that estimates sector-level scale economies by exploiting changes in sector size driven by
long-run variation in domestic demand. Building on these frameworks, this paper makes
the following contributions. First, it estimates the scale elasticity using data at a more
disaggregated 6-digit level (versus the 2-digit level). Second, it provides direct empirical
evidence for this mechanism by documenting a simultaneous decrease in export prices
and an increase in export quantities at the product level.

Third, this paper contributes to the literature examining the effects of trade policy in
the presence of scale economies. This literature demonstrates that trade policy can have
significant, and sometimes unexpected, effects on production and exports. Juhasz (2018)
finds that temporary trade protection during the Napoleonic Wars boosted the French
cotton spinning industry. Breinlich et al. (2023) show that trade normalization with
China reduced US export growth in affected sectors. Fajgelbaum et al. (2024) highlight
that third countries increased their global exports for products affected by the higher
tariffs of the US-China Trade War. This paper contributes to this literature by identifying
the specific mechanism through which export controls can paradoxically boost exports
in the target country. The target country increases its domestic production to substitute
away from the imposing country, which triggers productivity gains via scale economies.
This effect is most pronounced in the comparative advantage sectors of the imposing
country.

Fourth, this paper is directly connected to the literature on the home-market effect,
a key prediction of trade models with scale economies (Head and Ries (2001); Davis
and Weinstein (2003); Costinot et al. (2019)). This effect posits that a larger domestic
market for a good leads to increased exports of that same good. This paper documents a
direct empirical demonstration of this channel. Specifically, it shows how an exogenous
trade policy shock that restricts imports can generate a home-market effect by increasing
demand for domestic goods, a process that in turn raises productivity, lowers prices, and
ultimately expands exports.

Lastly, this paper extends the literature on trade policy uncertainty (Handley and
Limdo (2015); Pierce and Schott (2016); Handley and Limdao (2017); Feng et al. (2017);
Crowley et al. (2018); Alessandria et al. (2024)). The analysis reveals that the mere threat
of export controls—even without actual enforcement—can act as a catalyst for import
substitution. This shift toward domestic producers, in turn, triggers the scale economies
mechanism, leading to higher productivity and an increase in exports. Thus, this paper



demonstrates that trade policy uncertainty can have unintended, and even beneficial,

consequences by spurring a positive supply-side response.

Outline. The remainder of the paper is structured as follows. Section 2 provides the
background on Japan’s 2019 announcement of export controls on Korea. Section 3
presents empirical findings regarding changes in Korea’s imports, domestic producers’
revenue and exports following the event. Section 4 introduces a trade model that incor-
porates external economies of scale. Section 5 estimates the strength of scale economies,
first for Korea and then for a broader cross-country sample. Section 6 uses these esti-
mates to quantify the general equilibrium welfare effects of the trade dispute on Korea

and Japan. Finally, Section 7 concludes the paper.

2 Background

Decades-long disputes between South Korea and Japan stem from a historical issue of
reparations for Korean forced laborers who served under Japanese colonial occupation
during World War II. In late 2018, political tensions between Korea and Japan escalated
once more, following a ruling by the Korean Supreme Court that mandated Japanese cor-
porations to compensate Korean victims who had been coerced into labor for Japanese
entities in the 1940s. Japan vehemently opposed the Korean court’s decision, claiming
that the 1965 Korea-Japan treaty had already resolved Korean claims for indemnification
for forced labor.

In the midst of heightened tensions, the Japanese government announced abruptly in
July 2019 that it would tighten export procedures on the shipment of three chemicals—
photoresist, fluorinated polyimide and hydrogen fluoride—to South Korea, citing na-
tional security. The new measures required Japanese firms exporting these chemicals to
Korea to obtain government authorization for each individual shipment. In response,
the Korean government immediately expressed concerns regarding the announcement,
as Korean companies importing these chemicals from Japan were confronted with un-
certainty over whether their future imports from Japan would be permitted. Moreover,
these chemicals were essential inputs for manufacturing semiconductors and display
panels, key industries in Korea, and Japan was the primary supplier of these chemicals
to Korea.

In September 2019, Japan removed South Korea, its third largest trading partner,
from its "White List" of 27 countries, leading South Korea to lose its status as a pref-
erential trade partner. The exclusion from the "White List" served as an extension of
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the export controls in essence, since Japanese firms would now be required to obtain
approval when exporting national strategic goods to Korea. Approximately 17 percent
of all goods exported from Japan to Korea were directly exposed to potential export
controls due to this exclusion.* In retaliation, the Korean government took a similar
action against Japan, and refused to renew the General Security of Military Information
Agreement with Japan, a military agreement that was critically important to Japan and
even to the United States in their efforts against North Korea. The Korean government
also filed a complaint with the WTO regarding Japan’s announcement of export controls.
The escalating measures on both sides intensified bilateral tensions, eventually leading
to a trade dispute between the two countries.

Despite the tension, for nearly four years, the Japanese government did not imple-
ment any actual export restrictions, suggesting it was primarily a coercive tactic to influ-
ence the resolution of the historical dispute in Japan’s favor. In March 2023, the leaders
of South Korea and Japan held their first summit in four years, agreeing to normalize
trade relations to their pre-dispute status. In June 2023, the Japanese government offi-
cially lifted the export controls and reinstated South Korea to its "White List", restoring

its status as a preferential trade partner.

3 Empirical Facts

In this section, I report empirical facts regarding changes in Korea’s imports, domes-
tic producers’ revenue and exports following the announcement of Japan’s 2019 export
controls. The key finding is that Korean producers’ revenue increased in sectors where
Japan had been the leading supplier to Korea (Fact 5). Furthermore, Korea’s exports in
these sectors also increased, accompanied by a decrease in export prices (Fact 6). These
empirical findings motivate the analysis of economies of scale in Section 4 and Section
5.

Data. The empirical analysis uses two data sources. The first is Korea’s trade data at
the 6-digit level of the Harmonized System (HS) from the Korea Customs Service. The
sample includes all goods imported and exported by Korea, covering 240 countries and
5,734 goods at the HS-6 level. The sample period spans seven years, from July 2016
to June 2023. The original monthly data are aggregated to the quarterly level for this

“Korea imported a total of 5,734 items at the HS-6 level during the pre-event period (from January
2018 to June 2019), and of these, 989 were identified as Japanese national strategic items by the Korean
Security Agency of Trade and Industry. See Appendix A for details.



analysis. The second source is Korean producer data for all manufacturing sectors from
Statistics Korea. The annual data include 433 sectors at the 5-digit level of the Korean
Standard Industrial Classification (KSIC), a localized adaptation of the United Nations’
International Standard Industrial Classification (ISIC). The sample period spans seven
years, from 2016 to 2022. In this section, ‘goods’ refers to the HS-6 level, and "sectors’
refers to the KSIC-5 level.

Fact 1: Korea’s imports from Japan significantly decreased, both relative to the pre-

event period and to imports from other countries.

To investigate the effect of Japan’s announcement of export controls on Korea’s imports,

I use a difference-in-differences specification:

log m’C‘fgr/t = teg + gt + B (]apanc) X <Postt> + ecgts

kor
c,gt

ace and ag; denote country-good and good-time fixed effects, respectively. Japan, is a

where m;%, denotes the value of Korea’s imports of good g from country c at time t.
country indicator variable for Japan and Post; is a time indicator for the post-event pe-
riod, which spans from the third quarter of 2019 to the second quarter of 2023. Standard
errors are clustered at country ¢ and good g levels. The coefficient B is estimated to
be -0.190, as shown in Column (1) of Table 1. This indicates that Korea’s imports from
Japan decreased by 17.3 percent, both relative to the pre-event period and to imports
from other countries. Time-varying coefficients p;, estimated using an event-study, are
also plotted in Panel (A) of Figure 2, along with 95 percentage confidence intervals for
the estimates. This event-study analysis confirms the absence of a pre-trend. In a similar
pattern, Japan’s exports to Korea also decreased, both relative to the pre-event period
and to exports to other countries. See Appendix A for details.

Fact 2: Non-targeted goods experienced a similar decline in imports from Japan to
that of targeted goods.

To examine whether the substantial decrease in imports from Japan is limited to goods

directly targeted by Japan’s export controls, I use a difference-in-differences specification:

log mlgfglt = tcg + &gt + P1 (]apanc> X (Postt> X <Targetedg)

+ B2 (]ﬂpémc) X (Postt> X (NonTargetedg) + €cg.ts



where Targetedgy is an indicator variable for goods that were directly targeted by the
export controls, and NonTargeted, is an indicator variable for goods that were not tar-
geted.” The remaining terms and clustering level are consistent with those previously
described. The coefficients 1 and P, are estimated to be -0.200 and -0.187, respec-
tively, as shown in Column (2) of Table 1. This indicates that the extent of the decline
in NonTargeted, goods from Japan is not statistically different from that of Targeted,
goods. Moreover, time-varying coefficients, B1; and B, estimated from an event-study,
further support this finding, showing no statistical difference in the import trends be-
tween Targeted and NonTargeted goods, as shown in Panel (B) of Figure 2. This indicates
that Korean firms’ concerns about potential restrictions on their imports from Japan ex-
tended to the items that were not directly affected by Japan’s announcement. This reflects
a widespread perception of Japan as an unreliable source across industries. Additionally,
Japan’s exports to Korea showed no significant difference between goods targeted by the
announcement and those not targeted. This aligns with findings from Korea’s imports

from Japan, indicating a similar decline in both categories. See Appendix A for details.

Fact 3: Korea’s imports from Japan decreased disproportionately in goods for which
Japan had been the leading supplier.

To explore whether the decrease was disproportionately larger in sectors where Korea

had been most reliant on Japan, I use a difference-in-differences specification:

log m’gfj;t = g+ &gt + P1 (]apanc> X (Postt> X (Dominantg)

+ B2 <]apanc> X (Postt> X <N0nDominantg) + €cgts

where Dominant, is an indicator variable for goods for which Japan was the leading
supplier during the pre-event period (July 2018 to June 2019), and NonDominantg is an
indicator variable for goods for which Japan was not the leading supplier. The remaining
terms and clustering level are the same as previously described. The coefficients 1 and
B2 are estimated to be -0.340 and -0.162, respectively, as shown in Column (3) of Table
1. This suggests that the decline in imports from Japan was larger in sectors where
Japan had previously been dominant. This also implies that Korean firms previously

more reliant on Japan reduced their imports from Japan to a greater extent, as higher

STargeted goods are defined as items on a list compiled by the Korean Security Agency of Trade and
Industry (KOSTI). This list identifies Japanese national strategic items at the HS-10 level that became
subject to individual export approval after Japan removed Korea from its "White List" countries. See
Appendix A for details.



dependence could have resulted in more severe impacts if export controls had been
enforced. The time-varying coefficients, B1; and By, plotted in Panel (C) of Figure 2,
consistently show a larger decline for Dominant goods than for NonDominant goods.
In addition, Japan’s exports to Korea decreased disproportionately in goods for which
Japan had been the leading supplier, in line with the trends observed in Korea’s imports
from Japan. See Appendix A for details.

Fact 4: Korea’s imports from the rest of the world in goods for which Japan had been
the leading supplier did not increase relative to the pre-event period.

Building on the finding from Fact 3 that imports from Japan decreased disproportion-
ately in Dominant goods, I use the following difference-in-differences specification to
examine whether Korea’s imports from the rest of the world in these goods increased to
replace those from Japan:

log m’gfg,t = &g + et + P <]apanc> X <Postt> X (Dominantg>

+ B2 (ROWC> X (Postt> X (Dominantg> + ecgts

where RoW, is an indicator variable for the rest of the world, and «.; denotes country-
time fixed effects. Good-time fixed effects, a, , are excluded to investigate whether there
are differential effects between Japan and the rest of the world in Dominant goods during
the Post period. The remaining specification details and clustering level are consistent
with those previously described. Column (4) of Table 1 reports the estimated coefficients.
The estimate of B; is -0.210 and is statistically significant at the 1% level, whereas that
for B, is -0.032 and is not significant even at the 10% level. This indicates that Korea’s
imports from the rest of the world in Dominant goods did not increase, both relative
to the pre-event period and to NonDominant goods. This also suggests that imports
from Japan were not substituted with those from the rest of the world. The time-varying
coefficients, B1; and By, also support the absence of an increase in imports from the rest
of world in Dominant goods, as plotted in Panel (D) of Figure 2.

Fact 5: Korean producers’ revenue increased in sectors where Japan had been the

leading supplier, both relative to other sectors and to the pre-event period.

Building on Fact 3 and Fact 4, I now examine whether Korean producers” revenue in-
creased in sectors where Japan had previously been dominant following Japan’s 2019

announcement of export controls. To this end, I employ the following difference-in-
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Table 1:

Empirical Facts (Difference-in-Differences)

Fact 1 Fact 2 Fact 3 Fact 4 Fact 5 Fact 6 Fact 6
1) () 3) 4) ) (6) )
Inm Inm Inm Inm InR In x1 In x?
JP x Post -0.190***
(0.025)
JP x Post x Targeted -0.200%**
(0.031)
JP x Post x NonTargeted -0.187***
(0.025)
JP x Post x Dominant -0.340***  -0.210***
(0.033) (0.002)
JP x Post x NonDominant -0.162***
(0.026)
RoW x Post x Dominant -0.032
(0.022)
Dominant x Post 0.065** 0.091** -0.051**
(0.027)  (0.042)  (0.020)
Origin x Good Fixed Effects Yes Yes Yes Yes
Good x Time Fixed Effects Yes Yes Yes
Origin x Time Fixed Effects Yes
Sector Fixed Effects Yes
Year Fixed Effects Yes
Good Fixed Effects Yes Yes
Time Fixed Effects Yes Yes
Num. of Goods 5,734 5,734 5,734 5,734 5,488 5,488
Num. of Targeted Goods 989
Num. of Dominant Goods 669 669 657 657
Num. of Sectors 433
Num. of Dominant Sectors 61
Observations 2,018,536 2,018,536 2,018,536 2,026,511 2,977 125,442 125,442
R-squared 0.84 0.84 0.84 0.82 0.98 0.90 0.86

Standard errors in parentheses
*p <010, ** p <0.05 *** p < 0.01

Notes: Table 1 presents the estimation results for the difference-in-differences specifications from Section
3. Columns (1) through (5) correspond to Facts 1 through 5. Columns (6) and (7) both relate to Fact 6,
analyzing export quantity and export price, respectively. The dependent variable is the log of Korea’s
import value in Columns (1)-(4), the log of Korean producers’ revenue in Column (5), and the log of
Korea’s export quantity and price in Columns (6) and (7). All estimations are at the HS-6 product level,
except for Column (5), which is at the more aggregated KSIC-5 sector level.
Source: Korea Customs Service (2016-2023) and Statistics Korea (2016-2022).
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Figure 2: Empirical Facts (Event Study)

Notes: Figure 2 illustrates the estimation results for the event-study specifications from Section 3. Panels
(A) through (F) correspond to Facts 1 through 6, respectively. All panels use HS-6 product-level data, with
the exception of Panel (E), which uses more aggregated KSIC-5 sector-level data. Similarly, all panels use
quarterly data for the period from Q3 2016 to Q2 2023, except for Panel (E), which uses annual data for
the period from 2016 to 2022.

Source: Korea Customs Service (2016-2023) and Statistics Korea (2016-2022).
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differences specification:
log ngﬁr =g + o + ﬁ(Dominants> X (Postt> + e,

where R’;O[ is Korean producers’ revenue in sector s at time t. a5 and «; denote sector
and time fixed effects, respectively.® The remaining terms are the same as previously
described. The estimate for 8 is 0.065 (Column (5) of Table 1, suggesting that Korean
producers’ revenue in Dominant sectors increased by approximately 6.7%, both relative
to other sectors and to the pre-event period. Combined with the findings from Fact 3 and
Fact 4, this result indicates that the decline in Japanese imports was offset by an increase
in domestic production—a sign of import substitution. The time-varying coefficients (3;)
plotted in Panel (E) of Figure 2 also confirm the revenue increase in Dominant sectors

after the event.

Fact 6: Korea’s export quantities of goods for which Japan had been the leading sup-
plier increased, while their prices decreased.

Given the findings from Fact 3, Fact 4 and Fact 5, a plausible hypothesis is that Korea’s
exports of goods for which Japan had previously been the dominant supplier would
decline. This is because the domestic production would likely be redirected to the do-
mestic market to satisfy the demand previously met by Japanese imports. To test this

hypothesis, I employ the following difference-in-differences specification:

log x’g,?[ =g +ar+ B <Dominantg) X <Postt> + gt

kotr
g/
time fixed effects, respectively. Standard errors are clustered at good g levels. The

where x.% is Korea’s export quantity of good ¢ at time f. ay and a; denote good and
remaining terms are consistent with those previously described. As documented in
Column (6) of Table 1, the coefficient B is estimated to be 0.091. This indicates that,
contrary to the hypothesis, Korea’s export quantities of Dominant goods increased by
approximately 9.5%, both relative to NonDominant goods and to the pre-event period.
This rapid expansion is plausible given that Korea was already exporting 99% of these

Japan-Dominant goods during the pre-event period (2018). See Appendix A.3 for details.

®Note that this analysis is based on more aggregated sector-level data compared to the previous anal-
yses, as Korean producer data is categorized by the KSIC-5 sector level rather than the HS-6 good level.
Sectors where Japan was the leading exporter are identified by aggregating HS-6 goods to the KSIC-5 sec-
tor level using a concordance provided by Statistics Korea. A single KSIC-5 sector typically corresponds
to multiple HS-6 goods.
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Furthermore, a standard economic prediction would be that Korea’s export prices

for Dominant goods would rise, driven by increased domestic demand and an upward-

kor
gt
by the log of the export unit value. All other terms of the specification remain the same.

sloping supply curve. To test this hypothesis, the dependent variable log x % is replaced
The new coefficient, B, is estimated to be -0.051, as shown in Column (7) of Table 1. This
result indicates that, contrary to the hypothesis, Korea’s export prices of Dominant goods
declined. This suggests that Korea experienced a productivity increase in the production
of Dominant goods after the event. Furthermore, this implies that the supply curve for
these goods slopes downward rather than upward, aligning with the concept of scale
economies, as illustrated in Figure 1. An event-study further examines the timing of
these two contrasting changes. The time-varying coefficients, B;, for export prices (red
dots) and export quantities (blue dots) are presented in Panel (F) of Figure 2. The red
dots show a significant drop, while the blue dots exhibit a noticeable rise, following the

event.

What, then, can explain this surprising export expansion and price decline, given that
the increased domestic production was expected to be absorbed by import substitution?
The answer lies in scale economies in production, characterized by a downward-sloping
supply curve. If scale economies exist, an increase in production can enhance produc-

tivity, which in turn lowers prices and boosts exports.

4 Model

This section presents an Armington model of trade featuring external economies of scale
to demonstrate how foreign export controls can lead to an increase exports with a price
decline in the target country. The model follows Kucheryavyy et al. (2023) and Bartelme
et al. (2025).

4.1 Environment

Consider a general equilibrium trade model with multiple countries, indexed by i (ori-
gin) or j (destination), and multiple sectors, indexed by k. Each sector features product
differentiation by country of origin (the Armington assumption), meaning each country
produces a unique variety. Labor is the only factor of production and is immobile across
countries but perfectly mobile across sectors within a country. L; and w; denote the
inelastic labor supply and wage level in country j, respectively.
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Preferences and Demand. Each country has a representative consumer with two-tier
preferences across sectors and goods. The upper-tier preferences are represented by a
Cobb-Douglas utility function:

Bk

LI':: (gﬁk/

K
]

k=1
where Q; is the consumption index for sector k in country j, and B is the sector-level
expenditure shares such that ) ; f;jx = 1. The lower-tier preferences take the form of
CES, with the elasticity of substitution (1 + 6;) between goods from different origins

within sector k:
Op 146

o AR
cgpk _-(:E:LLLk ) ’
i

where g;;  is the quantity of good k produced in origin i and consumed in destination j.

Then, the demand in destination j for good k produced in origin i is:

—1-6, 0
Gijk = Pijx  PipBixtoily, (1)

where pj;x is the price of good k produced in origin i and sold in destination j, and P;

1
is the price index for sector k in destination j given by Pjx = (¥ pi;,i") %.

Production and Pricing. The production technology exhibits external economies of
scale, giving rise to increasing returns. Specifically, the labor productivity of sector k in
country i is given by A, = Ai,kLZk/ where A; is an exogenous productivity parameter
and L; is the total employment in sector k in country i. The parameter y—the scale
elasticity—governs the strength of scale economies and is assumed to be common across
all sectors. Note that if v = 0, the production features constant returns to scale as in the
standard Armington model. This production technology, together with the iceberg costs
incurred in bilateral trade, 7;;x > 1, yields the unit cost of good k produced in origin i
for sale in destination j as follows:
Toi W0

Cijk = ﬁ ()
The unit cost is a decreasing function of the sector size L;;, with an elasticity of —.
Assuming that all markets are perfectly competitive (p;jx = cjjx) and using the labor

market clearing condition (w;L;; = Y;i) to substitute for L;; in equation (2), the price
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equation is given by:
1+
Tz],kw

— 3)
Aik ng

Pijk =

where Y; is the total sales of good k across destinations by origin i such that Y;, =
j Xijx- This equation highlights how scale economies impact the relationship between
the total sales Y; ; and the price p;; k. Specifically, when scale economies exist (i.e., v > 0),

an increase in Y;x enhances productivity, leading to a reduction in p;j .

4.2 Bilateral Trade

To derive the bilateral trade equation, equation (3) is first substituted into the demand
function (1). The next step is to apply the goods market clearing condition, §; xw;L;

Xikx, where X;, denotes the total expenditure on good k by destination j, such that
Xix = YiXijx- This substitution yields the expenditure by destination j on good k

produced in origin i as follows:

14y -6

Xijx = (—T”’ff,]i ) Y, (4)
ik

where Xjjx = pijxdij k-

The key term in this equation is the exponent on total sales, 8, which represents
the output elasticity: the elasticity of bilateral trade (X;;x) with respect to total sales (Y;).
This output elasticity arises from two channels. First, a 1% increase in total sales (Y;)
lowers price (pjjx) by v percent; this is the scale elasticity channel from equation (3).
Second, a 1% decrease in price increases sales in j (Xjjx) by 0 percent; this is the trade
elasticity channel from equation (1). The product of these two effects, 70y, gives the
total output elasticity. If v = 0, indicating the absence of scale economies (the standard
Armington model), an origin’s total sales (Y;) do not affect its sales in destination j
(Xijk)- In contrast, if v > 0, indicating the presence of scale economies, an increase in

Yix leads to an increase in Xjj.

4.3 General Equilibrium

The model’s general equilibrium is defined by two market clearing conditions: the labor
market and the goods market. First, the labor market clears when the total income in
country i equals the country’s total wage bill: Y; = w;L;. Second, the goods market clears
when the total output equals the country’s total sales across all sectors and destinations:
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Y = Y Ej Xijk. For the economy to be in equilibrium, both conditions must hold
simultaneously. Combining these two yields the final market clearing condition:

wiLi == ZZXU’]{. (5)
ko

This condition must hold for all countries simultaneously. This system of equations can

be formalized by defining an excess demand function for each country i as:

1
Zi(W) = 5 <szij,k — wiLi> . (6)
1 ko
The equilibrium is then the wage vector w* that solves Z;(w*) = 0 for all countries.

4.4 Application: Japan’s 2019 Export Controls on Korea

This theoretical framework can rationalize the empirical findings presented in Section 3.
To illustrate, I model Japan’s announcement of export controls as a perceived increase in
the bilateral trade cost, Tjp kg x, where JP and KR denote Japan and Korea.

First, the model directly explains the effects on Korea’s imports from Japan (Xjp kg k)-
The bilateral trade equation (4) shows that an increase in Tjp gg x mechanically reduces
Xjpkr, consistent with Fact 1 in Section 3. The model also predicts that this decline
will be disproportionately larger for goods with a higher initial import share from Japan,
which aligns with Fact 3 in Section 3.

Furthermore, the model explains the increase in Korean producers’ revenue (Fact 5).
The policy change, modeled as an increase in trade costs (Tjpxr ), first raises the price
of Japanese goods in Korea (pjpkrx), as shown in equation (3). This in turn raises the
sectoral price index in Korea (Pkg ), which directly increases expenditure on domesti-
cally produced goods (Xkrkr) as shown in the bilateral trade equation (4). This rise
in domestic sales consequently increases total sales (Ygg x). Beyond the effect on domes-
tic sales, the model also predicts that the increase in total sales leads to a decrease in
Korea’s export price, which in turn boosts its exports to all destinations (Fact 6). This
occurs because the larger scale of production enhances productivity, which lowers the
price of Korean goods in foreign markets (pxr k), as shown in equation (3). This price
decline boosts Korea’s exports, as shown in the bilateral trade equation (4).

This entire mechanism is driven by the model’s key feature: the presence of scale
economies (y > 0). In a standard model without this feature (i.e., v = 0), the link

between a country’s domestic market size and its export performance is severed; an
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increase in total sales (Y; ;) would have no impact on prices (pijx) or exports (Xjj ). Such
a framework is therefore inconsistent with the empirical findings in Section 3. Thus, the
model demonstrates that scale economies are the essential ingredient to explain how a

negative shock on the import side can generate a positive expansion on the export side.

5 Estimation of Scale Elasticity

Motivated by the empirical findings from Section 3, this section structurally estimates
the strength of scale economies based on the model presented in Section 4. First, I es-
timate the scale elasticity in Korea. Second, I extend the analysis to all other countries,
excluding Korea and Japan. For these countries, an increase in sales to Korea to replace
Japanese goods can enhance productivity through scale economies, thereby boosting
their exports to all other destinations. The estimation results strongly support the pres-
ence of scale economies in both Korea and all other countries. These estimates then serve

as key inputs for the quantitative analysis in Section 6.

Data. The estimation uses three data sources. The first is bilateral trade data from
the CEPII BACI database (Gaulier and Zignago (2010)). The data include 5,199 goods
at the 6-digit level of the Harmonized System (HS) under the 2012 classification across
227 countries. The sample spans annually from 2016 to 2022. The second source is
Korean producer data for all manufacturing sectors from Statistics Korea. The data
cover 433 sectors at the 5-digit level of the Korean Standard Industrial Classification
(KSIC), a localized adaptation of the United Nations” International Standard Industrial
Classification (ISIC). The sample spans annually from 2016 to 2022. The third source is a
concordance from Statistics Korea used to match the HS-6 goods to the KSIC-5 sectors.
In this matching, a single KSIC-5 sector typically corresponds to multiple HS-6 goods.
For the analysis, the sample is restricted observations from manufacturing sectors and

from countries with a population of over one million.”

Baseline Specification. The estimation specification is derived from the bilateral trade
equation (4). Taking the logarithmic differences of equation (4) yields:
0
Aln Xij,k = 70 Aln Yir— Gk(l + ’)’)A Inw; + Aln (X]rkP],lli)
+ QkA In Ai,k — 9kA In Tij,k- (7)

"The restriction to manufacturing is due to the scope of the Korean producer data (KSIC-5), which is
limited to sectors with 5-digit codes starting with 10 to 33.
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Changes in origin i’s sales to destination j, Aln Xj;, depend on changes in origin i’s
supply-side factors, which comprise the total sales, Y, the wage, w;, and the exogenous
productivity, A;x. Aln Xj;x also depends on changes in destination j’s demand factors,
Xj,kPﬁ’,i, and trade costs from origin i to destination j, Tjj x.

To obtain a direct estimate of the scale elasticity, -y, the baseline specification adjusts

Aln X;j, by the trade elasticity (6) and includes a set of fixed effects as follows:
1
0.8 InXjjp = YAInYp + i+ ajf + ik + k- (8)
k
The origin fixed effects, «;, absorb any origin-specific changes, such as w; in equation (7).
The destination-sector fixed effects, X s absorb demand shifts within each j and k, such
as Xj,kP].G’]; in equation (7). The origin-sector fixed effects, «;, absorb other supply-side
changes within each i and k, such as A;x in equation (7). The error term, ¢;; x, represents
supply-side shocks not absorbed by these fixed effects.

5.1 Analysis 1: Korea Only

The first analysis focuses solely on Korea as the origin country. This provides the most
direct setting in which to estimate the strength of scale economies, as Korea was directly
targeted by the export controls and subsequently experienced a substantial increase in

its total sales and exports (Fact 5 and Fact 6 in Section 3).

Specification. The estimation specification for Korea is adapted from the baseline equa-
tion (8), substituting KOR for i.

1
G_kA In Xkorjx = YAInYkor k + XkOR + ®KORj + XKOR K (k) + EKOR j k- )

The estimation is performed using the difference in data between a pre-event period
(2016-2018) and a post-event period (2020-2022), excluding the event year 2019. The
dependent variable, g-AlnXxor;x (defined as g In Xp5h i\ — g InXg5e 1), is the log
difference in Korea’s exports of good k to destination j between the post-period and the
pre-period, adjusted by the trade elasticity (6;). The same estimates for ) are used as
in Bartelme et al. (2025), which in turn takes the values from Giri et al. (2021).8 The
independent variable, Aln Yxork, is the log difference in Korea’s total sales in good k

8Giri et al. (2021) provide the estimates for manufacturing sectors at the SIC-2 level. As this analysis
is conducted at the more disaggregated HS-6 level, it is assumed that all HS-6 products belonging to the
same SIC-2 sector share a common trade elasticity.
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over the same periods. Due to the unavailability of domestic sales data at the HS-6 level,
total sales are proxied by total exports. This limitation is addressed in a robustness check
at a more aggregate 5-digit level; including domestic sales yields results consistent with
the baseline findings at the 6-digit level.”

7 is the coefficient of interest, which measures the strength of scale economies and
is referred to as the scale elasticity. The estimate of -y has two equivalent interpretations
based on the model: (i) it is the elasticity of productivity with respect to total sales as
defined by the production technology (Ai,k = Ai,kLZk)f' and (ii) it is the elasticity of price
with respect to total sales, as shown in equation (3).

The remaining terms in the specification (9) are a set of fixed effects that control
for other sources of variation, with each effect corresponding to a theoretical term in
equation (7). The origin fixed effects (axor) absorb any aggregate shocks to Korea that
are common across all js and ks, such as changes in the wage (AInwgog) in equation
(7). The Korea-destination fixed effects (agor ;) absorb any shocks specific to destination
j, such as changes in overall demand for Korean goods. To control for origin-sector
specific shocks, fixed effects at the 5-digit sector level (axog k(x)) are included, assuming
a common effect for all 6-digit ks within the same 5-digit K. This level of aggregation is
necessary because fixed effects at the 6-digit sector level (axor k) are perfectly collinear
with the independent variable, AlnYgogk. The destination-sector fixed effects a;; are
not included in this Korea-only specification. This is because, with only a single origin
country in the sample, these fixed effects are perfectly collinear with the dependent
variable, Aln Xgog - This limitation is resolved in Section 5.2, where the inclusion of
multiple origins allows & to be incorporated.

A key identification challenge is that the error term (exor jx) in specification (9) con-
tains shocks from the theoretical model (equation (7)) that are not fully absorbed by the
fixed effects, including shocks to fundamental productivity (Aln Axor ), destination-
sector specific demand (A In X]-,kPﬁ’;(), and bilateral trade costs (A In TxoR jx). The indepen-
dent variable, the change in total sales (A In Yxor k), is likely to respond endogenously to
these shocks, implying E[AIn Yxor k X €k0OR j,k] # 0. Therefore, an instrumental variable
that isolates exogenous demand-side variation is required to obtain an unbiased estimate
of the scale elasticity, .

Instrumental Variable. To address the potential endogeneity of Aln Ygor «, the estima-

tion requires an instrument variable that is correlated with AlIn Yxog x but uncorrelated

9This consistency is also in line with the theoretical and empirical findings from Bartelme et al. (2025),
which suggest that excluding domestic sales from the total sales yields estimates of scale economies similar
to those obtained when they are included.
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with unobserved supply-side shocks. I therefore construct an instrument that captures
the exogenous demand shock from the 2019 Korea-Japan Trade Dispute. The instrument
is the product of the trade elasticity (6x) and Japan’s pre-event (2018) import share in
Korea for product k, denoted as IVkop i:

_ 2018
IVkor k = OkSharejpy kor ks

2018 — _XjPNKORK
JPNKORk ~ Y.izkor XikoRk "
This instrumental variable is designed to capture the sector-specific exposure to the

where Share

2019 Trade Dispute. The intuition is straightforward: sectors where Korea was more
reliant on Japanese imports (i.e., a higher Share?%ﬁ KOR ) Were poised to experience a
larger increase in demand for domestically produced goods following the shock. This
increase in domestic demand should, in turn, lead to greater sales growth for Korean
producers in the same sectors. This mechanism is strongly supported by the empirical
evidence in Section 3. Fact 3 shows that the decline in imports from Japan was the largest
in these high-share sectors and Fact 5 demonstrates that Korean producers’ revenue also
increased the most in precisely these sectors.

The structural model in Section 4 also provides a theoretical justification for this
instrumental variable. Within this framework, the trade dispute is modeled as an ex-

ogenous shock to trade costs (Tjpn kor )"

This shock propagates purely through
a demand-side channel: it raises the price of Japanese goods (pjpn kork), Which in-
creases Korea’s overall price index (Pxorx) and shifts expenditure toward domestic
goods (Xgorkork), ultimately increasing Korean producers’ total sales (Yxork). This
mechanism establishes the theoretical relevance of the instrument. Furthermore, because
this channel is entirely demand-driven, the instrument is by construction uncorrelated
with the unobserved supply-side shocks in the error term, satisfying the exclusion re-

striction. The formal derivation of this mechanism is detailed in Appendix B.

Threats to the Exclusion Restriction. The exclusion restriction would be violated if
there were productivity shocks during the post-event period that were correlated with
Share%%\? kOr x- For instance, the Korean government might have subsidized sectors with
high Japan’s market shares to boost domestic production, in response to Japan’s 2019

announcement of export controls. This would lead to an overestimate of the strength of

19This modeling choice is rationalized by the empirical finding in Fact 2 in Section 3: the decline
in imports from Japan was not restricted to the officially targeted items but was similarly large for non-
targeted goods as well. This suggests that the event created a broad-based, perceived increase in importing
costs for all Japanese goods.
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scale economies.

To address this concern, I examine the Korean government’s actual policy responses
to the 2019 export controls. Immediately after Japan’s announcement, the government
provided support packages for domestic importers of Japanese goods. These packages
focused on two main strategies: first, expediting imports from Japan before export con-
trols could be fully enforced; and second, helping domestic firms shift their sources from
Japan to alternative foreign suppliers. Thus, these immediate 2019 measures were not
supply-side shocks, but rather responses to import-side challenges. While the govern-

ment later introduced supply-side measures in 2020 to address COVID-19 disruptions,

2018
JPN KOR k*

Therefore, neither the 2019 import-side policies nor the 2020 supply-side measures were

these policies were not designed based on the 2018 Japan’s market share, Share

systematically correlated with the instrument, which supports the validity of the exclu-
sion restriction.

Additionally, the specification (9) includes Korea-sector fixed effects (axog k(x)) to
control for any potential supply-side shocks, such as sector-specific production subsidies
that might be correlated with the instrument.!! This level of fixed effects is particularly
appropriate, as manufacturing data for Korea (e.g., production, investment) are reported
at this same 5-digit (K) industry level. By absorbing any such sector-specific shocks,
these fixed effects further ensure that the instrumental variable satisfies the exclusion

restriction.

Results. Table 2 reports the estimation results for equation (9). Column (1) presents the
Two-Stage Least Squares (2SLS) estimate, where the log change in total sales (Aln Ygor k)
is instrumented by the interaction of the trade elasticity and Japan’s 2018 market share
(GkShare%%\% KOR,k)' The 2SLS estimate for the scale elasticity () is 0.18 and is statistically
significant. This result provides strong evidence for scale economies in Korea, implying
that a 1% increase in a sector’s total sales increases its productivity by 0.18%. The result
also supports the model’s key mechanism—a demand-driven increase in sales enhancing
productivity, which in turn lowers price and boosts exports—as documented in Fact 6
in Section 3. The first-stage result confirms the relevance of the instrument, showing a
strong positive correlation with the endogenous variable.

The OLS estimate for the scale elasticity is 0.10 (Column (2) of Table 2), substantially
smaller than the corresponding 2SLS estimate of 0.18. This downward bias suggests that

the change in total sales (Aln Ygogr ) is negatively correlated with unobserved supply-

Hk refers to a product at the HS-6 level, while K refers to the more aggregated 5-digit KSIC sector to
which product k belongs. A single K sector typically contains multiple k products.
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Table 2: Estimates of Scale Elasticity (HS-6)

elkA 11’1 X KOR j,k
2SLS OLS Reduced-form
(1) (2) ©)
AlnYxor k 0.177*** 0.100***
(0.053) (0.002)
Ok Shareipy or x 0.006***
(0.002)
First-stage Coefficient 0.034
First-stage F-statistic 37591
Destination Fixed Effects Yes Yes Yes
Sector (KSIC-5) Fixed Effects Yes Yes Yes
Number of Sectors 4,582 4,582 4,582
Observations 190,087 190,087 190,087

Standard errors in parentheses
*p <0.10, " p <0.05 " p <0.01

Notes: Table 2 reports the estimation results for the scale elasticity () at the HS-6 level using specifica-
tion (9). Column (1) presents the main 2SLS estimate, with its corresponding first-stage coefficient and
F-statistic reported below. For this 25LS estimation, the log difference in total sales (AIn Ygogr k) is instru-
mented by the product of the trade elasticity and Japan’s 2018 import share in Korea (GkShare%gllf; KORK)-
Columns (2) and (3) show the OLS and reduced-form estimates, respectively. The independent variable
(AInYxor) is proxied by the log difference in total exports. The trade elasticity (6), as in Bartelme et
al. (2025), is taken from Giri et al. (2021), assuming a common elasticity for all HS-6 products within the
same SIC-2 sector. The sample is restricted to manufacturing sectors and countries with a population over
one million.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2019)
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side shocks (exor ). Such a bias is expected if sectors experiencing an increase in sales
also faced negative supply-side shocks, such as rising production costs. Crucially, this
finding alleviates the main threat to the exclusion restriction: if the dominant unobserved
shock had been targeted government subsidies (a positive shock), we would expect an
upward bias, not the downward bias observed in the data.

Column (3) of Table 2 presents the reduced-form estimate, showing the direct effect
of the instrumental variable on exports. The coefficient is positive and significant, indi-
cating that sectors with greater exposure to the shock (i.e., a higher instrument value)
experienced greater subsequent export growth. The result is consistent with Fact 6 in
Section 3 and provides direct, reduced-form evidence for the central mechanism in this
paper: that export-control-induced positive shocks to domestic demand can enhance
productivity through scale economies, which in turn expands exports. This finding also

serves as a clear example of the home-market effect.

Comparison with the Literature. The estimate of the scale elasticity (y = 0.18) is con-
sistent with the findings of Bartelme et al. (2025). Although this study adopts their the-
oretical framework, the empirical strategy differs: Bartelme et al. (2025) estimate sector-
specific elasticities (y,) using long-run demand variation, whereas this study estimates a
single, common elasticity () using a short-run trade policy shock. Despite these differ-
ences, the results are consistent: they report a median elasticity of 0.20 and an average
of 0.21, which aligns closely with the estimate of 0.18 found in this paper. Moreover, the
estimate from the cross-country analysis (Section 5.2) aligns even more closely, with a
value of 0.22.

The findings in this paper are also consistent with those of Breinlich et al. (2023),
which uses a theoretically similar model to study a different event: the 2001 permanent
normalization of US trade relations with China. A key difference, however, is that their
specification estimates the output elasticity (y6y), while the baseline in this paper esti-
mates the scale elasticity (y) directly. To create a direct comparison, I re-estimate the
main specification (9) without adjusting the dependent variable by the trade elasticity.
This exercise yields an output elasticity of 0.87, which is consistent with the value of 0.82
used in the quantitative analysis of Breinlich et al. (2023).'? The detailed results of this
estimation are presented in Appendix B.

This close alignment with the findings of two recent studies, given the different

identification strategies and events analyzed, strengthens the external validity of the

12Breinlich et al. (2023) report a structural estimate of 0.74 for the output elasticity (Table 5, column c).
However, for their main quantitative analysis, they use a calibrated value of 0.82, which is chosen to match
their simulated model with their reduced-form estimate.
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estimated scale elasticity.

Robustness. To check the robustness of the main estimate reported in Table 2, the
analysis is re-estimated at a more aggregated KSIC-5 sector level.'® The specification is:

1
—AInXgorjx = YAInYgork + akor + &korj + 08I Zkor k + €KOR j k- (10)

Ok
The primary motivation for this change in aggregation is the availability of domestic
sales data at this level. This allows the endogenous variable, AlnYgor, to be mea-
sured as the log change in total sales, rather than being proxied by total exports as in
the main analysis. This change in aggregation, however, necessitates a different strategy
for controlling for sector-specific shocks. At this 5-digit sector level, the Korea-sector
fixed effects from the main analysis (axor k(x)) become perfectly collinear with the en-
dogenous variable, Aln Ygog k. Therefore, they are replaced with a new control variable,
AlnZgork, which is the log change in the average annual wage (defined as the total
wage bill divided by the number of employees) in each sector. The definitions of the
remaining terms are the same as in the main analysis, though they are now applied at
the 5-digit rather than the 6-digit level.

The estimation results for this robustness check, presented in Table 3, are highly
consistent with the baseline findings. The 2SLS estimate for the scale elasticity (vy) is
0.17 (Column (1)), which is very close to the baseline estimate of 0.18. This confirms
that the main finding is robust to both the change in aggregation level and the inclusion
of domestic sales in the measure of total sales.'* Furthermore, other key patterns from
the main analysis also hold. The OLS estimate in Column (2) is 0.08, again substantially
smaller than the 2SLS estimate of 0.17. This downward bias alleviates the threat to the
exclusion restriction as in the main analysis. The reduced-form estimate in Column (3)
is also positive and significant, aligning with the main analysis.

A further robustness check tests whether the main estimate is sensitive to the aggre-
gation level of the Korea-sector fixed effects (axor k(x))- While the baseline specification
uses the 5-digit sector level for K, I re-estimate equation (9) using more aggregated 3-
digit and 2-digit sector definitions. The results, presented in Appendix Table A4 and

Table A5, confirm that the estimate of the scale elasticity () remains positive, signif-

13The total sales for Korean producers (Yxor ) are sourced directly from the KSIC-5 data provided
by Statistics Korea. The corresponding export data (Xkor jx) are aggregated from the HS-6 level to the
KSIC-5 level using a concordance table.

14This finding is also consistent with Bartelme et al. (2025), who show that excluding domestic sales
from total sales yields a similar estimate of scale elasticity.
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Table 3: Estimates of Scale Elasticity (KSIC-5)

glkA In XkoRrjk
2SLS OLS Reduced-form
1) 2) 3)
Ah’l YKOR,k 0166*#<>|< OOSZ*M<
(0.057) (0.008)
GkShare%%lﬁKOR,k 0.012%**
(0.004)
Aln Zgor k -0.200** -0.091*** 0.030
(0.079) (0.030) (0.029)
First-stage Coefficient 0.070
First-stage F-statistic 727.22
Destination Fixed Effects Yes Yes Yes
Number of Sectors 401 401 401
Observations 40,076 40,076 40,076

Standard errors in parentheses
*p <010, " p <0.05 " p <0.01

Notes: Table 3 reports the estimation results for the scale elasticity () at the KSIC-5 level using spec-
ification (10). Column (1) presents the 2SLS estimate, with its corresponding first-stage coefficient and
F-statistic reported below. For this 2SLS estimation, the log difference in total sales (AIn Ygog f) is instru-
mented by the product of the trade elasticity and Japan’s 2018 import share in Korea (GkShare%lO,}f; KORK)-
Columns (2) and (3) show the OLS and reduced-form estimates, respectively. The total sales for Ko-
rean producers (Yxogx) are sourced directly from the KSIC-5 data provided by Statistics Korea. The
corresponding export data (Xgor k) are aggregated from the HS-6 level to the KSIC-5 level using a con-
cordance table from Statistics Korea. The trade elasticity (), as in Bartelme et al. (2025), is taken from
Giri et al. (2021), assuming a common elasticity for all KSIC-5 sectors within the same SIC-2 sector. The
sample is restricted to manufacturing sectors and countries with a population over one million.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2016-2022)
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icant, and of a similar magnitude across all specifications. This demonstrates that the
main finding is not driven by the specific choice of the fixed effect level, further strength-
ening the robustness of the results. While the estimates are consistent, they tend to be
slightly lower as the aggregation level of the sector fixed effects (xxog k(x)) becomes more
disaggregated. This pattern is expected, as more granular fixed effects (e.g., 5-digit vs.
2-digit) absorb a greater amount of the unobserved sector-level variation.

5.2 Analysis 2: All Other Countries

The second part of the analysis extends the estimation to all other countries excluding
Korea and Japan to test whether scale economies are also present in the cross-country
analysis. These countries could have expanded their sales to the Korean market to meet
the increased demand resulting from the decline in Japanese imports. This demand-
driven increase in total sales, if scale economies are present, would in turn enhance their

productivity and boost their exports.

Specification. The analysis uses the following specification, which builds upon the
baseline equation (8):

1

9—kA In Xijk = 1A InY;, +a; + Qjj 4 &k + & (k) T Eijk- (11)
This specification is different from equation (9) used in the Korea-only analysis in one
key aspect: The inclusion of multiple origins now makes it possible to incorporate the
destination-sector fixed effects («; ), allowing for a more robust control of demand-side
factors.

The main variables are defined consistently with the Korea-only analysis. The de-
pendent variable, el—kA In Xjjx, is the log difference in exports from origin i in sector k to
destination j between the post-event period (2020-2022) and the pre-event period (2016-
2018), adjusted by the trade elasticity (6;). The trade elasticity parameter is taken from
Giri et al. (2021), under the assumption that it is constant for all 6-digit sectors within
the same 2-digit sector. The independent variable, AInY;, is the log difference in origin
i’s total sales in sector k over the same periods. The total sales (Y; ) are proxied by total
exports due to the unavailability of domestic sales data at the 6-digit level, as in the
Korea-only analysis.

7 is the coefficient of interest, which measures the strength of scale economies and
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is referred to as the scale elasticity.!” The set of fixed effects in the specification (11) is
designed to control for various sources of variation, mirroring the theoretical equation
(7). The origin fixed effects («;) absorb aggregate shocks common to each origin i. The
origin-destination fixed effects («;;) absorb shocks specific to a given trade partnership.
The origin-sector fixed effects («; k(1)) are included at the 5-digit K-level to control for
supply-side characteristics; as in the Korea-only analysis, a more granular 6-digit origin-
sector fixed effect is excluded due to perfect collinearity with the independent variable
(Aln Yi,k).16 The destination-sector fixed effects («; ) are now included, unlike the Korea-
only analysis. The multiple origins in the sample make it possible to include this term,
which was not identified in the single-origin analysis due to collinearity.

A key identification challenge is that the error term (¢;; ) in specification (11) contains
unobserved shocks from the theoretical model (equation (7)) that are not fully absorbed
by the fixed effects. These include shocks to fundamental productivity (Aln A;j), and
bilateral trade costs (A In 7j;x). Since the independent variable (A InY; ) is likely to be cor-
related with these supply-side shocks, the OLS assumption is violated (E[AIn Ygog x X
5ij,k] # 0). Therefore, an instrumental variable that isolates exogenous demand-side

variation is required to obtain an unbiased estimate of the scale elasticity, .

Instrumental Variable. To address the potential endogeneity of AlnY;j, the estima-
tion of 7y necessitates an instrumental variable that is correlated with AInY;; but not
correlated with unobserved supply-side shocks. I therefore construct an instrument that
captures the exogenous demand shock from the 2019 Korea-Japan Trade Dispute specific
to each origin i and sector k pair. The instrument is the product of three components: the
trade elasticity (6y), Japan’s pre-event (2018) import share in Korea, and the pre-event
share of sales to Korea in an origin i’s total exports. Formally, it is defined as:

Vi = QkIMShare%%g KOR,kEXShareiZIO(%%R/k,

2018 _ __ XjPNKORk 2018 _ Xikork
where IMShare]PNKOR/k = Y xor Xixorn and EXShare;yop . = o Ko

This instrumental variable is designed to capture the origin-sector (i-k) specific ex-

posure to the demand shock in Korea by interacting two pre-event components: first,

15The estimate of 7 has two equivalent interpretations based on the model: (i) it is the elasticity of
productivity with respect to total sales as defined by the production technology; and (ii) it is the elasticity
of price with respect to total sales.

16k denotes a product at the 6-digit HS level, while K denotes the corresponding 5-digit KSIC sector.
The origin-sector fixed effects (; k(x)) are included to control for unobserved supply-side characteristics
at the K level. This is the appropriate level of control, as key industrial data for most countries (e.g.,
production, investment, and employment) are typically reported at the K level.
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Japan’s import share in Korea (I MShare%g}\% xoRr ) Proxies for the magnitude of the shock

in the Korean market; second, origin i’s export share to Korea (EXShare??(IgR,k) proxies
for the origin’s exposure to that shock. The intuition is that the positive impact on an
origin’s sales is greater for sectors that had both a high exposure to the Korean market
(a high EXShare?%lgle) and faced a larger demand shock (a high I MShare%IO,ﬁ KOR,k)'

The structural model in Section 4 also provides a theoretical justification for the cross-
country instrumental variable. Within this framework, the trade dispute is modeled as
an exogenous shock to trade costs (T7pn korx)- This shock propagates purely through a
demand-side channel: it raises Korea’s overall price index (Pxor ) and shifts expenditure
toward goods from other countries (X;kor ), which in turn increases other countries’
total sales (Y; ). This mechanism establishes the theoretical relevance of the instrument.
Furthermore, because this channel is driven by a demand shock external to origin i, the
instrument is by construction uncorrelated with an origin i’s own supply-side shocks,
satisfying the exclusion restriction. The formal derivation of this mechanism is detailed
in Appendix C.

Threats to the Exclusion Restriction. The validity of the instrument hinges on the ex-
clusion restriction, which requires the instrument to be uncorrelated with unobserved
supply-side shocks (¢;x). A potential threat would be if foreign governments responded
to the 2019 event by providing targeted subsidies to their domestic producers, particu-
larly in sectors with high exposure to the Korean market opportunity. However, such a
targeted subsidy response from numerous foreign governments is implausible for two
practical reasons. First, the Korean market is not large enough to typically induce such
coordinated, sector-specific policy on a global scale. Second, the shock itself was com-
plex, directly affecting nearly a thousand distinct products, making a precisely tailored
subsidy program difficult to implement. Even beyond these considerations, the model’s
specification is robust to such a threat. Any potential origin-sector specific subsidies
would be absorbed by the origin-sector fixed effects («; k() included in the estimation.'”
Therefore, both the practical implausibility of a coordinated subsidy response and the
model’s specification validate the exogeneity of the instrument.

Results. Table 4 presents the cross-country estimation results for equation (11). Col-
umn (1) reports the Two-Stage Least Squares (2SLS) estimate, where the log change in
total sales (AInY;j) is instrumented by the product of the trade elasticity, Japan’s im-

17This 5-digit (K) level is appropriate, as key manufacturing data for most countries (e.g., production,
investment, and employment) are typically reported at this same level of aggregation.
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Table 4: Estimates of Scale Elasticity (HS-6)

leA In Xij,k
2SLS OLS Reduced-form
1) 2) 3)
AlnY; 0.224***  0.107***
(0.055) (0.001)
GkIMShare§?,113 KOR,kEXShareiz?(gR’k 0.030***
(0.006)
First-stage Coefficient 0.134
First-stage F-statistic 13.79
Origin Fixed Effects Yes Yes Yes
Origin-Destination Fixed Effects Yes Yes Yes
Destination-Good Fixed Effects Yes Yes Yes
Origin-Sector (KSIC-5) Fixed Effects Yes Yes Yes
Number of Sectors 4,636 4,636 4,636
Observations 9,227,647 9,227,647 9,227,647

Standard errors in parentheses
*p <0.10,™ p <0.05 ** p <0.01

Notes: Table 4 reports the cross-country estimation results for the scale elasticity 7y at the HS-6 level
using specification (11). Column (1) presents the main 2SLS estimate, with its corresponding first-stage
coefficient and F-statistic reported below. For this 2SLS estimation, the log difference in total sales (A InY; ;)
is instrumented by the product of the trade elasticity, Japan’s 2018 import share in Korea, and origin i’s
2018 export share to Korea (GkIMShare%glﬁ KOR/kEXShareZZIO(gR,k). Columns (2) and (3) show the OLS and
reduced-form estimates, respectively. The independent variable (AInY;) is proxied by the log difference
in total exports. The trade elasticity (6;), as in Bartelme et al. (2025), is taken from Giri et al. (2021),
assuming a common elasticity for all HS-6 products within the same SIC-2 sector. The sample is restricted
to manufacturing sectors and countries with a population over one million. Standard errors, reported in
parentheses, are clustered at the origin-good level.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2019)
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port share, and the origin’s export share. The 2SLS estimate for the scale elasticity ()
is 0.22 and is statistically significant, which indicates that a 1% increase in total sales
raises productivity by 0.22%. This result is consistent with the baseline estimate of 0.18
from the Korea-only analysis. Additionally, the first-stage result, reported below the
25LS estimate, confirms the relevance of the instrument. These findings suggest that
scale economies are also present in the cross-country sample, which supports the core
mechanism in the paper: a demand-driven increase in sales can increase productivity,
which in turn lowers price and expands exports.

The OLS estimate in Column (2) is smaller than the 2SLS estimate, indicating a
downward bias. This suggests that the log change in total sales (Alog ;) is negatively
correlated with unobserved supply-side shocks. This is plausible under a scenario where
high-growth sectors also encountered rising production costs. In line with the Korea-
only analysis, this downward bias alleviates the threat to the exclusion restriction; if
the unobserved supply-side shock had been coordinated subsidies, we would expect an
upward bias. Column (3) reports the reduced-form estimate, which captures the direct
effect of the instrument on the dependent variable (Aln X;; ;). The coefficient is positive
and significant, providing direct evidence for the main mechanism. This result indicates
that origin-sector experienced greater export growth when they had a higher pre-event
export share to Korea (a high EX Share?%logR,k) and when that market experienced a larger
demand shock (a high I MShare%?,}f]3 KOR,k)'

Robustness. To test the robustness of the estimate of scale elasticity in Table 4, I re-
examine the specification (11) by varying the level of aggregation for K in the origin-
sector fixed effects (; k(x)), following the same approach as in Section 5.1. While the
baseline uses the 5-digit sector level for K, this exercise re-estimates the specification
using more aggregated 3-digit and 2-digit sector definitions.'® The estimation results,
presented in Table A6 (3-digit) and Table A7 (2-digit), are highly consistent with the
baseline 5-digit results from Table 4. Across all specifications, the key estimates—2SLS,
OLS and reduced-form—remain stable in both sign, significance and magnitude. This
confirms that the main finding is robust and not sensitive to the aggregation level of
the origin-sector fixed effects (a;k()). Furthermore, this stability across specifications
strengthens the validity of the identification strategy in two ways. First, the inclusion
of the origin-sector fixed effects itself controls for any origin-sector supply shocks that

could be correlated with the instrument. Second, the stability of the y estimate across

18k denotes a product at the 6-digit HS level, while K denotes the corresponding aggregated KSIC
sector.
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the different aggregation levels of these fixed effects suggests that no such problematic

correlation exists.

6 Quantitative Analysis

This section quantifies the welfare effects of the 2019 Korea-Japan Trade Dispute, using
the structural model from Section 4 and the scale elasticity estimated in Section 5. To
understand the extent which scale economies shape these welfare effects, the exercise
compares the outcomes in two scenarios: (i) one without scale economies (v = 0) and (ii)
one with scale economies (7 > 0). The results show that the presence of scale economies
mitigates the negative welfare impact of the export controls in the target country (Korea),
while exacerbating it in the imposing country (Japan).

6.1 Solving for Equilibrium Changes

To quantify the general equilibrium effects of the trade shock, the model is solved in
proportional changes using exact hat algebra, as in Dekle et al. (2008). This approach
defines the relative change in any variable x as the ratio of its counterfactual value (x')
to its initial value (x), denoted as £ = x'/x.

Applying the hat algebra approach to the general equilibrium condition (5) yields
the central equation for the change in each country’s wage (#;). This equation depends
on the change in expenditure shares (/A\ij,k), which in turn depends on the change in sec-
toral labor allocation (ii,k)- The equilibrium is therefore determined by simultaneously
solving the following system of three equations:

. 1 A
b=y ZZ/\ij,ka,kAij,kwj, (12)
ekL'YGk A~ — bk
A k i
Aijk = i o (13)
Zﬁ/\Z]kTg k LAY 0 w, ¢
ti,k = Y kw ZXl],kAl] kw]r (14)
1

where Ajj is the initial share of origin 7 in destination j’s expenditure on goods from
sector k, Ajjx = Xjj i/ Xjk. The detailed derivation of this system is provided in Appendix
D.

This system of equations can be solved numerically for the changes in the endoge-
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nous variables (;, /A\ij,k, ﬁl-,k) given three inputs: data from the initial equilibrium (Y},
Aijkr Xjkr Yiks Xijk), the model’s parameters (7, k), and an exogenous shock to trade
costs (Tjj x)-

6.2 Model Calibration

Data and Initial Equilibrium. The initial equilibrium for the quantitative analysis is
constructed to be consistent with the preceding estimation in Section 5. The analysis
uses bilateral trade values (Xj; ;) at the HS-6 product level from the CEPII BACI (Gaulier
and Zignago (2010)) for the pre-shock period (2016-2018). From these bilateral trade
values, all other variables required for the simulation are constructed by summing the
values over the pre-shock period. These include total output (Y;), total sectoral output
(Yix), total sectoral expenditure (X;), and expenditure shares (A;; ).

A key challenge is that the CEPII BACI dataset lacks information on domestic sales
(Xiix). This variable is therefore imputed using a proportionality assumption, which
posits that the domestic sales share of a 6-digit sector is identical to that of its corre-
sponding aggregate 2-digit sector.!” The aggregate sector-level data required to calculate
these shares are sourced from the International Trade and Production Database for Sim-
ulation (Borchert et al. (2024)). The detailed procedure for this imputation is provided
in Appendix E.

The sample for the quantitative analysis is restricted to manufacturing sectors and
countries with a population over one million, to ensure consistency with the empirical
analysis in Section 3 and the estimation in Section 5. For computation tractability,
this sample is consolidated into 28 country units: Korea, Japan, their 25 major trading
partners, and a "Rest of the World (RoW)." The full list of countries included in the
analysis is provided in Appendix E.

Key Parameters. The scale elasticity, -y, is calibrated directly from the main 2SLS esti-
mates presented in the structural estimation in Section 5. Specifically, for Korea, the scale
elasticity is set to v = 0.177, which is the estimate from the Korea-only analysis (Table
2); and for all other countries (excluding Japan), it is set to v = 0.224, the estimate from

y X..
9Formally, the assumption is expressed as % = %((kk)) for all k € K, where k is an HS-6 product and

K is its corresponding aggregate SIC-2 sector.
20Sections 3 and 5 rely on trade data (HS-6) and producer data (SIC-5). The producer data, in particular,
covers only manufacturing sectors (i.e., SIC-5 codes starting with 10 to 33). To maintain consistency with
these preceding sections, the sectoral definition (k) in the quantitative analysis is also at the HS-6 level,

restricted to manufacturing sectors.
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the cross-country analysis (Table 4). For Japan, the scale elasticity is set to y = 0.177 in
the baseline analysis, mirroring the estimate for Korea. This is motivated by the similar
industrial and export structures between the two economies.”’ Alternative calibrations
for this parameter are examined in the sensitivity analysis.

Another key parameter is the trade elasticity, 6. To maintain consistency with the
preceding estimation section, the values are sourced from Giri et al. (2021), as in Bartelme
et al. (2025). This application requires the assumption that the 2-digit sector-level esti-
mates apply uniformly to all underlying disaggregated 6-digit sectors.

Shock Calibration. The final key input for the quantitative analysis is the magnitude
of the trade cost shock to Korea’s imports from Japan (%;pn KOR/k)_zz Since this shock is
unobserved, it is calibrated by inverting the model in Section 4. Specifically, Tjpn kOR k
is calibrated to a value that makes the model’s predicted change in imports (X JPN KOR,k)
exactly match the change observed in the actual data (}A(?Ibe xory)- This calibration is
performed for each sector k using the following equation:

1
—0k(1 — AjpNkORK)

log Tjpn KORK = log 95\ kor 4 (15)
This equation is derived from the model and captures the total effect of the shock on
Korea’s imports from Japan. This total effect is composed of a partial equilibrium ef-
fect and a first-order general equilibrium effect that incorporates the shock’s impact on
Korea’s sectoral price index (Pxog ). The details are provided in Appendix E.

The inputs for this equation are sourced as follows. The observed change in imports
(X%’JSN KO le) is calculated directly from pre-shock (2016-2018) and post-shock (2020-2022)
data; this is the sole instance where post-shock data is used in the quantitative analysis.”’
The other inputs are the trade elasticity (i) from Giri et al. (2021), and the initial shares

(A7pN kOR k) constructed from the pre-shock data.

2IThis motivation is based on the high Export Similarity Index between the two economies. For Korea,
Japan ranks as the most similar export competitor in the global market. For Japan, Korea ranks as the
second-most similar export competitor in the global market. See Appendix E for details.

22To isolate the effect of the 2019 Korea-Japan Trade Dispute, the counterfactual exercise assumes that
all other trade costs remain unchanged (%;;x = 1 for all (i,j) # (JPN, KOR)).

2Two adjustments are made to ensure the calibrated shocks are economically plausible. First, for
any sectors where imports increased, which would counterintuitively imply a trade cost reduction, the
calibrated shock is floored at one. Second, to prevent a large decrease in imports from generating an
implausibly large shock, the distribution of the calibrated shock is winsorized at the 95th percentile.
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Table 5: Model Predictions for Untargeted Moments

Fact 5 Fact 6 Fact 6
o @ ©)
Ykor PKOR jik JKOR j k
A. Scale Economies (7 > 0)
JP-Dominant Sectors 1.132 0.986 1.124
Non-JP-Dominant Sectors 0.995 1.002 0.988
B. No Scale Economies (y = 0)
JP-Dominant Sectors 1.176 1.002 0.981
Non-JP-Dominant Sectors 0.999 1.002 0.964

Notes: Table 5 reports the quantitative model’s predicted outcomes for the untargeted moments. Column
(1) shows the mean predicted change in total sales (YKOR,;{), which corresponds to Fact 5 in Section 3.
Columns (2) and (3) show the mean predicted changes in export prices (Pxor jx) and quantities (§kor j),
which correspond to Fact 6 in Section 3. Panel A presents the results from a scenario with scale economies
(v > 0), which uses the same elasticity estimates as in the baseline in Table 6. Panel B presents the results
from a scenario without scale economies (v = 0). JP-Dominant sectors are defined as those where Japan
was the leading supplier to Korea during the pre-event period (2016-2018). Non-JP-Dominant sectors are
defined as all remaining sectors.

6.3 Model Validation

Prior to quantifying the welfare changes, I test whether the model can replicate key em-
pirical findings that are not targeted in calibration. The preceding shock calibration is
designed to match a targeted moment: the observed decline in Korea’s imports from
Japan (which corresponds to Fact 3 in Section 3). Therefore, a validation test of the
model is its ability to endogenously generate the untargeted moments observed in the
data: the increase in Korean producers’ revenue (Fact 5 in Section 3) and the simulta-
neous decrease in export prices and increase in export quantities (Fact 6 in Section 3).
Furthermore, to isolate the role of scale economies as the key mechanism, the validation
test compares the predictions from a scenario with scale economies (v > 0) to those from
one where this channel is shut down (y = 0).

The validation exercise confirms that the model successfully replicates the empiri-
cal facts that are untargeted, as shown in Panel A in Table 5. First, Column (1) shows
that total sales (Yxo R k) in JP-Dominant sectors increase by 13.2%, while sales in Non-JP-
Dominant sectors remain almost unchanged, which is consistent with Fact 5.2 More

24JP-Dominant sectors are those where Japan was the leading supplier to Korea during the pre-event
period (2016 to 2018); Non-JP-Dominant sectors are all other sectors in the sample.
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importantly, the model also generates Fact 6. Column (2) shows that export prices
(Pkorjr) in JP-Dominant sectors decrease by 1.4%, while prices in Non-JP-Dominant
sectors remain almost unchanged. In terms of export quantities (§xor k), Column (3)
shows that JP-Dominant sectors experience a 12.4% increase, while Non-JP-Dominant
sectors experience a 1.2% decrease. The differences between these two groups in these
three untargeted moments are also statistically significant, as confirmed by t-tests (see
Appendix F).

Conversely, Panel B in Table 5 presents that the scenario without scale economies
(v = 0) fails this validation test. While this model can still generate a relative increase
in total sales (Fact 5), it cannot generate the export dynamics observed in Fact 6. Specifi-
cally, in the absence of scale economies, the model predicts that export prices do not fall
(Column (2)) and export quantities actually decrease in JP-Dominant sectors (Column
(3)). This demonstrates that the presence of scale economies is the essential driver for
explaining the full set of empirical findings in Section 3. This result remains robust when
examining how Japan’s pre-event share in Korea correlates with the model’s predictions
for these untargeted moments (Y/KOR,k, Pkor k- and dkor jk)- This robust pattern, which
is consistent with Fact 5 and Fact 6, is found only in the model with scale economies
(v > 0). Appendix F provides the detailed analysis.

6.4 Welfare Changes

The previous section confirms the model’s validity, showing its ability to replicate key
untargeted moments. Building on this validation, the quantitative results for welfare
changes are presented in Table 6. Panel A reports the percentage change in welfare
relative to the initial equilibrium. This change is derived from the model’s measure of
real income change, defined as l:lj = zf)j / 13].,25 This value is computed by substituting
the solved equilibrium changes for the endogenous variables, as detailed in the full
derivation in Appendix G. Panel B specifies the scale elasticity (y) values used for each
country group in each case.

The first two columns of Table 6 enable a direct comparison that reveals the cru-
cial role of scale economies in shaping the welfare outcomes. Column (1) presents the
scenario without scale economies (y = 0). Column (2) shows the baseline results, incor-
porating the scale elasticity estimates from Section 5. For Japan, the baseline assumes

the same scale elasticity as Korea, motivated by their similar industrial and export struc-

PThis definition assumes constant total labor (L. j = 1), so the change in nominal income is equal to the
change in the wage ().
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Table 6: Welfare Changes: With vs. Without Scale Economies

Scale Economies

No Scale Baseline

1) (2) €) (4) ) (6)

A. Welfare Changes (%)

Japan -0.052 -0.061 -0.068  -0.065 -0.056  -0.048

Korea -0.278 -0.236 -0.234  -0.235 -0.238  -0.242
B. Scale Elasticity ()

Japan 0 0.177 0.100 0.150 0.200 0.224

Korea 0 0.177 0.177 0.177 0.177 0.177

Other Countries 0 0.224 0.224 0.224 0.224 0.224

Notes: Table 6 reports the welfare effects of the 2019 Trade Dispute under the six scenarios. Panel A shows
the percentage change in welfare for Japan and Korea, calculated as (Uj —1) x 100, where ij is the change
in real income. Panel B details the scale elasticity () values used for each country group in each scenario.
Column (1) presents the scenario without scale economies (v = 0). Columns (2)-(6) present scenarios with
scale economies (v > 0). Column (2) is the baseline, using the main estimates from Section 5, with Japan’s
elasticity set to match Korea’s. Columns (3)-(6) present alternative calibrations for Japan'’s scale elasticity,
testing a range of values: 0.100 (Column (3)), 0.150 (Column (4)), 0.200 (Column (5)), and 0.224 (Column

(6)).

tures.”® Quantitatively, the presence of scale economies exacerbates Japan’s welfare loss,
while mitigating Korea’s. Specifically, Japan’s welfare loss increases from -0.052% to -
0.061%, representing a 17% amplification of the decline in the absence of scale economies.
Conversely, Korea’s welfare loss is reduced from -0.278% to -0.236%, offsetting 15% of
the decline in the absence of scale economies.

To examine the sensitivity of the baseline results, alternative calibrations for Japan’s
scale elasticity are considered in Columns (3) to (6) of Table 6. These columns test a
range of values: 0.100 (Column (3)), 0.150 (Column (4)), 0.200 (Column (5)), and 0.224
(Column (6)). The central qualitative finding—that the presence of scale economies exac-
erbates Japan’s welfare loss while mitigating Korea’s—proves to be highly robust. This
result holds across a wide range of Japan’s scale elasticity, including the Baseline and
alternative values from 0.100 to 0.200. The only exception to this robust finding is in Col-
umn (6), where Japan’s scale elasticity is set to 0.224—a value substantially higher than

the estimate for Korea (0.177). Under this specific case, Japan’s welfare loss is slightly

26This structural similarity is strongly supported by the data. Based on the Export Similarity Index,
Japan and Korea rank as #1 and #2 most similar export competitors for each other, respectively. See
Appendix E for details.
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lessened compared to the No Scale scenario, while the mitigating effect for Korea still
holds.

Furthermore, the results reveal a systematic pattern across the scenarios. Holding
the scale elasticities for Korea and other countries fixed, a higher value for Japan’s scale
elasticity weakens the overall "backfire" effect: the amplification of Japan’s welfare loss
becomes smaller and the offsetting effect for Korea’s welfare loss also becomes smaller. A
higher scale elasticity for Japan allows for greater productivity enhancements in its non-
exposed sectors, as labor is reallocated from its exposed sectors (i.e., those in which Japan
was a dominant supplier to Korea). This greater productivity gain in the expanding
sectors partially offsets the losses from the contracting sectors, thereby dampening the
negative effect of scale economies on Japan’s welfare. This dynamic also explains the
weakening of the positive effect of scale economies on Korea’s welfare. When Japan’s
scale elasticity is set higher than Korea’s, Korean firms faced intensified competition
from Japan in the non-exposed sectors in third-country markets. This competitive effect
grows stronger as the strength of Japan’s scale economies increases, thereby eroding
Korea’s welfare gains from scale economies in the exposed sectors.

7 Conclusion

Can export controls backfire by increasing productivity and exports in the target coun-
try? Does this response in turn exacerbate the welfare loss for the imposing country? I
answer these questions in the context of the 2019 Korea-Japan Trade Dispute. In Septem-
ber 2019, amid heightened political tensions, Japan announced it would impose export
controls on all national strategic items shipped to Korea. For Korean firms, this created
immediate uncertainty, as each individual import now required a specific approval that
could be denied at the discretion of Japanese officials. Although no formal export re-
strictions were ever enforced, the mere threat of disruption triggered substantial shifts
in Korea’s imports, domestic production, and exports.

The empirical analysis first documents a significant decline in Korea’s imports from
Japan, affecting both targeted and non-targeted goods. This decline was disproportion-
ately larger in sectors where Japan had been the primary supplier. Korean producers’
revenue increased most sharply in these sectors, suggesting import substitution. The
most striking finding relates to exports: in these very sectors, Korea’s export volumes
expanded while its export prices simultaneously fell. This combination provides direct
evidence of productivity growth, driven by the increased demand for domestic products

(caused by Japan’s export controls).
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Motivated by these empirical findings, I structurally estimate the strength of scale
economies based on a trade model. To address the potential endogeneity, the estima-
tion employs an instrumental variable strategy to isolate the exogenous demand-side
variation generated by the trade dispute. The results strongly support the presence of
scale economies in Korea, indicating that a 1% increase in total sales leads to a 0.18%
increase in productivity. The quantitative analysis, parameterized by these estimates,
confirms the crucial role of scale economies in shaping the welfare outcomes: their pres-
ence mitigates the welfare loss in Korea while exacerbating it in Japan. Quantitatively,
this amounts to offsetting 15% of Korea’s welfare loss and amplifying Japan’s loss by
17%, relative to a scenario without scale economies.

This paper demonstrates how export controls can "backfire": by spurring a scale-
driven productivity increase in the target country, such policies can lead to unintended
and detrimental welfare consequences for the imposing country. As export controls have
become a prominent tool for addressing geopolitical issues, this paper thus serves as a
cautionary tale about the arbitrary use of trade policy for political ends.
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A Appendix to Section 3

A.1 Empirical Facts regarding Japan’s Exports

Data. This empirical analysis uses Japan’s export data at the 6-digit level of the Har-
monized System (HS) from the CEPII BACI database (Gaulier and Zignago (2010)). The
sample includes all products exported by Japan, covering 215 countries and 5,165 goods
at the HS-6 level. The sample period spans eight years on an annual basis, from 2015 to
2022.

Fact 1: Japan’s exports to Korea significantly decreased, both relative to the pre-event

period and to exports to other countries.

To investigate the change of Japan’s exports to Korea following Japan’s 2019 announce-

ment of export controls on Korea, I use a difference-in-differences specification:

In xfg’t =g togr+ B (Koreac) X <Postt> + €cg.ts

where x]f o+ is the value of Japan’s exports of good g to country c at time t. ., and
agt denote country-good and good-time fixed effects, respectively. Korea. is a country
indicator variable for Korea and Post; is a time indicator for the post-event period, which
spans from 2019 to 2022. Standard errors are clustered at country c and good g levels.
The coefficient B is estimated to be -0.118, as shown in Column (1) of Table Al. This
indicates that Japan’s exports to Korea decreased by 11.1 percent, both relative to the pre-
event period and to exports to other countries. Time-varying coefficients f;, estimated
using an event-study, are also plotted in Panel (A) of Figure A1, along with 95 percentage
confidence intervals for the estimates. This event-study analysis confirms a persistent
decline in Japan’s exports to Korea following the event. These results align well with

Korea’s imports from Japan, as described in Fact 1 in Section 3.

Fact 2: Non-targeted goods experienced a similar decline in exports to Korea to that
of targeted goods.

To examine whether the substantial decrease in exports to Korea is limited to goods
directly targeted by Japan’s export controls, I use a difference-in-differences specification:
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In xffg/t = acg+ gt + P1 (Koreac) X (Postt> X (Tﬂrgefé’dg)

+ B2 (Koreac> X (Postt) X <N0nTargetedg> + €c,g.ts

where Targeted, is an indicator variable for goods that were directly targeted by the ex-
port controls on Korea, and NonTargeted, is an indicator variable for goods that were not
targeted. The remaining terms and clustering level are consistent with those previously
described. The coefficients B and B, are estimated to be -0.10 and -0.12, respectively,
as shown in Column (2) of Table Al. This indicates that the extent of the decline in
NonTargeted, goods exported to Korea is not statistically different from that of Targeted,
goods. Moreover, time-varying coefficients, B1; and B, estimated from an event-study,
further support this finding, showing no statistical difference in exports trends between
Targeted and NonTargeted goods, as shown in Panel (B) of Figure Al. These results align
well with Korea’s imports from Japan, as described in Fact 2 in Section 3. This finding
also provides further support to the interpretation that Korean firms’ concerns about
potential restrictions on their imports from Japan extended to NonTargeted goods.

Fact 3: Japan's exports to Korea decreased disproportionately in goods for which Japan
had been the leading supplier.

To explore whether the decrease was disproportionately larger in sectors where Korea
had been most reliant on Japan, I use a difference-in-differences specification:

In xggg’t = gt ogt+ P <Koreac) X (Postt> X (Dominantg)

+ B2 (Koreac> X (Postt> X (NonDomimmtg) + €c,g,ts

where Dominant, is an indicator variable for goods for which Japan was the leading
supplier in 2018, and NonDominantg is an indicator variable for goods for which Japan
was not the leading supplier. The remaining terms and clustering level are the same as
previously described. The coefficients 1 and B, are estimated to be -0.215 and -0.100, re-
spectively, as shown in Column (3) of Table Al. This suggests that the decline in Japan’s
exports to Korea was larger in sectors where Japan had previously been dominant in the
Korean market. The time-varying coefficients, 81 ; and B;, plotted in Panel (C) of Fig-
ure Al, consistently show a larger decline for Dominant goods than for NonDominant

goods. These results align well with Korea’s imports from Japan, as in Fact 3 in Section
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Fact 4: Japan’s exports to the rest of the world in goods for which Japan had been the
leading supplier did not increase relative to the pre-event period.

Building on the finding from Fact 3 that exports to Korea decreased disproportionately
in Dominant goods, I use the following difference-in-differences specification to examine

whether Japan’s exports to the rest of the world in these goods increased:
In x]fg,t = &g +act+ ,B(Dominantg> X <Postt) +€cgts

where «a.; denotes country-time fixed effects. Note that Korea is excluded as a destina-
tion to isolate the effect of the event on Japan’s exports to other countries in Dominant
goods. The remaining specification details and clustering level are consistent with those
previously described. Column (4) of Table Al reports the estimated coefficients. The
estimate of 8 is 0.000 and is not statistically significant even at the 10% level. This indi-
cates that Japan’s exports to the rest of the world in Dominant goods did not increase,
both relative to the pre-event period and to Non-Dominant goods. This also suggests
that the decrease in exports to Korea did not lead to an increase in exports to the rest of
the world. The time-varying coefficients, B, also support the absence of an increase in
exports to the rest of world in Dominant goods, as plotted in Panel (D) of Figure Al.
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Table Al: Empirical Facts (Difference-in-Differences)

Fact 1 Fact 2 Fact 3 Fact 4

(1) ) 3) 4)

Inx Inx Inx Inx
KOR x Post -0.117***

(0.019)
KOR x Post x Targeted -0.097**
(0.019)
KOR x Post x Non-Targeted -0.123***
(0.021)
KOR x Post x Dominant -0.215%**
(0.022)
KOR x Post x Non-Dominant -0.100***
(0.020)
Dominant x Post 0.000
(0.017)

Destination x Good Fixed Effects Yes Yes Yes Yes
Good x Time Fixed Effects Yes Yes Yes
Destination x Time Fixed Effects Yes
Num. of Goods 5,165 5,165 5,165 5,165
Num. of Targeted Goods 955
Num. of Dominant Goods 636 636
Observations 1,652,228 1,652,228 1,652,228 1,619,908
R-squared 0.87 0.87 0.87 0.87

Standard errors in parentheses
*p <010, ** p <0.05 ** p < 0.01

Notes: Table Al presents the estimation results for the difference-in-differences specifications discussed
in Section A.1. Columns (1) through (4) correspond to the appendix versions of Facts 1 through 4, respec-
tively. The dependent variable in all four columns is the log of Japan’s export value. The analysis uses
annual Japanese export data at the HS-6 product level from 2015 to 2022. Columns (1)-(3) cover all des-
tination countries, while Column (4) excludes Korea to isolate exports to the rest of the world. Standard
errors, shown in parentheses, are clustered by country and good.

Source: CEPII BACI (Gaulier and Zignago (2010))
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Figure Al: Empirical Facts (Event Study)

Notes: Figure Al illustrates the estimation results for the event-study specifications from Section A.1.
Panels (A) through (D) correspond to the appendix versions of Facts 1 through 4, respectively. The
analysis uses annual Japanese export data at the HS-6 product level from 2015 to 2022. Panels (A)-(C)
cover all destination countries, while Panel (D) excludes Korea to isolate exports to the rest of the world.
Standard errors are clustered by country and good.

Source: CEPII BACI (Gaulier and Zignago (2010))
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A.2 Identification of Goods Targeted by Japan’s Export Controls

This appendix section details how to identify the Japanese national strategic items that
became subject to potential export controls following Japan’s removal of Korea from
its White List in September 2019. The practical effect of this policy, which revoked
Korea’s status as a preferential trade partner, was a significant shift in export licensing
procedures.

Previously, when Korea had been on the White List, Japan’s strategic items exported
to Korea had been eligible for a "General Comprehensive Permit," a simplified export
process. Following the exclusion of Korea from the list, these strategic items were now
subject to individual export approval—a strict, case-by-case review required for Non-
White List countries. Therefore, exports of these strategic items to Korea became con-
tingent on an uncertain approval decision from the Japanese government, which was
legally authorized to ban or restrict shipments.

In response to Japan’s removal of Korea from its White List, the Korea Security
Agency of Trade and Industry, under the Ministry of Trade, Industry and Energy, iden-
tified and published a list of affected items at the HSK-10 level to minimize the impact
on Korean firms.”” This identification process was based on the strategic (controlled)
items list managed by Japan’s Ministry of Economy, Trade and Industry, which con-
sists of 1,120 specific items under 15 categories.”® The Korea Security Agency of Trade
and Industry matched these 1,120 strategic (controlled) items to Korea’s HSK-10 codes,
resulting in an affected list of 2,697 HSK-10 items.

This study identifies 1,017 unique items at the HS-6 level as the "Targeted Goods"
by aggregating the 2,697 items at the HSK-10 level from the list published by the Korea
Security Agency of Trade and Industry. This aggregation to the 6-digit level, rather than
using the 10-digit codes directly, is essential to ensure consistency with the international
trade data (e.g., the BACI database) used in the main analysis.

ZThe first six digits of the Harmonized System (HS) code are internationally standardized. Countries
often add subsequent digits for more detailed national classification. The HSK-10 (Harmonized System of
Korea) adds four digits to the global HS-6 standard for national classification purposes.

2The 15 categories are: (1) Weapons, (2) Nuclear, (3) Chemical & Biological, (4) Missiles, (5) Advanced
Materials, (6) Materials Processing, (7) Electronics, (8) Computers, (9) Telecommunications, (10) Sensors,
(11) Navigation, (12) Marine, (13) Propulsion, (14) Miscellaneous, and (15) Sensitive Items.
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A.3 Korea’s Pre-existing Export Capability in JP-Dominant Goods

This appendix section provides the rationale for Fact 6 in Section 3—the simultaneous
increase in Korea’s export quantities and decrease in prices in Japan-Dominant sectors
following the 2019 Korea-Japan Trade Dispute. The analysis shows that this finding is
plausible as Korea already had pre-existing production and export capability precisely
in these sectors. This suggests the expansion was a scale-up of existing operations rather
than an entry into new industries.

Bilateral trade data from the CEPII BACI database (Gaulier and Zignago (2010))
are used for this analysis. Following Section 3, JP-Dominant Goods are defined as the
6-digit of the Harmonized System (HS) products where Japan held the largest import
share in Korea in the pre-event year (2018). Then, Korea’s pre-existing export capability
is identified by examining whether Korea already exported these same products in 2018.

Table A2 presents the results. Panel A first identifies JP-Dominant Goods based
on Korea’s 2018 import data. 636 goods are classified as JP-Dominant out of Korea’s
5,107 total imported goods. Panel B then examines Korea’s 2018 export capability for
these specific 636 goods. 630 of them—out of Korea’s 4,934 total exported goods—
were being exported by Korea to the global market. The final row shows that Korea
already possessed the capability to export 99% of these goods, thereby explaining how
the rapid expansion noted in Fact 6 was feasible. This high degree of overlap at the
export product level also complements the finding in Appendix E, which shows that the
export structures of Japan and Korea are highly similar.
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Table A2: Korea’s Export Capability in JP-Dominant Goods (2018)

Number of HS-6 Goods

A. Korea’s Imports

JP-Dominant Goods (a) 636
Total Goods 5,107
B. Korea’s Exports
JP-Dominant Goods (b) 630
Total Goods 4934
Share (b/a) 0.99

Notes: Table A2 reports Korea’s pre-existing export capability in JP-Dominant Goods, which are defined
as products where Japan held the largest import share in Korea in 2018. Panel A presents the number
of these goods relative to Korea’s total imported goods. Panel B presents the number of these same JP-
Dominant Goods that Korea also exported in 2018 relative to Korea’s total exported goods. The final row
reports the share of JP-Dominant Goods that Korea already had the capability to export.

Source: CEPII BACI (Gaulier and Zignago (2010))
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B Appendix to Section 5.1

B.1 Theoretical Foundation of the Instrumental Variable

This section details the theoretical mechanism through which a shock to importing costs
from Japan (AlnTjpnkorx) affects Korea’s total sales (AlnYgor). The total elasticity

can be decomposed using the chain rule as follows:

AlnYgork _ Alnpipnkork  AlnProrkx  AlnXgorkork AlnYkork
Alntpykork  AInTpnkork Alnprpnkory AN Prorx  Aln Xkxorkork

Each term on the RHS is derived below.
The first term of the RHS is the elasticity of the price of Japanese goods in Korea
with respect to its trade cost. From equation (3), holding all other variables constant,

this elasticity is equal to one:

1
( TJPN KOR kW ];1?] )
AlnpipNkork ApngYpng / 1
AlInTpN KOR AIn TjpN KOR

The second term of the RHS is the elasticity fo Korea’s sectoral price index (Pxog ) with
respect to the price of Japanese goods in Korea (pjpnkork). Holding all other prices

constant, this elasticity is equivalent to Japan’s market share in Korea for good k:

1
0k B —0
Aln Pgog _ Aln (Zz P; KOR,k) _ (P]PNKOR,k) ¢ _ X]PNKOR,k
Aln prpN KOR Aln prpn KOR v (pi KOR,k)in Y XikORk

The third term of the RHS is the elasticity of Korea’s domestic sales (Xxor xor ) With
respect to its sectoral price index (Pxor k). From the bilateral trade equation (4), holding

all other variables constant, this elasticity is equal to the trade elasticity (6):

T+
TKOR KORAWkOR \ — Ok 70k O
Aln XKOR KORk Aln ( ( AKOR k ) YKOR,kXKOR;kPKOR,k _9
Aln PKOR,k Aln PKOR,k ke

The fourth term of the RHS is the elasticity of Korea’s total sales (Yxor x) with respect
to its domestic sales (Xxorkork)- Holding sales to other destinations constant, this
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elasticity is equivalent to the share of domestic sales in Korea’s total sales for good k:

AInYkork  XKkORKORK _ XKORKORK

Aln Xgor kOR k YKoR k Y. XKOR jk

Finally, combining these four terms, the total elasticity of Korea’s total sales (Yxor )
with respect to the shock to importing costs from Japan (7jpn kor k) is given by:

AlnYxork _ Alnppnkork AlnProrx  AlnXkorkork AInYkork
Alntpnkork  AInTpnkork AInppnkork AInProrx  AlnXgorkork
_ XJPN KOR k XKORKOR k
_ 1 x ZJPNKORk g . ZKORKORk
Y.i XiKORk Y. XKOR jk
— 6, XjPNKORK _ XKORKORK
YiXikork  LjXKORjk

This total effect is therefore the product of three components: the trade elasticity, Japan’s
share of the Korean market, and the share of domestic sales in Korea’s total sales.

In summary, the structural model provides a clear justification for the instrumental
variable used in Section 5.1. The derivation demonstrates that the instrument is a core
component of the demand-side mechanism through which the trade cost shock propa-
gates to affect Korean producers’ total sales. This channel theoretically establishes the
instrument’s relevance. Moreover, its demand-side nature ensures it is uncorrelated with

the supply-side shocks, thus satisfying the exclusion restriction.
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B.2 Estimation of the Output Elasticity

This appendix section presents the estimation of the output elasticity, which allows for
a direct comparison with the findings of Breinlich et al. (2023). The specification is
identical to the main specification (9) with the sole exception that the dependent variable
is not adjusted by the trade elasticity (6;). The estimating equation is therefore:

Aln XgoRrjk = BAInYkork + &kOR + ®KORj + XKORK(k) T EKOR jpk- (AT)

The data, sample, endogenous variable, instrumental variable, and fixed effects are the
same as those used in the main analysis in Section 5.1.

In this specification, the coefficient of interest, B, captures the output elasticity. As
derived in equation (7), this is the total elasticity of bilateral trade (X;;x) with respect to
total sales (Y; ). This output elasticity arises from two channels. First, an increase in total
sales lowers prices via the scale elasticity channel (). Second, this price decline increases
sales in destination j via the trade elasticity channel (6;). The product of these two effects
(70k) is the output elasticity, which corresponds to the coefficient B in equation (Al).

The 2SLS estimate for the output elasticity (B) is 0.87 and is statistically significant,
as reported in Table A3. This estimate is consistent with the value of 0.82 used in the

main quantitative analysis of Breinlich et al. (2023).
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Table A3: Estimates of Output Elasticity (HS-6)

Aln X KOR j k
2SLS OLS Reduced-form
1) (2) (©)
AlnYxor k 0.869*** 0.400***
(0.207) (0.009)
GkShare‘;—?}I\E,3 KORK 0.030%**
(0.007)
First-stage Coefficient 0.034
First-stage F-statistic 375.91
Destination Fixed Effects Yes Yes Yes
Sector (KSIC-5) Fixed Effects Yes Yes Yes
Number of Sectors 4,582 4,582 4,582
Observations 190,087 190,087 190,087

Standard errors in parentheses
*p <010, " p <0.05 ** p <0.01

Notes: Table A3 reports the estimation results for the output elasticity (8) using HS-6 product-level data,
based on specification (Al). Column (1) presents the main 2SLS estimate, with its corresponding first-
stage coefficient and F-statistic reported below. For this 2S5LS estimation, the log difference in total sales
(AInYgogr ) is instrumented by the product of the trade elasticity and Japan’s 2018 import share in Korea
(GkShare?IO,}f]3 KOR,k)' Columns (2) and (3) show the OLS and reduced-form estimates, respectively. The
dependent variable (Aln Xgor ) is not adjusted by the trade elasticity (6). The independent variable
(AInYkork) is proxied by the log difference in total exports. The sample is restricted to manufacturing
sectors and countries with a population over one million.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2019)
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B.3 Robustness: Varying the Aggregation Level of Fixed Effects

Table A4: Estimates of Scale Elasticity (KSIC-3 Fixed Effects)

leA InX KOR j,k
2SLS OLS Reduced-form
1) (2) 3)
AlnYxor i 0.181*** 0.105***
(0.067) (0.002)
OxSharelpy xor k 0.004***
(0.002)
First-stage Coefficient 0.024
First-stage F-statistic 201.09
Destination Fixed Effects Yes Yes Yes
Sector (KSIC-3) Fixed Effects Yes Yes Yes
Number of Sectors 4 582 4,582 4,582
Observations 190,089 190,089 190,089

Standard errors in parentheses
*p <010, p <0.05 " p <0.01

Notes: Table A4 reports the estimation results from re-estimating the main specification (9). The sole
difference from the main analysis is that the Korea-sector fixed effects (agor k() are defined at the 3-digit
sector level, rather than the 5-digit level. Column (1) presents the 2SLS estimate, with its corresponding
first-stage coefficient and F-statistic reported below. For this 25LS estimation, the log difference in total
sales (Aln Ygor ) is instrumented by the product of the trade elasticity and Japan’s 2018 import share in

Korea (QkShare%glzf? xor): Columns (2) and (3) show the OLS and reduced-form estimates, respectively.

The independent variable (A In Yxor i) is proxied by the log difference in total exports. The trade elasticity
(6%), as in Bartelme et al. (2025), is taken from Giri et al. (2021), assuming a common elasticity for all HS-6
products within the same SIC-2 sector. The sample is restricted to manufacturing sectors and countries
with a population over one million.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2019)
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Table A5: Estimates of Scale Elasticity (KSIC-2 Fixed Effects)

()lkA 11’1 X KOR j,k
2SLS OLS Reduced-form
(1) (2) ©)
AlnYxor i 0.226*** 0.110***
(0.067) (0.002)
Ok Shareipy o x 0.005%**
(0.002)
First-stage Coefficient 0.024
First-stage F-statistic 196.23
Destination Fixed Effects Yes Yes Yes
Sector (KSIC-2) Fixed Effects Yes Yes Yes
Number of Sectors 4,582 4,582 4,582
Observations 190,089 190,089 190,089

Standard errors in parentheses
*p <010, " p <0.05 ** p <0.01

Notes: Table A5 reports the estimation results from re-estimating the main specification (9). The sole
difference from the main analysis is that the Korea-sector fixed effects (agog k() are defined at the 2-digit
sector level, rather than the 5-digit level. Column (1) presents the 2SLS estimate, with its corresponding
first-stage coefficient and F-statistic reported below. For this 2SLS estimation, the log difference in total
sales (Aln Ygog ) is instrumented by the product of the trade elasticity and Japan’s 2018 import share in
Korea (GkShare%?)lﬁ KOR,k)' Columns (2) and (3) show the OLS and reduced-form estimates, respectively.
The independent variable (A In Ygog i) is proxied by the log difference in total exports. The trade elasticity
(6%), as in Bartelme et al. (2025), is taken from Giri et al. (2021), assuming a common elasticity for all HS-6
products within the same SIC-2 sector. The sample is restricted to manufacturing sectors and countries
with a population over one million.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2019)
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C Appendix to Section 5.2

C.1 Theoretical Foundation of the Instrumental Variable

The derivation for the cross-country instrumental variable is analogous to the one de-
tailed for the Korea-only case in Appendix B. The logic of the chain rule and the deriva-
tion of each component are the same. The final elasticity of an origin i’s total sales (Y;)

with respect to the shock to Korea’s importing costs from Japan (7jpn korx) simplifies

to:
AlnYyr —_ Alnpjpnkork AlnProrr AlnXigorx AlnYig
AlInTpnkork  AInTpnkork AInpipnkork AInProrx Aln Xikork
X X;
_ 1 x XupNKORK o XiKOR
2 XiKORk Y Xijk

= BkIMShare]pN KOR,kEXShEH’Bi KOR k-

This shows that the total effect is the product of three components: the trade elasticity,
Japan’s market share in Korea, and the share of sales to Korea in origin i’s total sales. The
instrument used in Section 5.2 is almost identical to this total effect, as it is composed of
the following three empirical counterparts to the three components of the total effect: the
trade elasticity, Japan’s import share in Korea, and the share of sales to Korea in origin
i total exports. This structural similarity establishes the relevance of the instrument.?’
Furthermore, its demand-side mechanism ensures the instrument is uncorrelated with

the supply-side shocks, thus meeting the exclusion restriction.

2 A minor discrepancy is that the share variables are calculated using total imports or exports, rather
than the theoretically ideal total sales, as each i’s domestic sales are missing at the HS-6 level.
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C.2 Robustness: Varying the Aggregation Level of Fixed Effects

Table A6: Estimates of Scale Elasticity (KSIC-3 Fixed Effects)

leA In Xij,k
2SLS OLS Reduced-form
(1) (2) 3)
AlnY; 0.226***  0.108***
(0.058) (0.001)
GkIMShare%’,lﬁ KOR’kEXShareiz?(gR’k 0.030***
(0.006)
First-stage Coefficient 0.132
First-stage F-statistic 12.68
Origin Fixed Effects Yes Yes Yes
Origin-Destination Fixed Effects Yes Yes Yes
Destination-Good Fixed Effects Yes Yes Yes
Origin-Sector (KSIC-3) Fixed Effects Yes Yes Yes
Number of Sectors 4,636 4,636 4,636
Observations 9,231,547 9,231,547 9,231,547

Standard errors in parentheses
*p <010, p <0.05 ** p <0.01

Notes: Table A6 reports the estimation results from re-estimating the main specification (11) for the cross-
country analysis. The sole difference from the main analysis is that the origin-sector fixed effects (a; k1))
are defined at the 3-digit sector level, rather than the 5-digit level. Column (1) presents the 2SLS estimate,
with its corresponding first-stage coefficient and F-statistic reported below. For this 2S5LS estimation,
the log difference in total sales (AInY;y) is instrumented by the product of the trade elasticity, Japan's
2018 import share in Korea, and origin i’s 2018 export share to Korea (61 MShare%%lﬁ KOR/kEXShareZZ?(gR,k).
Columns (2) and (3) show the OLS and reduced-form estimates, respectively. The independent variable
(AInY;y) is proxied by the log difference in total exports. The trade elasticity (6), as in Bartelme et al.
(2025), is taken from Giri et al. (2021), assuming a common elasticity for all HS-6 products within the same
SIC-2 sector. The sample is restricted to manufacturing sectors and countries with a population over one
million. Standard errors, reported in parentheses, are clustered at the origin-good level.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2019)
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Table A7: Estimates of Scale Elasticity (KSIC-2 Fixed Effects)

elkA ln Xij,k
2SLS OLS Reduced-form
(1) (2) (3)
AlnY;y 0.222***  0.109***
(0.058) (0.001)
O IMShareld v o yEXShareTySy i 0.029***
(0.006)
First-stage Coefficient 0.131
First-stage F-statistic 12.67
Origin Fixed Effects Yes Yes Yes
Origin-Destination Fixed Effects Yes Yes Yes
Destination-Good Fixed Effects Yes Yes Yes
Origin-Sector (KSIC-2) Fixed Effects Yes Yes Yes
Number of Sectors 4,636 4,636 4,636
Observations 9,232,070 9,232,070 9,232,070

Standard errors in parentheses
*p <010, p <0.05 ** p <0.01

Notes: Table A7 reports the estimation results from re-estimating the main specification (11) for the cross-
country analysis. The sole difference from the main analysis is that the origin-sector fixed effects (a; k(1))
are defined at the 2-digit sector level, rather than the 5-digit level. Column (1) presents the 2SLS estimate,
with its corresponding first-stage coefficient and F-statistic reported below. For this 25LS estimation,
the log difference in total sales (AInYj) is instrumented by the product of the trade elasticity, Japan’s
2018 import share in Korea, and origin i’s 2018 export share to Korea (61 MShare%?,lﬁ KOR,kEXShareizgloSR,k).
Columns (2) and (3) show the OLS and reduced-form estimates, respectively. The independent variable
(AInY;y) is proxied by the log difference in total exports. The trade elasticity (), as in Bartelme et al.
(2025), is taken from Giri et al. (2021), assuming a common elasticity for all HS-6 products within the same
SIC-2 sector. The sample is restricted to manufacturing sectors and countries with a population over one
million. Standard errors, reported in parentheses, are clustered at the origin-good level.

Source: CEPII BACI (Gaulier and Zignago (2010)) and Statistics Korea (2019)
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D Appendix to Section 6.1

D.1 Derivation of Equation (12)

The bilateral trade equation (4) can be expanded as follows:

I+y\ —6
Tl kw 0
Xjip = (]—) Y EX Pk
Ji AL ik jik

I\ —6k

_ o TjkW; YO0k 150k
= (—Al’k ) (wl-Li,k) P]-’kX]',k
o —0

A kLz k Yo Pk

Pk
= —Z],k g 18] kw]L] (AZ)

—o, Pi.
Y Pujk

The second line is obtained by substituting the labor market clearing condition, w;L;; =
Y; k- The third line incorporates the definition of the CES price index, Pj; = (¥, pfek )1/,
The last line is derived by substituting the goods market clearing condition ( ik =
Bjxw;L;) and equation (3).

The general equilibrium condition (5) can be expressed in terms of expenditure
shares (A;;x) by substituting equation (A2) as follows:

wili =YY Xijx
K
—0;

Pijk
—ZZ 2 fekﬁjlkw]'L]'

€]k
i],k
pu— _ﬁ; wL
;; Xk St |
=22 AijkBjwiL;. (A3)
ko j

The third line is obtained by a standard property of CES demand systems, where a
variety’s expenditure is equivalent to its relative price term. The last line applies the
definition of A;j.

Denoting the proportional change in any variable x as £ (the ratio of its new value
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to its initial value), equation (A3) can be re-written as follows:

wiLiiLi = YY" AijiBjxwiLiAijBixiL;,
ko j

1 .
Y ) AijkBikwiLid;
wiL,- ko

S
I

1
1 A
=y ;ZAij,kX kA ij ;- (A4)
]
The second line is derived from the first line by dividing by w;L; and assuming both
constant total labor (L; = I:j = 1) and fixed preference shifters (3j,k = 1). The last line is

obtained by substituting the labor and goods market clearing conditions (w;L; = Y; and

Bixw;L; = Xjk). This completes the derivation of equation (12).
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D.2 Derivation of Equation (13)

By applying the CES property, the expenditure share of origin i in destination j’s market
for sector k (A;;x) can be expressed as follows:

Expressing this expenditure share in proportional changes (£) yields the following
derivation:

—0 ~—0
p1],k p1],

;"
Aijk Xt Pojk Pojk

= oy
Yo Ajkboik

oo\ b
Tij kWi
ALl

_Qk
Ty kw/
2[ é] k <AgkL7 )
—9k ’)/Qk A 9k
1],k L w;

'YGk 0"
Zﬁ Ay, kTg] k L w,

(A5)

The derivation begins by expressing the change in share ()Axi]-,k) as a function of the change
in relative prices (p;; ). Equation (3), also in proportional changes, is then substituted for
Pijx to express A;; in terms of the underlying cost shifters. Assuming that fundamental
productivity is unchanged (A;; = 1), this yields the final expression for the change in
expenditure shares. This completes the derivation of equation (13).
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D.3 Derivation of Equation (14)

The derivation for the change in sectoral labor allocation (ti,k) begins with the combined
labor and goods market clearing condition for an origin i in sector k:

wiLig = Yie =Y Xijj
j

Expressing this condition in proportional changes yields the following;:

w;Li)WiLix = YixYir = ZXij,kXiJ?k'
]

The change in bilateral sales ()A(i]-/k) can be further expressed as )A(i]-,k = ﬁi]-/ku?]-. This
expression is derived from the goods market clearing condition (Xj;jx = AjjxBjxwiL;),
under the assumptions of constant total labor (ﬁj = 1) and fixed preference shifters
(Bjx = 1). Substituting )A(i]-,k = )Axij/kzb]- into the equation above and solving for ﬁ,-/k gives

the final expression:
N 1 A
Lij = 55— ) XijeMij 0.
T Y ]Z R

This completes the derivation of equation (14).
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E Appendix to Section 6.2

E.1 Data Imputation for Domestic Sales

The primary dataset (CEPII BACI; Gaulier and Zignago (2010)) lacks information on
domestic sales (Xj; x), which is a necessary component for the quantitative analysis. This
appendix section details the procedure used to impute this missing variable.

The procedure begins by sourcing aggregate industry data from the International
Trade and Production Database for Simulation, Release 1.1 (ITPD-S; Borchert et al.
(2024)). This data is first aggregated to the pre-shock period of 2016-2018. Using the
concordance tables provided with the ITPD-S, the data’s original industry classifications
are then mapped to the SIC 2-digit level. From this prepared dataset, the domestic sales
share for each country at the SIC 2-digit level (K) is calculated. Finally, a proportion-
ality assumption is applied to impute the domestic sales shares for the more granular
HS 6-digit level (k). This assumption posits that the domestic sales share of any specific
6-digit k is identical to the share of its corresponding aggregate 2-digit K. Formally, this

is expressed as:

Xii _ Xii (k)

for all k € K.
Yik  Yikw
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E.2 Country Sample for Quantitative Analysis

This appendix section details the construction of the 28 country units used in the quan-
titative analysis. To ensure computational tractability while capturing the most relevant
trade partners, the sample is constructed based on 2018 trade data from the CEPII BACI
database. First, based on total trade values (exports plus imports), the top trading part-
ners for Korea and for Japan are listed. Then, the top 25 trading partners common to

both lists are selected. The 25 selected trading partners are:

Australia, Brazil, Canada, Chile, China, France, Germany, Hong Kong, In-
donesia, Italy, Malaysia, Mexico, Netherlands, Philippines, Russia, Saudi Ara-
bia, India, Singapore, Vietnam, Spain, Thailand, United Arab Emirates, United
Kingdom, United States, and Taiwan.

Together with Korea, Japan, and a single "Rest of the World" (RoW) entity that ag-
gregates all other countries, these 25 partners form the 28 country units used in the
quantitative analysis. Trade data for Taiwan are proxied using the data for ‘Other Asia,
not elsewhere specified” (ISO code 490), following the CEPII documentation. This is a
reliable proxy as, in practice, this category almost exclusively contains trade data for

Taiwan.
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E.3 Industrial and Export Similarity between Korea and Japan

This appendix section details the calculation of the Export Similarity Index between Ko-
rea and Japan. This provides the rationale for the baseline assumption in Section 6 that
Korea and Japan share similar industrial and export structures. The Export Similar-
ity Index (ESI), first introduced by Finger and Kreinin (1979), is a standard measure in
international trade used to quantify the degree of overlap (competition) between two
countries” export portfolios. The index ESI;; between country i and country j is calcu-
lated as:

ESI;j = Zmin(si,k/ Sjk),
k

where s, is the share of product k in country i’s total export value to the world.*" The
index ranges from 0 (no overlap) to 1 (identical export structures).

Consistent with Section 5 and Section 6, this analysis uses the bilateral trade data
from the CEPII BACI database (Gaulier and Zignago (2010)). This database includes
5,199 goods at the 6-digit level of the Harmonized System (HS) under the 2012 classifica-
tion across 227 countries. The ESI is calculated using data from the pre-event year 2018,
as the Trade Dispute occurred in 2019.

Table A8 presents the results, listing the top five countries with the most similar
export structures to Korea (Panel A) and Japan (Panel B). For Korea, Japan is the #1
most similar counterpart. For Japan, Korea is the #2 most similar counterpart, following
only Germany. This high degree of export similarity justifies the baseline assumption in
Section 6 that these two countries share similar industrial structures. This finding is also
consistent with the analysis in Appendix A.3, which shows that Korea already had the
capability to export 99% of goods where Japan held the largest share in Korea during
the pre-event period.

Formally, s; x = %, where X is country i’s export value of product k to the world.

66



Table A8: Export Similarity Index (ESI) Ranking (2018)

Panel A: Korea Panel B: Japan
Country ESI with Korea Country ESI with Japan
Japan 0.514 Germany 0.536
Taiwan 0.496 Korea 0.514
United States 0.420 United States 0.456
Germany 0.420 United Kingdom 0.427
Singapore 0.412 France 0.393

Notes: Table A8 lists the top five countries with the highest Export Similarity Index (ESI) relative to
Korea (Panel A) and Japan (Panel B). The category ‘Other Asia, not elsewhere specified” (ISO code 490) is
used as a proxy for Taiwan, as this category almost exclusively contains Taiwanese trade data (per CEPII
documentation).

Source: CEPII BACI (Gaulier and Zignago (2010))
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E.4 Shock Calibration

This appendix section details the derivation of equation (15), which is used to calibrate
the unobserved trade cost shock to Korea’s imports from Japan (%;p kg k). The derivation
starts by taking the total derivative of the log of bilateral trade equation (4) with respect
to the log of the trade cost. Using the chain rule, this total effect can be decomposed into
a partial equilibrium (PE) effect and a first-order general equilibrium (GE) effect. The PE
effect captures the direct impact of the shock through its own price (p;pkr ), while the
GE effect captures the indirect impact of the shock through Korea’s sectoral price index

(Pxr k)- This decomposition is expressed in elasticities as follows:

Alog Xjpkrk _ Alog Xkry Alogpipkrk | Alog Xjpkrkx Alog Pxkri Alogprprk
AlogTipkrx  Alogpipkrik Alog Tipkrix  Alog Pxkry Alogprpkr i Alog Trpkr
X
JPKR
= -0, +6,——""
FTUYX KRk

= —0c(1— Ajprri),

The second line is derived by substituting the elasticities from the price equation (3)
and a standard property of CES demand systems. The last line applies the definition
of Ajjx. This equation is rearranged to solve for the change in trade cost (Alog Tjpkr )
as a function of the change in imports (Alog X;pgr ). Finally, expressing this in "hat"
notation (log £ = Alog x) yields equation (15).
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F Appendix to Section 6.3

FE1 Calculation of Untargeted Moments

The following derivation shows how the untargeted moments used for the model vali-
dation in Section 6.3 are computed ex-post from the model’s equilibrium solution. These
moments are the changes in Korea’s total sales (YKOR,k)/ export prices (Pkor i), and
export quantities (Jxorjk)- The equilibrium changes for the endogenous variables (@;,
L, and A;;x) are solved by the system of equations (12), (13), and (14). The untargeted
moments are then derived from these solutions as follows.

The change in Korea’s total sectoral sales (Yxo R k) is derived from the labor market

clearing condition, Ygor x = wkorLkor k- Expressing this in proportional changes gives:

Yxor k = WkoRLKOR -

This value is computed using the solved equilibrium values for the change in Korea’s
wage (Wkor) and the change in its sectoral labor allocation (I:KOR,k)-

The change in Korea’s export price to destination j (Pxor j k) is derived from the price
equation (3). Expressing this in proportional changes gives:
~_ TKORjkWKOR
PKORjk = —AKOR,k %R,k'
Assuming constant fundamental productivity (A korx = 1) and no change in Korea’s
own export costs (Txorjx = 1), this value is computed using the solved equilibrium
values for Wxor and Lxog k-

The change in export quantity to destination j (§xor j k) is derived from its definition,
qkoRrjk = Xkorjk/Pkorjk- The price change (Pkorjx) is known from the second step.
The change in bilateral export values (Xkor jk) is derived from the goods market clearing
condition for destination j, Xxorjx = AkorjkPjkwjLj. Expressing this in proportional
changes gives:

Xxorjx = Akor jxBix®iL.
Assuming constant preference shifters (,B]-,k = 1) and constant total labor in destination
i (ﬁj = 1), this simplifies to Xkor ik = AKOR jkW;j. This value is computed using the
solved equilibrium values for Agorjx and @;. Finally, the change in export quantities is
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computed by combining these results:

XKORjk _ AKORjkWj
PKOR jik PKOR j k

dKOR jk =
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E2 Detailed Model Validation Results

This appendix section provides the detailed statistical results for the model validation
exercise discussed in Section 6.3. The validation tests whether the model’s predicted
untargeted moments—the changes in total sales (YKOR,k), export prices (Pxor ), and
export quantities (§xor jx)—are consistent with the empirical findings (Facts 5 and 6 in
Section 3). Two separate analyses are conducted.

First, a group comparison tests whether the outcomes differ between JP-Dominant
sectors and Non-JP-Dominant sectors. This is estimated using the following specifica-
tion:

Mgorx = ®p + &1 X <]P-DominantKOR,k> + EKOR ks (A6)

where Mgog r denotes one of the three untargeted moments (Yxo Rks PKORjks OF GKOR j k)
and JP-Dominantgog x is an indicator variable for sectors where Japan was the leading
supplier to Korea during the pre-event period (2016 to 2018).

Second, a correlation analysis tests whether the outcomes are systematically cor-
related with Japan’s pre-event share in Korea. This is estimated using the following
specification:

Mgork = Bo + B1 X JP-SharegSg y + €kor ks (A7)

where Mgor i denotes one of the three untargeted moments and | P-ShareﬁgR . is Japan’s

pre-event import share in Korea for sector k.*!

The validation consists of examining the sign and statistical significance of the coef-
ficients, a1 and 1. The full results for a scenario with scale economies (Panel A) and
one without scale economies (Panel B) are presented in Table A9. Analysis 1 refers to
the group comparison test, which estimates a1, and Analysis 2 refers to the correlation
test, which estimates ;.

Panel A in Table A9 shows that the model’s predictions for the untargeted moments
are fully consistent with the empirical findings. First, the results from Analysis 1 show
that the estimate of a; is positive and statistically significant for both YKOR,k (Column
(1)) and Gkor jx (Column (3)). This indicates that JP-Dominant sectors experience signifi-
cantly higher growth in total sales and export quantities than Non-JP-Dominant sectors.
Similarly, the results from Analysis 2 confirm this pattern: Japan’s pre-event share is
positively and significantly correlated with growth in total sales and export quantities.
Second, the coefficients for the change in export prices (Column (2)) are negative and
significant in both Analysis 1 and Analysis 2. This indicates that the predicted values

XPre
31This share is defined as JP-Sharet¢, = ——IENKORE
J KORK ™ Yixor X Eorx
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for pxorjk are significantly lower for JP-Dominant sectors than for Non-JP-Dominant
sectors, and that they are negatively and significantly correlated with Japan’s pre-event
share.

In contrast, Panel B in Table A9 shows that the model without scale economies (y =
0) fails this validation test. This model can still generate a relative increase in total sales in
JP-Dominant sectors and positive correlation with Japan’s pre-event share (Column (1)),
which is consistent with Fact 5. However, it cannot generate the decrease in export prices
and the simultaneous increase in export quantities. As expected, when 7y = 0, export
prices are identical across all sectors, resulting in no variation to test (Column (2)).*?
In terms of export quantities (Column (3)), the coefficients are positive and statistically
significant. This finding, however, does not imply export growth. Given the overall
decrease in export quantities as discussed in Panel B in Table 5, it merely reflects a
relatively smaller decrease for JP-Dominant sectors. This failure to generate an increase
in export quantities is inconsistent with Fact 6. This comparison reconfirms that the

presence of scale economies is essential for explaining the full set of empirical findings.

32This is a direct result of the price equation (3). When 7 = 0, the equation simplifies to pxor ik =

(TkoR jk@KkOR)/ Axo Rk Assuming constant fundamental productivity (Axo Rk = 1) and no change in
Korea's export costs (Txor jx = 1), the price change simplifies further to pxor jx = @kor, which is identical
across all sectors k.
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Table A9: Regression Results for Model Validation

Fact 5 Fact 6 Fact 6
K2 @ ©)
YkoR k PKOR jk GKOR j k
A. Scale Economies (7 > 0)
Analysis 1
JP-Dominant 0.137*** -0.016*** 0.136™**
(0.007) (0.001) (0.003)
Analysis 2
]P—ShareﬁgR,k 0.340*** -0.039*** 0.349***
(0.012) (0.002) (0.005)
B. No Scale Economies (y = 0)
Analysis 1
JP-Dominant 0.177*** - 0.017***
(0.018) (0.002)
Analysis 2
JP-Shareg§y 0.510%** - 0.052***
(0.032) (0.003)
Num. of JP-Dominant Sectors 640 640 640
Num. of Sectors 4,731 4,731 4,731
Observations 4,731 4,731 132,468

Standard errors in parentheses
*p <010, p <0.05 ** p <0.01

Notes: Table A9 reports the detailed OLS regression results for the model validation exercise discussed
in Section 6.3. Each column represents a separate regression where the dependent variable is one of the
model’s predicted untargeted moments: the change in total sales (?KOR,k) in Column (1), the change in
export prices (Pxor jx) in Column (2), and the change in export quantities (§xor j k) in Column (3). Panel A
presents the results from a scenario with scale economies (y > 0), which uses the same elasticity estimates
as in the baseline in Table 6. Panel B presents the results from a scenario without scale economies (y = 0).
Analysis 1 reports the coefficient («1) on JP-Dominant in equation (A6). Analysis 2 reports the coefficient
(B1) on | P—ShareﬁgR,k in equation (A7). Note that the number of observations for pxor i (Column (2)) is
4,731, corresponding to the sector level k. This is because the price equation (3) (assuming Txorjx = 1)
makes pror jx dependent only on sector k, not on destination j.
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G Appendix to Section 6.4

This appendix section details the derivation of the welfare change equation used in the
quantitative analysis. The change in welfare for country j (Hj) is defined as the change
in its real income. This is the change in the nominal income (@;L;) divided by the change
in the aggregate price index (Zﬁj):

= —~. (A8)

J

The change in the aggregate price index (15]-) is a Cobb-Douglas combination of the
change in the sectoral price index (pj,k):

5 5Bk
Py = 1;[13].,,1 .

The change in the sectoral price index (pj,k) is a CES aggregate of the price changes of

individual varieties from each origin i (p;; x), weighted by their initial expenditure shares
(Aijx):
1
~ ~—0.\ "8
Pjy = (Z)\ij,kpij,kk> -
1
The price change of an individual variety (p;; ) is derived from the model’s supply side

equation (3)), which is a function of changes in trade costs (7;; x), wages (0;), exogenous
q & i & &

productivity (Ai,k), and labor (ﬁi,k):

Substituting each of these components into the initial welfare definition (equation (A8))
yields the full expression used for the quantitative analysis:
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