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Abstract

Using Chinese Customs data, we study how unilateral anti-dumping (AD) tariffs
on Chinese products affect exports to various destination countries. We first document
that investigated products experience a decline in total sales in both the countries
that impose the tariffs (focal countries) and those that do not (third countries). A
decomposition exercise further suggests that the simultaneous decline in exports across
countries is primarily driven by a reduction in the number of entrants. In contrast,
individual exporters’ sales decrease in the focal countries but increase in the third
countries. To explain these findings, we develop an industry equilibrium framework
based on firms’ interdependent entry decisions across multiple markets. We show that
the entry margin alone can generate cross-market policy spillovers and heterogeneous
tariff responses that align with the data. Finally, we calibrate our model to quantify

the global impact of a unilateral tariff on trade and welfare.
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1 Introduction

The use of country-specific tariffs, such as anti-dumping (AD) and countervailing duties,
has surged in recent years. Among these, the U.S.—~China trade war has drawn significant
attention in both policy circles and academic debates over the past decade. Although these
tariffs and trade disputes are typically country-specific or country-pair-specific, their effects
often spill over to “bystander” countries—nations that neither impose the tariffs nor are
directly targeted by them. This is due to the intrinsic interconnectedness of global export
markets. However, existing literature tends to examine third-country effects either at the
aggregate level or at the firm level. This segmented approach often yields conflicting empirical
results and divergent policy conclusions, highlighting the need for a more unified analytical
framework."

In this paper, we present a unified analysis of the impact of country-specific tariffs by
integrating both firm-level and aggregate-level evidence. Our study makes empirical and
theoretical contributions and offers policy insights based on a rich quantitative model. Em-
pirically, we examine how AD tariffs affect Chinese exports to both imposing (focal) countries
and third countries, analyzing these effects at both the aggregate and firm levels. A key find-
ing is that the responses in third markets diverge: aggregate exports decline, while surviving
firms tend to increase their sales. Theoretically, we rationalize these patterns using an indus-
try equilibrium model that incorporates firms’ interdependent entry decisions across multiple
markets and variable markups. The model yields closed-form expressions for tariff responses
at both the aggregate and firm levels across all markets. Quantitatively, we calibrate the
model using a flexible demand system and entry technology to match the observed export
patterns. We then use the model to evaluate the broader implications of alternative trade
policies.

Our study focuses on the case of AD tariffs imposed on China, as these tariffs represent the
most common form of trade barrier, and China is their most frequent target. Between 2000
and 2011, 11% of Chinese exports to the United States were subject to AD investigations, with
tariffs ultimately applied in most cases. These tariffs are typically both prohibitive—most

'Regarding AD and countervailing duties, Bown and Crowley (2007) find that U.S. tariffs on Japanese
exports led to trade deflection, with Japanese exports shifting to third countries. In contrast, Bown and
Crowley (2010) and Crowley et al. (2018) document a trade destruction effect, with Chinese exports to third
markets declining following the imposition of temporary tariffs. Similarly, Albornoz-Crespo et al. (2021)
find that Argentinian exports to third markets fell after the U.S. removed preferential tariffs on Argentine
imports. In the context of the U.S.—China trade war, Fajgelbaum et al. (2024) find positive co-movements
in aggregate exports from bystander countries to both the U.S. and the rest of the world—evidence that
challenges the standard trade diversion narrative.



exceeding 50%—and long-lasting, often remaining in effect for over eight years. Moreover,
the availability of detailed export transaction data enables analysis of tariff responses at the
firm—product—country level. Taken together, these features make China an ideal context for
studying the multifaceted effects of AD tariffs.

We begin our analysis by identifying four stylized facts about the impact of AD tariffs on
Chinese exports. First, the initiation of AD investigations leads to a decline in both the total
export value and quantity of the investigated products in focal and third markets. Second,
these reductions in total exports are primarily driven by changes in the number of exporters,
particularly in third markets. Third, the decline in the number of exporting firms is largely
attributable to reduced firm entry, rather than firm exit. Fourth, at the firm level, individual
exporters experience a decrease in export value to focal markets but an increase in export
value to third markets-accompanied by price increases for the investigated products in both
types of markets.

The divergence between firm-level and aggregate-level responses to tariffs in third mar-
kets points to key considerations for modeling their effects. On one hand, aggregation is
crucial: models that focus solely on individual firm behavior fail to capture the broader im-
plications of tariffs. On the other hand, firm-level patterns—particularly the role of entry
decisions—highlight that firms’ entry decisions provide a micro-foundation for the observed
co-movement in total exports across markets.

We then propose an industry equilibrium model based on firms’ simultaneous entry de-
cisions into multiple markets. Our model extends the framework of Melitz (2003) along two
key dimensions. First, we introduce a two-tier nested demand structure for exported goods.
Foreign consumers demand country-specific imported composites (the outer nest), each of
which aggregates all varieties sourced from the same country (the inner nest). For the inner
nest, we adopt the homothetic demand with directly implicit additivity (HDIA) preferences
developed by Matsuyama and Ushchev (2017). Compared to the standard CES demand
system, HDIA preferences offer greater flexibility—allowing the model not only to capture
price responses to tariffs but also to analyze the entry margin under variable markups. For
the outer nest, we assume that demand for country-specific imported composites decreases
with the ideal price index of the underlying varieties.

Second, we generalize the entry technology in Melitz (2003), where firms pay a single,
common entry cost to access all export markets. In our framework, firms instead make
market-specific entry investments: after incurring an initial entry cost, firms choose—prior

to the realization of their productivity—their ex ante entry intensity (rate) for each export



market, subject to a constraint.” Our entry technology assumes a constant elasticity of
substitution across market entries, governed by a parameter [, which captures the degree of
interdependence between market entry decisions. When $ = 1, market entries are perfect
complements—entering one market grants access to all others, as in the original Melitz model.
In contrast, when § = 0, market entries are perfect substitutes, and decisions are entirely
independent across markets. We do not impose restrictions on [, instead estimating it
empirically from the data.

To illustrate the model’s core mechanism, we consider a special case with homogeneous
firms. This simplification allows us to approximate, to a first order, changes in key vari-
ables—whether at the firm or market level—as functions of changes in the number of exporters
in each market (1V;) and market-specific tariff shocks. We then focus on the dynamics of N;
and show that changes in the number of exporters are weighted averages of changes in total
export entrants and the corresponding market-specific tariff changes. These expressions re-
veal that even in markets without tariff changes, the number of exporters can be indirectly
affected through adjustments at the entry margin—that is, through changes in the total
number of firms entering export markets.

The intuition behind the entry margin is straightforward. Individual firms base their
export decisions on the expected profits from serving all markets. Under free entry, these ex-
pected profits must equal the constant entry cost. When a unilateral tariff reduces profitabil-
ity in the focal market, firms must offset the loss by earning higher profits elsewhere—specifically,
in third markets—in order to break even. This mechanism explains why individual exporters
tend to experience lower sales in the focal market but higher sales in third markets.

With constant consumer demand, the increase in individual exporters’ profits in third
markets arises solely from reduced competition—implying a decline in the number of ex-
porters in those markets. A reduction in exporters in one market reflects fewer total export
entrants, which in turn leads to a contraction in the number of exporters across all markets.
In this way, entry decisions serve as the transmission channel through which tariff shocks in
the focal market spill over into third markets, ultimately causing a decline in total export
sales globally.

Importantly, the entry margin operates independently of industry-level increasing returns

to scale (IRS). While simultaneous declines in sales to both focal and third markets might

2This entry investment decision can be interpreted as a managerial allocation problem, where managers
distribute limited attention across multiple tasks. Such problems are commonly modeled in span-of-control
frameworks, e.g., Lucas (1978), Rosen (1982), Antras et al. (2006), Garicano and Rossi-Hansberg (2006),
Caliendo and Rossi-Hansberg (2012), Chen (2017), Gumpert (2018), and Chen and Suen (2019).



suggest the presence of IRS, we show that the entry margin alone can generate the observed
tariff responses—even when the industry-level production function exhibits constant returns
to scale (i.e., Hopenhayn (1992)).> The mechanism is straightforward: a reduction in third-
market sales requires higher equilibrium prices in those markets. Although IRS is one way to
link a smaller number of firms to higher prices, under constant returns to scale, similar price
increases can arise through reduced supply or increased markups driven by less competition.

In the quantitative section of the paper, we calibrate the model by matching the re-
sponses of aggregate trade variables to the tariff shock. We then conduct a counterfactual
analysis to highlight the role of entry interdependence in transmitting tariff shocks across
countries. Typically, calibrating the structural parameters of an industry-equilibrium model
requires solving the model in full. However, by leveraging theoretical results derived from log-
linearization and sufficient statistics, we can infer these structural parameters without fully
solving the model. The objective of the calibration is to demonstrate how key parameters
can be cleanly identified from empirical moments.

To ensure transparency in parameter identification, we analyze a simplified case with
homogeneous firms operating in symmetric markets. Additionally, we assume that the fixed
cost of exporting is zero. These assumptions reduce the number of parameters that require
calibration and make the mapping from model parameters to empirical moments highly
transparent. Finally, we adopt a specific functional form for the demand system: the Klenow-
Willis version of the Kimball demand function (i.e., Klenow and Willis (2016)).

The calibrated parameters of the model are sensible and underscore the importance of
the two key innovations introduced in our framework. First, the calibrated value of the
entry-dependence parameter, 3, lies between zero and one—neither too close to either ex-
treme—highlighting the need to allow for a general form of entry interdependence. Second,
the implied super-elasticity of the Klenow-Willis version of the Kimball demand is positive,
emphasizing the importance of incorporating endogenous markups into the model.*

We then examine how the parameter g influences the transmission of a tariff shock across
markets by considering two alternative cases: § = 0 (no interdependence) and § = 1 (as
in Melitz (2003)). To isolate the role of § in the transmission mechanism, we compare the
responses to a market-specific tariff shock across three environments: =0, § = 1, and the
calibrated value. For comparability, we adjust the entry efficiency parameters, h;, so that

all three scenarios share the same initial equilibrium allocation prior to the shock. We find

3Results are available upon request.
4The super-elasticity refers to the elasticity of the elasticity. It governs how the price elasticity of demand
varies with the relative quantity sold by a firm.



that the model with § = 1 substantially overpredicts the spillover effect to the third market
and underpredicts the impact on the focal market. This discrepancy is primarily driven by

differences in the number of exporting firms across scenarios.

Literature Review

Our paper contributes to the following four strands of literature. First, we contribute
to the extensive literature on market interdependence in the context of international trade.
One strand of this literature examines market interdependence through the lens of firms’
decision-making processes (e.g., Antras et al. (2017), Morales et al. (2019), Albornoz-Crespo
et al. (2021), Almunia et al. (2021), Alfaro-Urena et al. (2024)). These studies emphasize
how market interdependence shapes firms’ export behavior and how production decisions at
the intensive margin drive policy spillovers in partial equilibrium settings. In contrast, our
paper focuses on how entry decisions at the extensive margin generate market interdepen-
dence within an industry equilibrium framework. We further show that the resulting general
equilibrium effects—specifically changes in the number of exporters—endogenously influence
firms’ intensive margin responses.

Another strand of research on market interdependence examines the heterogeneous effects
of unilateral trade policies across countries (e.g., Breinlich et al. (2022), Fajgelbaum et al.
(2024)). This work connects to the broader literature on trade models with increasing returns
to scale (IRS), pioneered by Krugman (1980).> Our contribution to this literature lies in
identifying an alternative channel through which tariffs generate aggregate effects—namely,
the entry margin—supported by firm-level evidence and a robust theoretical framework.

In addition, our paper contributes to the growing literature on variable markups and their
implications for trade (e.g., Matsuyama and Ushchev (2017), Mrazova and Neary (2017),
Arkolakis et al. (2019), Dhingra and Morrow (2019), Baqace et al. (2023)). In particular,
we build on the framework developed by Bagace et al. (2023), extending their single-market
model to one with multiple markets and interdependent market entry. Moreover, we focus
on the distributional effects of demand shocks—such as tariffs—across markets.

Lastly, our paper relates to the extensive literature on temporary trade barriers, partic-
ularly anti-dumping (AD) tariffs (e.g., Prusa (2001), Bown and Crowley (2007), Blonigen
and Prusa (2008), Bown and Crowley (2010), Lu et al. (2013), Blonigen and Prusa (2016),

SNotably, Venables (1987) and Ossa (2011) study the firm-relocation effects of import tariffs in Krugman-
style models, highlighting how tariffs reduce the number of foreign exporters and the resulting welfare con-
sequences.



Crowley et al. (2018), Felbermayr and Sandkamp (2020), Sandkamp (2020), Steinbach and
Khederlarian (2022)). This body of work typically relies on reduced-form firm-level evi-
dence to argue that firms’ intensive margin decisions drive the observed effects of tariffs. In
contrast, we identify and explain a “missing intercept” problem in the context of AD tariffs:
even without invoking complex firm-level adjustments on the intensive margin, changes in the
extensive margin alone can generate firm-level responses consistent with empirical findings.
This insight calls for caution in interpreting existing reduced-form evidence. More broadly,
our findings underscore the need for unified frameworks that jointly consider extensive and

intensive margins when evaluating the effects of trade policy.

2 The Impact of Anti-dumping Investigations

In this section, we estimate the impact of anti-dumping investigations on Chinese exports.
We begin by introducing our data, followed by a description of the empirical specifications
and presentation of the results. We examine the impact on exports to countries that initiate
investigations into a particular product (“focal” and “focal controls”), as well as to countries
that do not investigate the product (“third” and “third controls”). We decompose changes
in aggregate exports into quantity and price effects, as well as into the extensive margin (the
number of firms) and the intensive margin (average exports per firm). Finally, we conduct a

firm-level analysis and compare firm-level responses to those observed at the market level.

2.1 Data

Our analysis utilizes several key data sources. First, we use Chinese customs data from
2000 to 2011, which cover the universe of Chinese exporters’ transactions. The original data
is at the firm-HS8 (Harmonized System)-country level, and we aggregate the data to the
HS6-country or firm-HS6 levels. This dataset has been widely used in the literature to study
exporter behaviors (Manova and Zhang, 2012). In our online appendix, we show that the
aggregate exports in the Chinese customs data are almost identical to the data reported by
UN Comtrade, and the market-level responses to AD are also similar if we use the Comtrade
data instead.

Second, we use the Temporary Trade Barriers Database (TTBD) from Bown et al. (2020),
which provides detailed information on anti-dumping (AD) cases, including the initiation
country and date, the targeting country, and the affected products. Bown et al. (2020)

classify products using the finest level of the HS codes available for each country, and we use



the first six digits (HS6) because only the classification of the first six digits are consistent

across countries. We focus on AD cases initiated between 2000 and 2011 against China.

Table 1: Top 15 investigating countries against China, 2000-2011

Cases initiated between 2000 and 2011

Country % of Chinese exports  # cases # HS6 % of HS6 % of exports to destination
India 1.97 107 181 3.75 15.99
United States 18.95 92 266 4.84 11.20
European Union 19.32 75 172 3.05 8.19
Turkey 0.70 61 124 2.83 7.41
Argentina 0.30 56 125 3.20 17.93
Brazil 1.12 42 72 1.65 5.72
Canada 1.45 27 85 1.73 4.73
Australia 1.59 26 36 0.73 4.39
Mexico 0.99 25 41 0.96 3.14
Colombia 0.20 25 71 1.86 5.41
South Africa 0.60 22 31 0.68 3.00
Peru 0.16 13 54 1.43 3.69
Korea 4.60 13 27 0.49 0.59
Indonesia 1.22 11 34 0.69 1.70
Thailand 1.11 10 35 0.68 2.01

Our empirical findings in this section use only the Chinese customs data and TTBD.
Combining these two datasets, we identify HS6 products that are subject to AD investigations
from 2000 and 2011 and the relative importance of these products among Chinese exports.
In Table 1, we list the top 15 countries that initiated AD cases against China between 2000
and 2011. By the number of cases (products) investigated, India, the United States and
the European Union (EU) are the three largest initiators of AD cases against China. The
United States and EU are also the two largest destination markets for Chinese exports, each
making up around 20% of total export values between 2000 and 2011. The products subject
to AD investigations account for a significant share of Chinese exports to these countries.
For example, the products subject to U.S. investigations account for 11% of Chinese exports
to the U.S.

2.2 Empirical specifications

We want to study the impact of AD investigations on Chinese exports in different mar-
kets. For each product subject to AD investigations, we first define focal and third markets,
distinguishing between treated and control products. In our analysis, a market is a country-

HS6 product pair. When studying the impact of AD on Chinese exports in the country
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that initiated the investigation, we define the “focal treated market” as the product being
treated and the “focal control market” as the products with the same first four digit code
(HS4) but different HS6 in the same country. For the same treated products, we define the
“third treated market” as the same HS6 product in countries that do not initiate such an
investigation. The corresponding control group includes products with the same HS4 code
but different HS6 codes sold in the same set of countries. We then compare the changes in
exports to the focal and third markets with those in their corresponding control groups (after
the initiation of the AD investigation).

In Table 2, we illustrate our definitions of treated and control groups using an actual
example. In Jan./2004, the U.S. initiated an AD case on “certain frozen and canned warm
water shrimp and prawns” (HS6 code 160520). The case received preliminary and final
determinations in July 2004 and Feb 2005, respectively. We define the focal treated market
as frozen and canned shrimps and prawns (160520) sold in the U.S. Within the HS4 code of
1605, there are two other six-digit products, preserved crabs (160510) and lobsters (160530).
We define the focal control market as those two products sold in the U.S. Other countries that
do not initiate AD investigations against Chinese preserved shrimps and prawns belong to
“third markets”, such as Japan. A typical third treated market is frozen and canned shrimps
and prawns (160520) sold in Japan, while a typical third control markets are preserved crabs
(160510) and lobsters (160530) sold in Japan.

Table 2: Defining focal (third) markets and control groups: an example

Market Country, @ HS6, h HS6 Description

Focal treated United States 160520 shrimps and prawns
Focal control ~ United States 160510 crab

160530 lobster
Third treated Japan 160520 shrimps and prawns
Third control Japan 160510 crab

160530 lobster

Notes: focal/third treated and control markets in the example of the U.S. AD case on shrimps and prawns.

We first employ an event-study dynamic specification to analyze the impact of AD inves-

tigations on Chinese exports. For either focal or third markets, the specification is given by



the following equation:

K

Yint = Z BrTreatedy 1 {t — Eyp = k} + din + Oisnye + Eine- (1)
k=K

In this equation, E;, represents the year of the investigation. We set K = 10 as the largest
time-to-treat, grouping k > K and k < — K together. Here, ¢ denotes the destination country,
h is an HS6 product, and s(h) is the HS4 category of h. The ¢ terms are fixed effects, and
standard errors are clustered at the HS6-product (h) level.

Our main dependent variable is the export value, denoted as In R. We further decompose
In R into the number of firms (In V) and average revenue per firm (In7). Additionally, we
decompose In R into total quantity (In Q) and unit value (Inp™).

As we show in the next section, we find that, relative to the control groups, Chinese
exports of the treated products present very strong pre-trends, and many of these pre-trends
are linear in time. To address this issue, we estimate a linear pre-trend and assume that it
would have continued without the treatment, following the approach of Dobkin et al. (2018)
and Khederlarian and Steinbach (2022). The modified specification is given by:

K
Yint =0—r Treated;, 1{t — E;, = —K} + Z B Treated;, 1 {t — E;;, = k}
k=0
—+ 7Treatedz-h X (t — Ezh) x 1 {t < Ezh} + dih + 5is(h)t + Eiht- (2)

In this specification, yTreated;, x (t — E;,) x 1{t < Ej,} represents the linear pre-trend for
the treated group. The treatment effect at time k& > 0 equals 8y — v(k — 1), consistent with
our normalization that the treatment effect at time t = E;;, — 1 is zero.

In addition to the level regressions (1) and (2), we also consider the corresponding first-
difference regressions. For example, when the dependent variable is the log number of ex-

porters, Ny, the first-difference regression related to (1) is given by:

K
Aln Niht = Z 5kTreatedihA]l {t — EventTimeih = k’} -+ 5is(h)t + Eint- (3)
k=—K

This specification is useful when we further approximate Aln N;,; with percentage growth

rates and decompose the growth rates into different margins. For example, when the growth



rate of Ny is small, we can approximate A In N;;; with the mid-point growth rate as

Niht - Nihtfl

o (Nint + Nint—1)/2

Because the change in the number of exporters must equal the difference between the number
of entrants and exiting firms, we can further decompose the mid-point growth rates into the

entry and exit margins as

Nint — Nipi—1 _ Eip n —Xini—1
(Nint + Nine—1)/2 (Nine + Nine—1)/2 ~ (Nipg + Nipg—1)/2’

where F;,; denotes the number of entrants (firms that do not export at time ¢ — 1 but at
time ¢) and X;;;_1 denotes the number of exiters (firms that export at time ¢ — 1 but not at
time ¢). When components have trends, we can also apply the method of extrapolating the
pretrends as in equation (2).

When analyzing the impact of AD at the firm level, we aggregate the firm-country-
product-year level data at the firm-market-product-year level, where a market can be either

focal or third. For either market, we estimate a similar dynamic specification as in equation

(1):

K

yfht = Z BkTreatedh]l {t — Eh = k} + (5fh + 5s(h)t + 8fht7 (4)
k=—K

where f is the firm subscript, and the fixed effects are firm-HS6 and HS4-year. At the firm
level, we focus on three outcome variables: export values, quantities and prices. Since the

treatment is at the product-year level, we cluster standard errors at the HS6 product level.

2.3 Market-level responses to AD investigations

We document three key stylized facts in our market-level analysis. Several points are
worth mentioning before proceeding. First, we use EU as a single “destination economy”
which has a time-varying set of countries in all regressions, as all countries in EU share the
same AD and trade policies. Second, we require the AD cases to satisfy the following three
restrictions to exclude unusual cases: (1) lasting for at least 5 years; (2) being revoked later
than 2011 (or not being revoked at all); (3) having a unique initiation year. We call these
AD cases the restricted AD cases.

Fact 1. With the initiation of anti-dumping, export value and quantity drop in both the

10



focal and third markets.

This stylized fact is evident in the first four panels of Figure 1 and continue to hold in the
first four panels of Figure 2 when we restrict our AD cases and remove the pretrends. This
finding is interesting, as it hints the existence of market interdependence (i.e., complemen-
tary markets) after the AD investigations are initiated. Specifically, both export value and
quantity drop for about 120% in the focal market (around the fifth year after the initiation)
while they drop for about 18% and 25% in the third market. These magnitudes combined
imply that the increase in the unit price is nil in the focal market and about 7% in the third

market.
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Figure 1: Effect of AD investigation on revenue, quantities and prices. Event-study dynamic
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Figure 2: Effect of AD investigation
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Fact 2. Firms’ entry and exit (i.e., the extensive margin) are the main driver of the si-

multaneous changes in aggregate exports across markets.

With the initiation of the AD

investigation, average revenue decreases in the focal markets but barely changes in the third

market.

This stylized fact is evident in Figure 3 and Figure 6 in the appendix. This finding



is interesting, as it hints the importance of the extensive margin for explaining changes
in aggregate trade values/volumes in a world with interdependent markets. Specifically,
the number of exporting firms in the focal and third market drop simultaneously after the
initiation of the AD investigation, while the magnitude of the drop is reasonably large in the
focal market (65%) than in the third market (20%). For the focal market, both the intensive
margin (the 55% drop in the firm-level average exports) and the extensive margin (the 65%
drop in the number of firms) contribute to the overall drop in the total exported value.
However, the drop at the extensive margin accounts for the entire drop in the total exported
value to the third market. In a nutshell, the interdependence of drops in exported values
between the two types of markets is entirely driven by the extensive margin. Moreover, the
nil change in the firm-level exports in the third markets also exemplify the difference between

the change in the total exported value and that that in the firm-level exports.

Figure 3: Effect of AD investigation at the market level: number of firms and average revenue.
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Fact 3. The drop in firms’ entry rate is the dominant driver of the growth rate at the

extensive margin (i.e., the number of exporters) in the third market.
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This stylize fact is evident in Figure 4, as the 65% drop in the growth rate of the number
of exporters in the focal market is explained by the drop in the entry rate (25%) and that in
the exit rate (40%) . In the third markets, the 20% drop in the growth rate of the number of
exporters is entirely explained by the same level of the drop in the entry rate. In total, the
entry margin is the key to explaining the interdependence at both the extensive margin and

at the level of aggregate exports between the focal and the third markets.

Figure 4: Effect of AD investigation at the market level: mid-point growth in number of
firms and decomposition into entrants and exiters.
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Table 3: Impact of AD in Focal and Third Markets, EU combined

Level regressions First differences
= Nint—Nint— Eint —Xint—
InR In@ In P In N In7 (N;h;+Nm:71)l/2 (Niht+N?h,t—l)/2 <N1ht+1\;zhti1)/2
focal, FEs: i-h, i-HS4-t  -1.241%  -1.266“ 0.025 -0.643*  -0.606° -0.622¢ -0.248¢ -0.375¢
(10.309) (0.340) (0.151) (0.134) (0.242) (0.135) ( 0.145) (0.112)
third, FEs: i-h, i-HS4-t  -0.110 ~ -0.190  0.081 -0.134 0.023 -0.146° -0.184° 0.039
(0.143) (0.166) (0.065) (0.092) (0.081) (0.071) (0.077) (10.061)

Notes: we calculate the average impact for at least six years after the treatment, i.e., t > E;, + 6. It is
calculated as 2526 <Bk —y(k — 1)) where 3 and v are estimated from regression (2).

2.4 Firm-level responses to AD investigations

Fact 4. With the initiation of anti-dumping, firms’ export value drops in the focal markets

but increases in the third markets.

We now turn to the firm-level analysis. As discussed in Section 2.2, we aggregate the
firm-country-product-year level data at the firm-market-product-year level and estimate the
dynamic specification (4). The top two panels in Figure 5 present the results for the export
value. Similar to the market-level results in Figure 1, we find a decline in the export value
in the focal market, though the magnitude of the decline is much smaller at the firm level.
However, the impact of AD on firms’ export value in the third market is qualitatively different
from the market-level analysis. We find that firm-level exports actually increase in the third
market. Another difference is that we do not find much pretrends at the firm level, both
in the focal and third markets. As is shown in the bottom two panels of Figure 5, AD
investigations seem to raise the export prices in both markets. Though the estimates are
only significantly different from zero at the 5% in certain years after the treatment, almost

all of the point estimates are positive.
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Figure 5: Effect of AD investigation at the firm level: Revenue, Quantity, and Price

focal: InR. FE: ij, g_fh g_4t age_fht. Obs = 601503 third: InR. FE: ij, g_fh g_4t age_fht. Obs = 5469181
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Notes: All specifications include firm-HS6-product and HS4-product-year fixed effects. Standard errors are
clustered at the HS6 product level.

3 Model

In this section, we rationalize the stylized fact using an industry equilibrium framework
based on firms’ simultaneous entry decisions across multiple markets. Section 3.1 describes
the economic environment and highlights the key model assumptions. Section 3.2 presents

our main analytical results in a special case with homogeneous firms. In Section 3.6, we
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extend these results to the case of heterogeneous firms, under additional assumptions on the

demand function.

3.1 Setup

There are N + 1 countries, indexed by i € {0,1,..., N}, where country 0 is the home
country. We abstract our analysis from the home economy and focus on the N foreign
economies: one focal market that changes its import tariff and N — 1 third markets that do
not change import tariffs. This focus is justified because AD tariffs are unlikely to generate
general equilibrium effects in the domestic market, and firm-product-level data on domestic
sales (within China) are unavailable. Moreover, we examine how firms from the home country
(i.e., China) respond to the tariff shock, as similar data for firms from other countries are

also unavailable.

Households In each foreign market ¢, goods are supplied by firms from all N + 1 countries
in the Armington fashion. We focus on an industry equilibrium in a single sector, where all
goods are produced by firms from the home country. Specifically, the sectoral composite good
Q;, representing the total quantity supplied by home exporters in market i, is determined by

the following inverse demand function:

Pl = Dy(Qi) & Ei = E(Q;) = Q:Di(Q), (5)
where D; a demand shifter, and P! and Q; are the sectoral price and quantity respectively.
Additionally, n; = —%ﬁ% is the elasticity of substitution between sectors (i.e., between

goods produced by home exporters and those supplied by other N foreign countries). We
assume that 7; > 1, so that E,(Q;) > 0. A useful special case for the sectoral demand is the
CES demand function:

P[:DzszﬁEz:DlQ ’72" 77i>17

(2

where P! is the ideal price index that are relevant for sectoral expenditure (or welfare) since
PIQ=FE.

Firms from the home country produce a range of varieties in this sector, denoted by w.
We use (); to denote the set of all varieties that are exported from the home country to

foreign market ¢ (i.e., exporting firms to country ), and €2 is the set of all exported varieties
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(all exporting firms from home) from the home country.

For products produced by firms from the same country, consumers have a demand function
that features homotheticity with direct implicit additivity (HDIA).% Specifically, we assume
that consumers have the Kimball demand towards exported varieties w given a sectoral

composite @; (of varieties produced by home firms):

[r(§)umr

The Kimball aggregator T satisfies that Y > 0,T” < 0, and Y(0) = 0. The CES perference

is a special case with T(z) = 2= . We derive the inverse demand function for variety w as’

i (&)

in which the price aggregator P;is defined as

PQ; = 51/ pZqude = giEia (8)
Q.

7

and the demand index 6; is defined as

T [ %
5 ‘/ﬂiT (@-) 0. (©)

Note that P, = P!j in the CES case. However, the ideal price index P! does not coincide
with the price aggregator P; (up to a constant) in general, since § is also endogenous. In the
special case, the demand system considered features a CES preference over all country-sector
(or exporting-country specific) goods in the outer nest and a Kimball preference over varieties

exported by the home country in the inner nest.

Entry and Exit In each period, firms make entry decisions in two stages. First, they pay
an entry cost and choose an entry intensity (i.e., entry rate) for each foreign market, subject
to a managerial capacity constraint. Next, firms draw productivities from an exogenous
distribution, and entry opportunities are realized. Finally, firms decide whether to export to

the markets that grant them access.

6See Matsuyama and Ushchev (2017) for details.
"See Appendix B for details.
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The entry cost is denoted by f.. Once the entry cost is paid, firms maximize the expected

profits subject to the entry technology®:

N
Ji 7
N -B
JZ‘ 1-8
s.t — =1,
> (i)

in which h; denoted the easiness of entering country 4, 7; is the expected profit in country i,
and 5 € [0,1). Variable {.J;} is the endogenous entry intensity chosen by the firm.

Solving this optimization problem gives the entry rate

1 1-3
him;)?
J, = h; L“ (10)
> (P
The free entry condition implies that
B
Z Ji'ﬁi = fe = Z(h’kﬁ—k)ﬁ = fe-
i k

The parameter [ is of key interest, as it captures the degree of market interdependence
in firms’ entry decisions. To illustrate its role, consider two extreme cases: 5 =0and 8 " 1.
When f = 0, entry decisions across markets are independent, making different markets
perfect substitutes. Firms will only enter the market(s) with the highest post-entry return;
that is, i € argmaxy{hy7s}. Because firms must be indifferent when considering entry across
multiple markets, the entry rate is determined by other equilibrium conditions. In this case,

the free-entry condition implies that any market with positive entry must yield a constant

8Boehm and Oberfield (2020) consider a model extension with this entry technology in their online ap-
pendix. In our understanding, this constraint is fundamentally related to the fized amount of managerial
resources (e.g., time or capacity) that is use to promote successful entries into various export markets. Specif-
ically, we normalize this amount to one and treat J; as the endogenous entry probably into market ¢, and thus

1
J; €10,1]. (,‘{—) "7 s the required convex managerial cost (capacity) that generates the entry probability of

J; in market i, as § € [0,1) and (,%) "7 is the cost shifter. As a result, the overall managerial cost across

1 1 q1-8
all markets is Zilio (;{—) “f —1or {Z?LO (i—) 1_[3] =1.
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expected profit m; = ﬁ—i.g This property ensures complete insulation in the third markets
when (tariff) shocks happen in the focal markets, i.e., markets are independent.

When g 7 1, entry decisions across markets become perfect complements. In this case,
firms enter all markets at exogenous rates, J; = h;. This corresponds to the standard entry
technology in Melitz (2003): once the entry cost is paid, firms gain access to all foreign
markets, although they may still choose not to export to some of them. Under this scenario,
the free entry condition simplifies to the familiar form in which the sum of expected profits
across all markets equals the entry cost: >, h;m; = fe.

After entry, firms draw a productivity level z from an exogenous distribution G, and
entry opportunities are realized. We use O to denote the set of markets to which a firm
gains access. Each market features a fixed cost f;, and firms export to this market if they
make positive profit there. Incumbent firms exit each market randomly with a probability of
v;. Both the fixed and entry costs are denominated in units of labor, which is chosen as the

numéraire.

Production Each firm supplies a distinct variety w and competes monopolistically. Labor
is the only factor of production in the economy. The production function is linear: a firm
with productivity z produces zl units of goods using [ units of labor. Each country sets
its own tariff rate, with ¢; denoting the ratio between the consumer price and the producer
price in country ¢. Additionally, 7; represents the iceberg shipping cost from home country
to country 7, and 7; > 1.

Taking the residual demand given in equation (7), firms set prices in each market to
maximize their profits there. Specifically, each firm solves the following profit maximization

problem in each market:

T;
max (p— —)q (tip) ,
p VA

where the explicit form of demand function is

w =0 (B)a=v (5]

9To see this, let k = h;7; if i € argmaxy{hgTg}. Then,

kaZ%ZZJﬁU:fe
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and ¥ = (Y')~!. We assume that Kimball aggregator ensures a unique interior solution.’

The usual Lerner formula gives

p—7/z _  altip) _ 1
P g(tip)tip — oi(tip)’
where o; = —%@‘g is the price elasticity. Noticing that o; could be written as a function of

p/-PZ or q/Q’M i'e'7

vin)E__ v(8)
T =Y T T () 2
W) g

) 7(&)

with ¢; = ¢;(p). In addition, let u be the markup, i.e., the ratio between price and marginal

Q
/
o

cost. Then,
0;

Iui:O'i—l’

and we define p (%) and [ (Qi> accordingly. As usual, we assume that o; > 1 so markup
is positive.
We now summarize the set of variables related to firms’ production. For a firm with

productivity z, its price, markup, and quantity in country ¢ are determined implicitly by

;LT ; ; ; tip: g
v _ Pz i "z () ’ d it = z | — 1z ’
Pe=" ¢i(tip.), and p “(P@-) M(QZ)

Let 152 = P,/t;. Then, ]51 is the producer price index while P; is the consumer price index. We
have P,QZ = R,;0;, where R; = E, /t; is the aggregate export revenue in country i. Comparing
to the CES case, markup is no longer constant, so the passthrough of tariff will be incomplete.

The per period variable profits and sales are as follows:
e (e B s
M

Then, firms export to market i if 7 > f;. Since the profit function is increasing and contin-

uous, there exists a threshold z; such that firms export to country ¢ if and only if 2 > z7. In

0This requires Y (z)z +2Y"(z) < 0. That T exists will ensure that the profit function 7 is continuous
in z.
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the rest of the paper, we only consider the case in which 2z} is within the range of possible
productivity draws (i.e., within the interior of the distribution), i.e., 7. = f;.
Finally, there is an exogenous exit shock v; in each country. Firms discount future profits
at a rate of p. Then, the expected entry profit of country ¢ satisfies that
1 oo

7 / [t — £1dG(2). (11)

_P+Vi 4

Equilibrium We consider a perfect foresight industry equilibrium in which the wage and
tariffs {t;} are exogenous. In equilibrium, firms optimally decide on entry and production,
taking as given the time series of sectoral prices and composite goods, which also clear all
N +1 goods markets. For most of the analysis, we focus on a stationary equilibrium in which
all aggregate variables remain constant. Let M be the number of entrants and N; be the

number of exporters to country ¢, then the law of motion on V; is given by:
In a stationary equilibrium, N; = 0 for all 4.

Infra-marginal ratio of consumer surplus and cost passthrough Before, proceeding,
we introduce two key endogenous variables that will be used intensively in our following

analyses. First, the infra-marginal surplus ratio (as in Baqaee et al. (2023)) is given by:

%
qi T (Qz)
()l
i 4} 4
T <Qz> Qi
d; is one plus the ratio of consumer surplus to revenue evaluated at (p;, ¢;). Since T is concave,

0; > 1. Next, the firm-level passthrough rate of a cost on th price is defined as

dlogp ] dlog u

Cdlogz dlogz’
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where the latter equality holds fixing 7; and ¢;. p > 0 due to the supermodularity of the

profit function. Solving this equation renders that

)
o\ Hw(qu)éi(,(ﬂ)’

which shows that the cost passthrough is related to the price elasticity and the elasticity
of the markup (i.e., the elasticity of the price elasticity). Evidently, u/ (5—) = 0 when the
demand is CES, which implies that p; = 1 (i.e., a complete passthrough). Intuitively, if the
markup increases with the normalized quantity % faster (i.e., a larger elasticity), the cost
passthorugh will be smaller implying that a given reduction in the marginal cost leads to a
smaller reduction in the price. Accordingly, the producer’s profit margin increases.

Finally,, we impose several conditions on the two elasticities before proceeding;:
Assumption 1. p; <1, o; > n; and 6; < n—r’_—l

Baqace et al. (2023) argue that the first condition corresponds to the weak version of
Marshall’s second law of demand, which states that markups increase with productivity.
This is equivalent to p; > 0. The second condition follows Atkeson and Burstein (2008), who
assume that substitution between products is stronger within sectors than across sectors. In
our context, this implies that substitution between goods exported from the same country
is stronger than that between goods from different countries of origin. The third condition
imposes diminishing returns to firm entry—that is, the number of firms in equilibrium must
be finite. In general, firm entry generates both negative and positive externalities for incum-
bents. On one hand, it intensifies market competition, reducing profits for existing firms. On
the other hand, when a variety effect is present, it boosts industry-level demand. This condi-
tion requires that the competition effect outweighs the aggregate demand effect, so that the
post-entry profit of an entrant declines with the number of incumbent firms. Note that under
the nested CES demand structure in Atkeson and Burstein (2008), the second condition is

equivalent to the third. However, in general, the two conditions are not equivalent.

3.2 Homogeneous firms

We start with the case in which firms are homogeneous. As a result, the productivity

distribution G degenerates to a single mass point at a given productivity level z. We assume
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that in equilibrium, all markets have strictly positive measure of exporters.'’ To simplified
the notation, we suppress the notation of the variety (w) and use p; and ¢; to denote firm-level
price and quantity in the case of homogeneous firms.

In what follows, we lay down three sets of equilibrium conditions. First, the Kimball

preference with homogeneous firms implies that

N,Y (5—) ~ 1. (12)

The income accounting condition (or the balanced budget equation) implies that

Ei(Q:) = Nitipigi < pl(Qi) = Nitip (%)

Ti 4i
S0 (13)

Equations (12) and (13) pin down - and @; as functions of N; and model parameters such

as t;, z and 7;. Therefore, we can write o;, 1;, p;, 9; as functions of N;.
The next condition expresses the per period variable profits as a function of NV;, ); and

model parameters:

Ti(N:) = (1 - l) Pt = (1 - l) %?) (14)

i i

equation (11) implies that m; = % As the ratio of entry intensities is proportional to the

ratio of expected post-entry profits:

we can use equation (11) to calculate the series of j;. Finally, we have two sets of conditions
for (M, {N;}):

JiM = v;N;,

where the first condition above is the free entry condition and the second set of conditions

A sufficient condition could be liminf, g0 p(q/Q) = p > 1.
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is the balanced flow of firms in each market. In total, there are N + 2 equations for N + 2
unknowns among all markets. Notice that with equation (10), the above equations imply
that

15
hiwi\ 7 vl - vilNi \ 77 fe
Ji - hz ( fe ) - M = WZ(NZ) - <p+ Vz) (th) hz + fza (15>

in which 7;(N;) is given implicitly in equation (14). Therefore, the second part of the above
equations provides us an implicit function N; in terms of M. We define such a mapping using
N; = N;(M). Inserting it back into the free entry condition, we pin down the equilibrium

mass of entrants M as follows:

N

> (m(Ny(M)))

1=0

|
|

= fe. (16)

In this way, we have solved the stationary equilibrium. We show that a stationary equilibrium

exists and is unique under Assumption 1:

Proposition 1. Suppose Assumption 1 holds for all N; and liminfy, n,”jlﬁ > 1 for k €

{0,400}. Then, there ezists a unique stationary equilibrium.

Proof. See Appendix C.3. |

3.2.1 Comparative statics: tariff shocks and market interdependence

We now analyze market-specific responses to tariff shocks {t;}. Before presenting our
results, it is helpful to clarify the model counterparts of the empirical patterns and to define
several variables used in the empirical analysis. Specifically, we interpret aggregate variables
in the model as corresponding to the product-country level in the data, and firm variables
as corresponding to the firm-product-country level.

[ x(v)y(v)dv

Ex[y] = T /N1

[y(v)dv

in which z and y are functions of v. Note that v could be both discrete and continuous. At

the aggregate level in market 7, we have total revenue R;, total quantity Qi, unit value pi",
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the number of exporters /N;, and average revenue 7" where

Qi = /Q gidw; pj" = % = % =E,[p:i; " = Ri/Ni.
At the firm level, we have revenue r;, profit m;, price p;, and quantity ¢;. In the case of
homogeneous firms, unit price coincides with firm price, and average revenue coincides with
firm revenue. In addition, we have the market-specific utility ¢); (which matters for welfare)
and the total number of entrants M, both of which are unobservable from the data.'?

We discuss how various price measures are related. There are four variables related to
prices: firm price p;, aggregate unit value pf*, (Kimball) price aggregator P;, and the ideal
price index P!. First, the unit price p is the quantity weighted average of firm prices (p;). In
particular, p;, = p/* in the case of homogeneous firms. Next, the Kimball price aggregator P,
follows the definition in equation (8), and the ideal price index P/ is defined in equation (5).
They satisfy that P, = P!§;, where ¢; is defined in equation (9). P! is the aggregation of p;

adjusted by the number of varieties, while P; is further adjusted by the infra-marginal surplus
1

ratio. In the case of CES demand with homogeneous firms, we have §; = U;’il, P! = Ni?” Dis
1

and P, = -Zi-N."""p,.

o;—17 "1

The implications of tariffs We first present the following proposition that characterizes
the response of M to a set of tariff shocks d log t;. This is a central result since the transmission
of tariff shocks across market works solely through firms’ entry. All the results assume that

the economy was in a stationary equilibrium before tariff changes.

Proposition 2. Suppose assumption 1 holds, and firms have the same productivity z. In
response to a set of tariff shocks dlogt; wherei € {1,2,3,..., N}, changes in the total number

of entrants are given by

N dlogt;
i=0 SiSi—Ypg dlogt
e ] )

dlogM = — L=
Zi]\io 5:&; 0;

i which

ei_(l_i)<l_1>5i+1_m_15¢>0, (18)

i o Pi i

12 As we focus on a representative sector, we use the change in real consumption, dlog @;, to measure the
welfare impact in country 1.
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S = —=———, and & =
> IkTk %jL

— <1 (19)
7Tz'_lf'i 7:0;

Proof. See Appendix C.2 [ ]

A tariff increase affects firm profits through two channels: a direct (negative) demand
effect and an indirect (positive) competition effect. These effects must be offset by an adjust-
ment in the mass of firms, as required by the free entry condition. The variable € captures the
necessary adjustment in firm mass to restore equilibrium, and this is reflected in the two terms
on the right-hand side (RHS) of equation (18). The first term represents the pro-competitive
effect arising from variable markups. This effect disappears when markups are constant (i.e.,

”"fléi) captures the required firm mass adjustment due
7;

p; = 1).1? The second term (i.e., 1 —
to the direct demand effect. This term becomes larger (i.e., the required adjustment becomes
smaller) when expected post-entry profits exhibit stronger diminishing returns with respect
to firm entry. Intuitively, when diminishing returns are strong, a smaller reduction in firm
mass is sufficient to offset the profit loss and restore the free entry condition.*

When the free entry condition holds, the expected profit from entry remains constant.
To preserve this equilibrium, entry must decline in response to adverse shocks. Proposition 2
shows that the required reduction in total entry equals the weighted average of the required
entry reductions across individual markets. The weights, s;&;, are the product of the share of
expected profits in market ¢, denoted s;, and a wedge &;, which captures the degree of entry
interdependence across markets.

In this model, markets are independent of each other, except that they may import from
the same set of firms. As a result, firm entry is the only channel through which shocks are
transmitted across markets. In the following proposition, we show that the change in the
total number of entrants, dlogM , serves as a sufficient statistic for capturing all market-level

changes.

Proposition 3. Suppose that Assumption 1 holds, and firms have the same productivity z.

In response to a set of tariff shocks dlogt; where i € {1,2,..., N}, the following equations

BFollowing a tariff shock, surviving firms raise their markups due to reduced competition, thereby soft-
ening competitive pressure. This pro-competitive effect is stronger—and the required firm mass reduction is
therefore smaller—when the passthrough rate is lower.

14 An example is the case of nested CES demand:

=2 i — N i—1 o
m o< N;'°7, and i i _ —n; (1 _n g 1> = —n,0;
—0; N 0 —

, where the pro-competitive effect vanishes.
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characterize changes of endogenous variables in equilibrium:

i) At the aggregate level,

—dlogt;
0;

(20)

dlogt dlogt
dlogNZ-:—{(l—fi)Esg{ Og] dlog

0 i }:ﬂ_fi)dbgM‘i‘&

~ 1

(2

'

>0

3 7
-~

>0

1 1
dlog R; = [(— — 1) (1 — —> 0; — m;0; + 1} dlog N; — n;dlogt;;

/

i) At the firm level,

1 0;
dlogp, = — (— — 1) —dlog N;,
p.

i oF]

1
dlogq; = ((51- <f - 1> - 771'(97;) dlog N; — n;dlogt;,

(3

% %

1 1

0

7

>0
Proof. See Appendix C.2. [ |

Proposition 3 provides a complete characterization of changes within each market. The
number of firms in market 7, denoted N;, acts as a sufficient statistic for conducting compar-

ative statics in that market. Specifically, changes in both firm-level and aggregate variables
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are driven either by the local tariff shock or by the change in N;. The change of N;, dlog N;,
is a weighted average of the change in the mass of all entrants (dlog M) and the rescaled
local tariff shock, —dlogt;/6;. The latter term reflects the change in N; that would occur
in the absence of market interdependence. To align directly with the empirical analysis, we
next consider a case in which only one (focal) market raises its tariff and derive the following

result.

Corollary 1. Suppose that assumption 1 holds, and firms have the same productivity z.
Country j (“the focal market”) raises its tariff, i.e., dlogt; > 0, while all other countries
( “the third markets”) retain previous tariffs, i.e., dlogt; = 0 fori # j. We have the following
qualitative equilibrium changes:

i) In the focal market j,
dlog NV; < O,dlong < 0,dlog R; < 0,dlogp; > 0,dlogg; < 0,dlogr; <0,dlogQ; < 0;
i1) In the third market i # s,

dlog N; < 0,dlog Q; < 0,dlog R; < 0,dlogp; > 0,dlog Q; < 0,

dlogq; > 0 if and only if 77'77‘ >

)

; 1 1
dlogr; > 0 if and only if i ] > 0; {1+ <f—1) —}.

Proof. See Appendix C.2 |

The predictions in Corollary 1 align well with the empirical evidence. In particular, the
results rationalize the simultaneous decline in aggregate trade value and quantity, as well as in
the number of exporting firms, in both the focal and third markets. The corollary also predicts
simultaneous increases in firm-level exports and unit prices across both markets—again,
consistent with the empirical findings. Importantly, Corollary 1 allows for diverging effects
at the firm and aggregate levels in third markets: firm-level export quantities or revenues may
increase, even as aggregate export quantities or revenues decline. This divergence necessarily

occurs under nested CES demand when p = 1.
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The simultaneous decline in the number of exporters across both markets warrants further
explanation. In the focal market, the tariff increase reduces the number of exporters due to
two reinforcing effects: a decline in the total number of exporters and a reduction in the entry
intensity into that market. In the third markets, although the entry intensity rises—as some
firms reallocate their focus away from the focal market—the overall number of exporters still
falls. This occurs because the decline in the total mass of entrants more than offsets the
reallocation effect. Overall, the complementarity between markets—arising from the shared
pool of exporting entrants—consistently outweighs the substitutability across markets that

operates through the endogenous allocation of entry intensities.'®

3.2.2 Some special cases

Nested CES demand : First, it is instructive to study the special case with nested CES
1

o;i—1 — =
preference. Namely, we have Y;(z) =z 7 |, D;(z) = Dx; ™

. Assumption 1 is equivalent to
o; > n;. Furthermore,
0

i =0; = . miti =
H o — 1 U

Oi — T
0'1'—1’

We then restate proposition 3 as

Corollary 2. Suppose Assumption 1 holds, and firms have the same productivity z. Further-
more, the preference is assumed to be nested CES. In response to a set of tariff shocks dlogt;

where i € {1,2,..., N}, the following equations characterize changes in the equilibrium:

i) At the aggregate level,

n — 1

dlog R; = dlog Q; = -
g; —

dlog N; — n;dlogt;;

ii) At the firm level,

oi 7?dlog N; — n;dlogt;;

dlogp;, =0, dlogm; =dlogr; =dlogg; = —

]

dlog@Q; = > i 1dlogNi — n;dlogt,;.

7

5That is, an increase in expected profits in one market leads to a higher entry intensity into that market
and lower entry intensities into all others.
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The model with nested CES preference inherits all the properties of our general model
except for the pro-competitive effect. With constant markups, profit, revenue, quantity co-
move perfectly, and firm-level quantity and revenue always decrease with the number of firms
in the third markets.

Independent markets: 5 = 0 Next, we consider the case where § = 0. In this case,

& = 1. Then,

dlog N; = — Zg , dlogM = —s; (;g

As suggested by the name, only the focal market is affected by the tariff shock since firms

make orthogonal entry decisions for each market. Comparing to equation (20), the focal
market bears the full cost without any diversion into the third markets. The total number

of entrants changes, only because the number of entrants into the focal market changes.

Common entry: § — 1 In this case, entry is common across all markets up to some
exogenous constants as in Melitz (2003). With exogenous exit, NN; is linear in M in the
stationary equilibrium. Then, all markets witness the same change in the number of firms,

which is given by the change in the number of total entrants. Formally,

dlogt
dlog N; = dlog M = — Eq { Zg } . Vie{1,2,...N},
in which & = % In this way, the common entry technology standard in the literature

implies a strong diversion force such that while tariff shocks may be asymmetric across
markets, their impact on entry is always fully diversified across markets. All markets bear

the same reduction in competition to jointly buffer a unilateral tariff shock.

3.2.3 Entry interdependence

We now discuss the role of entry interdependence (/) in the transmission of shocks. Note
that the change in the number of active firms in market ¢ (dlog IV;) is a sufficient statistic to
measure how [ influences the shock transmission. As before, we consider only one country

(“57) increases the tariff. Simple calculation shows

dlogt; (1 —&)8; + &1 = 5]

1
0;
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where §; = 5’?5 and & = U_UJ_B, in which v; = T”T"fnﬂi and 8 = B/(1 — ). Since Bis a

monotonic transformation of 3, we consider the cross derivative of dlog N; with respect to
dlogt; and f:

0 dlogN; (1—€)3
05 dlogt B !

s é’] L ati-p-9)| ;-

In general, the sign is ambiguous (i.e., not necessarily negative for the third markets), as an
increase in (3 can either reduce or increase the importance of the focal market (i.e., §;) in shock
transmissions.'® Nevertheless, we show in below that a larger 3 leads to more transmission of

shocks unambiguously in cases where markets are either independent initially or symmetric.

Independent markets Markets are independent when § = 0, which implies & = 1 and

5; = s;. Then, we have

0 dlogN;
85 dlogt oy

La=-ay {0 N7

j >0, ifi=y.
Now changes in §; do not matter (to the first order) when we vary f from the initial equi-
librium. A tariff increase in market j leads to a larger (smaller) drop of the number of firm
in the third (focal) market, when f increases. As a result, the tariff shock is more diversified
with a bigger # which implies more interdependence across countries. In terms of the real
consumption @, the focal market suffers less while all the third markets suffer more when [

is bigger.

Symmetric markets We consider another scenario in which all markets are identical in

the initial equilibrium, i.e., § =&, v; = v, 6; = 0, §; = 5. Then, we have
0 dlog N; §2<{Z_ . )1 <0, ifi#y,
B dlogt v J N+1/6 >0, ifi=j.

6When f is larger, markets are more interdependent but the influence of the shock 5; can become smaller
(the term of ——{ in this equation). That is, even if all markets are more interdependent when f§ increases,
J

the focal market can become relatively less important (among all markets) than before. For the focal market,
the influence of shock §; can become larger (the term of ), 5,% in this equation) when f increases, which
leads to an ambiguous sign for the focal market as well.
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With symmetric markets, there is no first order change in the influence of shock s; for all &;
from the initial equilibrium. Therefore, the diversification force becomes the only equilibrium
force. The distributional effect of a market-specific tariff shock across market becomes more

pronounced with a larger # and is maximized when 3 approaches to 1.

3.3 Discussion of the entry margin

The delocation effect has traditionally been interpreted as evidence of increasing returns to
scale (IRS). While our framework allows for industry-level IRS for generality, it is important
to emphasize that the entry margin operates independently of the IRS assumption. Drawing
on Hopenhayn (1992), we can construct an industry equilibrium model in which firms enter
multiple markets under perfect competition and face decreasing returns to scale at the firm
level. This alternative setup yields qualitatively similar responses to tariff shocks in both

" Thus, the delocation effect does not

the focal and third markets, as described earlier.!
necessarily indicate the presence of IRS. Instead, it can be fully explained by the extensive

margin of firm entry.

3.4 General equilibrium effects

The baseline setup abstracts from general equilibrium effects—such as changes in relative
wages—based on the view that antidumping (AD) tariffs are unlikely to generate sizable
general equilibrium adjustments of this kind. In this section, we discuss how allowing for
general equilibrium effects may alter the results. Because the home-country wage is chosen as
the numéraire, we capture general equilibrium adjustments through shifts in foreign demand

for the composite good. Specifically, demand for the composite good in market ¢ is now given
by

1
P! =W;Di(Q;) = dlog P/ = dlogW; — —dlog Q;
i

A positive d log W; corresponds to an outward shift in demand for home exports—for instance,
arising from a decline in the home-country wage, which is equivalent to an increase in the
relative wage in the foreign country.

We summarize the discussion here and leave a complete exposition in Appendix F.1. In

particular, we do not attempt to model the determination of W;. Rather, we take dlog W;

I"Materials available upon request.
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as given and focus on its possible implications. First, we show all formulas hold if dlogt; is

replaced by
dlogt; = dlogt; — dlog W;,

the effective tariff shocks net of general equilibrium effect. Hence, in third markets with
positive dlog W;, exporters are better off with negative effective tariffs.

Second, aggregate trade diversion can arise in third markets. In particular, the number
of exporters serving a third market can increase when demand expands (large dlog ;) and
the market is relatively insulated from the focal market (; is close to one). Moreover, home
exporters’ profitability in these third markets may increase even as the number of exporters
rises: the demand expansion can be sufficiently strong to outweigh the intensified competition
associated with additional entrants, dlog P/, is driven exclusively by changes in the number
of exporters, dlog N;, and is independent of general equilibrium effects. Specifically, d log P!
increases if and only if the number of exporters declines.

Our analysis shows that trade diversion primarily occurs toward third countries that are
winners of the unilateral tariff. Specifically, these countries are less exposed to the tariff in-
crease in the focal market (high &) and experience sizable real income gains (large dlog W;),
reflecting strong terms-of-trade improvements. This interpretation contrasts with the con-
ventional argument invoked by policymakers in third countries to justify the imposition of
retaliatory or follow-up tariffs. The prevailing concern is that trade diversion intensifies
competition in domestic markets, thereby harming local firms and necessitating protective
measures to safeguard welfare. Our results suggest the opposite: trade diversion is a mani-
festation of relative wage gains in the third country rather than a precursor to welfare losses.
Moreover, we show that unilateral tariffs not only protect firms from third countries in the

focal market, but also benefit firms operating within those third countries.'®

8 Appendix E.1 explicitly models strategic interactions between home exporters and other sellers in des-
tination markets to assess whether competition intensifies in third-country markets. In particular, we allow
non-home firms in the third country to take the ideal price index of the home composite good into account
when setting prices. This extension provides a microfoundation for the demand function for home goods,
(D;(Q;)), so that all baseline results continue to apply. In partial equilibrium, an increase in the ideal
price index of the home composite good, P!, necessarily reduces the market share of home exporters: as

home exporters raise prices following the tariff shock, non-home firms gain market share in the third-country
market.
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3.5 Firm-level non-constant returns to scale technology

The canonical trade diversion effect emphasized in the antidumping (AD) literature relies
critically on the assumption that firms operate under increasing marginal costs (i.e., decreas-
ing returns to scale). When exports to the targeted market are curtailed by AD tariffs, the
resulting contraction in output lowers a firm’s marginal cost, making it cheaper to serve
third-country markets and thereby generating trade diversion.

Recent evidence by Almunia et al. (2021) supports this mechanism from a different an-
gle. Studying the Spanish economy during the financial crisis—when domestic demand col-
lapsed sharply—they document a surge in Spanish exports, a phenomenon they term the
“venting-out” effect. This pattern is likewise consistent with firm-level production technolo-
gies featuring increasing marginal costs, as a decline in domestic sales reduces marginal costs
and stimulates foreign sales. In this subsection, we introduce a non-constant-returns-to-scale
production technology into the industry equilibrium and examine how this feature alters the
model’s predictions.

We summarize our key findings here and relegate technical details to Appendix E.2. First,
the sufficient-statistics approach continues to apply: all equilibrium variables, as well as the
(log) change in marginal cost, can still be expressed as functions of the tariff change and
changes in the number of firms across markets. Second, we show that the model’s extensive-
margin predictions continue to hold in the case of symmetric markets (i.e., countries), despite
the presence of increasing marginal costs at the firm level.'? In particular, following a tariff
shock in the focal market, both the number of entrants and the number of exporters decline
in every market.

Finally, we prove that in a model with symmetric markets, when the pass-through of the
cost shock, p, is sufficiently close to unity, aggregate export volume and value to third markets
must decline regardless of the degree of decreasing returns to scale at the firm level. This
result holds even when firm-level export volume and value to third markets increase after
the tariff shock—that is, even in the presence of firm-level trade diversion. While the degree
of decreasing returns to scale governs the increase in firm-level exports along the intensive
margin, the pass-through parameter p plays a crucial role in determining the contraction along
the extensive margin. Specifically, a higher p implies that markups—and hence producer
prices—rise by less following the tariff shock, holding other factors constant. As a result, ex
post profits (conditional on the number of firms) increase by less. Consequently, the free-

entry condition requires a larger reduction in the number of entrants—and thus in the number

19This prediction also holds under CES demand with asymmetric markets.
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of firms operating in each market—to restore the ex ante zero-profit condition following the
tariff imposed in the focal market. The extensive-margin contraction therefore becomes more
pronounced and more likely to dominate the intensive-margin expansion in firm-level exports

when p is sufficiently large (i.e., close to unity).?

3.6 Heterogeneous firms

We now extend our benchmark model to an environment with heterogeneous firms for
two main purposes. First, the heterogeneous-firm framework provides the foundation for our
quantitative calibration. Second, we demonstrate that the key qualitative results derived

under the homogeneous-firm setting continue to hold in the presence of firm heterogeneity.

3.6.1 Equilibrium conditions

We follow the same strategy to solve the equilibrium with heterogeneous firms. Compared
to the case with homogeneous firms, there is one more equilibrium condition that determines
the exit cutoff on firm productivity. This is the selection channel popularized by models of

heterogeneous firms. Specifically, the zero-profit condition can be written as

utef) = 0 Zaet) = (1= — ) mDaten) = fo (21)

where 2} is the exit cutoff and firms are indexed by their productivity draws and their export

destination. In addition, the markup rule is pinned down by the pricing rule:

(2w 8)

Given the price aggregator P; and the real consumption @);, we can solve for ¢;(z) (and thus

pi(2) and m;(z)) as functions of P, and Q.
The second set of equilibrium conditions uses the definition of the Kimball preference and
the balance budget (or income accounting) equation to solve for P; and Q);. Specifically, we

have

FLG(Z) /OO 1 (W) dG(z) = 1. (23)

20The pass-through rate is itself endogenous and also affects the intensive-margin response of firm-level
exports to the tariff shock, albeit to a lesser extent.
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and
P, = 6(P, Q)P = 6:(P, Qi) Di(Q;). (24)

Together, they implicitly pin down P; and Q; (given N;).
Third, the per-period variable profits can be expressed as a function of N;, P; and Q);:

1 oo
M) = [ (s N - 4G, (25)
P+ Vi Jor vy
as firm-level price and quantity depend on these three variables.
Finally, we have the two equilibrium conditions, the free entry condition and the balanced
flow of firms, to determine the total number of entrants and the number of firms that export
to each market (M, {N;}):

=0

There are N + 2 equations for N + 2 unknowns. Similar to the case of homogeneous firms,

we can derive that

1-8 B
7 hiﬁ-i B B ViNi - N ViNi b é
= s < fe ) T MO-G) milMNe) = <h,-M[1 — G(z*)]) hi’ (26)

)

Combined with equation (25), the above equation provides us an implicit function N; in terms
of M. We define such mapping by N; = N;(M). Inserting it back into the free entry equation,
we can pin down the equilibrium mass of total entrants M as in the case of homogeneous

firms:

Tl
|

S

® g

Z(hiﬁi(Ni(M)))

=0
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3.6.2 Comparative Statics

We define \;(z) = w, the sales density of firms with productivity z in country 1.

Then, E[\;] = 1. We use E[y] to denote the z-weighted average of variable y:

T ey
Effy] = = o

fzoo 2(2) 1—gc(:?)z;)dz

For example, a useful and easily verifiable identity is E;Z [6;] = 0;. Additionally, we denote

the number of potential entrants in market ¢ by M/, i.e., MY = J;M. With the balanced

%((Zzl)) In other words, ¢} is

the elasticity of entrant share 1 — G(z}) to threshold 2}, i.e., ¢ = —%ﬁzm.

flow condition, dlog M? = dlog N + ¢idlog 2, in which ¢} =

We discuss equilibrium changes in key variables in what follows. In the homogeneous
firms case, the change in the number of firms (i.e., dlog N;) is a sufficient statistic that
characterizes various changes in the equilibrium. Now, either dlog /V; or dlog 2] can be a
sufficient statistic. We decide to focus on changes in z; rather than /V; for cleaner expositions,

which leads to the following proposition.

Proposition 4. In response to a set of tariff shocks dlogt;, the following equations charac-

terize changes in the equilibrium:

> si€idlogt;
dlog zf = zdlog M + zldlogt;
dlog M? = (1 — &M)dlog M — ¢ldlogt;,

dlog M = —

where
t_ 1-B—t
52 — (N + ) LBrz — (N7 + ¢})
1-B-2 1-B =2 nt _ * 2\ =t
M 3 T o 3 [7i Ny — (¢7 + N7 7] (27)
LR SN e S (NF )

and s; is the expected profit share as in equation (19). We define 77, i, N7, N} in Appendiz
D.2.
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Compared to the expression in equation (19) from the homogeneous-firm case, the weights
&M and £ in the heterogeneous-firm setting include additional terms that capture the effects
of firm selection and its interaction with variable markups. To illustrate this distinction, we
consider the case of nested CES demand. Under this specification, the difference arises solely

from the selection effect, and the weights & and &M take the following forms:

e = — . and g =g

friﬁf’iniei - % (1 T 771 11 )\l 801>

1
0;’

where 6; is defined in equation (18) and 7; = f T dz is the average profit. Relative

1— G

to equation (19), the weight of entry 1nterdependence is augmented by the weight of

y 187
selection cutoff A¢?. Intuitively, the impact on number of fotal entrants is smaller, when the
productivity thresholds are more responsive to the tariff shock(s). In other words, the move-
ment of thresholds absorbs the impact of the tariff shock(s) to some extent. Unfortunately,
we are unable to prove the results that we have obtained in the homogeneous firms case in
general. In order to obtain sharper predictions on the comparative statics, we introduce the

following additional assumption.
Assumption 2. We assume the following conditions hold:

i) The strong second Marshall law of demand: p; < 1, p; <0;

ii) Excessive entry: &; < ]Ef\ I

i) Under-selection: 0; > 67 .

w) Firms’ profit decreases on entry threshold z} : gigi:z < 0.

Compared to Assumption 1, the first assumption above presents a stronger version of Mar-
shall’s second law of demand: not only is there incomplete passthrough, but the passthrough
rate also decreases with firm productivity. The second and third assumptions are drawn
from Baqaee et al. (2023). The second implies that consumer welfare improves when re-
sources used for firm entry are reallocated to production. Similarly, the third suggests that
consumer welfare increases when the exit threshold rises.

The final assumption governs the relationship between the exit threshold and firm-level

21

profitability.?! Mathematically, the above assumption assures that both M and ¢! defined

in equation (27) are strictly positive.

21This assumption holds trivially under CES demand, where the profit ratio between two firms is propor-
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The following proposition summarizes our comparative statics results in the case of het-

erogeneous firms:

Proposition 5. Suppose that assumption 1 and 2 hold. Country j (“the focal market”)
raises its tariff, i.e., dlogt; > 0, while all other countries (“the third markets”) do not
change tariffs, i.e., dlogt; = 0 fori # j. Then, & >0, €M >0, 2zt > 0, 2M > 0. We have

the following equilibrium changes:

i) In all markets:

dlogM <0, dlog@Q; <0, dlogM? <0, dlogp; >0, dlogQ; <0, logR; <0

ii) In the third market i # j:

dlogz’ <0, dlogp™ >0

iii) In the focal market:

5, &M 1 — s &M p* 4 N2
legZ;: Zj]\/[ [(A_l) N]t + 77(5 ( ﬁ_ ]gj P — J :|d10gtj,
~

Zi Slfzj\/l ~ = 5 Zz SzflM 7Tj
>0 ~ - <0 <0 ~ /
<0 >0

(28)

where we define 77, 7, N7, N} in Appendiz D.2.

17
iv) Across firms in the same market:

ddlog u; 50 ddlogm; <0 ddlogr; <0 ddlog q;

)

<0

)

dlog z dlog z dlog z " Ologz

Proposition 5 demonstrates that most of the qualitative results established in the homogeneous-
firm case continue to hold under heterogeneity, provided Assumption 2 is satisfied. In par-
ticular, both the total number of entrants and the number of potential entrants into each

market decline in response to a tariff increase. However, a key distinction arises due to firm

tional to their productivity ratio (e.g., zF and z;), and the marginal firm earns profits equal to the fixed
operating cost. However, under variable markups, intensified competition (i.e., an increase in z;) reduces
firm profits, though this reduction is partially offset by changes in markups due to shifts in firm-level market
shares. As a result, the assumption does not hold trivially in the general case.
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selection: we are unable to guarantee that the number of actual entrants—and thus the num-
ber of active firms in each market—decreases with the tariff. This ambiguity stems from the
selection effect, whereby the cutoff productivity level decreases, potentially allowing more
low-productivity firms to enter despite reduced aggregate entry.

Turing to the selection effect, we show that threshold z; must decrease in third markets,
while it changes ambiguously in the focal market, as indicated by equation (28). In third
markets, competition softens as the number of entrants declines. Holding the cutoff constant,
all surviving firms earn higher profits due to increased market shares. This rise in firm-level
profitability lowers the exit threshold z}, allowing less productive firms to survive.

In the focal market, the dynamics are more complex. Surviving firms raise their prices
and markups, with more productive firms increasing their markups disproportionately. This
anti-competitive effect benefits lower-productivity firms more and thus tends to reduce the
exit threshold. However, the focal market also experiences a direct negative shock to firm
profits from the tariff increase. Whether the exit threshold rises or falls depends on the
relative strength of these two forces: the anti-competitive markup effect versus the direct
tariff effect. Hence, the direction of change in z; in the focal market is generally ambiguous.
An exception arises under nested CES demand, where markups are constant. In that case,
the anti-competitive effect disappears, and the exit threshold in the focal market increases
unambiguously due to the direct impact of the tariff.?

Proposition 5 also shows that the consumption of the composite good @); decreases in all
markets. In third markets, this loss is intuitive: there are fewer varieties, lower aggregate
productivity, and higher markups, all of which reduce consumer welfare. In the focal market,
the result indicates that even if the exit threshold increases—potentially allowing only more
productive firms to survive—it is insufficient to fully counteract the negative effects of reduced
variety and higher markups. A similar logic applies to the decline in total quantity Q;. While
the number of actual entrants might rise in some cases, these firms sell significantly less in
equilibrium to benefit from higher markups. Consequently, total market quantity declines
despite possible increases in firm counts.

With heterogeneous firms, the model does not yield definite predictions about changes in
firm-level profit, revenue, or quantity. Nevertheless, it delivers two unambiguous predictions

regarding firm-level behavior:

Z2There are two cases where the exit cutoff is more likely to increase in the focal market: 1) the focal market
Sj{jw

Zi 51511\4 ’

has a large weight which may due to a large profit share s;; 2) markets are very independent: S is

close to zero.
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First, all surviving firms raise their markups and prices in both the focal and third
markets. This outcome stems from reduced firm entry, which increases the market power of
incumbents. In third markets, the exit threshold always declines, implying that the average
productivity of firms falls post-shock. As a result, the unit price increases more than the
average price increase among continuing firms due to a compositional effect—Iless productive
firms now comprise a larger share of the market. In contrast, in the focal market, the exit
threshold may rise, allowing only more productive firms to enter post-shock. Consequently,
the unit price may increase less than the average firm-level price increase because new, highly
productive entrants exert downward pressure on the average.

Second, conditional on survival, low-productivity firms gain relative to high-productivity
firms in terms of profits, sales, and quantities. This is because, under the strong form of
Marshall’s second law of demand, more productive firms increase their prices and markups
more aggressively in response to the tariff shock. That is, more productive firms are more
exposed to the negative impact of the tariff because they reduce their quantities more in
pursuit of higher markups. In contrast, less productive firms raise prices less and thus
benefit more from the anti-competitive effects induced by reduced competition. Together,
these insights provide another rationale for why the exit threshold may fall in the focal
market: marginal (less productive) firms can experience rising profits, while more productive

ones may see their profits decline.

CES demand We relegate the full equilibrium analysis under CES demand to Appendix
D.2. Notably, CES demand satisfies Assumption 2. Compared to the general case, this
special case yields the clear prediction that dlogz; > 0 in the focal market. It also simpli-
fies the comparative statics. However, the analytical tractability offered by CES demand is
insufficient to justify its use for quantitative exercises. Due to the constant markup assump-
tion, CES demand rules out firm-level price adjustments, implying that changes in quantity
and sales must move one-to-one. This stands in contrast to our empirical findings, which

document significant price changes at both the firm and aggregate levels.

Entry Interdependence As in the homogeneous case, it suffices to study the impact of
B on the equilibrium threshold 2}, which serves as a sufficient statistic for changes in other
endogenous variables. For the same reason, we focus on the symmetric case and omit the
country index. The following analysis confirms that the implications of entry interdependence

derived in the homogeneous case carry over to the heterogeneous firm environment.
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First, dlog M is independent of 3, as

ﬁ't

dlogM = ———==dlogt; = ——— ((go* + N*)— — Nt) dlogt; <0,
7
in which 7% < 0, @ < 0, N + ¢* > 0, N* < 0, and they are independent of 5. In third

markets, we have

dlog 2t = zMdlog M = dlog M, (29)

N+ ) - Fw

where zM is the exit cutoff in the initial equilibrium. Thus, dlogz; decreases with 3. We
show in Appendix D.2 that dlog (); increases with d log 2 in both the focal and third markets.
Therefore, there is a larger reduction in the consumption of the sectoral composites in the

third markets when [ increases. For the focal market,

t

NNt LT (p* 4 N?) — Ft1=0

dlog 2* = N+1"" N+17* leogt
J 1;577-2 _ (Nz + 90*) J
odlog z*

We show in Appendix D.2 that 35

the impact of a bigger S on the consumption of the sectoral composites in the focal market

+ > 0 and dlog Q; increases with dlog 2. Therefore,

is always positive, despite that dlog z; can be either positive or negative. Namely, the focal
market suffers less from the tariff shock, when markets are more interdependent via firms’

entry.

3.7 Homothetic demand with a single aggregator and tariff uncer-

tainty

In this final extension, we reformulate the model using a homothetic demand system with
a single aggregator (HSA), following Matsuyama and Ushchev (2017). The HSA demand
system differs from the HDIA demand system in two key respects. First, under HSA demand,
firms choose prices relative to a single price aggregator, whereas under HDIA demand firms
choose quantities. Second, a firm’s market share depends on its relative price rather than its
relative quantity.

This extension serves two purposes. First, we show that all qualitative results derived
under the HDIA demand system—and the sufficient-statistics approach we employ—continue

to hold under HSA demand. Second, and more importantly, the HSA framework allows us to

44



study the effects of (unrealized) expected tariffs in third markets on firm-level and aggregate
trade flows. A detailed analysis is provided in Appendix F.

Tariff uncertainty is closely related to the so-called tariff-echoing effect. Specifically, an
AD tariff imposed by a focal country on a given product is likely to be followed by similar
tariffs imposed by third countries on the same product exported from the same home country.
In this sense, AD actions “echo” across countries against the same exporter—product pair
rather than occurring in isolation. As a result, the investigation or imposition of an AD
tariff in the focal market may generate expectations of future tariffs in third markets on the
same product, which can depress trade flows to those markets even before any tariffs are
realized. Although we show that our empirical findings are robust to excluding the top ten
AD-investigating countries against China—those most likely to induce exporters to anticipate
follow-on tariffs—we remain interested in the potential effects of such expected tariffs.

We summarize the main findings on tariff uncertainty here and relegate the detailed
analysis to Appendix F.3. An expected—but unrealized—tariff in a third country reduces
firms’ expected profits from entry. Consequently, both the mass of entrants and the number
of exporters to each market decline relative to the case without tariff uncertainty in the
third country. This excessive decrease leads to larger increases in firm-level and aggregate
prices in the third country, even in the absence of tariff realization. As a result, total export
value and volume to the third country decline, with the contraction being larger under tariff
uncertainty than in the benchmark case. Overall, tariff uncertainty alone can generate price
increases and aggregate trade reductions in the third country, even without the imposition
of an actual tariff.

One key lesson from this exercise is that tariff uncertainty—absent tariff realization—affects
the responses of endogenous variables to a tariff shock only through its impact on firm entry
and the number of exporting firms in each market. In other words, tariff uncertainty does not
play an independent role beyond this extensive-margin channel. By contrast, a realized tariff
in the focal market has an independent effect on outcomes in that market, over and above
its impact on the number of firms. As a result, our sufficient-statistics approach continues to
apply in this setting. It is possible that part of the observed decline in the number of entrants
and exporting firms is driven by expected tariffs in a third market. Separately identifying
the realized tariff in the focal country and the expected tariff in the third country would re-
quire sufficiently rich data (i.e., enough data moments). Nonetheless, the sufficient-statistics

approach introduced in this paper can still be applied to achieve this goal.?*

BIntroducing tariff uncertainty into the model would alter the calibrated structural parameters (e.g., 3, 1
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4 Model Parameterization (work-in-progress)

In this section, we use the theoretical results derived above to calibrate the model and
conduct a counterfactual analysis that highlights the role of § in transmitting tariff shocks
across countries. Typically, estimating structural parameters such as n and S requires fully
solving the model. However, by log-linearizing around the steady state, we can infer these
structural parameters without fully solving the model. The goal of this quantitative exercise
is to demonstrate how key parameters in the model can be cleanly identified from empirical
moments.

To ensure transparency in parameter identification, we begin by analyzing the case of
homogeneous firms in symmetric markets. That is, we abstract from heterogeneity across
firms and countries. Consequently, both the focal and third markets share identical model
parameters. Next, we assume the fixed cost of exporting, f, is zero. This assumption
simplifies the mapping from [ to the model moments, making it more transparent. Finally,
we adopt a specific functional form for the demand function: the Klenow-Willis version of
the Kimball demand (see Klenow and Willis (2016)). Specifically, the Kimball aggregator,
T(-), is defined as

oy =1+ - s () o (£ (2.2) -r (25,

where x = %, and I' (.) is the incomplete Gamma function defined as

I (u, 2) :/ s e *ds.

The two key parameters in this specification are ¢ and e, which together determine the so-

called “super-elasticity”, =—that is, the elasticity of the elasticity. This term governs how

the price elasticity varies with the relative quantity, %. Note that the price elasticity, the

and the demand system etc.).
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markup, and the cost passthrough are calculated as follows:

do(x) , T(x) T(x)Y"(x)

- S A
J?T”(JJ) T//($)2 (30)

o) = (14 @) (31)

where ¢(x) measures how the price elasticity decreases with (rescaled) firm-level output = =
a(w)

Q Y
emerges as a special case of the Klenow-Willis specification of Kimball demand when ¢ = 0.

and the key parameter is the super-elasticity (i.e., £). Importantly, the CES demand

4.1 Simple Calibration

We calibrate the model using the responses of aggregate variables to the tariff shock

in both the focal and third markets. Specifically, we utilize the following: dlog R;, dlog R;,
dlog Qj, dlog Qi, dlog N;, dlog NV; where j denotes the focal market and ¢ is the third market.
Under the assumptions of homogeneous firms and symmetric countries, these six responses
are governed by five parameters or equilibrium variables—given a tariff change in the focal
market: §,m,0,p,0. Note that 3,7 are structural parameters, while o, P; 0 are endogenous
dlog Rj—dlog Q; dlog R;—dlog Q;

equilibrium variables. Moreover, Proposition 3 implies that Tlog N, = Tog N,

which means that one of the six responses is redundant under symmetry. Therefore, we use

five of the responses to identify the five relevant parameters and equilibrium variables.
dlogR; ~ __ dlogR; -~ __ dlong

The five moments we use are 1 = g%z;x;, dlog Nj, 7 = Fioent> 71 = Gioen> 4 = qiogn -
The moment excluded is dlog@);. Given that the average tariff applied in anti-dumping
(AD) cases against China during 2000-2011 was approximately 60%, we set dlogt; = 0.5,
corresponding to a post-shock tariff level of t?f r — 1.65. Additionally, we assume D; =
Di=11=1 =1, t?ef ore — ghefore — qalter — 1 We consider eight symmetric foreign
countries, one of which is the focal market (i.e., N = 8).%

Our identification proceeds in three steps. First, calculation shows

R R dlogt;

= 08 Y 0 9431 — 0.7289,
BTN T T g N, K

24We choose this value because the data suggest that the ratio of sales in the third markets to those in the
focal market is approximately seven.
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from which we can back out n = 1.2937, as 7;, 7; and log N, are the data moments and
dlogt; = 0.5. Next, we back out 3. Note that

1—¢&dlogt; 1-¢ dlogt; . 0.172
dlogN; = ———=—27- dlogN; = — | —= —2 7= """ =0.2507.
o8 N g OO <N+g 6 " oesg 02OV

Therefore, we have

1 .

~ 1—n dlogt;/0 1
n= N = ¢ = ——=0.3736; — I = — =((N —1)n+1) = 2.7549.

%4_1575 1-¢& AN dlogN; 84 ¢

Having recalled that 7; — 7; = —n(flfgg]tv%, we arrive at

T — T T — T 0.9431 On  0.3423

0= = __* = =0.3423, 0= — = = 0.2646
1 e/l = (N =D +1 7x0.2507+ 1 ’ 6~ 1.2937 ’
which can be calculated using the data moments. Also note that
no § 1-p
£ = = =nl——.
% +nd  1-¢ G
Therefore, we have
1S 1-8 1—n r,—7  1—p 1-5
—— =nf = = = 0.3736 = 0.3423——
1-¢ 3 Ni  (N-Da+1 B B

from which we calculate § = 0.4781.
Finally, we can use two remaining moments 7, ¢;, ¢ and 7 to back out values of o, p, d.

Specifically, we have

1
) (— — 1) =q;—7;+7+n0—1=0.07/0.686 + 0.171/0.172 4 0.3423 — 1 = 0.4385,
P

5 (1
7 — ;= —0.07/0.686 = ~0.102 = —— <; - 1> ,

from which we derive o = 0.4385/0.102 = 4.2990. Additionally, we have

0 =1.2372—-0.22700 = ¢ = 4.2849.

6 = 0.2646 = 0.4385 ( L 1 ) 129371

1.2937  4.2990 1.2937
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The passthrough rate is calculated as

1

P = 0.4(?85 T

= 0.9076.

Table 4 reports the calibrated values of the model parameters and equilibrium variables.
First, the calibrated parameter values satisfy the conditions outlined in Assumption 1. No-
tably, the calibrated value of the entry-dependence parameter, (3, lies neither near zero nor
close to one. This supports the importance of allowing for a general form of the entry tech-
nology, as specified in equation (10). Moreover, the calibrated passthrough rate of a cost
shock is close to the range estimated by Corsetti et al. (2023) (0.93-0.95).Finally, we can
infer the implied relative output and the corresponding parameters in the Klenow-Willis de-
mand specification as follows: (%2 &, 5) = (0.0058,0.2247, 2.8759) and T (%) — 0.071,
The calibrated super elasticity in our model, =, is comparable to the estimate from Edmond
et al. (2023).

Table 4: Calibration Results

n 3 B o d p
1.2937  0.2720 0.4781 4.2990 4.2849  0.9076

4.2 The Global Impact of Anti-Dumping Tariffs: the Role of Entry

Interdependence

We now examine how the parameter § influences the transmission of a tariff shock across
markets. Specifically, we consider two polar cases: 5 = 0, representing no interdependence
in firm entry, and 8 = 1, corresponding to full interdependence, as in Melitz (2003). To
isolate the impact of S on the transmission mechanism, we compare the responses to a
market-specific tariff shock across three alternative environments. To ensure comparability,
we adjust the entry efficiency parameters, h;, so that all three scenarios share the same initial
equilibrium allocation prior to the tariff shock.

Table 5 presents changes in various equilibrium variables as a function of 3. Since only five
parameters/variables are calibrated, the model cannot match the sixth moment, Q;. In the
calibrated model where 8 = 0.4782, the majority of the reduction in the number of exporters
comes from the third markets (63.7% = 0.172x 7/(0.686+0.172 x 7)).? Interestingly, profits

25 Alternatively, only 36.3% of the reduction in the number of exporting firms across all markets originates
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from the focal market (7;) and the third market (7;) move in opposite directions, as the free
entry condition must hold.

The model substantially overpredicts the spillover effect to the third market and under-
predicts it for the focal market in the case of Melitz (2003), where § = 1. This discrepancy is
primarily driven by changes in the number of exporting firms. Naturally, the spillover effect
disappears when $ = 0. In summary, entry interdependence plays a significant role in the

transmission of tariff shocks across markets.

Table 5: Entry Interdependence and Spillovers across Markets

Focal Market Third Markets

8 N; Q, R; Yot N; Qi R; %t

0.4781 -0.6860 -1.3990 -1.3290 -3.6490 -0.4122 36.3 -0.1720 -0.1886 -0.1710 -0.7527 0.0589 9.1
0.0000 -1.8900 -2.7189 -2.5260 -8.9177 -0.0000 100.0 -0.0000 -0.0000 -0.0000 -0.0000 0.0000 0.0
1.0000 -0.2362 -0.9060 -0.8819 -1.6808 -0.5661 12.5 -0.2362 -0.2590 -0.2349 -1.0338 0.0809 12.5

%t: tariff incidence measured by exposure to joint entry.

5 Conclusions

In this paper, we document both aggregate-level and firm-level empirical evidence of
market interdependence by examining the effects of antidumping (AD) tariffs against Chinese
firms. We find that the affected products experience a decline in total sales in both the focal
market and third markets, indicating a global trade depression effect. A decomposition
exercise further reveals that the simultaneous export declines across countries are primarily
driven by a reduction in the number of entrants/exporting firms. In contrast, individual
exporters’ sales decrease in the focal markets but increase in third markets, providing evidence
of trade deflection at the firm level.

To rationalize these findings, we develop an industry equilibrium framework based on
firms’ interdependent entry decisions across multiple markets. We show that the entry margin
alone can generate cross-market policy spillovers and heterogeneous tariff responses consistent
with the data. Finally, we calibrate the model and find that the entry interdependence
parameter plays a quantitatively significant role in the transmission of tariff shocks across
markets.

Much work remains to be done. First, extending the model to a general equilibrium

from the focal market.
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framework with endogenous wages and optimal firm behavior in both the focal and third
markets is essential. This would allow for a deeper understanding of the global impact of
large-scale bilateral trade conflicts, such as the U.S.-China trade war. Second, incorporat-
ing production fragmentation and firms’ foreign direct investment (FDI) decisions into the
industry equilibrium model is also important, given existing evidence of tariff-jumping behav-
ior—such as during the U.S.-Japan trade tensions in the 1980s. Third, extending the model
to a dynamic setting with sunk market-entry costs would help capture the role of trade pol-
icy uncertainty in shaping policy spillovers, particularly in terms of overall trade flows and
extensive margin responses. Finally, developing a unified framework that can quantify both
firm-level spillover channels (e.g., production fragmentation and the venting-out effect) and
aggregate-level spillover mechanisms—such as the one emphasized in this paper—is a crucial

direction for future research. We leave these exciting avenues for future work.

o1



References

Albornoz-Crespo, Facundo, Irene Brambilla, and Emanuel Ornelas, “Firm Export Responses to
Tariff Hikes,” CEPR Discussion Papers 16455 August 2021.

Alfaro-Urena, Alonso, Juanma Castro-Vincenzi, Sebastian Fanelli, and Eduardo Morales, “Firm
Export Dynamics in Interdependent Markets,” Working Paper 2024.

Almunia, Miguel, Pol Antras, David Lopez-Rodriguez, and Eduardo Morales, “Venting Out:
Exports during a Domestic Slump,” American Economic Review, November 2021, 111 (11), 3611-3662.

Antras, Pol, Luis Garicano, and Esteban Rossi-Hansberg, “Offshoring in a knowledge economy,”
The Quarterly Journal of Economics, 2006, 121 (1), 31-77.

_, Teresa C. Fort, and Felix Tintelnot, “The Margins of Global Sourcing: Theory and Evidence from
US Firms,” American Economic Review, September 2017, 107 (9), 2514-2564.

Arkolakis, Costas, Arnaud Costinot, Dave Donaldson, and Andrés Rodriguez - Clare, “The
Elusive Pro-Competitive Effects of Trade,” Review of Economic Studies, 2019, 86 (1), 46-80.

Atkeson, Andrew and Ariel Burstein, “Pricing-to-Market, Trade Costs, and International Relative
Prices,” American Economic Review, November 2008, 98 (5), 1998-2031.

Baqaee, David Rezza, Emmanuel Farhi, and Kunal Sangani, “The Darwinian Returns to Scale,”
The Review of Economic Studies, June 2023.

Blonigen, B. A. and T. J. Prusa, “Dumping and Antidumping Duties,” in Kyle Bagwell and Robert W.
Staiger, eds., Handbook of Commercial Policy, Vol. 1, North-Holland, January 2016, pp. 107-159.

Blonigen, Bruce A. and Thomas J. Prusa, “Antidumping,” in Steven N. Durlauf and Lawrence E.

Blume, eds., The New Palgrave Dictionary of Economics: Volume 1 — 8, London: Palgrave Macmillan
UK, 2008, pp. 173-177.

Boehm, Johannes and Ezra Oberfield, “Misallocation in the Market for Inputs: Enforcement and the
Organization of Production,” The Quarterly Journal of Economics, 2020, 135 (4), 2007-2058.

Bown, Chad P. and Meredith A. Crowley, “Trade Deflection and Trade Depression,” Journal of
International Economics, May 2007, 72 (1), 176-201.

_ and _ , “China’s Export Growth and the China Safeguard: Threats to the World Trading System?,”
Canadian Journal of Economics, 2010, 43 (4), 1353-1388.

_, Milla Cieszkowsky, Aksel Erbahar, and Jose Signoret, “Temporary Trade Barriers Database,”
2020.

Breinlich, Holger, Elsa Leromain, Dennis Novy, and Thomas Sampson, “Import liberalization as
export destruction? evidence from the united states,” 2022.

Caliendo, Lorenzo and Esteban Rossi-Hansberg, “The impact of trade on organization and produc-
tivity,” The quarterly journal of economics, 2012, 127 (3), 1393-1467.

Chen, Cheng, “Management quality and firm hierarchy in industry equilibrium,” American Economic
Journal: Microeconomics, 2017, 9 (4), 203-244.

02



_ and Wing Suen, “The comparative statics of optimal hierarchies,” American Economic Journal: Mi-
croeconomics, 2019, 11 (2), 1-25.

Corsetti, Giancarlo, Meredith Crowley, Lu Han, and Huasheng Song, “Markets and Markups: A
New Empirical Framework and Evidence on Exporters from China,” Working Paper 2023.

Crowley, Meredith, Ning Meng, and Huasheng Song, “Tariff Scares: Trade Policy Uncertainty and
Foreign Market Entry by Chinese Firms,” Journal of International Economics, September 2018, 114,
96-115.

Dhingra, Swati and John Morrow, “Monopolistic Competition and Optimum Product Diversity under
Firm Heterogeneity,” Journal of Political Economy, 2019, 127 (1), 196-232.

Dobkin, Carlos, Amy Finkelstein, Raymond Kluender, and Matthew J. Notowidigdo, “The
Economic Consequences of Hospital Admissions,” American Economic Review, February 2018, 108 (2),
308-352.

Edmond, Chris, Virgiliu Midrigan, and Daniel Yi Xu, “How Costly Are Markups?,” Journal of
Political Economy, July 2023, 131 (7), 1619-1675.

Fajgelbaum, Pablo, Pinelopi Goldberg, Patrick Kennedy, Amit Khandelwal, and Daria Taglioni,
“The US-China trade war and global reallocations,” American Economic Review: Insights, 2024, 6 (2),
295-312.

Felbermayr, Gabriel and Alexander Sandkamp, “The Trade Effects of Anti-Dumping Duties: Firm-
level Evidence from China,” Furopean Economic Review, February 2020, 122, 103367.

Garicano, Luis and Esteban Rossi-Hansberg, “Organization and Inequality in a Knowledge Economy,”
The Quarterly Journal of Economics, November 2006, 121 (4), 1383-1435.

Gumpert, Anna, “The organization of knowledge in multinational firms,” Journal of the European Eco-
nomic Association, 2018, 16 (6), 1929-1976.

Hopenhayn, Hugo A., “Entry, Exit, and Firm Dynamics in Long Run Equilibrium,” Econometrica, 1992,
60 (5), 1127-1150.

Khederlarian, Armen and Sandro Steinbach, “Pre-Trends and Trade Effects of Temporary Trade
Barriers,” Working Paper 2022.

Klenow, Peter J. and Jonathan L. Willis, “Real Rigidities and Nominal Price Changes,” Economica,
July 2016, 83 (331), 443-472.

Krugman, Paul, “Scale economies, product differentiation, and the pattern of trade,” American economic
review, 1980, 70 (5), 950-959.

Lu, Yi, Zhigang Tao, and Yan Zhang, “How Do Exporters Respond to Antidumping Investigations?,”
Journal of International Economics, November 2013, 91 (2), 290-300.

Lucas, Robert E., “On the Size Distribution of Business Firms,” The Bell Journal of Economics, 1978, 9
(2), 508-523.

Manova, Kalina and Zhiwei Zhang, “Export Prices Across Firms and Destinations,” The Quarterly
Journal of Economics, February 2012, 127 (1), 379-436.

23



Matsuyama, Kiminori and Philip Ushchev, “Beyond CES: Three Alternative Classes of Flexible Ho-
mothetic Demand Systems,” Technical Report 2017.

Melitz, Marc J., “The Impact of Trade on Intra-Industry Reallocations and Aggregate Industry Produc-
tivity,” Econometrica, October 2003, 71 (6), 1695-1725.

Morales, Eduardo, Gloria Sheu, and Andrés Zahler, “Extended Gravity,” The Review of Economic
Studies, November 2019, 86 (6), 2668-2712.

Mrazova, Monika and J. Peter Neary, “Not So Demanding: Demand Structure and Firm Behavior,”
American Economic Review, December 2017, 107 (12), 3835-3874.

Ossa, Ralph, “A “new trade” theory of GATT/WTO negotiations,” Journal of Political Economy, 2011,
119 (1), 122-152.

Prusa, Thomas J., “On the Spread and Impact of Anti-Dumping,” The Canadian Journal of Economics
/ Revue canadienne d’Economique, 2001, 34 (3), 591-611.

2

Rosen, Sherwin, “Authority, control, and the distribution of earnings,
1982, pp. 311-323.

The Bell Journal of Economics,
Sandkamp, Alexander, “The Trade Effects of Antidumping Duties: Evidence from the 2004 EU Enlarge-
ment,” Journal of International Economics, March 2020, 123, 103307.

Steinbach, Sandro and Armen Khederlarian, “Pre-trends and trade effects of temporary trade barriers,”
Awvailable at SSRN 4264044, 2022.

Venables, Anthony J, “Trade and trade policy with differentiated products: A Chamberlinian-Ricardian
model,” The Economic Journal, 1987, 97 (387), 700-717.

o4



A Additional Empirical Results

A.1 DMarket-level Analysis

Figure 6: Effect of AD investigation at the market level: number of firms and average revenue.

Notes: All specifications include country-HS6-product and country-HS4-product-year fixed effects. Standard

errors are clustered at the HS6 product level.
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A.2 Firm-level Analysis

Figure 7: Effect of AD investigation at the firm-country-product-year level.
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B Derivations

Derivation of demand function equation (7) Households solve the following expendi-

ture minimization problem holding Q:

qw

st / T (%) dw = 1.
Q

Let A be the Lagrange multiplier of the utility constraint. The first order condition is then

o (@ L pe o (
p“"”(@)cz:’P T(@)’

in which P is defined such that PQ = A. Multiplying both sides with %, and summing them

over w, we obtain that

1 Qw Qw 1 N
1 wwdw:/T’<—)—dwz=:>)\:6E.
PQ/Q” o \Q)Q 5

C Propagation and aggregation equations with homo-

E = min / Pewudw
Q

geneous firms

C.1 Equilibrium conditions

We expand the equilibrium equations presented in Section 3.2 to the first order in the
shocks.

Welfare
5:dlog N; + dlog g)— =0 (32)

Budget balance

dlogPiI =dlog N; + dlogt; + dlog u; —i—dlogE —i—dlog%
z i
1 T 1 1 qi
= ——dlogQ; =dlog N; +dlogt; +dlog—+ [ ——1) — +1 dloga (33)
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Markup

1 qi
dl =(——-1)—dlog— 34
og ( )oz R (34)
in which
_ Ologp; 1
! dlog z u’(%)%a‘
()
Variable profit
dlogm; = dlog p; + dlog P! +dlog Q; — dlog N; — dlogt; (35)

pi — 1

Balanced flow

mdlogm; — fidlog f;

=dlog(p+v;) + % [dlogv; + dlog N; — dlog h; — dlog M| + dlog f. — dlog h;

i — fi
(36)
Free entry
N <ui_m>1—1ﬁ
1 hs M
—— [dlog N; + dlogv; — dlog h; — dlog M] =0
=t () ™
E\ e
N
= ) si[dlog N; + dlogv; — dlog h;] = dlog M, (37)
=0
1
viN; \T-58
in which s; = Zjijzfrk = (hiM ——
‘ S (k)7
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C.2 Proof of Proposition 2, 3 and Corollary 1
Changes in M and N; We consider only dlogt; and set dlog Z = dlogy; = dlogh; =
dlog f; = dlog f. = 0. Then, we obtain the following system of equations

5:dlog N +dlog% —0

%

1 1 1
——dlog@Q; =dlog N; +dlogt; + [(— — 1) —+ 1] dlog

i % o) Qz
1
dlogm; = —dlog— + dlog Q;
Pi i
g
dlogm; = dlog N; — dlog M
fz 1_ﬁ[ ]
Zsidlog N; =dlog M
i=0

Combining the first three equations, we obtain that

dlogm; = —n;0;,dlog N; — n;dlogt;,

1 1 1 ; — 1
N\ O Pi i

2 N
~~ ~~

>0 >0

in which

The first bracket is non-negative since o; > n; and p; < 1. The second bracket is positive

g
Then, we obtain that

7TZ7:ifz[ n;0;dlog N; — n;logt;] = %[dlog]\f — dlog M|
iﬁ ,rh ﬂ—if
B . . -
1-8 T mi—f 7i0; % + T, ni0i

Using the free entry condition,

dlogt

dlog N; —dlog M = —&dlog M — §——— 0.
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where

0,
é.i — B mifi:.l, S 17
5t ron i
then
N N dlogt;
i=0 SiSi— g dlogt
ZsidlogN,- =dlog M = dlogM = —Z 0N£ b = —Eg [ o8 } )
i=0 > imo ik 0
Hence, we can re-write dlog N; as
dlogt; dlogt dlogt;
dlog N; = (1= &)dlog M — &=~ = — [(1 ~6)Eue { o } +@%]
Changes in other variables Similarly,
dlogm; = —n;6;dlog N; — n;d logt;
dlogt dlogt;
= n;0; {(1 — &) Ege [ 7 } &i 0. } — n;d log t;
dlogt dlogt;
=ni(1 —&)0i { Es -
w1 - €06 { g | Tt | - T
The relative quantity has the following expression:
; dlogt dlogt;
dlog 2 = —§idlog N, = 6, |(1— &) Epe | —or | + &0
Qi 0 0;
The utility change:
dlog@; = —n; | dlog N; +dlogt; + | ——1) — 4+ 1| dlog —
Pi 0 Qi

1 1
= - {1 - {(— — 1) —+ 1] 5i}dlogN,- — n;dlogt;
Pi 0;

1 1
2—77@[(1—51')—51» (——1 — |dlog N — n;dlogt;
N—— i g;
<0 ~ ~
>0
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Notice that

it = (1 - Z) <pl - 1> oi +ni — (mi — 1)d;

i 1 d;

Pi i

then 7,0, — % < 0. Plugging it into the formula for dlog@); and using the expression for
dlog N;,

dlog O; = ( b, i) {( ) B [dlogt] dlogt] dlogt

0
B 0; dlogt dlogt
<0

To obtain the individual quantity change, we have

dlog q; =dlog 4 + dlog Q;

dl dlogt; ;i dl
5, {(1—&)1&5[ th]m Zﬂ—(ﬂ——m 2)<1—@> { th}
- [&E +(1-¢&) 771'91} 0,

_ 1 dlogt 1 dlogt;
(5i (1—E)+771 z> (1-&) s|: 7 :|+|:§i(5i (1—E)—(1—§')7]z‘9@} 0,
(s (L B dlogt| dlogt;\ o (1 '\ dlogt;
“(a(g) oo (m 5] ) <o () T
——

>0

Observe that

0; <1—l> + mi0; = 0 (1—1) + (1—ﬁ> <l—1> 0; +mi — (mi — 1)d;
Pi Pi Pi

i (1
Z—% (——1) i +ni — (mi — 1)6;

Pi
1 1 1 ; — 1
oG
0; \ Pi §l M
<0 =0
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Hence, it is negative with p; is small*® and §; ~ n_”jl It becomes positive when passthrough
rate is close to complete. For example, with CES demand, p = 1, and this term is always
positive. The following condition gives the precise signing condition:

6i<1__>+77i9i>0 — n 1>

Pi U, 1_6_;(;_1>'
g4 Pi

The GE effect on firms’ quantity is ambiguous. This is intuitive: while market share

increases with firms’ exit (dlog% > 0), the aggregate demand also goes down with less
variety (dlog@; < 0). However, if Ey¢ [%] — %‘fti < 0 and Eg [%] >0, dloggq; < 0.

The total quantity Q; = N;g;. Then,

dlog Q; = dlog N; + dlog g,
1 dlogt 1 dlogt;
= (52' (1 B f) + 1i0; — 1) (1—&)Es { Zg } + {5@‘ (1 - f) — (1 =&)nbi — & Zg :

(2
(. J/ N /

TV
<0 <0

The first coefficient is negative since

i g; Pi
n (1
=—L(==1)&+m—1(1-4
(1) pna-a)
~ o <0
<0

We then turn to prices. With homogeneous firms, the aggregate unit value, %, is
’qu
the same as individual price, p;. Furthermore, the price change is equivalent to the markup

change with only tariff shocks. Therefore,

1 1 ;
dlogp; = dlog p; = <f — 1) —dlog&

i 0; i
(1 0; dlogt dlogt;
N (Pi 1) o [(1 &) Eue l 0 } T 0; } '

261f the strong version of Marshall’s second law of demand in Baqaee et al. (2023) holds, passthrough is
decreasing with productivity. Hence, a lower p is associated with a lower ¢ (higher markup u), making this
term more negative.

62



Finally, we discuss individual sales, r; = p;¢; and aggregate sales, R; = i Q:.

dlogr; =dlogp; + dlogg;

= (o (1= 5) one) - me [T e (1) — 0 -eome |
+ (pi — 1) i— [(1 —&)E, [dlzgt] +§idlz;gti]

[0 -2y -ae [
N {&‘5" (1 - pi) (1 - %) —(1- &)mez} dlzig li

g

<0

1 1 dlogt dlogt;
=l(1==)(1==1)¢ 0.1 (1 =R _
(-5) (=g )sons e -eme([559) - 552)
_s (l _1) (1_ l) dlogt;
Pi 0i 0;

Even though d log p; is always positive to tariff shocks, the impact of Ey[dlogt/df] on dlogr;

is similar to that in dlog¢; and remains ambiguous. Note that

0; 0; pi o;  mi— 10

then we obtain the following sign condition:

1 1 ,- 1 1
Pi Oi ni —1 Pi Oi
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We do similar exercises for the aggregate revenue
dlog R; =dlogr; + dlog NV,
[-2) (-sea]o-one[22]
+ [@6@- (1 - %) (1 — J%) —(1- §Z~)77i9z} %igti - {(1 — &) Es {dlzgt] +§idl;f;ti}

[ ) (s o[t

/

-

<0
1 1 dlogt;
+ |:€i§i <1 - —> (1 - —> — (1= &)nibi — fz‘] o8
pi 0 0;
<0

_ 1 LN . dlogt| dlogt;
=|(=5) () ema—fo-om ([55] -52)
) (2T
Pi a; 0;

The signing follows that

1 1 —1 /1
Pi 0; 0 Pi

—1/1
S = 1) S (- D1 —8) <0,
0; Pi ~ > 4
N =~ - <0
<0

As the aggregate quantity, the aggregate revenue must decline in all markets despite that
prices go up.

The case with § — 1 With fixed entry h;, the balanced flow condition is now h; M = v; N;.
Then

dlog N; = dlog M.

Totally differentiating the free entry condition ), h;m; = fe,

3 h dm:():>zzhﬁi T dlogm = 0.

— Pt p e m — i
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Recall that dlogm; = —n;0;dlog N; — n;dlogt;,

dlogt; B dlogt
;si@dlogM = _;%9—@- = dlog M = —E, { p } :
in which & = %
C.3 Proof of proposition 1
Totally differentiating the system, we have shown that
dlog ; dlog N;
= —n;t; d =1-¢& >0,
dlog N; mbi <0 an dlog M &0

where that assumption 1 holds for all N; ensures 6; > 0.

Therefore, m;(M) is decreasing in M, and so is % The left hand side of equation
(16) is also decreasing in M. In that sense, the equilibrium will be unique if it exists. From
equation (15), we must have N;(M) — oo if M — oo and N;(M) — 0 if M — 0. It suffices
to have m;(N;) satisfy the Inada condition that

lim m;(N;) =00, lim m(V;) =0.

N;—0 N;—00

Note that for any Ny > Ny > 0,

W%(Nl) — exp (_ /N1 Ui(x)ei(fﬁ)dx) '

No x

The integral diverges at N; = oo or Ny = 0 since the limit conditions ensures that
min [lim inf 7,0;, lim inf m@,} > 0.
N;—00

Ni~>0 i

Hence, we have verified the Inada condition and established the existence of the equilibrium.
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D Propagation and aggregation equations with hetero-

geneous firms

D.1 Equilibrium conditions
We expand the equilibrium equations presented in Section 3.6 to the first order in the
shocks.

Pricing Totally differentiating the pricing equation (22)

dlog u; —dlog P, + dlog7; + dlogt; ———dlog (38)

Qz

We suppress firm productivity z for brevity. Similarly, u; is an abbreviation for p (qu))

Selection Totally differentiating the selection equation (21),

dlog (pi(z) —1)Zgi(2))
dlog 2z

dlogzf +d (log(,ui(z;‘) — 1)%%(,22*)) = dlog f;.

z=z*

The first partial derivative has the following form:

1 i(2) —1)Z2q i i i
Olog (ji(x) =1)2ai(2) _ pm(z) Ologm(z) | Ologai() () - 1.
dlog z pi(z)—1 Ologz dlog z

Since 4% = P (&),

2i(2) | 4i(2)
0log p;(2) 1 TU( Qi > @ Ologqi(z) 1 Ologgi(z)

Olog z B T’<M> Ologz  o4(z) Ologz

. . . . . . i _ 27 .
Plugging it into the equation, we obtain the RHS equals to o; — 1 with uf—l = 0;.”" Finally,

we rewrite the selection condition as follows:2®

(0i(27) — 1)dlog 2z + dlog m;(2]) = dlog f;. (39)

2TThis is straightforward with the CES preference: m oc 277! = gllzi z

28The notation dlog x; = dlog z;(2), the log change in x; holding z constant.

=0c—1

7
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Welfare Totally differentiating equation (23) and using that Y’ (%) i — LiPidi e obtain

Qi E;o; 7
that

Price index (budget balance) Note that

e (") g

Totally differentiating ¢;,

—dlogd; =dlog N; + (1 — \;(2])) —2L—dzf + E 1——]dl : 41
d Ogéz d 0g IV; +( )‘Z(Zz)) 1 _G(dezz + A |:( Uz’) d 08 Z:| ( )

(2

Then, we have

1 _
dlog P, + —dlog Q; = dlogé;. (42)
i
Markup
1 qi
dlogu; = ( — — 1] —dlog —, (43)
i oy i
in which
B 0log p; B 1
i dlog z “,(272_)%01.
w(&)

Variable and expected profit

dlog m; = o;dlog u; + dlog 1; + dlog g;. (44)

midlogm; — fidlog f;

dlog 7; = —dlog(p + v;) + EL _ . ™ — f;
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Balanced flow Totally differentiating equation (26),

1 1-8. 9(%;)
—log h; + ——— [log 7; — log f.] = logv; +log N; — log M + ———"—dz; 46
5o 5 [log g fe] =log g TG (46)

Free entry

N
> " sildlogh; + dlog 7] = dlog f., (47)

=0
1

. . =\ B .
in which s; = (%) = %

D.2 Proof of proposition 4 and 5
D.2.1 Solving for dlog M and dlog z;

We consider only dlogt; and set dlog7; = dlogy; = dlogh; = dlog f; = dlog f. = 0.

Also, let of = 0,(2]), ¢f = IZEQG((Z;)), f = m(2)), 0f = 6;(2f), and X\ = X\;(zf). Then, we

obtain the following system of equations:

1
dlog — +dlogt;,
Pi0; Qz

(of —1)dlogz; +dlogn] =0,

dlog P, =

;dlog N; + (6; — 6; A7) pidlog 27 + Ej, {dlog =0,

q

1
—dlog P, — —dlog Q; = dlog N; + (1 — X)) ¢;dlog 2} —HEz [(1——)d1 Q}
i i

dlogm; = —dlog—l + dlog Q;,
Pi Q

)

=7 /6[dlogNi—dlogM—I—gofdlogz;‘],
N
Zsi [dlog N; + ¢idlog 2] = dlog M.
i=0

First, we write dlog & = p;o; [dlog P; — dlogt;]. Then

dlogm; = o;[dlog P, — dlogt;] + dlog Q; = (0] — 1)dlog z; = —o;[dlog P; — dlogt;] — dlog Q;.
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Combining conditions on welfare and price index,

5 _ _ A
——dlog Q; =d;dlog P; — (6; — 6; \}) p;idlog 2 — Ej {d log

()

&
+5i<1—Az>sozdlogz:+&Egi[(1__)011 Q]

5. ) . o
——dlog Q; =d;dlog P; — (6; — 67)\fprdlog z; + B}, [(0i(0i — 1) — 0;) pi] [dlog P, — dlogt,] .

)

We obtain the following relationship between dlog (); and dlog z;:

)

{0 648, [t = 1= 0 p]) - 2 dlog

— {J —1 (6; + ES, [(05(0i — 1) — 03) pi] ) + (65 — 5;‘));@‘} dlog zf + 0;dlogt;

o;

o . Arpr S
) + (6; — (5;")—1%} dlog =z + —dlogt;,

= dlogQ; =— [(a;k -1) (1 +
NiYi i i

in which ~; = C% (5,~ + Eg\z [(&(Ui —-1)— O'Z') pZD — % It is helpful to take a pause here and

comment on the signs of these coefficients. Before provoking Assumption 2, we have
0 + B, [(0i(0s = 1) = 03) pi] =0; (1 + B3 [(0: — Dpi]) — B, [oipi]

> 1+E} [(0: — 1)pi] — B} loips] = 1 — E§ [pi] >0,

where we have used that p; < 1, the weak second Marshall law of demand, and §; > 1. Thus,

we have ~v; > —%. Under Assumption 2, we further show that
ES, [(0i(0i = 1) = o) pi] <E3 [y 17V EY (06 — D] — B [oipi]
=E) [ 71 (), (00 — Do) — B [ '] B} [oupi])
. . 1
= —E},[1; '] Covi, (O'Z'pi, —) < 0.
K

The second equality uses that o; — 1 = fT’ With the strong second Marshall law of demand,
both o;p; and 1/pu; decrease on z. Then, Cové\i (01,01, —_) > 0. Since o] > n; and 8 > o7,

MY i

—§§’7¢<0, QfE—{(Uf—l)(lJr

%
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That is, holding tariffs, welfare increases with productivity threshold. With the CES demand,

we have

7 (3 1
<0, QZ—M>77,~>1.

%= ——
ni(o; — 1) ai = 1;

We then turn to the welfare condition. Note that

6;d log N; + { 5 - 5*>\* ©; - s Ef\i[Pz’Uz‘]} dlog zj = — Ej [pioi]dlog Q;
i g;
Cor—1 o,
= d;dlog N; + [ (6 = 6N)) i — —— Ef\i[piai]] dlog z!
0;
Lpioi] { {o —1) (1—1— 0 >+(5i—5*))\1%}dlogz —i—édlogt}
Ni%i Vi Vi
v i N = 6; S, [pio;
—~ §dlog N, { B\ lpicr] ;—Ui+@—x»mﬂ—wprg@}m%ﬁ+——%ﬂﬂm%a
l’yZ i i i
E MV 1 * * ]E (A
= dlogN; = —M (o7 —1)—+(1 —(i—l)/\* - —(i—l)\;‘ dlog 2} +$dlogti
lopta i 0; d; loptelh

Also,

dlogm = 2% (—(0F — 1)dlog 27 — dlog @;) + dlog Q;
g;
o; —

1 o,
—_— dlog ' + 2T dlog Q,

] * 5;
i - dlong—i—a2 *U {— [(U —1) (1+
0-1/ O-’L 77272

Il
|
Q

(] 7

) + (& —5;‘))\2%] dlog 2 + O —dlogt; }
g Vi

-1 -1) ; 5 — 0F Arpr of — 0y 0
:—aia dlogzf — (o] — 0y) [U < ) ! ’%}dlogz + %% Q10 ogt;
i

*
Ui g; Vi Ji Vi

) i 0;
7 —dlogt;.
i

1) 8 G- A
—@unm%ﬁ—@—mﬂ@ + ik

*

. 1M%ﬁ+%_
g; Ni%Yi g; Yi

Comparing to the CES case, tariffs ¢; have direct effect on firms’ profit since markups are
distorted. While aggregate demand shock (the third term) has direct impact on firms’ market
power, the redistribution of firms (the second term) imposes an additional one. Notice that

average variable profit 7; and revenue 7; have the following form:

Y (GO »_/m gz ._/WA._ﬁﬁL_
7”‘/2; fureTes Rl N T Rl s pr T

70



Then,

; m;d log m; . ; ; .

i — fi 7 — fi
_ 09 2.
mfio |l w— or N oy o5
; 7TZ'(O'>-'< — Ui) Sz
E d dlogt;
s [ i — fi ] 07 o8

_ {sz’EUf —1) n U{ﬁi—ﬂ {(Uf - 1) o n 5; —*53 Aj@j]}dlogzj
i — fi 7 — fi g; ni%i g; Vi

We define that

(o —1 —1 5F O SR §
= MH’TE T (1= ) M| p <0, A= <o
T m o Fi— i ot
o; +(1— _1))\2590:] _ (1 _ _1)\;<> ¢f, N!= )\ZEP ]
4 0; 0; Vi

7 7

Niz - —Nzt |: < 07

as 7; < 0 and Assumption 2 holds. Moreover, since v; < 0 and Nf < 0, we must have

¢; + N7 > 0. Under the CES demand, the above terms become

mi(o; — 1 —1)2 1 i(o; — 1
ﬁzZ: _WlA(O- )7 7_'('::0, Niz = (O-Z ) _<1_)\:)90:< Nzt: — = 7](0-1 )
7Tz'—fz‘ g, — i Vi i — 0;

Then, we write the balanced flow condition,

1-p

; [77dlog z; + widlogt;] = (N7 + ¢f)dlog z; + Nidlogt; — dlog M
1- 1-—
= 3 ﬁﬁf — (N7 + gof)] dlogz! = [Nf — Tﬁﬁf} dlogt; — dlog M
= dlogz = 2zMdlog M + z!dlogt;,
where
1 Nf — ]
ziM:—lfﬁ_ —, and z; = 5= o -
=577 — (NF +¢7) 577 — (N7 + ¢})
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Therefore,

1—
dlog N; —dlog M + pidlogz = 3 g [7‘rfdlogzlik +7‘rfdlogti}
1-frz
=— "t dlog M
5 = (N7 +¢))
LB 122Nt — (of + N#)7t
+ B 1[_;_1 ((pz z) Z]dlogtl
57 — (N7 + ¢7)
=—&Mdlog M — €ldlogt;
Then, we have solved for dlog M:
> siéjdlogt;
dlogM = —=——>——"—.
o8 ZZ SzgzM
Note that ¢f + N7 > 0, 77 < 0, 7} < 0 and N} < 0, we must have
F(oF —1 5
RN - (g + Ve = -y Ot (48)

m—fio 6!

which implies that & > 0. Moreover, since 77 < 0 and ¢} +N7 > 0, we must have 0 < &M < 1.
Therefore, dlog M < 0 when the tariff in market ¢ increases.
With the CES demand, & and ¢ take the following expressions:

§M _ %ﬁf _ frifffimei
i T 1-B -, P <\ oA 0. )
Tﬁ’ﬁi — (N? + ) o il + % (1 + ;T';_ill/\f@f)
ﬂ —z t_ * zZ\ =t
¢ 3 [7F Ny — (7 + Nj)7] — _MN = fMl
Z SR = (N7 ¢)) e

where we have used that 7,0, = ‘;—__TlL from Section 3.2.2.

Signs of dlogz; We then go back to the case with dlog z}. Since 77 < 0 and thus z > 0.
Then, dlogz < 0 in the third market unambiguously. The case with the focal market is
more complicated since 2! can be either positive (when 3 is close to one) or negative (when /3

is close to zero). In general, we cannot derive an unambiguous result on the sign of dlog z;.

72



In other words, the productivity threshold of exiting may fall or increase in the focal market.

5;&;" 1— s;637 o5 + N7
AT i SiSi J

With the CES demand (and thus 7 = 0), dlogz} = 2} (ZsjégM — 1) Njlogt; > 0, as

M >0, Nj < 0 and dlogt;. In other words, the exit cutoff increases in the focal market

unambiguously.

Entry Interdependence in the focal market Let § = % Partially differentiating

equation (29) with respect to 3, we obtain that

o [(NZ +*) - 15%2}2

odd log z;-‘

95 > 0.

as i + N7 >0, 77 <0, 7t <0 and N} < 0. Since g—g < 0, we obtain
Changes in M For the potential entrants M?,
dlog MP = (1 — &M)dlog M — ¢ldlogt;.

Therefore, dlog M < 0 in both focal and third markets.

Changes in (); Finally, we consider the welfare change:

0;
dlog Q; = Qidlog 27 + —dlogt,;.
Vi

In the third market, dlog @); < 0 since dlog 2z < 0 and ()7 > 0. In the focal market j,

. sfM (1-8 s, &M or 4 N*? 5
lengz{ jZ]MKZ] gM—1) N;+7r§< 3 _E.Js]-gM ]7_% ! +7—; dlogt;.
Si 77U J
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We show that the bracket is negative by showing that

5. EM 51 5;EM B [pjo;] -
JZZJM ]SJM_1 Nj+ -+ =— JZZ]]VI ]ij_l /\J[pj j]+5j <0,
> sii Vi NS g;

1

since the left term is negative. Note that zj” <

Nitep?
5. + QZZM Sjgj\/[ 1 Eg\] [pjaj] > 5 B szmEg\j [pjaj] S 5 B Q]Z Eg\] [ij'j]
: . < Q: E} lpioj] )
With v; <0, it suffices to show that 0; > =" —"+—. We can rewrite N} + ¢j as follows
k2 k2 J
z * 1 ]Ej)\[plo—]] * P s %
Ny +¢5= 5, (JU—* (07 = 1) + Q5] + 53 N¢;
J
Then,
; E3 lpjos
Q:  Ej [pjo;]l @ )
N? + o* " :53151][} <(Sj.
i T%i 0y A,

(07 = 1) + Q3] + 975

We then complete the proof that dlog); < 0. Regardless of threshold changes, welfare loss

in the focal market is certain.

Changes in P, [t is useful to note that in the focal market,

(0;.‘ — 1)dlog 2} + dlog Q;

M M * z
I o | 55 b (128 88 ot
—{((Uj—1)+Qj)Zj [(W_l Ni+mil =3 S sE R
where the negative sign comes from the same arguments that prove dlog@; < 0. Then,
(of —1)dlog 2 + dlog @; < 0 for all country 4. Recall that

+6—]}dlogt] < 0,

Vj

1
dlog P, — dlogt; = —— [(0] — 1)dlog z; + dlog Q] .
o’

)

Then, we observe dlog P; > 0 in both focal and third markets.
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Aside: Conditions on the sign of 77 Note that

_ 7%7J<O'* — 1) O'*ﬁ'i — fz 7%(0'* — 1) (0'*7%1 — f@)@z
L D B i Sk ) N L. e R i O
i — fi oi (7 — fi) | | of (7 — fi) o (fi — [i)
Then
T, <0 <= ’:_"*—_1@5 <1
That is, whenever UTZT is small (close to one), 77 < 0. In the CES case, Uﬁ” =1.

D.2.2 Changes in firm-level variables

Changes in 7m; and 7; For profit,

dlogm; = o; [dlog P; — dlogt;| + dlog Q;
= —% [(of — 1)dlog 2] + dlog Q;] + dlog Q;.
o

Then, dlogm; always increases with ;. That is, conditional on survival, small firms (high

0;) gain relative to large firms (low o;) in log term. We now consider the expected profit 7;:

B

t szM
1—55 :

7 Zk Skfljy

The expected profit drops in the focal market while increases in the third market. Whereas,

dlogm; = % [dlog N; — dlog M + pidlog 2] = —1{i=j}|dlogt;

the sign of average profit 7; is rather ambiguous. Observe that

T _ /i (pidlogzf + dlogm;) = T _ /i ((4,0:‘ + 77 )dlog 27 + ﬁfdlogti) ,
/7T4

A 7

dlogm; =

where the sign of ¢! + 77 is undetermined. Thus, the average profit may fall or increase even
with the CES demand.
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Changes in p; and % We can discuss the implication on average revenue and quantity.
Note that

dlogﬂ = p;o; [dlog P, — dlogt;| > 0,

Qi
1 1 qi
dlogp; = | — —1 ;dloga:(l—pi) [dlog P; — dlogt;] > 0.

Therefore, markup p; increases among all firms and in both focal and third markets. So does

the price p;, and larger firms respond more in prices.

Changes in r; For sales,

dlogr;, = — dlog p; + dlogm;

pi — 1
= [1+ pi(0; — 1)] [dlog P; — dlogt;] + dlog Q;
_1+pi(0s —1)

= —————— (0] — 1)dlog 2/ + dlog Q;] + dlog Q;

(07 = 1) = pi(oi — 1)

%
%

-~ 9

1+ pi(oi — 1
:—H—U)(af—l)dlong+

*
%

dlog Q;

Q

In third market, the first term is positive and the second negative. In the focal market,
dlogr; < 0if dlogz; > 0. But we do not know the sign when dlogz; < 0. With the CES
demand, dlogr; = —(of —1)dlog z;. That is, sales increases in third markets while decreases

in the focal market.

Changes in ¢; For quantity,

dlog q; = pio; [dlog P; — dlogt;] + dlog Q;

= D% (o7 — 1)dlog 2! + Ui_—*piaidlog Qi
o

*
0; i

The analysis is identical to that on sales. With the CES demand, dlog¢; = —(o] —1)d log 2.

In both quantity and sales, small firms gain relative to large firms.
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D.2.3 Changes in other aggregate variables

(2) 260 Gz(z)
S a(e) 2y de
In particular, the welfare density of firms with productivity z in market 7 is glven by

o) e
)~ o ) s - (%)

where we have used the definition of Kimball aggregation. Furthermore, we define that

We use f! to denote the density function of variables in market i, i.e., fi(z) =

fz = [y if the distribution of x first-order stochastically dominates that of y. Finally, we let

T = [ w(z) 12 G ydz. The following lemmas turn out to be useful in later analysis.
Lemma 1. In any market i, f, = f;, and f; = fx.

T

Proof. 1t is well known that the monotone likelihood ratio property (MLRP) implies first

order stochastic dominance. Namely, if }C—z increases in z, then f, = f,. Note that T?(zg = p;(2)

and p is decreasing on z, then f; = fi. Since T is concave, T( ) /q; decreases on z,

fie fy m
Lemma 2. In any market i, \] = = > =, and ——;)\* > (;Ti*_.

Proof. Consider x and y such that % satisfies the MLRP. Then,

xjf_y_;": L Ooac”-k z—’-kacz—g(z) z
T % I </z(zy() v ())1—G(z)d><0

since ‘;— < 58 for z > z*. Using this relationship, we obtain A} > 1-’ and N; YT (q’(z > > 2—1:.

Also,

N, T N;6; T L) 2 = B
( ) ( ) Qi ;i L o "

Changes in R; Aggregate sales drop in all markets. To see this,

dlog R; = (1 — —) dlog @Q; — dlogt; < 0.

(2
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Since N; may become larger or smaller, the sign average revenue r; is ambiguous. This will

also be true even with the CES demand. In the third market, while firms may export more

value, small exporters also enter.

Changes in Q; The total quantity Q; = N; [ iy gG(Z dz. Then,
dlog Q; = dlog N; + pidlog 2 — q_—igpfdlog 2+ Efl_ [dlog ¢,
4 ’

where

, . -1 E; [pio;
E,[dlogg;] = _E;[Pﬂz‘]gl —dlog z; + (1 - M) dlog @;,
T 1 O— 0—

) %

and ¢; is the average quantity. Using the welfare condition and the expression of dlog %, we

obtain
o0F v« G - i
dlog Q; = 5_)\i — q_ pidlog 2! + -5 E [pioi] + B [pioi] ) [dlog P; — dlogt;] + dlog Q;
OF * 1 Ei, ;0
< (T L) rarog s — (1- 3 ) 2L o7 - gz +dlog] + dlos
5 iy 1\ Ei [pio
= (%n - ) gratogz; + - (1- 1) B2 00 1) 404 7 {dlogs;
1\ Ei [pio; 5i
+ {— (1 — —) M + 1} —dlogt;,
0; g; Yi

where the first inequality uses that E; [p;0;] < Ej [pio:], a result of Lemma 1, and the second

equality uses the expression of dlog ); in dlog 2.
We show first that in third market, dlog Q; < 0. It suffices to show that the coefficient

of dlog 2z} is positive. As Lemma 2 shows that %Af > %;, we only need that

= E; 105
s =-(1-3) 22 o+ g+ 0 >0
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Using the definition of )7,

() = (1 - -1) E\0] (o Z 105+ 5 — o)vt)

(51' g;
O-;( -1 < S T i < *\ | K,k
o; —11|< ; 1 ; ;
- E 22 o (1B (o - 0ol - (1 5 ) Bilpl) - B ool
1\ E& [pioil | -
- [1 -(1-5) Az[i"]] (3 = SN
i g;
Note that
o —1|< i 1 i i
T o (1B val - (1 ) Bl ) - B ool
o, — 1z i i
=T T 0; (1 + E5, [(pi—)oi] — E}, [Pigi])
o —1- i
= 0 (1_Exi[Pi]) 0,
0;
and

*
g;

E; 104 <
—[1—<1__l) Az‘[”“]](ai—ajn;f@;f<o.
N——

Then, v, f(0;) < 0, and f(5;) > 0.
Next, we show that dlog Qj < 0 in the focal market. From the last step, we obtain

dlog Q; < A;dlog 2} + Bjdlogt;,

where

; ] E (.o
(g_j)\*_z_]) ] (1_L>M[(g;_1)+(o2ﬂ+@§
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ety A

;&7 oh + N7
> Sz’fz‘M 5

We shown in the third market case that A; > 0. Using equation (49),
ijJM o [ 1 B
(Zi s 1) A

M

Ajdlog Z; + B]d log tj = N]td 10g tj

)

b
N;

;€M T +N7

) > 0, it suffices to show that —Ajzjw + % > (0. Note that
J

S u (ﬂ — —
ince z7 { 7 TG
i} * . . [pjoj] % z
B, (N; +¢5) = 25 = (07 = 1) + (1 - J‘J ] ) (o5~ 1)+ @)
N; (Nj +¢5) — 5
o, . B3 [pjo;] % z
; ) Zei+ (-1 - (1- 222 [i0; - 0+
—1 i > z *

EA]- [pioi]

Using the expression of sz + 4,0; in (U;-‘ - 1)+ Q;,
* x I .o
(Eij?;jaj] - 1) 0; (N} + ) = (Eijm - 1) 5]‘5% (% [(of = 1) + Q5] + 5;)?90;)
(1 B E,\j[p: j]) [<U; _1) "’Qﬂ '
95
Therefore,

Ay B %w;ﬂa;_l) >0

3TN N7+ ¢} ’

We then complete the proof that dlog @j < 0.
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Ry _

Changes in p” Finally, we consider the aggregate price level. Recall that p]" =

Qi
f;;f r;g(z)dz
TF agaz e
dlogp;" = (—7;—2' + q_—i) pidlog 2 +E; [dlogr] — E,[dlog ¢;]
T i '
r* * . . .
= (< ) prdtogst + (1 L [p] + B o] - By ] (log R ~ dlog)

Lemma 2 shows that —% + 2—{ < 0, and Lemma 1 implies that E [p;0;] > E}, [p;0:].

With E|. [p;] <1 and dlog P, — dlogt; > 0, we proved that dlogp;® > 0 if dlogz < 0.
That is, average price rises at the aggregate level in third markets. In the focal market, the
sign is ambiguous. For example, we have shown that the average price will go up if goods are
homogeneous. Whereas, it is immediate that the average price will go down with the CES

demand (dlogz; > 0).

E Model Extensions

E.1 General equilibrium effect

Since we normalize the domestic wage to one, the general equilibrium effect can be cap-
tured by a change in the wage of third countries. As a result, the foreign demand for domestic

products in (33) becomes

[
Qi

1 ; 1 1 ;
= dlogW; — —dlog Q; =dlog N; —l—dlogtﬁ—dlogE + [(— — 1) —+ 1] dlog%

(3 K3 7

dlog P! =dlog N; + dlogt; + dlog ui + dlog = + dlog
z
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Then, the system of equations that characterize the equilibrium become as follows:

G _

5dlogNi+dlogQ' =0
1 1 1 4
logW; — —dlog@; =dlog N; +dlogt; + || ——1) —+ 1| dlog —
Ni Pi i Qi
1 qi
dlogm; = —dlog — + dlog Q;
Pi Qi
L s
logm, = —— [d1 ; —dl
p— id og m; 1—ﬁ[d og N; — dlog M|
N
> sidlog N; = dlog M
i=0

Let dlogt; = dlogt; — dlogW;. We then have exactly the same set of equations as the

baseline case in Appendix C. Immediately, we obtain

dlog? dlogt dlog W
dlogM:—Esg[ Zg]z—ﬂzsf{ Zg]ﬂasg{ Oeg } (50)

dlogt;
0;

dlog W;

(51)

For notational brevity, we use z = E [dk;gﬂ, ; = dlogw;/0;, for x € {x,W}. Then,
dlogM =W —t, and dlog N; = (1 — &)(W — ) + &(W; — ;). In what follows, we discuss
the implications of general equilibrium effects through real wage changes.

First, dlog M > 0 if the real wage effect dominates the negative demand effect due to

higher tariffs. Even if we focus on the more likely case with dlog M < 0 (£ > W),
dlogN; >0 &  &W;—t)> (1 —&)(E-W).

In third markets (£; = 0), there will be an increase in N; if (1) the real wage effect is strong
(a large and positive W;), and/or (2) the degree of interdependence across markets is weaker
(i.e., & is close to 1).

Second, profitability in third markets does not always increase. Notice that
dlogm = —nifidlog Ni — ndlog 7 = mifi (1 — &) | (W, = &) — (W = 1)

In third markets, profitability improves if and only if W, > W —{. With dlog M < 0,

this condition is satisfied whenever there is a positive real wage effect, W; > 0. Moreover,
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improved profitability no longer implies a reduction in the number of firms or total exports.
Consider the case in which dlog M < 0 and dlog N; > 0. From the discussion above, we
must have W, > 0, and then dlogm; > 0. Moreover, recall that the change in total export in
third market i (dlogt; = 0) is

dlog W;

. > 0.

1 1
dlog R; = [(— — 1> <1 — —) 0; — it + 1] dlog N; + n;0;

>0

/

We then obtain a scenario in which dlogm; > 0, dlog N; > 0, and dlog R; > 0. This pos-
sibility sharply contrasts with the partial equilibrium result that improved firm profitability
necessarily implies a reduction in the number of firms and total exports. Intuitively, increased
aggregate demand thanks to the relative wage gains can dominate fiercer competition among
home exporters, leading to higher individual profits.

Finally, it is noteworthy that the relationship between price and the number of firms

remain the unchanged, regardless of the general equilibrium effect. For individual prices, we

have
1 0;
dlogp; =—| ——1) —dlog N;,

Pi 0;

For the ideal price index of composite @);,
b 1 1 /6

dlog P; = dlogW; — —dlog Q; = —— | — — n;0; | dlog N; + dlogt;. (52)
M i \ Pi
<0

As dlogt; = 0 in third markets, the firm-level price, p;, and the ideal price index, P!, increase
in the third market if and only if the number of exporters decreases, i.e., dlog N; < 0. The
same intuition from the partial equilibrium analysis applies here: an increase in the number
of firms leads to both more competition and varieties, both of which reduces the price of the

composite.
A micro-foundation of D;(P/) We consider a micro-foundation for D;(P/) in the baseline

model to study competition in the destination market. We follow Atkeson and Burstein (2008)

to assume an CES nest between the composite good from the home country and that from
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the foreign country in market ¢. Formally,

(PI)
(=7 + (P

Di(PiI> Piha EZ) - EZ
where 7 is a constant elasticity of substitution. Totally differentiating it,

dlog D;(P/, P, E;) = dlog E; — ndlog P} — dlog ((P/)' ™" + (P)'™")
= dlog E; — ndlog P! — (1 —n)(s;dlog P! + (1 — s;)dlog P")
= dlog E; — dlog P/ + (n —1)(1 — s;) (dlog P} — dlog P/)

Notice that the price of firms from countries other than the home country, P!, will also

respond to changes in P! and E;. Hence, we write it as follows:
dlog P/" = rjidlog B 4 nidlog E;,

where 7{ captures the cross-elasticity between home exports and other products, and 7
captures the returns to scale. nf < 0 if there are constant or increasing returns to scale. We

give a micro foundation of n{ and 7n{ later. Plugging it back into the above equation, we have
dlog DZ-(PZJ, Pih7 E;) =dlog E; — dlog Pf +(n—-1)(1-9) (nfdlog PZ-I +nidlog E; — dlog PZI)

=1+ -1 ~s)1—nf))dlog P + (1+ (n— 1)(1 - s,)nf) dlog E;
Then,

alOg D’i(PiI? Pih7 EZ)

n; = 810gpif :1+(77_1)(1_3i)(1_77i)~

Therefore, n; > 1if and only if n{ < 1. In a well-defined equilibrium in which there are positive
exports, 7; > 1, and we must have nf < 1.% As dlog P/ — dlog P! = (1 — n¢)dlog P! —
nidlog E;, the price of home composite good always increases more than the price of other
products whenever there is an increase in P/ in the partial equilibrium. This force is even
stronger in the general equilibrium in which dlog E; > 0. This result shows that the import
competition in the third market is reduced with a tariff imposed in the focal market. Namely,

there will be more protection for the domestic firms and other exporters in the third country.

BTf n; < 1, P! D;(P}) increases holding E; constant.

K3
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Finally, the general equilibrium effect in this micro-founded model is captured by
dlog W; = (1 + (n = 1)(1 — s;)nf) dlog Ei,

which includes both the change in the relative wage dlog F; and the equilibrium change in
the pricing of producers from other countries that originates from the change in the relative

wage in equilibrium, (n — 1)(1 — s;)nfdlog E;.

E.2 Firm-level non-constant returns to scale production function

In this subsection, we consider how a decreasing returns to scale production function at
firm level might change the results. In particular, we assume that the marginal cost (c) is a

function of total quantity, i.e.,

N

c=clq)), st.¢'=> a

=0

That ¢ < 0 captures increasing returns to scale (IRS) and ¢ > 0 decreasing returns to
scale (DRS) at the firm-level . We then denote 9 (q) = —C;((—Z))q. To simplify the analysis, we
abstract away from the general entry technology defined in equation (10) and assumes the
Melitz-type entry (i.e., 5 = 1). Since firms are homogeneous, this simplification then implies
that all firms export to all markets.

We proceed as follows. First, the equilibrium conditions are now given by

(Qi !

qi q;
Ei(Q;) = Nitipigi < pl(Qi) = Nitip (-) CTi—,
Qi Qi
1 1Y\ Ei(Q))
i(Ni)=|1——)pigi=|1—— ) ———,
(M) ( M)pq ( Mz‘) Nit;
N
Zﬁ'i =fe, M=uvN;
i=0

30Tf entries happen with certain probabilities which happens when 8 # 1, firms’ marginal cost will be
different even conditional on productivity z since it now depends on the realized market entries. Then
aggregation becomes significantly more complicated as we need to integrate over the distribution of the
markets each firm enters ex post. We focus on this simple case to better illustrate the role played by the
decreasing returns to scale technology.
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where m; = % Compared to the benchmark model, the marginal cost ¢ is determined

in the equilibrium and changes with the tariffs. Totally differentiating these conditions, we

obtain
ddlog N; + dlog =0,
Qz
1 1 1
——dlogQi:dlogNi—l—dlogti—i—dlogc—i—{(——1) 1d1 gQ
% i g; %
1 i
dlogm; = fdlog% +dlog Q; + dloge,
N N
Zsfdlogm =0, dlogN;=dlogM, dlogec=—(q") Zs?dlogqi,
in which s7 % and s} = ¢;/(>_, ¢;). As before, we obtain that
dlogm; = —n;;dlog N; — n;dlogt; — (n; — 1)dloge, (53)
1
dlogq; = <5i (f — 1) — ni0i> dlog N; — n;dlogt; — n;dlogc. (54)

Substituting equations (53) and (54) into the Zl oSidlogm = 0, dlog N; = dlog M and
dlogc = —(q’) ZZ o Sidlog g; leads to the following the system of two equations:

— (Z 5?771-(97;> dlog M — <Zs ) dlogc = Zs nidlogt;  (55)
(Z s} (51' (pl — 1) n:0; >) dlog M + (; Zs?m) dlogc = Zs?mdlogti (56)

. 7 X X
7 (2 7

When ¢ = 0, we obtain the baseline equations such that dloge = 0 and dlogM =

—% < 0. We now focus on the general case with ¢ € (—o0,1).%!

31To see this range, consider a production function ¢ = [* and wage w. Then, TC(q) = wqe, c(q) =

TC'(q) = “qw!, and § = —~HEE =1 — 1 € (~c0, 1) for a € (0, +00).
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Now, we invert the above two linear equations to

(i - 5?”1‘) doisimidlogt; + (32, sT(m — 1)) X2, simidlogt,

doa = (= >, 8Tnib;) <i -2 5;']771') + (2 sT(m — 1)) (Z’ i <5i (/% B 1> a 771‘91‘)) |

= 3st (6 (2 = 1) = i) X stdlog b — 3, sTnith X, st log

O O ot (= otn) + (5ot 1) (st (5 (2= 1) )}

Without further restrictions, we can obtain all possible combinations in terms of the signs of
dlog M and dloge. If sT &~ s! (which is the case when we start from the case of symmetric
countries before the tariff shock) and ¢ < 0, the common denominator of the above two

expressions must be positive, as

<— >, 5?019i> (% - 53%‘) + <Z HUSS 1)) (Z st (52‘ (i - 1) - 771@)) ,
i i i ' pi
which equals
q 1 ™ q 1
Zsiniei 1_E + ZSi(m—l) ZSZ- 0; ;—1 > 0.
The numerator of dlogM must be negative as

(% = sgm> > stmidlogti+ (Z s (ni — 1)) > sipdlogt; = —(1—%) > sipdlogt; < 0.

1

(2

1

7 7
The numerator of dlogec must be negative as well since

_ Z s (51' (pl — 1) — 77101-) Z sindlogt; — Z sn;0; Z sin;dlogt;,

which equals
1
— E s} <5Z~ (p_ — 1)) E sTndlogt; < 0.

Consequently, dlog M < 0, and dlogc < 0. This makes sense, as ¢ < 0 implies that
overall output has to go down due to the DRS technology at the firm level and the depressed

worldwide demand. Intuitively, the depressed worldwide demand (due to the tariff in the
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focal market) incentivizes the firm to scale back its global production, as the marginal cost
increases with output. It also disincentivize potential entrants to start exporting, leading to
a drop in the number of (potential) entrants (dlog M < 0).

We now discuss two special cases for sharper characterizations. As the literature tends
to find a DRS production function at the firm level (e.g., Almunia et al. (2021)), we focus on

the case where U < 0 in what follows.

CES demand and v; = v With these conditions, we have sT = s! = s;. Subtracting (56)

using (55), we obtain

(Zsiéi (pi - 1)) dlog M + <% - 1) dloge =0

)

Since p; = 1 for CES demand, we have dlogec = 0 and dlog M < 0. In other words, with
CES demand, the results will be the same regardless of the nature of the production at the
firm level (i.e, ¥(q)). Specifically, the total quantity (and sales) remain the same at the firm

level. The firm-level export volume to market i equals

1
dloggq; = ((51- (— — 1) — 772-91-) dlog N; — n;dlogt; — n;dlogc
p.

(2

= — nitydlog N; — n;dlogt;
= Z S?T}jd log tj — nzd log ti,

J

Thus, it fall in the focal market and increases in the third market (as only dlogt; = 0 in all
third markets). Since the markup is constant, firm-level sales in the focal and third markets

follow the same changes. Finally, aggregate export volume to any market i, Q;, equals

~ 1
dlog Q; = (51' (- - 1) —n;0; + 1) dlog N; — n;dlogt; — n;dlogc

asm; > 1, 6; > 1, dlog N; < 0 and dlogt; > 0 (and strictly positive in the focal market).
Since the markup is constant, aggregate export value in the focal and third markets also

fall. In summary, the nature of the firm-level production does not matter for the model’s
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predictions when the demand function is CES.

Symmetric markets With symmetric markets, we have s = T = NLH, and all the

elasticities are the same across markets. We suppress the subscripts and obtain the following

equation:

1 1

5(——1)dlogM+<——1>dlogc:O (57)

p (8

Substituting it into equation (55) or (56), we obtain
~dlogt;
dlog M = —— i?zi XL <o,

as ¢ < 0 and dlogt; > 0. Moreover, since %b —1<0,dloge < 0. Le., the firm reduces its

global output.
We now study the changes in firm-level export volume, ¢;, and total export volume, Q;

in third markets where 1;dlogt; = 0. First, note that

1
dlogg; = (52‘ (p_ - 1) — 77,02) dlog N; — n;dlogt; — n;dlogc

(2

:<n (§+1/w1_1)5(%—1) —n+(n—1)5>d10ng

where we have utilized the symmetry assumption. Thus, we have

—1
dlog g; L= p 1w
>0 Y = - > —. 58
dlog M ¥q 5 1-p o w1 (58)
<0

In addition, we have

~ 1
dlog Q; = (57; <f - 1> —n;0; + 1> dlog N; — n;dlogt; — n;dlogc

(2

“(s(L_q) - " 1
—(6(p 1) n0+1+1/¢_15<p 1>)d10gM.
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Note that

1 1
5(;‘1>"’9“+1/w—15(“1)

:(1+1/¢77_1)5<1—1>—(1—2)5(%—1)—n+(n—1)5+1

ot (i) e

Therefore, we have overall trade depression if and only if

dlog Q;
dlog M

., 1 6—1n—-1 p Y
>0 <= Y% U+ F— 1_p>¢_1. (59)

Two things are worth mentioning here. First, if the condition in equation (58) is satisfied,
then equation (59) must hold. In other words, if we have firm-level depression, then aggregate-
level trade depression must be true.*” Second, the condition in equation (59) must hold if p
is close enough to one (i.e., a complete passthrough). In particular, it does not depend on
the nature of firm-level production technology. This implies that the extensive margin drop
in the number of firms must dominate any potential firm-level diversion, leading to an overall
drop in the export volume to third markets.
Lastly, we consider the consumption Q);:
i

0;
dlog Q; = (— — 7]1'9@') dlog N; — n;dlogt; — n;dlog c.
p

Since dlogt; = 0 in the third market, we have

dlog O; — (%—neJr 1/1/7—1 < ))dlogM
= [77 (%4‘ 1/1;_1) 6(,0 1) + (6 — )771 dlog M.

Therefore,

=7 ) 1—p>1/1—1'

Again, this condition must hold if p is close enough to one.

32This has to be true, as we have proven that dlogN; = dlogM < 0.
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F Homothetic demand with a single aggregator (HAS)

In this section, we rewrite our model using a homothetic demand function with a single
aggregator (HAS) which is introduced by Matsuyama and Ushchev (2017). We will show
that all the qualitative results we have obtained using the Kimball demand continue to hold
in the HSA case.

F.1 Setup

Households There are N +1 countries indexed by 4, and ¢ € {0,1,..., N} in which country
0 is the home country. There are also many sectors in the economy, but our analysis focuses
on an industry equilibrium of one sector. The home country produces many varieties in this
sector which are denoted by w. We use €2; to denote the set of all varieties that are exported
to country ¢, and €2 the set of all varieties in the home country.

In country 7, consumers have HSA preference towards exported varieties w given a sectoral

I
s =2)dw =1,

where A; is price aggregate that differs from the ideal price and s(.) is the (revenue) market

dlog P} . L,
dlogpi, Ai)

The ideal price index can be calculated

composite Q;:

share function. Note that

1og(Pf) = C + log(4;) —/ / &dde, (61)
we; % C
See Matsuyama and Ushchev (2017) for the detail.

Production We first solve the firm’s optimal pricing. First, the industry-level demand

function is

1

_1 1—1 .
Pl =Di(Q) = D;Q; " & E; = Ei(Q;) = Q:Di(Q;) = D;Q, " =D'p/™™

7
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Thus, the objective function of the firm can be written as

max D' P! g tibly u,
o A; LipL,

n; pl=n; ([ t;pl,
D;*P; s

where p! is the FOB price and ¢;p!, is the CIF price. Note that is the output

tipl,
supplied by firm w. The FOC is
[tk ) ti pl, — % <tipi ) 7
s <) — —= + 5 = - =0,
( A ) Ai ol Ai ) (pi)?
which is equivalent to
(il tip ( ; Ti) tipl,\ i
w w it w )l =0
5 ( Az ) A,L P z +s Al z ’
leads to the optimal pricing rule as
i o) 4T
oy — Tt
ov)—1 z
where v = t%@. Note that we have used the definition of the elasticity of substitution:
o) = 1— vs (v)

In addition, let p be the markup, i.e., the ratio between price and marginal cost. Then,

0;

ui:O'i—17

and we define p <%> accordingly. As usual, we assume that o; > 1 so markup is positive.
We now summarize the set of variables related to firms’ production. For a firm with

productivity z, its price, markup, and quantity in country ¢ are determined implicitly by

iy e ) z [ Az = i R ; 2 Az = H .

where P, = % is the (producer) price aggregator while A; is the (consumer) price aggregator.

R; = E;/t; is the aggregate export revenue in country i. Comparing to the CES case, markup
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is no longer constant, so the passthrough of tariff will be incomplete.

The per period variable profits and sales are as follows

mort (- ) el -ttt
M

as the wage rate is normalized to a constant in various markets. Then, firms export to market
i if

WiZfz'

Since the profit function is increasing and continuous, there exists a threshold z; such that
firms export to country 7 if and only if z > 2. In the rest of the paper, we only consider the
case in which z} is interior, i.e., 7'(';; = fi.

Finally, there is an exogenous exit shock v; in each country. Firms discount future profits
at a rate of p. Then, the expected entry profit of country ¢ is defined as in equation (11),

which is the same as in the HDIA case.
Entry and Exit This part is the same as in the Kimball case.
Equilibrium This part is the same as in the Kimball case.

Infra-marginal surplus ratio and passthroughs The infra-marginal surplus ratio in
the HSA case is defined as:

A;

where P; = % and A, is the (consumer) price aggregator. d; is the ratio of consumer surplus

to revenue evaluated at (p;,¢;). In the case of homogeneous firms where s (%) = %, we

have

5 =1 +/ / #dgdw = 1+ C +log(A;) — log(P),
we; %
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where we have used equation (61). We define the individual passthrough of a variety as the

elasticity of its price to its productivity:

dlogp 1 dlog u

“dlogz dlogz’

in which the latter equality holds fixing 7; and ¢;. p > 0 due to the supermodularity of the
profit function. Note that

Therefore, we have
,_(&>,_;L__
TINR) T g
n(%)

In addition, we continue to assume Assumption 1 holds.

F.2 Homogeneous firms
F.2.1 Solving the equilibrium

We start with the case of homogeneous firms. In such a case, the productivity distribution
G degenerates into a single mass point at z. We assume that in equilibrium, all markets have
strictly positive measure of exporters.

First, we compute the profit in each market m;. The HSA preference implies that

Nis (%) =1, (62)

where P, = ’?— Note that
E =D}

and
log(P]) = C +1log(P;) + log(t;) — N; / #dC- (63)
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Balanced budget in country ¢ implies

1-n; 1-7 tipi\ ° (%) D?ipiﬂ_m T i\
Ei:Dsz)iI m:Nitz‘pi%@D?iPiI = Nitiju < Z l) Z _Z<:>1:/~L<—Z> =.

Equations (62), (63) and (64) explicitly determine £, P/ and p; as functions of ;. Therefore,
we may write o;, 1;, p;, 0; as functions of N;. Slmllarly, we express profit m; as a function of

N; with the following equation

1 1\ E
m;(N;) = <1 - M_) Pigi = (1 — ;) N (65)

; ; = _ mi—fi
(11) implies that 7; = Zr=t.

Next, we solve for the equilibrium (M, {N;}) using the free entry condition and balanced

flow of firms. Namely,

There are N + 2 equations for N + 2 unknowns. Noticing that with (10), the above equations
imply that

1-8

himi\ 7 vl -
Ji—hi( I ) =M = Wz(Nz)_<P+Vz>(

- f 66

in which m;(V;) is given implicitly in (65). Therefore, this equation gives us an implicit
function N; of M. We define such mapping by N; = N;(M). Inserting it into the free entry

equation, we pin down the equilibrium mass of entrants M as follows:

Z(hzﬁ—z(Nz(M)))

In this way, we have solved the stationary equilibrium. We can show that a stationary

|
@[~

= fe . (67)

equilibrium exists and is unique under Assumption 1 as in the Kimball case.
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F.2.2 Propagation and aggregation equations with homogeneous firms

We expand the equilibrium equations presented in Section F.2 to the first order in the

shocks.

Welfare

7 7

Pi 2
dlog N; — <O’Z (P)—l)dlogp = 0. (68)

Definition of price aggregator

dlog P! = dlog P, + dlogt; + Nis (%) dlog% —dlog N; (6; — 1).

7 7

Note that
dlog p; 1 ]
dlog % N Pi ’
Di
Nis| =) =1,
and )
oi—1 s (v)
BT )

Therefore, the above equation can be simplified to

dlog P! = dlog P; —I—dlogtﬁ—dlog% —dlog N; (6; — 1) = dlog P/ = dlogp; + dlogt; — dlog N; (6; — 1).

)

(69)

Markup

in which
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Pricing Pricing implies that

1 .
dlogp; = dlogu; = — (f — 1) dlog%,

where the fist part comes from the pricing rule and the second part comes from the definition

of the passthrough.

Variable profit

1
dlogm; = 1dlogm—|—(1—m)dlong—dlogNi—dlogti

)

We can simplify the above expression to

]_ .
dlogm = — (f — 1) (o;—1)d log (%) —(n;—1) [dlogp; + dlogt; — dlog N; (6; — 1)]—d log N;—d logt;
T T (71)

Balanced flow

7Tz‘d log T — fzd 10g fz

=dlog(p + v;) + % [dlogv; + dlog N; — dlog h; — dlog M| + dlog f. — dlog h;.

i — fi
(72)
Free entry
()"
1 hi M
> — [dlog N; + dlogv; — dlog h; — dlog M] = 0
1-84 S <Vk_Nk>ﬂ
E\ hpM
N
= ) si[dlogN; + dlogv; — dlog h;] = dlog M, (73)
=0
(V‘N' 1%
h ;= Ji 7 hy M ,
winere s Zk Ji T Zk<l;5€1;e;>lf

F.2.3 Proof of comparative statics results when firms are homogeneous

In this subsection, we prove that all the results established in Proposition 2, 3 and Corol-

lary 1 are still true when the demand function features HSA. Specifically, the change in M and
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that of N; take similar forms as in the Kimball case and d log N; is still the sufficient statistic
for measuring changes in other variables in market 7. The signs of changes established in
Corollary 1 continue to hold now.

Changes in M and N; We consider only dlogt; and set dlog ™ = dlogy; = dlogh; =

z

dlog f; = dlog f. = 0. Then, we obtain the following system of equations

Di Di
(o (2 ) —1) dloe 2
dlog N; <01<Pi> )d ngi

dlogPZ-I =dlog P; + dlogt; —|—dlog% —dlog N; (6; — 1)

(2

(2

1
dlogm; = — (f - 1) dlog N; — (n; — 1) [dlog p; + dlogt; — dlog N; (6; — 1)]

1 Di
ogp og (pi ) OgPi

Wi Flogr :% [dlog N; — dlog M]
N

> sidlog N; =dlog M

=0

Combining the first, third and fourth equations, we have

1 1 ;
dlogm = — (— — 1) dlog N;—(n;—1) [— (— — 1) dlog% + dlogt; —dlog N; (6; — 1) | —d log N;—d logt.
i Pi i

or

1 .
dlogm = — (— — 1) o 77ZdlogNi —[1 = (n; — 1)(6; — 1)] dlog N; — n;dlog t;,

Pi 0i —

where 1 — (1; — 1)(d; — 1) > 1 — (n; — 1);5 = 0. Therefore, we have
dlogm; = —0;dlog N; — n;dlog t;, (74)

where

(1 o; — 1
Qi:(ﬁ_l) o1 +[1—=(m—1)(6 —1)] > 0.
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Then, we obtain that

T [—6,dlog N, — pidlogt] = % [dlog N; — dlog M]
= Ji -
B n; us
=dlogN; = —2  qlogM — ——==0__qlogt;
B 4+ T, 8 i Q).
1-8 " mi—fi " 1-8 " m—fi 't

Using the free entry condition,

dlog N; — dlog M = —&dlog M — fi%dlogti,

where _
& = - ﬂ’z'*fi;’ <1,
1-8 + mi—fi b

Then, we have

N N .

- S; Z—ZdIO tz
Y sidlog N, = dlog M = dlog M = i ]f 08 _ g, [leogt} .
i=0 > im0 Siki 0

Hence, we can re-write dlog N; as

dlogN; = (1—fi)dlogM—&%dlogti

- _la—e n i .
- [(1 gz) Esf [Odlogt] +§z0idlogtz:|

Therefore, both the total number of entrants and the number of active firms in each market

decline.
Changes in other variables

Firm-level profit m; Similarly, we have

dlog m; = —6;dlog N; — n;dlogt;,
-y [(1 — &) Ey [gdlog t} + @%dlog ti] ~ ndlogt;

ndlogt n;d logt;
:@(1_@){@55[ ; }— -
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Therefore, firm-level profit drops in the focal market and increases in the third market.

Relative price % The relative price has the following expression:

Di dlog N;
dlog = =
8p = 1

which declines in both the focal and the third markets (as the number of firms decreases).
Moreover, % decreases in every market, since A; = P;t;. Of course, this is consistent with
the increasing market share s(%%) of surviving firms in both the focal and third markets.

Firm-level price p; Let us look at the mark-up pricing rule:

Ti
Di = Hi—,
z

g4

and
o;—1

where p; =

We assume that the demand elasticity (or markup) increases (or decreases) with the relative

price % Since we have
dlogfy =TT <0
and
dlogp; = dlogp; = — <% - 1> dlog% = - <% - 1> daljfjr",
we must have
dlogp; > 0.

Price aggregator A;, the ideal price index P/ Based on the discussion in the previous
step, we must have
p;  dlog N;

1 _— =
dogB

O'i—l

100

<0, dlogp; =dlogu; >0 = dlog P, > dlogp; >0, dlogA; =dlog Pi+dlogt; > 0,



where dlogt; = 0 in third markets. Therefore, we must have that the price aggregator

increases in all markets. Moreover, we have

1

dlog N,
dlog P! = dlogpi+dlogt;—dlog N; (§; — 1) = — (— . 1) o8

] +dlogt;—dlog N; (6; — 1).

Pi i —

Since dlogt; > 0 and dlog N; < 0 and dlogp; > 0 for all markets. The ideal price index

must increase in all markets.

Total export value E; and real consumption (); Since the ideal price index must
increase in all markets, the real consumption Q; = D} P/™™ and total expenditure on Chinese
goods E; = Q; P! = D} P! " drop in all markets. Specifically, we have

1 log N;
dlog Q; = —midlog P! = n; K— - 1) + dlog lldlogNi (6 —1) —dlogtz} <0,
. O-/L._

7

and

1 dlog N;
dlog R; = (1 — n;)dlog P = (; — 1) K— —~ 1) + 208 ~dlog N; (0; — 1) —dlogtz} < 0.
g; —

Pi

Note that dlogt; = 0 in third markets.

Firm-level output ¢; Recall that average firm output equals

o(8) P
tip;i

qi =
Therefore, we must have
dlogq; = dlogs; + (1 —n;)dlog P/ — dlogt; — dlog p;,
which is equivalent to

dlogg; = —[1 — (n; — 1)(6; — 1)] dlog N; — m; (dlog p; + d logt;),
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where 1 — (n; — 1)(6; — 1) > 0. Substituting dlogp;, = — (% — 1) % into the above

equation, we have

; 1
dlog g = — {1 — (i —1)(0; — 1) — i (— - 1)} dlog N; — n;idlogt;,
o; — 1 \ pi
which leads to
i 1 i
dlog g; = {1 — (1= 10— 1) - —— (— - 1)] [(1 ~ &) Eu | gdlogt] + @;’—dlogti] ~nidlog;
0 — i i

(75)
where the first term reflects the GE effect of the change in the number of firms on firm output
(which can be positive or negative) while the second term captures the direct effect coming
from the tariff change.

There are two cases to consider. First, when p; is very small (i.e., close to zero), output
level drops in all markets as dlogt¢; > 0 in all markets and strictly positive in one market.
p ~ 0 implies that there are substantial increases in the price level p; in all markets (due to
the GE feedback from dlog N;) after a market-specific tariff shock. As a result, output ¢;
drops in all markets.

Next, when p; is close to one (meaning that 1 — (g; — 1)(6; — 1) — ;15 (pi - 1> > 0),
output level increases in the third market unambiguously. In such a case, we can write out

dlog g; in the focal market as

dlog ¢;
i n (1
S R 5-—1——(——1”
- -6 -1 - 2
6. .
(1-&)E |Fdlogt] + D dlogt;| — nydlogt,
_ L=y = D@ -1+ 2% (- 1)

L= (=100 - 1) = ;5 (% B 1)

L= (= D — )+ 2% (£ -1)
< 0,

< n]dlog tj — njleg tj

as dlogt; > 0. This implies that quantity sold in the focal market goes down in all possible
cases. When p ~ 1, there is almost no price (and markup) change after the tariff shock.

Moreover, the market share per firm in the third market increases, and there is no tariff
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shock. Therefore, output has to go up in the third market. For the focal market, the impact

is negative, as there is a direct negative impact on the output coming from the tariff shock.

Firm-level revenue r; Based on the above derivation, we can write out the change in

firm-level (tariff-exclusive) revenue as
dlogr; = dlogp; + dloggi = — [1 — (m — 1)(6; — 1)] dlog N; — n;dlog t; + (1 — n;)d log p;,

where 1 — (n; — 1)(6; — 1) > 0. Since

legpiZlegui:—<;_1>d10g%:_<__1> og

3 K3

we have

1 /1 ,
dlogr; = [1—(p; — 1)(6; — 1) — i <— — 1)} {(1 — &)Esg [leogt] + &%dlogti] —n;d logt;

(76)
Equation (76) resembles equation (75). Therefore, a similar argument applies here. There
are two cases to consider. First, when p; is very small (i.e., close to zero), output level drops
in all markets as dlogt; > 0 in all markets and strictly positive in one market. p ~ 0 implies
that there are substantial increases in the price level p; in all markets (due to the GE feedback
from dlog N;) after a market-specific tariff shock. As a result, both output ¢; and revenue
piq; drop in all markets (as the price elasticity is always bigger than unity).
Next, when p; is close to one (meaning that 1 — (g — 1)(6; — 1) — 2= (pi - 1> > 0),
output level increases in the third market unambiguously. In such a case, we can write out

dlog g; in the focal market as

dlogr;

— 1—(77]'_1)(53'_1)_?7]'_1(l_l):|

95— Pj

&1;

_ 1—(nj—1)(5j—1)+%(p%_1>
L= (=)@ = 1)+ 2% (2 - 1)
1—(nj—1)(5j—1)+%<p%_1>
< 0,

(1 —¢&) Ese [gdlog t] + dlogt;| — n;dlogt;

njdlogt; —n;dlogt;
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as 0; = <% — 1> % +[1—(m—1)(6; —1)] > 0 and dlogt; > 0. This implies export
revenue in the focal market goes down in all possible cases. When p ~ 1, there is almost
no price (and markup) change after the tariff shock. Moreover, the market share per firm in
the third market increases, and there is no tariff shock. Therefore, both output and revenue
go up in the third market. For the focal market, the impact is negative, as there is a direct

negative impact on revenue coming from the tariff shock.

Total export quantity (; Total (physical) quantity of output across firms is Q: = Nyg.
Thus, we must have

dlog@i =dlog N; + dlogq;,

which

. ; 1
dlog Q; = dlog N;dloggq; = |(n; — 1)(6; — 1) + L . (— - 1)} dlog N; — n;dlogt; < 0,
0i — Pi
(77)
as dlog V; < 0 and dlogt; > 0 in all markets. In summary, the action at the extensive
margin drive the change in aggregated export quantity/value (even if firm-level export value

increases).

F.3 Tariff uncertainty

We study the effect of expected tariffs in third markets in this subsection of the appendix.

In an uncertainty world, the objective function of the firm can be written as

N AN

M pI1—=m4 tipfu
D" P; sl

where p’ is the FOB price and ¢;p!, is the CIF price. Note that i

supplied by firm w. Since P; = ’?—: and A; is the (consumer) price aggregator, we can transform

is the output

the above optimization problem into

D Pﬂ—m i i T
) s & Py _z , (79)
t; P P

max [E
D
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The key things are p!,, P, N; and M are all determined before the actual tariff is realized.
As a result, s(.) (which equals ) and s'(.) are not random variables. The FOC is
DEPITEL T, (i 1 — T A
- L) === —= = =0 80
— [ (7) 5 +S(R>@94 | 0

E

which is equivalent to

P\ Py (i Ti Py Ti
E|s (2 —W<Z__> Po \ Ti| _
{S(B)fzp“ 2 *S(B)z] "

leads to the optimal pricing rule as

p,=E o) |1
ov)—1] z
where v = %{. Note that we have used the definition of the elasticity of substitution:

(81)

In addition, let u be the markup, i.e., the ratio between price and marginal cost. Then,

0;

lui:O'Z'—17

and we can define <%f”_

3

) accordingly. As usual, we assume that o; > 1 so markup is positive.

F.3.1 Equilibrium Conditions

Nis (%) =1, (82)

where P, = f— Note that

105



and

log(P!) = C +log(P,) + log(t;) — N; ﬁoo #d{. (83)

Balanced budget in country ¢ implies

_ | N s (B) Drpr N

E; = D}PI'™™ = Nitipigi & DJPI' ™ = Nt (&> B Tel=yu (%) .
i/ DPi

(84)

Note that the above condition is about the realized national income and thus does not have

an expectation operator. Also note that the markup in firm’s mind is the same as the realized

((5) = (7))

Equations (82), (83) and (84) explicitly determine £, P! and P, as functions of N;. Therefore,

we may write o;, 1;, p;, 0; as functions of N;. Similarly, we can write the profit function, E m;,

markup as

as a function of N; with the following equation:

1 1\ 1 E, 1\ 1 D pIt
i) ( Mi)pq ( Mz‘) Ni (tz) ( Mi) N ( ti ) (%)

The key difference under tariff uncertainty is that the firm-level profit and revenue now have
the expectation operator, as the firm tries to forecast the realized tariff and thus the overall

demand for exports from Chines. However, since both the firm-level price and the number

of firms are determined before the realization of the ex post tariff, £ and thus the markup
rate are also determined before the tariff. Equation (11) implies that m; = E;jr—;_fi. Note that

m;(IV;) here is the profit in firm’s mind. I.e., even when the realized tariff in the third country
is zero, the expected tariff in the firm’s mind is still positive.
Next, we solve for the equilibrium (M, {N;}) using the free entry condition and balanced

flow of firms. Namely,

There are N + 1 equations for N + 1 unknowns. Noticing that with (10), the above equations
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imply that

1-8 B
himi\ # i Ni iNi\ 7 fe
Ji:hi(f”) A s mv) <p+ui>(” ) fe o s,

- h M

in which m;(V;) is given implicitly in (65). Therefore, this equation gives us an implicit
function N; of M. We define such mapping by N; = N;(M). Inserting it into the free entry
equation, we pin down the equilibrium mass of entrants M as follows:

™|
™|~

Z(hzﬁ—z(Nz(M)))

1=0

=17,

F.3.2 Propagation and aggregation equations with homogeneous firms and tariff
uncertainty

We expand the equilibrium equations presented in previous subsection to the first order
in the shocks.

Welfare

Di pi
dlog N; — (JZ (H)—l)dlogp =0. (86)

)

Definition of price aggregator

dlog P! = dlog P, + dlogt; + Nis (%) dlog % — dlog N; (5; — 1) (87)
Note that
dlogu; 1 ]
dlog% B Pi ’
Di
Nis ((22) =1,
and )
oi—1  s5(v)
% s
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Therefore, the above equation can be simplified to

dlog P! = dlog P; —|—dlogti+dlog% —dlog N; (6; — 1) = dlog P/ = dlogp; + dlogt; — dlog N; (6; — 1).

)

(88)

Note that dlogt; = 0 in the third country, as the realized tariff is zero in the third country.

Markup

]_ .
dlog ; = — <——1>dlog& (89)

in which

Pricing Pricing implies that

1 .
dlogp; = dlog u; = — (— - 1) dlog 22,
pi P;

)

where the fist part comes from the pricing rule and the second part comes from the definition

of the passthrough.

Variable profit

Edlogm; = dlog p; + E(1 —n;)dlog P! — Edlogt; — dlog N;

pi — 1

We can simplify the above expression to
Edlogm = — [~ —1) (0 — 1)dlog (2
0gm; = Py 0; og P,
—(n; — 1) [dlog p; + Edlogt; — dlog N; (6; — 1)] — dlog N; — Edlog t;. (90)

Note that although the realized tariff is zero in the third market, the expected tariff (in firm’s
mind) is positive in the third market (i.e., Edlogt; > 0). In turn, the tariff variation (on

expectation) also leads to different changes in §; and P/ which are forecasted by the rational

108



firm (in various scenarios).

Balanced flow

midlog m; — fidlog f; = dlog(p + 1) +

T — fz
% [dlogv; + dlog N; — dlog h; — dlog M| + dlog f. — dlog h;. (91)
Free entry
1
(5)"
1 i
S A [dlog N, + dlog v, — dlog by — dlog M] = 0
1=p i=0 vpNg \ 177
= Ek (hkM)
N
= ) si[dlog N; + dlogv; — dlog h;] = dlog M, (92)
i=0
JiT; — <
in which s; = /e E . )

F.3.3 Proof of Comparative Statics Results in the Homogeneous Firms Case

Changes in M and N; We consider only dlogt; and set dlog Z = dlogv; = dlogh; =
dlog f; = dlog f. = 0. In the focal market, we obtain the following system of equations

Di Di
o <" (P) ) *®P

dlog P! =dlog P; + dlogt, +dlog% —dlog N; (6; — 1)

1
dlogm = — (f - 1) dlog N; — (n; — 1) [dlogpi + dlogt;

— dlog N; (6; — 1)] —dlog N, — dlog

1
dlogpi:dlog,ui:—(——1)dlog&
Pi P,
s
dlogm; = dlog N; — dlog M
fz g 1—5[ g g M]
Z s;dlog N; =dlog M.

=0
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In the third market, we have

— (o (P _ Dbi
dlogNZ—(az<Pi> 1>dlogpi

dlog P! :dlogPZ-—i—dlog% —dlog N; (6; — 1)

(]

1
Edlogm; = — (— — 1) dlog N; — (n; — 1) [dlogmeEdlogti

(3

—dlog N; (5 — 1)] —dlog N; — Edlogt;

1 .
dlogp; =dlogu; = — (f — 1) dlog%

W;E 7 Edlogm; :% [dlog N; — dlog M|
N
Z s;dlog N; =dlog M.
=0

Note that the second and third equations are changed from the case without the tariff uncer-
tainty, as there is no realize tariff in the third market and the profit that determined entry
is the profit in firm’s mind. In the focal market, we can combine the first, third and fourth

equations to obtain

1 1 |
dlogm; = —<f—1>dlogNi—(7Ii—1) [— <f—1>dlog%—|—dlogti—dlogNl-(5l._1)
—dlog N; —dlogt;
! 0i — i
= —<——1> 1legNi—[ — (n; — 1)(6; — 1)] dlog N; — n;d logt;,
Pi g; —

where 1 — (7, — 1)(6; — 1) > 1 — (5, — 1)=—= = 0. Therefore, we have

ni—1

dlogm; = —0;dlog N; — n;d log t;, (93)

where
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In the third market where the realized tariff is zero, we have

Edlogm;

1 1 ;

2 7 K3

—dlog N; —Edlogt;

1 L
= — (— — 1) g qldlogNi —[1— (i —1)(0; —1)]dlog N; — n; Edlogt;
Pi o; —

= —0,dlog N, —n;Edlogt;,

where the expected tariff in the third market, Edlogt; > 0, negatively affects the expected
profit obtained from the third market (as the overall demand for Chinese exports drops under

a positively expected tariff). Then, we obtain that

T

7 [—0;dlog N; — n;dlogt;] = % [dlog N; — dlog M]

i — Ji
for the focal market and

T

i — Ji

for the third market. Note that since we use the initial values as the weights to implement

the first-order expansion, There is no expectation operator in front of m;. Consequently, we

have
B 7; =
dlog N; = ———"——dlog M — ——"=dlogt
1-8 T mi—fi 0; 1-B T mi—fi 0;
for the focal market and
B n; =
dlog N; = ——"——dlog M — ——"~— Edlogt,
1-8 - mi—fi 0; 1-8 - mi—fi 0;

for the third market. Using the free entry condition, we have
dlog N; — dlog M = —&;dlog M — fj%dlogtj,
J

for the market and -
J .
i—fi 7
L
5] s
i R s

77,0

111



For the third market, we have

dlog N; —dlog M = —¢&;dlog M — 51 Edlogtl,

where _
¢ ﬂ'iﬂ—lfi 0; <1
i — B 7 - =
5 T mpi 0

In total, we have

N N )

o SiSigrdlogt;
Y sidlog N, = dlog M = dlog M = 2 Nf 2 — _Ey [ﬂdlogt} ,
i=0 > im0 Siki 0

where the tariffs here include both the realized tariff in the focal market and the expected

tariffs in the third market. Hence, we can re-write dlog N; as
dlogN; = (1—¢&)dlogM — gjnfdlogt
= {(l—fj) [ dlogt]—l—ﬁjmdlogt}
for the focal market and
dlogN; = (1—¢&)dlog M — &ZE (dlog ;)
= {(1 — &) By [ dlogt} —i—& E (d logtl-)]

for the third market. Therefore, both the total number of entrants and the number of active
firms in each market decline. Importantly, we can see that even an expected tariff (without

realization) in the third market can lead to a drop in the number of firms in all market.

112



F.3.4 Changes in other variables

Firm-level profit m; Similarly, we have
dlogm; = —6;dlog N; — n;dlogt;,

6

ndlogt n;d logt;

=0, {(1 — &) Ege [leog t} + &%dlog tl} — n;dlogt;

For the focal market, we have

dlogt ;d log t;
dlogm; = 0,(1—¢;) {Esf [” Qg } _ ag J} <0,
J

as long as the increase in the expected tariff in all third markets is small than the actual
tariff in the focal market: dlogt; > E dlogt;. For the third market, the realized tariff is zero.
Therefore, the change in the realized profit is

dlogt
dlogm =6,(1 — &) Eg [77 o8 } > 0.

Relative price %i The relative price has the following expression:

Di dlog N;
dlog = =

which declines in both the focal and the third markets (as the number of firms decreases).

t, .
Moreover, =

decreases in every market. Of course, this is consistent with the increasing

(3

market share s(4-) of surviving firms in both the focal and third markets.

Firm-level price p; Let us look at the mark-up pricing rule:

Ti
Di = ,u‘i_7
z
where p; = ;7 and
/
vs (V)

O'Z'Zl—

s(v)
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We assume that the demand elasticity (or markup) increases (or decreases) with the relative

price Z. Since we have

dlog =
OgPi 0'1'—1 ’
1 i 1 dlog N;
dlogp; =dlogp; = - — —1 dlogp—:— ~ 1 o8 ’
Pi Pz Pi o, — 1
we must have
dlogp; > 0.

Price aggregator A;, the ideal price index P/ Based on the discussion in the previous
step, we must have
pi _ dlog N;

dlog — =
OgPZ O'i—l

<0, dlogp; =dlogu; >0 = dlog P, > dlogp; >0, dlogA; =dlog Pi+dlogt; > 0,

where dlogt; = 0 in third markets. Therefore, we must have that the price aggregator

increases in all markets. Moreover, we have

1 log N;
dlog P! = dlog p;+dlogt;—dlog N; (6; — 1) = — (— — 1) dlog 1Z—|—d logt;—dlog N; (§; — 1).

Pi 0i —

Since dlogt; > 0 and dlog V; < 0 and dlogp; > 0 for all markets. The ideal price index

must increase in all markets.

Total export value E; and real consumption (); Since the ideal price index must
increase in all markets, the real consumption Q; = D P/™™ and total expenditure on Chinese
goods E; = Q; P! = D" P} 1 drop in all markets. Specifically, we have

1 dlog N;
dlog Q; = —midlog Pl = n; [(— — 1) + o8 1 dlog N; (6; — 1) —dlogtz} <0,
i Oi —
and
1 dlog N;
dlog Ri = (1 — n)dlog PT = (1 — 1) K— . 1) + 208 dlog N, (6 — 1) —dlogtil <0.
Pi o; —

Note that dlogt; = 0 in third markets.
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Firm-level output ¢; Recall that average realized firm output equals

Di n; pI1=mi
()

tip;

q4; =
Therefore, we must have
dlogq; = dlogs; + (1 —n;)dlog P! — dlogt; — dlog p;,
which is equivalent to

dlogg; = —[1 — (n; — 1)(6; — 1)] dlog N; — n; (dlog p; +d logt;),

where 1 — (n; — 1)(6; — 1) > 0. Substituting dlogp; = — (pi - 1) % into the above

equation, we have

; 1
dlogg; = — [1 = (i = 1)(6 — 1) = g‘ni 1 (p_ - 1)} dlog N; — n;dlogt;, (94)

which leads to

dlogg; = {1 — (=16 —1) = L (l - 1)} [(1 — &) Ege [leog t] + &L dlog ti:| —n;dlogt;
o — 1\ pi 0 0;

where the first term reflects the GE effect of the change in the number of firms on firm output

(which can be positive or negative) while the second term captures the direct effect coming

from the tariff change.

There are two cases to consider. First, when p; is very small (i.e., close to zero), output
level drops in all markets as dlogt; > 0 in all markets. p ~ 0 implies that there are substantial
increases in the price level p; in all markets (due to the GE feedback from dlog ;) after a
market-specific tariff shock. As a result, output ¢; drops in all markets.

Next, when p; is close to one (meaning that 1 — (1, —1)(0; — 1) — ;%5 (pi — 1) > (0 which
is true when p; = 1), output level increases in the third market unambiguously, while it it is
unclear how firm-level output changes in the focal market. p ~ 1 implies that there is almost
no price (and markup) change after the tariff shock. Moreover, the market share per firm in
the third market increases and there is no tariff shock. Therefore, output has to go up. For
the focal market, the impact is unclear as there is a direct negative effect coming form the

tariff increase.
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Firm-level revenue r; Based on the above derivation, we can write out the change in

firm-level (tariff-exclusive) revenue as
dlogr; = dlogp;+dloggq; = —[1 — (g — 1)(6; — 1)] dlog N; —n; (dlog p; + d logt;) +dlogp;,

where 1 — (n; —1)(6; — 1) > 0 and

i —1 (1 i
dlogg; = |1 —(m —1)(6; — 1) — Z. 1 (,0_ - 1)] {(1 — &) By [gdlogt] + gi%dlogtz} —n;dlogt;
(95)

Therefore, the same argument as in the previous subsection applies here.
Total export quantity Q; Total (physical) quantity of output across firms is Q; = Nig;.

Thus, we must have
dlog QZ =dlog N; + dlogq;,

which

dlog Q; = dlog N; +dlogq; = |(n: — 1)(6; — 1) + a'ni . (pl — 1)} dlog N; — n;dlogt; < 0,

o (96)
as dlog V; < 0 and dlogt; > 0 in all markets. In summary, the action at the extensive
margin drive the change in aggregated export quantity/value (even if firm-level export value
increases).

The key lesson is that the tariff uncertainty affects various variables in all markets through
the channel of dlog NV; in the case of homogeneous firms (as there is no actual tariff realized
in the third market). In particular, dlog N; determines dlogp;, dlogu;, dlogg;, dlog P;,
dlog P!, dlog E;, dlog Q;, dlog Q. The expected tariff does not have an independent effect

on all these variables other than affecting /N;.
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