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Abstract

Using confidential U.S. Census data, we show that tariff pass-through to U.S. import
prices during the U.S.—China trade dispute was incomplete within continuing trade
relationships, even though it was complete in aggregate. We develop an empirical
decomposition showing that complete aggregate pass-through reflects import realloca-
tion toward higher-priced new relationships and importers. We then derive a welfare
decomposition that applies to a broad class of heterogeneous-importer models. The
formula identifies the key statistics needed to estimate the welfare effects of tariffs and
shows how importer heterogeneity and sourcing adjustments matter. Quantitatively,
ignoring these margins understates the welfare losses from tariffs. Our methods can
be used to study other forms of pass-through and heterogeneous responses to common
cost shocks.
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1 Introduction

The return of tariffs has renewed a central question in international economics: who bears
the cost of the trade protection? The U.S.—China trade dispute provides a sharp setting in
which to study this question. Between 2018 and 2019, the United States imposed new tariffs
on roughly $450 billion of imports from China, raising the average tariff rate from about
3% to 18% (Bekkers and Schroete, 2020). The incidence and welfare consequences of these
tariffs depend critically on pass-through: whether foreign exporters absorb part of the shock
by reducing pre-duty prices, or whether the tariff is fully passed through to the costs paid
by U.S. importers.

Recent studies using product—country level aggregate data find that the U.S. tariffs were
passed through almost fully to U.S. import prices (Amiti et al., 2019, 2020; Cavallo et al.,
2021; Fajgelbaum et al., 2020). This finding is puzzling because standard incidence logic
predicts that, in trade between large economies such as the U.S. and China, market power on
both sides should lead exporters and importers to share the tariff burden. Earlier work using

similar approaches typically finds incomplete pass-through to import prices (Fajgelbaum and
Khandelwal, 2022).

This paper argues that the resolution lies in importer heterogeneity within a product—
country market. Product—country level import prices average over importers with different
import prices and pass-through rates. When tariffs affect not only prices of continuing re-
lationships but also which firms import, how much they import, and which relationships
survive, aggregate pass-through can differ from firm-level pass-through. The distinction
matters for incidence because it reflects which importers receive price concessions from for-
eign suppliers. It also matters for welfare because welfare depends on firm-level import price

indices and sourcing sets, not only on aggregate product-country level import prices.

We make three contributions. First, we develop an empirical decomposition that sepa-
rates aggregate tariff pass-through into firm-level price changes, import-share reallocation,
and the entry and exit of trade relationships. Since the decomposition is accounting-based
rather than model-specific, it can be applied whenever an aggregate response reflects both
heterogeneous micro-level adjustment and reallocation. Applied to the U.S.—China trade dis-
pute, it explains why aggregate tariff pass-through to import prices in this episode appears
high. Second, we derive a welfare decomposition for a broad class of heterogeneous-importer
models. The formula identifies the sufficient statistics for welfare estimation and clarifies

why aggregate pass-through is insufficient. Welfare depends not only on the average change



in import prices, but also on how price changes are distributed across firms and on the entry
and exit margins of trade relationships. Third, we develop a quantitative model with endoge-
nous firm-level import prices and sourcing decisions to measure each margin’s contribution

to welfare and to quantify the bias from ignoring importer heterogeneity.

We first empirically decompose the aggregate tariff pass-through using data on U.S.
firm—product—country import transactions from the Longitudinal Firm Trade Transactions
Database of the U.S. Census Bureau. We classify each trade relationship as continuing, start-
ing, or ending, and compare these margins in periods with and without tariff increases. The
decomposition reveals that the aggregate pass-through is not driven by price changes within
continuing relationships. In the baseline sample, product—country level pass-through to pre-
duty import prices is 0.84, implying more than complete pass-through to the tariff-inclusive
costs paid by U.S. importers.! Within continuing firm-—product-country relationships, how-
ever, pre-duty prices in fact fall, with a pass-through coefficient of about —0.25. Foreign
exporters thus absorb part of the tariff burden when the existing trade relationship sur-
vives. The positive aggregate coefficient therefore reflects composition change, not exporters
raising prices. Tariffs shift trade toward higher-priced starting relationships, whose positive

contribution more than offsets the negative contribution of ending relationships.

The micro evidence explains this composition effect. New firm—product—country rela-
tionships have higher import prices than continuing relationships, both in periods with and
without tariff increases. Tariffs reduce relationship formation and increase relationship exit,
but the new relationships that still form, especially those formed by large importers, account
for larger import shares. Because new relationships and large importers tend to pay higher
prices within product—country markets than continuing relationships and small importers,

the post-tariff import basket shifts toward higher-price trade relationships and firms.?

These findings raise a welfare question that aggregate pass-through alone cannot answer.
Tariffs affect welfare not only through price changes within continuing import relationships,
but also through firms’ decisions to add or drop imported varieties, substitution toward
domestic inputs, and the resulting reallocation of production across firms. We therefore
derive a welfare decomposition that maps these firm-level margins into aggregate welfare

effects and quantifies each margin’s contribution to the welfare cost of tariffs faced by the U.S.

"'When we restrict the baseline sample to earlier periods, the estimate is close to zero, implying complete
aggregate pass-through. Across specifications, aggregate pass-through is complete or more than complete,
never incomplete (Appendix A.2).

2We show that these patterns are not driven by global value chain participation, exporter switching, or
variety switching within product—country markets in Appendix A.3.



The import-price block separates an intensive margin (price changes for continuing imported
varieties) from an extensive margin (changes in firms’ sourcing sets). The remaining blocks
capture substitution toward domestic varieties by importers and non-importers, and the

general-equilibrium allocation of output.

Importer heterogeneity enters the welfare calculation through offsetting forces. On the
one hand, incomplete pass-through within continuing relationships reduces the welfare cost
of tariffs faced by the U.S. because foreign exporters absorb part of the tariff burden. On
the other hand, sourcing adjustments and cross-firm reallocation can raise welfare cost by
changing the imported varieties available to U.S. firms and shifting production across firms
with different import price and import exposure. Which force dominates is therefore a quan-
titative question. We address this question with a structural model featuring endogenous
sourcing, firm-level import prices, and relationship-level price dispersion. We discipline the
model using pre-tariff moments on firms and imports, together with empirical moments on

pass-through, price gaps, and relationship entry and exit.

Importer heterogeneity is central for welfare. In the benchmark calibration, a 10 per-
centage point tariff increase reduces first-order welfare by 4.8 percent. In a counterfactual
economy without importer heterogeneity, the corresponding first-order welfare loss is only
1.5 percent. Including higher-order terms, the welfare loss is 6.8 percent in the benchmark

and 2.8 percent without heterogeneity.

These mechanisms are not specific to tariffs. The wedge between aggregate and firm-level
responses arises whenever a common cost shock hits importers unevenly. In that sense, our
framework extends beyond tariffs. Our empirical decomposition and welfare formulas apply
to other common cost shocks that generate heterogeneous firm-level responses, including

exchange-rate movements (Burstein and Gopinath, 2014) and trade sanctions.

Related literature A long literature has studied incomplete pass-through to import
prices, emphasizing the roles of invoicing, market power, imported inputs, relationship du-
ration, quality upgrading, and strategic complementarities (cf. Fajgelbaum and Khandelwal,
2022). Recent studies of the U.S.—China trade dispute document complete pass-through
using aggregate data (Amiti et al., 2019, 2020; Cavallo et al., 2021; Fajgelbaum et al., 2020;
Jiang et al., 2023; Jiao et al., 2024). Relative to previous work, we develop an empirical
framework to decompose aggregate tariff pass-through, and identify and quantify a compo-
sition channel that operates through importer and relationship reallocation. This channel

reconciles incomplete pass-through within continuing relationships with complete or more-



than-complete aggregate pass-through, and provides a unified framework for studying similar

aggregation problems under other common cost shocks.?

We also build on the literature on importer dynamics and firm heterogeneity (see, e.g.,
Alviarez et al., 2023; Blaum et al., 2018, 2019; Gopinath and Neiman, 2014; Halpern et al.,
2015; Lu et al., 2024). Existing importer models typically emphasize either firm-level import
prices or endogenous sourcing, but not both.* Welfare implications of tariff shocks under

® We close this gap on two fronts:

heterogeneous importers have received less attention.
theoretically, our first- and second-order welfare formulas identify the sufficient statistics
and general-equilibrium channels that map micro pass-through and sourcing adjustment into
welfare; quantitatively, our model embeds both firm-level price responses and endogenous

sourcing decisions, allowing us to measure how each margin contributes to the tariff cost.

Our paper also contributes to the literature on trade policy and supply-chain disrup-
tion. Tariffs affect firms not only by changing prices, but also by disrupting relationships,
discouraging new sourcing links, and reallocating imports across firms, products, and coun-
tries (Fajgelbaum et al., 2024; Handley et al., 2023, 2025; Monarch and Schmidt-Eisenlohr,
2023). We provide an integrated framework that links these firm-level adjustments to ag-
gregate pass-through measurement and to the welfare costs of tariffs, showing that micro

reallocation drives both.

Roadmap Section 2 develops the empirical decomposition and presents the firm-level ev-
idence. Section 3 derives the welfare decomposition. Section 4 presents the quantitative

model. Section 5 reports the welfare results, and Section 6 concludes.

2 Empirical Facts

This section develops our empirical decomposition of aggregate tariff pass-through and

presents the resulting pass-through estimates. We document that aggregate tariff pass-

3Alviarez et al. (2023) document incomplete firm-level pass-through within fixed relationships instead of
focusing on aggregate tariff pass-through and welfare.

4See Table B.1 for a summary of existing importer models.

5 Although Arkolakis et al. (2012) show that the welfare effects of trade can be measured using aggregate
data, we show that firm heterogeneity matters in our setting because firms’ import intensities are not
equalized. Blaum et al. (2018) show that firm-level data on value added and domestic expenditure shares
in material spending are sufficient to compute changes in consumer prices following shocks to the import
environment. In our setting, firm-level domestic expenditure shares in material spending are unobservable;
we instead show how observable firm-level imports and tariff pass-through can be used to discipline the
welfare effects of tariffs.



through at product—country level masks substantial firm-level adjustment in import prices,

import shares, and sourcing strategies.

2.1 Data

The baseline sample is constructed from the Longitudinal Foreign Trade Transactions Database
(LFTTD), which provides transaction-level data on U.S. imports. For each shipment, LFTTD
records the importer’s Employer Identification Number (EIN), 10-digit Harmonized System
product code (HS10), source country, value, quantity, and customs duties paid.® This en-
ables a direct link between observed import prices and realized tariff burdens, which is well

suited for analyzing tariff pass-through.

We aggregate the LE'TTD to the firm—product—country-month level. Thus, for each U.S.
firm ¢, product j, source country ¢, and year-month ¢, we observe imports with products
defined at the HS10 level. The key variable in our analysis is the firm—product—country
unit value, which captures the before-duty price paid by importer ¢ to foreign exporters of

product j from country ¢ in year-month ¢:

Vijet
Pijet = ——, (2.1)
ijct
where v;; denotes firm ’s before-duty import value of product j from country c in year-

month ¢, and m;; denotes the corresponding import quantity.

The corresponding aggregate unit value at the product—country level pools imports across

all firms:
_ Vjet Zierct Vijet

pjct - - )
Mjct D ieq,,, Mijet

where 2. denotes the set of firms that import product j from country c¢ in year-month ¢.

(2.2)

This product—country unit value is the outcome variable typically used to estimate aggregate

tariff pass-through in the existing literature.

The product—country unit value can therefore be written as a quantity-weighted average

of firm—product—country unit values:

Mijc Vije
Pjet = Z e o — Z LijetPijets (2-3)

1€Qj e Zzeﬂjct ijet lijet i€

SLFTTD is collected by U.S. Customs and Border Protection from import declaration forms (Customs Forms
7501 and 7533). It covers shipments above $2,000, with a lower threshold of $250 for certain quota items,
and also reports the date of transaction and whether the transaction is between related parties.
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Mijct

where z;¢ = SR denotes a firm ¢’s import quantity share among all firms that
1&3 5t

import from the same product j—country ¢ pair in year-month ¢. This identity provides the
starting point for our decomposition: changes in p; reflect changes in firm-level prices, in

firm-level import shares, and in the set of firms importing each product—country pair.

2.2 A Firm-Level Decomposition of Aggregate Tariff Pass-Through

Building on the identity in Section 2.1, we decompose pj; into firm-level sources and estimate

tariff pass-through in the aggregate and for each component. We proceed in two steps.

First, following Melitz and Polanec (2015), we decompose the change in the product—country-

level unit value, pj, into the contributions of continuing, starting, and ending firm—product—country

pairs:
75 =S 75 =S
g > (Tijer = Tjep) Pijer = Djewr) = 20 (Tijet = Tjer) (Diger — Der)
Djctr — Pjet  Pjerr — Pjet n i€Sje i€Sje
Djet Djet Djet
Vv ~ " s
Average Continuing Between Continuing
E S S X
+ .CCE Picyy — Djer x Pjet = Pjet (2 4)
jet! jet : .
Djet Pjet
-~ o N -~ e
Starting Ending

Average Continuing The first component of equation (2.4) captures the average price
change across firms that continue importing the same product—country pair in both periods

t and t', holding the set of importers fixed. Let S;. be a set of firms that import product

j from country c in both periods, and let nfc denote the size of set Sj.. Then ﬁfet is the
unweighted average of unit value in the set S, in period ¢, given as ﬁfct = > %

iESjc je

Between Continuing The second component captures the reallocation of import shares
across continuing firms. When firms with different unit values gain or lose import shares,
the aggregate unit value changes even if each firm’s unit value is unchanged. Analogously,

z7,, is the unweighted average of import quantity share of firms in the set S;. in period ¢:

jet

FY — Tijct
xjct - Z nS
ZIGS]'C Je

Starting The third component captures the contribution of new firms entering the product—

country market. When entrants pay prices that differ from the average of continuing firms,



their entry shifts the aggregate price.” Let Fj. denote the set of firms with zero imports in

period ¢ but positive imports in period ¢’ for the product—country pair (j, ¢). The unit value

. . . T ot
for these starting firms i € Ej., is defined as pf, = 37 Z#pijer, where x2, = 37 @yjer.
i€Bje et i€Ej.
. . . . . . . . S . mijct’
Similarly, the unit value of continuing firms ¢ € Sy, is given as p7, = Ziesjc ?t/pijct/,
Jc

S _
where 27, = Ziesjc Lijet! -

Ending The last component measures the contribution of firms that exit the product—
country market. Their imports drop out of the aggregate, and any price gap between exiters
and continuers shifts the aggregate price. Let X,. denote the set of firms with positive

imports in period ¢ but zero imports in period ¢ for the pair (j,c¢). We employ a similar

. X Tijet X — ..
notation as pj, = > 2x DPijet, where Liet = > Tijet-
1€X e Jet 1€Xjc

Second, we use this decomposition to estimate tariff pass-through at both the aggregate
product—country level and each of the four decomposed components. Specifically, we estimate

the specification following Amiti et al. (2019):
Alnpje = o+ BAI(L + Tjet) + Ner + 65 + €jet, (2.5)

where Alnpj, represents the 12-month change in the unit value, calculated as the difference
between the unit value in year-month ¢’ = ¢ + 12 and that in year-month ¢; Aln(1 + 7;¢)
is the 12-month change of the applied tariff rate for product—country market (j,c); ne is
the country-time fixed effect, which absorbs the effects of aggregate dynamics, such as the
exchange rate fluctuations; d; controls for the product fixed effect. That is, we estimate
equation (2.5) both at the aggregate level using A ln p;, and at the component level, replacing

Alnp;. with each of the four components in equation (2.4).

Our baseline uses applied tariff rates 7 from LFTTD, 12-month log differences in unit
values, and a sample from January 2017 to December 2019 that extends Amiti et al. (2019)
to cover the full tariff-hike period and ends at December 2019 to exclude pandemic disrup-

tions.® We discuss robustness to alternative tariff measures, sample windows, and fixed-effect

TA trade relationship is considered new if a firm begins importing a new product or starts importing from a
different country in period ¢’ compared to period t.

8 Applied rates are measured as the ratio of collected duty to import value for each product—country pair
in year-month ¢. 12-month differences absorb seasonality and the lumpy nature of imports. Moreover, the
relevant comparison is between the tariff hike period and the pre-dispute period. The 2018-2019 U.S.—China
tariff increases were unexpected; Fajgelbaum et al. (2020) document little evidence of pre-trends.



Table 2.1: Decomposition of Aggregate Tariff Pass-through

(1) (2) (3) (4) (5) (6) () ®) )

Alnp;q Average Between  Starting Ending % pﬂ“};/# % %
Aln(1 4 7jet) 0.84 -0.247 -0.253 1.821 -1.271 0.615 4.525 0.358 -1.872

(2.23)%F  (1.88)*  (4.A8)™* (877 (12.77)%*  (1.15)  (8.05)%%* (I15.76)%**  (9.57)%**
Obs. 2099000 2099000 2099000 2099000 2099000 2099000 2099000 2099000 2099000
adjusted R? 0.04 0.02 0 0.06 0.08 0.08 0.07 0.35 0.07

Notes: The table presents baseline regressions (2.5). In Columns (1) to (5), we project changes in unit value and its four components
specified in equation (2.4) on changes in tariff. Columns (6) and (7) present the results for responses of share of starting country-product
pairs and differences in import prices between starting and continuing pairs. Columns (8) and (9) are the counterparts for exit component.
The difference terms are calculated as 12-month log difference. The sample ranges from January 2017 to December 2019. Standard errors are
clustered at HS-8 digit level. t-statistics are reported in parentheses. The data cleaning procedure is detailed in Appendix A.1. * significant
at 10%; ** significant at 5%; *** significant at 1%.

specifications below and in Appendix A.2.

The coefficient of interest in equation (2.5) is 8. If the value of 5 is negative (positive), it
implies that the foreign exporters decrease (increase) prices in response to the tariff increases.
If the value is significantly close to zero or insignificant, it indicates that foreign exporters
barely change their prices, and all of the tariff burden is passed on to U.S. importers, which

is called “complete tariff pass-through” in the literature.

The estimation results are reported in Table 2.1. Column (1) shows that foreign export
prices (unit values) increase in response to higher tariffs. In other words, there is more-than-
complete tariff pass-through to U.S. importers, indicating higher import costs faced by U.S.
importers.” Columns (2) to (5) decompose the aggregate tariff pass-through and show that
the observed aggregate tariff pass-through is driven by the starting pairs, highlighted by the

different sign of regression coefficient in Column (4) compared to other columns.

Column (2) indicates that firms with continuing trade relationships on average experience
incomplete tariff pass-through, as their unit values decrease with higher tariffs. Column (3)
reports the covariance between import quantity share and unit value among these firms; the
significantly negative coefficient indicates that, following tariff increases, lower-priced firms

tend to gain import quantity share, contributing to incomplete pass-through.

Columns (4) and (5) indicate that new relationships contribute positively to complete
aggregate tariff pass-through, while ending relationships contribute negatively. In fact, the
starting margin dominates all the other components, driving the aggregate pass-through to

be positive.

According to the decomposition in equation (2.4), the response of these pairs to tariff

9 Across sample windows, tariff measures, and fixed-effect specifications, aggregate pass-through is complete
or more than complete, never incomplete. See Appendix A.2.
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- jct and

increases stems from two channels: (i) changes in their aggregate import share,

m:;jft, and (ii) differences in aggregate unit values between starting (ending) and continuing
jc

S s . x
pairs, M nd 2Pt - The last four columns of Table 2.1 suggest that, after tariff

jct
increases, firms starting relationships account for a larger import share (Column 6) and tend

to face higher unit values than continuing firms (Column 7), contributing to complete pass-
through. Conversely, firms paying higher unit values are more likely to end relationships
(Column 9), contributing to incomplete pass-through; the increased import share of ending
pairs after tariff increases (Column 8) may further reinforce their contribution to incomplete

pass-through.

Robustness and Consistency with Previous Literature The findings in Table 2.1
remain robust to alternative tariff measures, different sample selections, and various fixed-
effect specifications, as detailed in Appendix A.2. For example, (i) when we use scheduled
tariff from Fajgelbaum et al. (2020), our main results hold: aggregating across firms, foreign
export prices tend to rise in response to tariff hikes, while among continuing pairs, foreign
exporters lower prices. (ii) Since our sample period extends beyond that in Amiti et al.
(2019), we replicate the decomposition using their exact sample, and the results remain
consistent. (iii) To address concerns that our results are driven by tariffs targeting China after
July 2018, we examine earlier phases of tariff increases and find similar patterns. Extending

the sample to include pre-dispute periods from 2015 leaves the decomposition results robust.

2.3 Firm-Level Margins of Tariff Adjustment

We present additional facts to shed light on the mechanisms behind U.S. importers’ hetero-

geneous adjustments.

Starting and Ending pairs Table 2.1 shows how starting and ending pairs contribute
to tariff pass-through relative to continuing pairs. These estimates combine two margins:
changes in firm-level unit values and changes in the import shares.! Moreover, these esti-
mates do not reveal whether starting and ending pairs differ from continuing pairs before the
tariff shock. We therefore compare starting and ending pairs with continuing pairs separately

in terms of unit values and import shares, both before and after the tariff increase.

10The unit value of starting pairs, pﬁt/, and continuing pairs, pfct,, are import-share-weighted averages of

firm—product—country unit values. Hence, the response of pﬁt, - pfct/ to a tariff increase reflects both
changes in individual unit values and changes in the import shares of the underlying firms.



The results, reported in Appendix A.4, reveal three patterns. First, starting and ending
pairs pay higher unit values than continuing pairs even before the tariff increase. Second,
after the tariff increase, the unit-value gap between starting and continuing pairs does not
rise significantly, but starting pairs account for a larger share of imports because the set
of importers shrinks and post-tariff entrants are larger. Third, tariff increases also reduce
the number of starting pairs and raise the number of ending pairs. The appendix further
shows that large importers pay higher unit values than small importers and, following a
tariff increase, account for a larger share of imports. These reallocations toward higher-price

importers and trade relationships contribute to complete aggregate tariff pass-through.

Continuing Pairs FEquation (2.4) isolates continuing firm—product—country pairs, namely
trade relationships that remain active after the tariff increase. Appendix A.3 shows that
incomplete pass-through among continuing pairs is a robust finding across specifications.
It also reveals systematic heterogeneity within this margin. Larger continuing importers
experience more complete pass-through and gain larger import quantity shares.!! The ap-
pendix further shows that these patterns are not explained by exporter switching, global

value chains, or variety switching.

These facts discipline the model mechanisms in Section 4. They show the forces behind
firm-level incomplete pass-through among continuing relationships. Quantitatively, however,
sourcing reallocation across firms and relationships plays a larger role in aggregate pass-
through and welfare, so the continuing-relationship channel is not the dominant source of

tariff-induced welfare losses.!?

3 Unified Welfare Decomposition for Importer Models

We derive a unified welfare decomposition formula based on common elements of existing
heterogeneous-importer models. We demonstrate that, despite vast differences in modeling
importer heterogeneity across the literature, the welfare effect of a tariff increase can be

analytically decomposed into a common set of sufficient statistics and general equilibrium

N Alviarez et al. (2023) document that larger importers face more incomplete tariff pass-through. The
difference reflects the level of analysis. Their estimates are at the importer—exporter—product level, which
is well suited for studying repeated bilateral relationships. Our analysis is at the importer—product—country
level, which allows us to implement the aggregate pass-through decomposition.

12In Appendix E.2 of Supplementary Material, we develop a more disaggregated decomposition framework
such that we are able to understand which types of firms are more likely to form continuing, starting, or
ending pairs and how they contribute to aggregate tariff pass-through.
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mechanisms.

3.1 General Setups among Existing Importer Models

To build our unified framework, we adopt a common benchmark that combines a nested-CES
production with monopolistic competition in importers’ output and domestic intermediate-
input markets, perfect competition in labor markets, and homothetic importer demand.
The framework abstracts from explicit importer—exporter matching and summarizes foreign

sourcing through a cutoff rule over imported varieties. We formalize this benchmark below.!?

Production technology There is a unit mass of U.S. firms. Firm ¢, with productivity

A;, hires labor L; and purchases intermediates X; to produce a differentiated variety y;:
yi = ALXY, 0<a<l. (3.1)

Intermediates X; are aggregated from domestic inputs h; and foreign inputs m;:

o

]ﬁ, o> 1, (3.2)

—1

o—1 o—1

7

where o is the elasticity of substitution between domestic inputs and foreign inputs. Domestic
and foreign inputs are aggregated from domestically produced varieties h;, and foreign-

produced varieties m;;., respectively:

0

1 -1 —1
h = (/ . dk;) 0> 1, (3.3)
0
b

=
, €>1, (3.4)
where 0 governs the elasticity of substitution across domestic varieties, € governs the elasticity

of substitution across foreign varieties, j denotes the imported product, ¢ represents the
sourcing country, and & indexes U.S. firms.* l;ijc is the variety attribute that is specific to
a firm ¢. This captures quality or demand differences among firms for varieties within the

same product-country market.

13In Table B.1, we list papers that deviate from these standard setups and detail their approaches to importer
pricing and sourcing strategies.

ML can be equal to i, which corresponds to roundabout production. U.S. firms use the output of all other
U.S. firms as intermediate inputs, including their own output.
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The shifter b;;. = Tjiz;c captures the price-adjusted variety attribute of product j from
country ¢ for firm 7. Each firm ranks its imported varieties by this shifter. We remain
agnostic in this section about the micro-foundation of the import price p;j.. Equivalently,
firms can be viewed as observing the tariff-inclusive price schedule before choosing their
sourcing set. The monotone cutoff b; arises from this ranking: any variety with b;;. > b} is
imported, and no variety with b;;. < b; is imported. By construction, this ensures that the
sourcing decision is monotone in the price-adjusted variety attribute. Section 4 provides one

quantitative environment that generates such a pricing schedule and cutoff rule.

Output market and domestic roundabout Each U.S. firm produces a differentiated
variety under monopolistic competition. Firm i’s output is used both as a final consumption

good, ¢;, by U.S. households and as an intermediate input, h;, by other firms k.

U.S. households. In each period, the representative U.S. household supplies labor L at wage

rate W =1 and consumes a composite final good C"

C= (/cdz) (3.5)

subject to the flow budget constraint PC' = WL + Il + T, where P = (fl p}*pdi)l/(l_p) is
the final-good price index, p > 1 is the elasticity of substitution across varieties, II denotes
aggregate profits of U.S. firms, and T is tariff revenue rebated to households.’® Firm i sets
the variety price p; according to a constant-markup rule. The consumption maximization
leads to a standard demand function:

e = (%) e (3.6)

Roundabout production. Firm ¢ sells its variety to firm k as an intermediate input according

to the standard CES demand
g\ —f HN\ —C
Dl D
by = 2k + ) Xk 3.7
‘ (pkH ) (pi( ) * (3.7)

Firm 4 prices its variety pf. at a constant markup. Firm k combines a continuum of domestic

varieties indexed by i € [0, 1] with elasticity of substitution . The domestic intermediate

5The aggregate tariff revenue is given by T = fol [f] (Zc(ch — l)pijcmijc) dj:| di, where 7. is the gross

tariff rate, p;;. is the pre-tariff price of imported variety, and m;;. is the quantity imported.

12



1/(1-6)
) . Firm k also imports a continuum

price index faced by firm k is pff = ( fol (pE)=0dy

of foreign varieties as intermediate goods with elasticity €. The foreign intermediate price

L 1/(1—e)
index is pf = { I <M> dF (b)] . The composite intermediate price index is then
k

bkjc
—0o —0 1/(1_0—)
pi = ()7 + )] :
This yields a roundabout production structure, where firm i’s output is used both for

final consumption and as an intermediate input in domestic production:

! pi\~” LN (PN
0 : (P> 0 pkH PkX g ( )

We impose p = 6 so that the same variety price applies to final demand and domestic
intermediate demand. Hence, p; = pff = p_Llw(Ai, bY) Vk, where 1(A;, b7) is firm ’s marginal

cost. Under this restriction, equation (3.8) can be rewritten as

1 H g
y; = Dp;”, D= PC +/0 (pih)? (i—’“x) Xydk, (3.9)
k

where D can be interpreted as an aggregate demand shifter.

Fixed import cost Firm ¢ uses the full continuum of domestic intermediate inputs but
imports only a subset of foreign varieties. This selection is governed by fixed import costs, a
standard device for generating heterogeneity in import exposure. Foreign sourcing provides
variety gains and, when b;;. > 1, efficiency gains relative to domestic inputs. Firm ¢ therefore
chooses its import set by trading off these gains against the fixed cost of sourcing. Following
Gopinath and Neiman (2014), the fixed cost of importing N; foreign varieties is measured in
wage units and given by EN;', where E > 0 governs the cost scale and > 0 governs the

convexity in the number of imported varieties.

A firm importing product j from country c faces the gross ad valorem tariff 7,.. A tariff
increase raises the tariff-inclusive cost of foreign varieties, reduces the value of covering fixed

import costs, and induces firms to drop varieties.

Labor market clearing and final goods market clearing Aggregate production labor
is supplied inelastically such that L = fZ.LZ- di given wage rate W. General-equilibrium

adjustment operates through aggregate demand D and the allocation of final output between
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consumption and intermediate use.!®

3.2 Welfare Decomposition

For expositional simplicity, in the main text we approximate the welfare effect of a tariff
shock to first order around the pre-tariff equilibrium and decompose the resulting change
into its underlying margins. This decomposition clarifies the role of firm heterogeneity in
shaping tariff-induced welfare effects. The second-order decomposition and decomposition
with firm-level inefficiencies are presented in Appendix B, which further demonstrate how

firm heterogeneity matters for welfare implications.'”

Assumption 3.1 Firm-variety shifters and firm productivity are invariant to the tariff

change; that is, dIn(bijc) = 0 and d1n(4;) = 0.

Throughout, we impose Assumption 3.1. This assumption is innocuous as we focus on the
short-run effect of a tariff shock. Additionally, this assumption, joint with constant elasticity
of substitution (CES) production functions, ensures that firm-level import expenditure ratio
across imported varieties can account for persistent cross-firm unit-value and demand /quality
dispersion, so the unobserved shifters l;ijc do not need to be estimated separately to evaluate
the welfare effects of tariffs. For continuing varieties, quality cancels out of log price changes.
For entering and exiting varieties, their pre- and post-shock expenditure shares within the

firm’s foreign input bundle summarize their shifter-adjusted economic importance.

Proposition 3.1 (First-Order Welfare Decomposition) Under Assumption 3.1, the first-
order approzimation of the welfare change due to tariff change can be decomposed into five

components:

S

dln(%):—a/ e; / wije (dIn(T;e) + dIn(p;je)) dF(b) | di —a/ e,-( ildb:) di
i b i* € —

*
[

N J —~
-~

intensive margin of tmport price effect

extensive margin of import price effect

16To keep the first-order welfare decomposition transparent, we abstract from labor used to cover fixed import
costs. This assumption does not affect the qualitative mechanism and is innocuous because the welfare
decomposition is intended to theoretically demonstrate how each channel matters. It is also consistent
with previous literature that remains agnostic about the incidence of fixed sourcing costs, which may be
borne partly by foreign exporters rather than entirely by U.S. importers.

1"These extensions show that at second order, tariff-induced import share reallocation among firms and
varieties matter for welfare implications. Specifically, welfare also depends on the variance of firm-level
cost changes, the variance of price changes across varieties within firms, the interaction between intensive
price changes and extensive-margin cutoff changes, the density of varieties near the sourcing cutoff and the
covariance between price changes and firm welfare weights. On the other hand, once firm-level inefficiencies
are introduced, reallocation across firms becomes first-order important to the welfare.
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i* PP
—a/ e;st (dIn(pf") — dln(pl)) di —a/ edIn(pf)di +d1In ( DC)7

S 4

vV vV
importer domestic variety substitution effect non-importer domestic variety substitution effect allocation effect
(3.10)
DiC; . . . .
where € > 1,¢; = ———— s the expenditure share of U.S. consumers on firm i’s vari-
fi, pircirdi
TjcPijcMijc

is the share of foreign variety (j,c) in firm i’s imported

le hi

pi hi + pfm,
total intermediate input bundle, p};. denotes the foreign export price evaluated at the firm’s

W, Wije = T e Gimi IO

intermediate input bundle, sh = s the share of domestic inputs in firm i’s

sourcing cutoff, s; = w!f(b}) is the import expenditure density at the sourcing cutoff, and
wi = TiePiicMije
CT L miepige(®)mage () Fb)db

3

cutoff. 1* denotes the marginal importer such that firms with productivity no less than A;-

1s the mormalized expenditure weight evaluated at the sourcing

are importers before tariff increase, while those with lower productivity are non-importers.
D is specified in equation (3.9).
Proof: See Appendix B.2.

Proposition 3.1 decomposes the welfare effect of tariff change into three blocks: an import
price block, a domestic variety substitution block, and an aggregate allocation block. The
first block contains two margins: an intensive margin, which captures tariff and foreign-price
changes for continuing imported varieties, and an extensive margin, which captures changes
in firms’ sourcing sets. The second block also has two components, reflecting substitution
toward domestic varieties by importers and non-importers. The third block captures the

general-equilibrium allocation of output between consumption and intermediate use.

As demonstrated in Section 2.2, aggregate pass-through is a trade-weighted average of
unit-value changes across firms within product-country markets. By contrast, Proposition
3.1 shows that welfare depends on a firm-size- and input-cost-weighted average of firm-
level import price-index changes, where the weights reflect a firm’s expenditure shares on
continuing, entering, and exiting foreign varieties across product-country markets, as well
as consumers’ expenditure shares across firms. Thus, these are distinct objects. Welfare
depends on which firms face the price changes, which trade relationships adjust, and how
those adjustments affect firm-level import price indices. Therefore, two economies exhibiting
the exact same aggregate tariff pass-through can experience drastically different welfare

effects depending on their underlying micro-heterogeneity.

Among the import price effect, the intensive margin depends on how tariff-inclusive price
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changes are distributed across firms and varieties. This term is weighted by the expenditure
share of U.S. consumers on firm ¢, e;, and the share of foreign variety (7, ¢) in firm ¢’s imported
intermediate input bundle, w;;.. Therefore, the same tariff pass-through has larger welfare
effects when it affects large firms or imported varieties that account for a larger share of

firms’ input costs.

The extensive margin of import price effect measures the welfare loss from reductions in
firms” import source. A tariff hike raises the cost of foreign sourcing and shifts firms’ sourcing
cutoffs bf upward, thereby reducing the set of imported varieties. This effect is governed by
the expenditure weight at the cutoff, s7, and by the elasticity of substitution across foreign
varieties, €. This margin is lost in representative firm models that impose a common or fixed
set of imported varieties. Ignoring importer heterogeneity therefore omits the welfare cost
of firm-level sourcing adjustment, even when aggregate product—country variety sets appear
stable.

The domestic variety substitution effects capture how firms adjust when foreign inputs
become more expensive relative to domestic inputs. For continuing importers, substitution
toward domestic inputs partly offsets the increase in the foreign input price index. For non-
importers, the adjustment reflects their reliance on domestic inputs. The allocation effect
collects the remaining general-equilibrium adjustment in the division of output between final
consumption and intermediate use. It also includes the effect of tariff revenue rebated to

consumers.

We next shut down importer heterogeneity while preserving the distinction between im-
porters and non-importers. Specifically, we keep the pre-tariff import participation cutoff
1* fixed. Conditional on importing, all importers are assigned the same import set, import
shares, and tariff-induced price changes. Hence, the model removes heterogeneity across
importing firms and eliminates firm-level sourcing-set adjustment.!® The resulting decom-

position is given in Proposition 3.2.

Proposition 3.2 (Welfare Decomposition without Importer Heterogeneity) Under

Assumption 3.1, the first-order approrimation of the welfare change due to tariff change can

18This restriction reflects the fact that extensive-margin adjustments are largely hidden in product—country
aggregates, even though they are frequent at the firm—product—country level. Gopinath and Neiman (2014)
document a similar pattern.
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be decomposed into four components:

dln(%) :ja / e; { /b Wije (dlD(ch)—|—dln(pijc))dF(b)} di —a / e;st (dIn(pf") — dn(p)) di

J/

Vv TV
intensive margin of import price effect tmporter domestic variety substitution effect

i pr
—a/ e;dIn(p)di +d In( DC).

v .
non-itmporter domestic variety substitution effect allocation effect

(3.11)

(. J

H
PiCi Wi — TjcPijcMijc Di hi
[, pocadi’” Jor Ticpije(®)mije(b)f (b)db pHh; + pFm;
marginal importer such that firms with productivity no less than A;« are importers, while

. 1* denotes the

where e; = and st =

those with lower productivity are non-importers. D is specified in equation (3.9).

These absent margins reveal the core limitation of representative-importer approaches:
they misattribute composition effects to common price changes and omit the firm-level sourc-
ing adjustments that enter welfare directly. Such approaches can overstate losses from
continuing-import price changes when firm-level pass-through is incomplete, while under-
stating losses from firm-level sourcing adjustment. Whether the omission of importer hetero-
geneity leads to overestimation or underestimation of welfare losses is therefore a quantitative

question.?

3.3 Welfare Estimation

Proposition 3.1 separates the first-order welfare effect of tariffs into an import-price-index
block, domestic-input substitution terms, and an aggregate allocation term. The import-
price-index block is the component most directly disciplined by firm-level import data. In
particular, Proposition 3.3 shows that the firm-level import price index can be written as
a Feenstra-style CES price index: price changes among continuing imported varieties enter
through the intensive margin, while changes in the firm’s sourcing set enter through the
Feenstra variety-adjustment term. Appendix B.6 then maps these two components to ob-
servable firm—product—country expenditure shares, tariff-induced price changes among con-
tinuing relationships, and tariff-induced entry and exit of relationships in the data. Hence,

the first-order import-price index effect, one key component of welfare, can be estimated

9The domestic-substitution and allocation effects are also quantitative, as removing importer heterogene-
ity changes equilibrium input prices and sourcing responses. Aggregate pass-through raises dInp! in
the representative-importer case, altering the relative price dlnpf — dlnp!” and hence the strength of
substitution toward domestic inputs.
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without separately identifying distribution F'(b) and without taking a stand on the full
micro-foundation of import pricing, relationship formation, or sourcing decisions. For exam-
ple, if a foreign variety with a high shifter b;;., whether due to quality or demand factors,
is dropped after a tariff increase, it contributes more substantially to welfare losses than a
variety with a low shifter, because its removal corresponds to the loss of a foreign variety

with a larger expenditure share in the firm’s input cost bundle.

Proposition 3.3 (Sufficient Statistics for First-Order Welfare Decomposition) Under

Assumption 3.1, the discrete first-order counterpart of Proposition 3.1 can be written as

¢ F h 1 F H PrC
dln (E) S — ‘Z eidnp —a Z e;s; (dInp;’ —dlnp;) —az exdlnpf +din ( —- ),
’LeMt ZEMt 1¢Mt

where the firm-level sufficient-statistics measure of the import price index change is

1 :

dlanF = Z wijct dln(chtpijct) —I— (—j——l Z wijct]lf;‘éi — Z wijct’]l?fcwﬂ . (312)
JeeQgon JCEQ Jee

Here M, denotes the set of firms that import before the tariff shock. For each i € M, let

Qu and Qyp denote the firm’s imported product—country varieties before and after the tariff

shock, respectively, and define Q5" = 2, Ny, Qexit =\ Qgon, Qe = Qg \ Q50

— Pici _ l; . .
€ = e d? = Tolodm S the employment share of firm 1,

_ TjctPijetMijct _ Tjct' Dijet! Mhijet!
Wijct = ) Wijet! =
> treqy, TertPitrtMitrt Zgreﬂit, Tert' Pirt' Mitr!

are the pre- and post-shock tariff-inclusive import expenditure shares within firm i’s foreign-
input bundle,
I =1{jcc 09, I = 1{je € ),

ijct ijc

Hp, . . . . . . .
and sl = 1#;’%1- is firm i’s domestic-input share in total intermediate spending. The
i U 7 ?

aggregate demand shifter D is defined in equation (3.9).
Proof: See Appendiz B.5.

Although the import price index part of welfare is tightly linked to the observed firm-level
pass-through and sourcing adjustment, the other welfare components cannot be directly ob-
served in our data. The domestic variety substitution terms depend on how firms substitute

between domestic and foreign inputs, the non-importer terms depend on equilibrium changes
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in domestic input prices, and the allocation term depends on the equilibrium response of
demand and production. We therefore introduce the full quantitative model to discipline

these remaining equilibrium channels and to quantify the overall welfare effect of tariffs.

4 The Full Model

The economy consists of U.S. households, U.S. firms, and foreign products. It operates
in discrete time and over an infinite horizon. Foreign products originate from a total of
C countries, and each country supplies J differentiated products. Within each product—
country market, a U.S. firm sources a firm-specific foreign variety, so different importers may
purchase different varieties from the same market. Motivated by the evidence in Section 2
that exporter switching within product—country markets does not affect the main firm-level
pass-through results, we abstract from importer—exporter matching and focus instead on

importers’ choices over foreign varieties.

The model explains why incomplete pass-through within continuing relationships can
coexist with complete pass-through in aggregate data. Tariffs lower foreign prices for contin-
uing relationships, but they also change which firms and relationships account for aggregate
imports: more relationships are ended, fewer new relationships are formed, and import shares
shift toward larger importers and higher-price sourcing relationships. Since aggregate unit
values average over heterogeneous firms and relationships, this reallocation can offset, or
dominate, the within-relationship price decline. Firm-specific import prices and endogenous

sourcing jointly generate this mechanism, as detailed in Appendix C.1.

4.1 Setup

Keeping the setups in Section 3, we introduce the additional setups specified below.

Productivity and relationship capital At the beginning of each period ¢, U.S. firm
¢ draws productivity A;; and relationship capital ©;; for product j in foreign country c
from an exogenous process. This generates a time-varying sourcing strategy for firms. The

productivity follows an exogenous AR(1) process:

Airs1 = palis + 0aciria, girr1 ~N(0,1), 0<pa<l, 0a>0. (4.1)

19



Productivity captures persistent differences in firm efficiency, which shape firm size, import

demand, and sourcing choices.?® The relationship capital ©;;., evolves according to
Oijet+1 = Po Oijet + 00 Eijet+1,  Eijet+1 ~ N(0,1), 0<pe <1, go>0. (4.2)

Relationship capital captures the decline in import prices as buyer—supplier relationships
mature, reflecting relationship-specific cost amortization, supplier learning-by-doing, and
reduced hold-up frictions (Heise, 2024; Monarch and Schmidt-Eisenlohr, 2023). ©;;,; sum-
marizes these relationship-specific gains and lowers the import price paid by firm ¢. Equa-
tion (4.2) parsimoniously captures relationship dynamics. The persistence parameter pg
governs the durability of relationship capital, with 1 — pg interpreted as its depreciation
rate. The innovation og €;5.+41 captures idiosyncratic shocks to relationship quality, such as
changes in logistics, communication, or supplier-specific conditions. This specification can
be micro-founded by a learning-by-doing process a la Dasgupta and Stiglitz (1988), as in
Heise (2024).2122

After A;; and O, are realized, firm i chooses production, pricing, and sourcing for period

t. We can therefore omit the time subscript for simplicity.

Timing and ranked sourcing At the beginning of period ¢, firm 4 observes its produc-
tivity A, relationship capital {O;jet}j.e, tariffs {7}, and the aggregate or lagged market-
share objects that enter the bilateral pricing schedule. Conditional on these objects, the firm
takes the pricing schedule as given when choosing its sourcing set sequentially, ordered by
lagged import scope N;; ;. Prices are therefore taken as given in the individual sourcing
problem, but are endogenous in equilibrium through the aggregate fixed point. The pricing

schedule is
Cijct(Ait>
f(®ijct) 7

where 7, denotes the gross tariff rate, p;j« is the foreign export price (i.e., unit value), ¢;jq

chtpijct(Az‘t; @ijct) = Mz‘jct(Ait, G)ijct) (4-3)

is the exporter marginal cost, f(©;j.) denotes the import price discount due to relationship

capital accumulation, and p;;¢ is the markup. The tariff- and price-adjusted variety attribute

20Initial productivity is drawn from a Pareto distribution with scale parameter A, and shape parameter A,.
21Tt is also analogous to standard processes of customer-capital accumulation, e.g., Paciello et al. (2019).
22We initialize the cross-section of active relationships by drawing from the invariant distribution implied by

the AR(1) process: ©j;jc1 ~ N(O, 1:‘292 )
: 3
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of importing product j from country ¢ for firm i is

l;i jc Bz cf(61 'ct)
bi ot = J = J J . 4.4
ot TjctPijet (Ait, @ijct) Mjct(Az‘t, @ijct)cijct(Ait) ( )

A higher b;j; implies a larger price-adjusted sourcing gain. Firms therefore rank foreign
varieties by b;;e, which is a sufficient statistic for the ordering of import gains, and choose

an import scope cutoff over this ranking.

With sequential sourcing choices, active importers with larger inherited sourcing networks
move first, while firms with no prior import relationships move afterward. Since this order is
based on past sourcing activity, it is predetermined with respect to current sourcing choices.
Taking the pricing schedule as given, firm i chooses how far down its importer-specific ranking

to source:
Qit(b:t) = {<]> C) s bijer 2 bis}-

The cutoff 0}, is therefore a ranked-choice device that reduces the extensive-margin problem
from choosing among all possible sourcing networks to choosing a one-dimensional import

scope.??

After sourcing sets and quantities are chosen, the market-share objects entering the pric-
ing schedule are updated. Equilibrium is then computed as a fixed point in these market-
share objects and the resulting bilateral prices. Thus, the model allows prices to be endoge-
nous in equilibrium while preserving a tractable ranked-sourcing problem at the firm level.
We do not solve a fully strategic network-formation game in which each firm internalizes

how adding or dropping a single variety changes bilateral markups and market shares.

Firm-specific import price The pricing schedule in equation (4.3) makes the markup
the key endogenous component of firm-specific import prices. We specify this markup as a

weighted combination of exporter-side oligopoly power and importer-side oligopsony power:

oligopol oligopson;
lh'jc(Az’, @ijc) = (1 - Li)uz’jcg P y<Ai7 @ijc) + Li,uz'jcg P y(Aia @ijc>7 (4-5)

oligopoly
ijc

oligopsony

where 1 (A;,0;jc) captures the exporters’ market power, Wije

(A;, ©;jc) captures

the importers’ market power, and ¢; € [0, 1] governs the importers’ relative bargaining power.

28With J x C foreign varieties, an unrestricted sourcing problem has 27¢ possible networks. Under the
ranked protocol, the feasible sets are the top 0,1,...,JC varieties, yielding JC + 1 choices in a finite
implementation and a scalar cutoff in the continuum formulation.
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Although tariffs do not affect ¢;;.(A;) and f(©;j.) given Assumption 3.1, they affect
firm-level import prices and import shares by affecting firm-level import quantity m;;. and
markup si;;c(A;, ©;jc). Given differences in import prices across firms arising from differences
in A; and ©;;., import-share reallocations across firms in response to tariff changes matter
for aggregate tariff pass-through. Therefore, although tariff pass-through is incomplete at
the firm level because of endogenous import price adjustment, aggregate pass-through may

be complete or incomplete, depending on the relative strength of import-share reallocation.

The pricing functions (4.3) and (4.5) are estimated from the data and are flexible enough
to capture several mechanisms emphasized in the literature. First, exporter marginal costs
vary with importer productivity:

Cijc(Ai> = A] (4.6)
with 86%‘—14(_&) > (. This enables the model to match the empirical pattern that larger im-
porters pay higher prices within the same product—country market, despite their greater
market power. One interpretation is quality sorting: larger importers source higher-quality
varieties that are more costly to produce (Blaum et al., 2019). On the other hand, higher

prices may reflect importer-specific logistics, compliance, or supply-chain requirements rather

than quality alone.

We allow the variety attribute I;ijc to be correlated with firm productivity A; to distinguish
these interpretations. A high correlation between Z;ijc and A; points to quality sorting: larger
importers pay more because they source higher-quality varieties. A low correlation instead
implies that their higher prices mainly reflect importer-specific compliance costs. Specifically,
the variety attribute takes the CES form

. _ 05/ (0, —1)
e = (1= )0/ 4o a0/ M (@)

where 7 > 1,0 < v < 1, and 0 < 6, < 1, following Blaum et al. (2019). The parameter -y
governs how strongly ZA)ijc correlates with firm productivity: higher v implies that larger firms
source higher-quality varieties (quality sorting), while lower v implies that quality matters

less.

Second, relationship capital lowers import prices through the discount function

f(Oijc) = exp(Oije), (4.8)
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which satisfies %i;) > 0 and f(©;j.) > 0 for all ©;j.. This specification makes relationship
capital a source of firm-relationship price dispersion. Adverse relationship-capital shocks
raise prices and make relationships more likely to end. Ending pairs are therefore drawn
disproportionately from the lower tail of the ©;;. distribution, whereas new relationships

enter with low accumulated capital and hence relatively high prices.?*

U.S. firms take the exporter marginal cost ¢;j.(A;) and the relationship-capital discount
f(©ijc) as given. Thus, importer-specific variety attributes and relationship capital do not
adjust contemporaneously to a tariff hike.?” Tariffs therefore act as wedges on the existing

cost structure, with firms adjusting through import quantities and sourcing choices.

Third, equation (4.5) captures the two-sided market power documented by Alviarez et al.
(2023). The import prices here are endogenous because importers’ and exporters’ market

shares are endogenous. The importers’ relative bargaining power is firm-specific:

1
~ 1+exp(—ilnA)

L

L € (0, 1)

A larger ¢ generates a steeper size gradient: larger firms have greater bargaining power.20
This variation helps the model match the empirical pattern that larger importers exhibit
more complete tariff pass-through. When ¢; is close to one, prices are shaped primarily
by importer market power; when ¢; is close to zero, they are shaped primarily by exporter

market power.

The exporters’ market power is characterized as an oligopoly markup

oligopoly Eije
ijc = —7 > 1, (4.9)
Eije — 1
where ;. = (1 — 8yjc)€ + s4c0 is importer’s demand elasticity, s;;. = ijp# is the
je TjcPijcMije
share of exporter’s sales over importer i’s total imports. Also, 7 = (1 — s{)a + slf((l —
Fo.
si) x 14 p), where s; = "= is the foreign input share among all intermediate inputs,
¥ . 1 K2 1 1
and s = ]ﬁ is the intermediate input share among all inputs of the firm.?” As in

24This prediction is consistent with the empirical pattern that younger trade relationships have higher unit
values and smaller transaction volumes than mature relationships. See evidence in Table A.7, as well as
Heise (2024).

25This timing is appropriate for our short-run analysis: switching varieties or rebuilding trade relationships

takes time, and Section 2 shows that the empirical results are robust to supplier and variety switching.

L; is exogenously given in the model and estimated by the data. This is motivated by the estimation results

in Alviarez et al. (2023) that endogenizing ¢; leads to similar results.

2"If o = 1 and o = 1 in our model, the expression for 7 is the same as Alviarez et al. (2023).
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standard models of oligopoly markup, the importer demand elasticity €;;. is decreasing in the

oligopoly -

ije is increasing in the exporters’

exporters’ sales share s;;., and the oligopoly markup g,

sales share s;jc.

The importers” market power is characterized as an oligopsony markdown
1
oligopsony Kl _ (1 _ xijC)H <1

jc = 5
Tije

(4.10)

— _ Mije

where £ € (0, 1] is the return to scale of exporters’ production, z;;. = . Is the share

of importer 7’s quantity relative to the total quantity supplied by the expol;‘:er (7,¢), and
exporters’ total cost of production is T'Cjj. = @ijC(Ai)(mijc)%.% When « = 1, exporters
operate under constant returns to scale and importer market power is absent (ui’]llcg()psony 1).
A markdown arises only when k € (0, 1), corresponding to decreasing returns in exporter
production. As in standard oligopsony models, the markdown is stronger for importers with

larger buyer shares.

Firm’s optimization problem Given the output price of other firms {pX }rep,1, each

U.S. firm i € [0, 1] chooses the labor input L;, the output prices p; and {pf }rep0.1, the set of

ceC

domestic inputs {h}rejo,1), the shifter cutoff b}, the quantity of foreign inputs {mijc}je[o n

cC

and the prices of foreign inputs {p;c}ic ;-

The measure of imported varieties is N;(b}) fb* dF(b) = [, f(b)db, where f(b) is the
probability density function corresponding to the cumulative distribution function F'(b) and

represents the fraction of foreign inputs with the price-adjusted shifter —2— by equal to b.
The U.S. firm ¢ solves the following profit maximization and cost minimization problem:

_1

m(A;) = mabchﬂy 7 — (A, )y — E(Ny(6)))", (4.11)
Yis
where
1 00
sk Mije 0 br

st oyi=1, (3.1),(3.2),(3.3),(3.4), (3.9)&(4.3) hold. (4.13)

281f k = 1, the exporters’ marginal cost of production MC;jc(As) = cije(Ai) = Pije(As).
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Solving these problems leads to the following optimality conditions:

Pi =Pl = = 1w<A,, b;), (4.14)
A; b)) (1 — A;, bF —r
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4.2 Equilibrium

In each period ¢, a stationary competitive equilibrium consists of prices {pi, pis;, Dijet, P, D%,
i, W, fig[é]f@ and an allocation {C’t,czt,y,t,Xlt,th,mmhzt,hzkt,mmt,b;"t}ﬁ[géﬁeqj such
that given the realization of productivity A;; and relationship capital ©;jc,

(i) representative households choose Cy and ¢;; to solve their utility maximization problem;
(il) U.S. firms i € [0, 1] solve the profit maximization problem and cost minimization problem
by choosing output prices p;, {pgt}ke 0,1], labor input L;, intermediate input X;;, domestic
inputs {ire }rejo,1), shifter cutoff b}, and foreign inputs {mmt}J o1’
(iii) the goods market clearing condition, equation (3.9), holds for all U.S. firms;

(iv) the labor market clearing condition holds such that households supply labor inelastically

to meet the total labor demand of all U.S. firms, L = fol L di.

5 Quantitative Analysis

In this section, we quantify the welfare effects of tariff increases.
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5.1 Estimation Strategy

Table 5.1 reports the parameter values. Panel A lists externally set parameters. They
are fixed exogenously. Panel B lists internally estimated parameters. They are estimated
using simulated methods of moments. They target firm-level moments relevant for tariff

pass-through and welfare. Table 5.2 reports the data and model values for these moments.

5.1.1 External Estimation

We set the elasticity of substitution across domestic varieties 6 to 4, similar to Broda and
Weinstein (2006). We set the demand elasticity p to be the same as 6, as explained in Section
3.1. We follow Fajgelbaum et al. (2020) for the foreign-input elasticities: o = 1.19 between
domestic and foreign inputs, and € = 2.53 across foreign varieties. We set the intermediate-
input share a to 0.5, following He (2024).2° We set the pre-dispute tariff to 3.9 percent, the
average applied tariff in the LF'TTD over 2015-2017.

Furthermore, we fix several parameters by normalization or following the existing esti-
mates. We fix the scale of the import cost E as a normalization. The persistence of firm
productivity shocks p4 is taken from Lee and Mukoyama (2015). The weights v and 6, in
the shifter are set to values from Grieco et al. (2022), ensuring that firm productivity A; and

the shifter are complements as in Blaum et al. (2019).

5.1.2 Internal Estimation (Simulated Method of Moments)

We simulate the model for two periods. In the first period, firms draw productivity and
relationship capital. In the second period, firms receive idiosyncratic shocks. At the same
time, the tariff rises from 3.9 percent to 13.9 percent on all foreign varieties. This generates
time-varying sourcing decisions, entry and exit of trade relationships, and heterogeneous

price responses. We assume no tariff variation across products or countries.>

We estimate eight parameters by matching eight data moments. The discussion below

maps each parameter to its most closely related moment.

29Gopinath and Neiman (2014) finds o = 2/3 using Argentine data.

30We simulate 20,000 firms, each importing one product from five countries. The foreign variety is defined
at product-country level. Different U.S. firms can import different versions of the variety from the same
product-country markets.
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Table 5.1: Parameterization

Parameter Notation Value
Panel A. External Parameterization

EOS across final goods P 4
EOS across domestic inputs 0 4
EOS across foreign inputs € 2.53
EOS between H and F input o 1.19
Intermediate input share « 0.5
Gross tariff rate before trade dispute Tjc 1.039
Scale of import cost E 0.02
Shifter, constant input i 5
Firm productivity, persistence pA 0.70
Shifter, weight on productivity v 0.50
Shifter, elasticity O 0.80
Panel B. Internal Estimation

B1. Distribution of Firms and Imports

Firm productivity, shape ay 3.80
Firm productivity, scale Tm 3.94
Convexity of import cost i 0.40
Cost shifter, elasticity c 0.32
B2. Tariff Pass-Through and Firm-Specific Import Price
Relationship persistence po 0.93
Relationship volatility oo 0.23
Exporters’ returns to scale K 0.94
Bargaining power, prod. slope L 5.00

Firm productivity distribution Firm productivity A follows a Pareto distribution with
shape o, and scale z,,,. Higher productivity raises a firm’s employment in equilibrium.
The shape «,, thus targets the employment share of large firms. The scale z,, targets the

employment share of importers.

Import participation The convexity of the fixed import cost n targets the import par-
ticipation rate. Higher n makes it costlier to add varieties to the sourcing set. Fewer firms

then choose to import.

Marginal cost of foreign suppliers We estimate the cost-productivity elasticity ¢. A
positive ¢ means larger importers face higher marginal costs and pay higher prices, which
affect their sourcing strategy and input demand. ¢ therefore is related to the employment

share of large firms within importers.
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Relationship capital Variety-level relationship capital for each firm ©;;, shifts the marginal
cost of imports through a discount f(0,;.). More persistent relationships give established
pairs a larger price advantage. Thus pg targets the price gap between continuing and starting
pairs. More volatile shocks widen the gap between long-lived and exiting matches. Therefore

o targets the price gap between continuing and ending pairs.

Bargaining power and pass-through Exporter returns to scale x and the size gradient
of bargaining power ¢ jointly determine firm-level pass-through among continuing pairs. A &
close to one generates limited price reductions on the exporter side in response to tariff hikes.
A positive ¢ means that larger importers bargain harder, leaving less room for exporters to
reduce prices after tariff hikes and resulting in more complete pass-through to U.S. import
prices.?! We estimate x and ¢ to match firm-level pass-through among continuing pairs and

its interaction with importer size.

Our estimate of x is close to one and is consistent with the literature. Fajgelbaum et al.
(2020) estimate an inverse foreign export supply elasticity of —0.002 and cannot reject a
horizontal supply curve. Fajgelbaum et al. (2024) find that Chinese exports to the rest of the
world rose when exports to the U.S. fell, leaving total Chinese exports roughly unchanged.
Jiao et al. (2024) use firm-level data and find no decline in firm-level world sales. These

patterns are consistent with relatively elastic foreign supply.®?

Our estimate of size-dependent bargaining power is also consistent with the literature.
Earlier work documents that larger firms have access to more resources and fewer dependen-
cies (see, among others, Pfeffer and Salancik (1978), Porter (1980), Sutton (1991), Dobson
et al. (1998), Basker (2007), Mayer and Ottaviano (2008), Ellison and Snyder (2010), and
Card et al. (2015)). Larger firms can switch suppliers at lower cost, purchase in bulk, and

use stronger financial capital and brand recognition to negotiate better terms.

5.1.3 Targeted and Untargeted Moments

Panel A of Table 5.2 reports the targeted moments. The model reproduces the cross-sectional
distribution of firms and imports reasonably well. The import participation rate (4.9% in the
model vs 5.0% in the data) and the employment share of large firms (0.35 vs 0.52) are close to
their empirical counterparts. Within importers, the model also matches the concentration of

employment among large firms (0.81 vs 0.84). The model fits firm-level pass-through (—0.20

31See Propositions C.1 and C.2 for the details of these mechanisms.
32 Alviarez et al. (2023) estimate a less elastic foreign supply, which may reflect differences in sample coverage.
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vs —0.18) and the increase in pass-through with importer size (0.02 vs 0.03). The model
also reproduces the qualitative ranking of price gaps: continuing pairs pay less than starting

and ending pairs.

Panel B reports untargeted moments. Panel B.1 shows that the model successfully re-
produces untargeted moments related to the distribution of firms and imports, such as the
sales share of importers (0.65 in the model vs 0.76 in the data) and the share of domestic
intermediates in total inputs (0.96 vs 0.91). The model also gets the broad shape of the

firm-size distribution: employment shares for medium firms are close to the data.

Panel B.2 reports the untargeted decomposition of aggregate tariff pass-through. Al-
though magnitudes are smaller than in the data, the model reproduces the compositional
structure of the decomposition. Aggregate pass-through is positive and is above the pass-
through for average continuing relationships. The starting margin dominates the aggregate,
and the ending margin contributes negatively. That is, firm-level pass-through is incom-
plete but aggregate pass-through is complete, and the gap is driven by reallocation toward

higher-priced starting pairs.

5.2 Welfare Implication

Table 5.3 reports the welfare effects of the tariff increase, which rises by 10 percentage
points across all varieties, from 3.9 to 13.9 percent. In the baseline model (first column),
the first-order decomposition from Proposition 3.1 implies a welfare loss of 4.8 percent. The
intensive margin lowers welfare because tariffs raise the cost of continuing imports, though
by less than the full tariff because firm-level pass-through is incomplete. The extensive mar-
gin lowers welfare as firms reduce their sourcing sets, although its contribution is small in
this calibration.®® The importer domestic substitution channel partially offsets these losses:
when foreign inputs become more expensive, importers shift toward domestic inputs. The
non-importer domestic substitution channel lowers welfare because the rise in domestic input
prices, driven by roundabout production, raises costs for non-importing firms. The general

equilibrium component is also substantial in the baseline, reflecting the reallocation of re-

33The small contribution of the extensive margin is driven by the assumption that fixed import costs are
the same for all firms in the model. As a result, small firms are more sensitive to tariff increases and
adjust their sourcing strategies after tariff hikes in the model. However, the data (e.g., Table A.9) suggest
that large importers are much less likely than small importers to start a new trade relationship after tariff
increases. Our current calibrated model abstracts from this feature of the data and underestimates the
contribution of the extensive margin to the import price index. Therefore, it may underpredict the welfare
losses from tariffs.

29



Table 5.2: Targeted and Untargeted Moments

Moment Data  Model
Panel A. Targeted Moments

Import participation rate 0.05 0.05
Employment share of importers 0.49 0.28
Employment share (large firms) 0.52 0.35
Employment share within importers (large firms) 0.84 0.81
Price gap: cont. vs starting 0.30 0.02
Price gap: cont. vs ending 0.28 0.20
Firm pass-through —-0.18  —-0.20
Firm pass-through x size 0.03 0.02

Panel B. Untargeted Moments
B.1. Distribution of Firms and Imports

Sales share of importers 0.76 0.65
Domestic intermediate input share 0.91 0.96
Employment share (medium firms) 0.31 0.32
Employment share (small firms) 0.17 0.33
Employment share within importers (medium firms) 0.14 0.15
Employment share within importers (small firms) 0.02 0.05
B.2. Decomposition of Aggregate Tariff Pass-Through

Aggregate 0.840  0.009
Average continuing —0.247 —0.002
Between continuing —0.253 —0.004
Starting 1.821  0.040
Ending —-1.271 —-0.025

Notes: The data moments are constructed based on the data procedures described in
Appendix C.2. The model moments are derived accordingly.

sources from consumption towards production. In Appendix C.3, we consider an alternative
scenario in which the tariff is concentrated on a single country, which speaks more directly

to China-U.S. dispute. The results show that the qualitative findings are unchanged.

Role of firm heterogeneity To highlight how firm heterogeneity matters for the welfare
effect, the second column of Table 5.3 reports the same decomposition in a counterfactual
economy without firm heterogeneity. In the counterfactual, heterogeneous firms collapse into

two representative types matched to baseline importers and non-importers.®* Comparing the

31Firms within each type are identical. The representative importer (non-importer) is assigned the
productivity-weighted average of baseline importers (non-importers). Importers and non importers repre-
sent 5 and 95 percent of firms, respectively, as in the baseline model.
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Table 5.3: Decomposing First-order Welfare Effect of Tariff Increase

Baseline Without heterogeneity

Import price intensive —0.022 —0.046
Import price extensive —0.001 0.000
Importer dom. substitution +0.009 +0.034
Non-importer dom. substitution ——0.008 0.000
GE allocation —0.025 —0.003
Sum —0.048 —0.015
Aln(C/L) —0.068 —0.028

Notes: “Sum” represents the total first-order welfare effect of a tariff increase, while
Aln(C/L) represents the total welfare effect of the tariff increase, including both first-
order and higher-order terms. The “Without heterogeneity” column reports a counterfac-
tual case with two-type representative-firm: a representative importer with productivity
equal to the productivity-weighted average of baseline importers, and a representative
non-importer with productivity equal to the productivity-weighted average of baseline
non-importers.

two columns reveals how heterogeneity reshapes the welfare effect through several channels.?”

The extensive margin of import price is absent by construction. The intensive margin
is larger in magnitude in the counterfactual. Without firm heterogeneity, exporters can no
longer adjust their markups based on which buyer they are selling to, and importers have the
same sourcing set and cannot substitute across foreign varieties to soften the shock. Tariff
pass-through is therefore complete: importers see a sharper rise in their foreign input costs,

which translates into a bigger intensive-margin loss.

The same mechanism amplifies the importer substitution channel: because foreign in-
puts become more expensive, importers switch toward domestic inputs more aggressively,
producing a larger welfare gain from that substitution. In the baseline, heterogeneous bar-
gaining and the ability to drop varieties dampen the rise in foreign input prices, so both the

intensive-margin loss and the substitution gain are smaller.

The general equilibrium allocation channel differs as well. In the baseline, the tariff
redirects demand across firms of different productivities and foreign exposures, pushing it
toward firms that charge higher prices, an effect summarized by the aggregate demand
shifter D in Proposition 3.1. Because consumers ultimately pay these higher prices, this
reallocation generates an aggregate welfare loss. In the counterfactual, firms within-type

respond homogeneously and the only across-type reallocation is between importers and non-

35Including non-importers is to keep the non-importer domestic variety substitution effect of tariffs. Re-
stricting the counterfactual to one representative firm would produce an even smaller welfare loss and thus
a larger heterogeneity effect, though the actual gap between the two variants is small.
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importers, so the GE channel collapses to a small residual.

The non-importer substitution channel in the counterfactual is small, because non-
importers account for a small share of consumer expenditure and the rise of domestic price

from tariffs is indirect and modest.

This decomposition shows that omitting firm heterogeneity overstates the intensive-
margin and importer-substitution channels, while understating the extensive margin, non-
importer substitution, and the general-equilibrium reallocation. In our calibration, the un-
derstated channels dominate, so a model without firm heterogeneity substantially under-
states the true welfare loss. Overall, the sum of these first-order components for the coun-

terfactual welfare loss is 1.5 percent, about a third of the baseline (4.8 percent).

6 Conclusion

We use confidential firm-linked trade data from the U.S. Census Bureau to investigate a puz-
zling finding in recent literature: the complete tariff pass-through to U.S. importers during
the U.S.—China trade dispute. We develop a unified empirical and theoretical framework
that enables researchers to re-evaluate how tariff pass-through adjusts along the intensive
and extensive margins during major trade policy changes and to assess the resulting wel-
fare consequences. Our framework can be adapted to study other heterogeneous responses
to common cost shocks, such as firms’ heterogeneous responses to exchange-rate shocks or

regions’ heterogeneous responses to tariff shocks.

We focus on the short-run effects of tariffs during the U.S.—China trade dispute, since
international trade was subsequently affected by the COVID-19 pandemic in 2020. Compar-
ing price responses across the short, medium, and long run to uncover time-varying patterns

of tariff pass-through is an intriguing direction that we leave for future research.
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A Data Appendix

A.1 Data Cleaning

Truncation issue and sample selection. Throughout, in all our regressions, for the unit
value change and its four components, we drop outliers at top 5 percentile level and bottom
5 percentile level. For the change of tariff over time, we drop outliers at top 1 percentile

level and bottom 1 percentile level.

A.2 Robustness for Decomposing Aggregate Tariff Pass-Through

In this section, we demonstrate that the finding of (more than) complete pass-through at the
aggregate level and incomplete pass-through at the firm level in Table 2.1 remain robust to

alternative tariff measures, different sample selections, and various fixed-effect specifications.

When we narrow the window to January 2017-June 2018, a period during which tariff
increases were generally applied to all trading partners rather than targeted specifically at
China, we obtain results consistent with Amiti et al. (2019), namely complete tariff pass-
through. Aggregating the LFTTD data to the product-country level and using the sample
period in Amiti et al. (2019) yields roughly 1,042,000 observations, as reported in Panel B of
Table A.1; by comparison, the aggregate data in Amiti et al. (2019) contain about 1,647,617
observations. This difference in sample composition is the main reason why we estimate

more than complete pass-through even when using their sample period.

Scheduled Tariff In line with the literature, including our direct counterpart Amiti et al.
(2019), we use applied tariffs to construct the baseline measure of tariff increases. As a
robustness check, we construct the scheduled tariff based on data from Fajgelbaum et al.
(2020) as explained in Appendix E.1 of the Supplementary Material.*® This robustness check
addresses the potential endogeneity concern associated with applied tariffs, as scheduled

tariffs are predetermined and not subject to contemporaneous economic conditions.

Panel A of Table A.1 presents the estimation results. The results confirm the presence
of the gap between the complete aggregate tariff pass-through and the incomplete tariff

pass-through among the continuing trade relationships, as shown in Columns (1) and (2).

36We do not directly utilize the statutory tariff data from Fajgelbaum et al. (2020) due to its sparse time
series coverage.



Table A.1:

Robustness Checks

n ® ® O ® ©® 0 ® O
Alnp;;  Average Between Starting Ending ;fj ‘;’ % ;;:: p]“;j%
A. Scheduled Tariff
Aln(1+ T]'ifth“d“’e‘i) 0.13 -0.108 0.017 0.155 -0.029 -0.591 0.285 0.042 0.039
(1.96)**  (2.45)** (0.77) (4.20)%** (1.32) (1.37)  (2.66)*** (8.62)*** (0.77)
Obs. 230000 230000 230000 230000 230000 230000 230000 230000 230000
adjusted R? 0.12 0.04 0.01 0.22 0.28 0.18 0.17 0.53 0.2
B. Shorter Sample from 2017 to 2018
Aln(1 + 7je) 0.803 -0.128 -0.359 1.849 -1.366 0.139 5.360 0.319 -2.075
(1.68)* (0.70) (4.66)**F*  (6.33)***  (9.01)*** (0.37)  (7.02)%**  (11.01)*F*  (7.26)***
Obs. 1042000 1042000 1042000 1042000 1042000 1042000 1042000 1042000 1042000
adjusted R? 0.04 0.02 0.00 0.06 0.08 0.07 0.07 0.35 0.08
C. Add Pre-dispute Period
Aln(1 4+ 7je) 0.724 -0.246 -0.365 1.888 -1.497 0.612 5.035 0.279 -1.888
(1.82)* (2.13)%F  (7.95)%FF  (8.92)*¥** (16.20)***  (0.93)  (9.47)*¥** (14.40)*** (11.56)***
Obs. 4019000 4019000 4019000 4019000 4019000 4019000 4019000 4019000 4019000
adjusted R? 0.04 0.01 0 0.06 0.08 0 0.07 0.34 0.07
D. General Tariff Increases
Aln(l + 7j¢) 0.965 -0.707 -0.361 2.12 -1.527 0.067 6.886 0.319 -2.124
(1.47) (2.67)1F%  (3.22)***  (5.00)%FF  (7.14)%** (0.11)  (6.30)*** (8.56)***  (5.32)***
Obs. 516000 516000 516000 516000 516000 516000 516000 516000 516000
adjusted R? 0.05 0.02 -0.01 0.06 0.08 0.09 0.07 0.35 0.08
E. Tariffs on Chinese Imported Goods
Aln(1 4+ 7ja) 0.974 -0.012 -0.236 1.739 -1.18 0.63 4.006 0.364 -1.767
(2.63)%** (0.09) (3.86)***  (8.35)*** (10.66)***  (0.98)  (6.93)*** (14.11)*** (8.15)***
Obs. 1583000 1583000 1583000 1583000 1583000 1583000 1583000 1583000 1583000
adjusted R? 0.04 0.02 0 0.06 0.08 0.07 0.07 0.35 0.07
F. Alternative Fixed Effect 1
Aln(1 4+ 7ja) 0.538 -0.263 -0.281 0.941 -0.658 0.245 4.234 0.227 -1.565
(1.38) (1.92)* (4.94)%F%F  (4.36)***  (6.61)*** (0.37)  (7.24)***  (9.36)***  (8.35)***
Obs. 2096000 2096000 2096000 2096000 2096000 2096000 2096000 2096000 2096000
adjusted R? 0.05 0.02 -0.01 0.08 0.1 0.09 0.08 0.36 0.1
G. Alternative Fixed Effect 2
Aln(1 4+ 7ja) 0.692 -0.359 -0.258 1.328 -0.812 0.773 5.097 0.32 -1.838
(1.70)* (2.55)%%  (4.36)*** (5.73)*F*  (7.06)*** (0.97)  (8.15)*** (10.74)*** (8.41)%**
Obs. 2099000 2099000 2099000 2099000 2099000 2099000 2099000 2099000 2099000
adjusted R? 0.03 0.01 0 0.02 0.03 0.02 0.04 0.25 0.04
H. Alternative Fixed Effect 3
Aln(1 + 7je) 0.75 -0.271 -0.228 1.301 -0.794 0.782 4.569 0.333 -1.875
(2.02)*F  (2.05)**  (4.11)*FF  (6.16)*** (7.52)*** (1.13)  (7.99)*** (12.10)*** (9.23)%***
Obs. 2100000 2100000 2100000 2100000 2100000 2100000 2100000 2100000 2100000
adjusted R? 0.03 0.01 0 0.03 0.03 0.02 0.04 0.25 0.04
I. Alternative Fixed Effect 4
Aln(1 + 7je) 0.538 -0.263 -0.281 0.941 -0.658 0.245 4.234 0.227 -1.565
(1.38) (1.92)* (4.94)%F%  (4.36)***  (6.61)*** (0.37)  (7.24)***  (9.36)***  (8.35)%**
Obs. 2096000 2096000 2096000 2096000 2096000 2E4+06 2096000 2096000 2096000
adjusted R? 0.05 0.02 -0.01 0.08 0.1 0.09 0.08 0.36 0.1

Notes: The table presents robustness check for the baseline results in Table 2.1. The difference terms are calculated as 12-month log difference.
Panel A uses scheduled tariffs. Panel B uses the sample from January 2017 to December 2018. Panel C uses an alternative sample ranging from
January 2015 to December 2019. Panel D applies sample ranging from January 2017 to June 2018, while the sample of Panel E is from July 2018 to
December 2019. Panel F controls for country-time and country-sector fixed effects. Panel G controls for country-time and sector-time fixed effects.
Panel H controls for country-time and sector fixed effects. Panel I controls for country-time, sector, and country-sector fixed effects. The sector is
defined at the HS4 level. Standard errors are clustered at HS-8 digit level. * significant at 10%; ** significant at 5%; *** significant at 1%.

Column (4) indicates that the starting component contributes to the higher unit value after

tariff increases, consistent with the baseline analysis.



Shorter Sample and Compare with Amiti et al. (2019) We restrict the sample period
to January 2017 through December 2018, in order to ensure comparability with the analysis
of Amiti et al. (2019). Our analysis yields a statistically significant 8 of around 0.803, as
shown in Panel B of Table A.1, indicating more-than-complete pass-through. Panel B of
Table A.1 also highlights the critical role of starting component in driving aggregate tariff
pass-through.

Furthermore, comparing Panel B of Table A.1 with Table 2.1, which uses a longer data
series, we find that over time, U.S. importers with continuing trade relationships begin to
face significant incomplete pass-through, while aggregate-level tariff pass-through becomes
increasingly more-than-complete. These findings highlight the crucial role of compositional
shifts in sourcing patterns in reconciling the discrepancy between aggregate-level tariff pass-
through and the incomplete pass-through observed among firms with continuing trade rela-

tionships.

General Tariff Increases v.s. Tariffs on Chinese Imported Goods Although the
Trump administration initiated an investigation into imposing tariffs on China as early as
March 22, 2018, the first round of U.S. import tariffs on 34 billion worth of Chinese goods did
not take effect until July 8, 2018. Prior to July, the tariff increases were universally directed
towards all U.S. trading partners. For instance, tariffs were imposed on solar panels and
washing machines on January 22, and subsequently, the Trump administration announced
tariffs on steel and aluminum imports. After July, U.S. import tariffs specifically targeted
China. Therefore, we designate July 2018 as a cutoff and divide our baseline sample into

two sub-periods.

We perform the same baseline regressions for both sub-periods to assess the robustness
of our empirical findings. As depicted in Panel D and E of Table A.1, whether during the
period of general tariff increases or the period of China-specific tariffs, our baseline findings
remain consistent. Interestingly, the incomplete pass-through for continuing pairs that keep
importing from China is insignificant. However, at the aggregate level, there is more-than-
complete tariff pass-through. This is driven by the adjustment of starting pairs. Therefore,
the adjustments of starting pairs in both periods of the tariff dispute are important for

understanding the aggregate-level tariff pass-through.

Pre-dispute Period v.s. Dispute Period We extend the baseline sample to include

data from January 2015 to December 2019. This extended sample includes periods without



significant tariff changes, allowing us to compare the effects of tariff increases with grace
periods in the affected product—country markets. Using this alternative sample, we apply
the same specification as in equation (2.1) and find that the baseline findings remain robust,
as shown in Panel C of Table A.1.

Alternative Fixed Effects Our baseline results control for country-time and product
fixed effects, which absorb time-varying country-level aggregate shocks and time-invariant
differences across products. Motivated by Fajgelbaum et al. (2020) and Jiao et al. (2024),
we check the robustness of our results to alternative sets of fixed effects. The results are
summarized in Panels F, G, H and I of Table A.1, indicating that our findings of incomplete
tariff pass-through among continuing pairs and the contribution of starting pairs remain

robust.

A.3 Continuing Pairs: Empirical Findings

First, we estimate the average effects of tariff increases at the firm-product—country level:
Ayijct = o+ BA 111(1 + cht) + Ner + 6j + €ijet, (Al)

where Ay denotes the change in (i) log of unit value of firm ¢ in product-—country market
je, In(pijer); (i) import quantity share within a product-country market, w;;; or (iii) log
of after-duty import price, In(p;jc(1 + 7jc)). We control for country-year-month (7)) and
product fixed effects (J;). The coefficient of interest is . The estimation results are in
Panel A of Table A.2. When tariffs increase, the unit values of continuing firm-product—
country pairs decrease on average (Column 1), confirming the finding from Section 2.2 that
tariff pass-through to U.S. importers is incomplete. However, the after-duty price still rises
(Column 3). Moreover, we observe that the import quantity share of firms increases with
tariff changes (Column 2), suggesting that product—country pairs that experience higher

tariff increases have import shares more significantly reallocated toward continuing firms.

We measure firm size as the log of employment in 2017, In(emp); 2017, prior to the trade
dispute, using data from LBD. We estimate the heterogeneous effects of tariff increases at

the firm-product—country level:

Ayijct =+ ﬁlA hl(l + cht) + 62 ll’l(emp)i?2017 + 63A 111(1 + cht) X 111(6771]9)1'72017 + Net + 5j + Eijct;
(A.2)



where Ay, ;. denotes the change in (i) log of unit value of firm ¢ in product-country market
(7,¢), In(pijer); (ii) import quantity share within a product-—country market, x;j.; or (iii) log
of after-duty import price, In(p;jet(1 4 7ije)). We control for country-year-month fixed effect
(net) and product fixed effect (d;). The coefficient of interest is f5. The estimation results,
shown in Table A.2, suggest that continuing pairs of larger firms have smaller reduction in
unit values, higher post-tariff import prices, and a larger import quantity share when tariffs
go up. In other words, large continuing firms face higher tariff pass-through and constitute

a larger import share after a tariff increase than small continuing firms.

Alternative measure of firm size The baseline results for continuing pairs are robust

to alternative measures of firms size (e.g., import quantity share), as shown in Table A.3.

Understanding heterogeneity in pass-throughs The unit value is jointly determined
by importers and exporters in the real world. What explains the finding that larger contin-
uing importers face less incomplete tariff pass-through? Note that our finding is based on
that U.S. importers’ trade relationships are defined at the product—country level. However,
U.S. importers may switch exporters within a product—country market, and after a tariff in-
crease, larger importers might trade with more expensive exporters, especially if low-priced
exporters exit the market post-tariff. Consequently, exporter switching could contribute to
the observation that larger importers experience less incomplete pass-through. If exporter
switching cannot explain this finding, the result could be due to two different reasons. First,
larger importers may be less willing to reduce unit values because the imported varieties
are traded among related parties or possess other attractive attributes post-tariff increase.
Second, larger importers have less scope to reduce unit values because pre-tariff prices are
already low or because foreign exporters can easily sell to alternative markets, limiting the
importers’ influence on unit values. To this end, we examine each possible explanation in

turn.

Exporter switching? To investigate, we include exporter information in our control vari-
ables. Specifically, among all continuing pairs, for importer ¢ who imports product j from

country c in period t, we estimate:

Ayijer = 0+L1A (1475 )+ P2 In(emp); 2017+ B3 A In (147500 ) X In(emp); 2017+ Lijer +1et+04€ijet,
(A.3)

where [ is a dummy variable equal to one if the number of suppliers or the specific



suppliers of importer ¢ for product—country pair (j,c) change in the next period t'. As
shown in Table A.4, the heterogeneity in firms’ tariff pass-through remains robust even after
controlling for whether a firm ever switches the supplier of product j in country c¢. On the
other hand, even without exporter switching, exporters may exert different market power
when trading with various importers, leading to heterogeneous effects on tariff pass-through

for different U.S. importers. To address this, we control for the exporter’s supplier share,
(I4+7je)pijemije
je(IFTie)pijemije’

importer i’s total imports.3”

defined as s;;. = = which measures the exporter’s sales as a proportion of

Global value chain? 1t is possible that larger U.S. importers are more likely to import
goods from their trading partners that belong to related parties. Therefore, foreign exporters
may not need to reduce prices to mitigate the potential decrease in import demand after a
tariff increase. Using the same estimation specified in equation (A.3), we replace I with
the log of export value at time ¢ for firm ¢ to test whether the results hold for the subsample
of firms that both export and import. As shown in Table A.5, the heterogeneity in firms’

tariff pass-through remains robust.

Variety switching? Rauch (1999) constructs a product differentiation index I3, showing

that some products are standardized while others are differentiated with numerous varieties:

I,, if goods traded on an organized exchange,
I3 =4 I, if reference priced, (A.4)
I,,, if differentiated products.

It is possible that larger U.S. importers tend to import more expensive varieties with other
attractive attributes within a product—country market after tariff increases, which could
contribute to the observed heterogeneity in tariff pass-through among continuing firms. To

address this, we introduce I3 into equation (A.2) and estimate the following:

Ayijer =a + BIAIN(1 + Tjer) + P2 In(emp); o017 + P31
+ BaA In(1 + Tjer) X In(emp)isorr + BsAIn(1 + Tjer) X I3 + BsAln(emp)izo1r X I3

+ B7AIn(1 + 7je) X In(emp)i2o17 X I3 4 Net + 65 + €jer-
(A.5)

For standardized products within an HS10 category (I,), we expect limited variety

37The heterogeneous effect of sije on tariff pass-through to importers, discussed in Section 4, illustrates the
underlying mechanism for this concern.



Table A.2: Responses of Continuing Pairs

0 ) ®)
Aln(unit value) Aimport quantity share Aln(import price)
A. Average Effect
Aln(L + 7ye) 0.178 0.05 0.805
(8.00)*** (16.82) %+ (32.88) %+
Obs. 7571000 7571000 7571000
FEs Yes Yes Yes
adjusted R? 0.02 0.01 0.02
B. Heterogeneous effects
Aln(1 + 7j¢) -0.305 -0.07 0.666
(5.71)H** (5.90)**x* (11.98)***
ln(emp)i,gon -0.001 0 -0.001
(4.82)%** (1.58) (4.23)%**
Aln(1 + 7je) % In(emp); 2017 0.03 0.011 0.025
(4.64)%* (8.29)%** (3.81)%**
Obs. 2723000 2723000 2723000
FEs Yes Yes Yes
adjusted R? 0.02 0.01 0.02

Notes: The table presents the estimation results of estimating equation (A.2). The difference terms are calculated as
12-month log difference. Panel A estimates the average effects of tariff increases, while Panel B shows the corresponding
heterogeneous effects. Standard errors are clustered at HS-8 digit level. t-statistics are reported in parentheses. *
significant at 10%; ** significant at 5%; *** significant at 1%.

switching. Table A.6 shows there is no significant difference between standardized and
differentiated products, which suggests that variety switching does not explain the observed

heterogeneity.

To summarize, our empirical findings suggest that larger importers experience less in-
complete tariff pass-through is not due to exporter switching or a lower willingness to reduce
unit values. Instead, it remains possible that larger importers have less scope to reduce unit
values after a tariff increase. Relatedly, Jiao et al. (2024) document that low profit margins

as the main reason for Chinese exporters not reducing prices in response to US tariffs.

A.4 Starting and Ending Pairs: Empirical Findings

We compare starting pairs with continuing ones at time ¢’ by estimating

Yijerr = o+ BIAIN(L + Tjr) + Boll iy + BsA (1 + Tjer) X 1o V4 N + 0j + €ty (AL6)

ijct

where 17} “J is the indicator that takes the value 1 if the pair ijc is a starting pair at
period ¢’ compared to period t. y;;e refers to a firm’s unit value, post-tariff import price and
import quantity share at period t'. Panel A of Table A.7 summarizes the estimation results.

On average, firms with new relationships exhibit higher unit values within each product—



Table A.3: Responses of Continuing Pairs: Alternative Heterogeneity Measure

(1) (2) (3)
Aln(unit value) Aimport quantity share Aln(import price)
Aln(1 + 7j) -0.325 0.038 0.658
(5.54) % (10.91)%* (10.01)%**
T2 o017 0.029 0 0.029
(8.67)%** (1.39) (8.28) %
T3 o017 0.051 0.001 0.05
(15.07)%* (5.01 )% (14.47) %5
T35 o017 0.071 -0.012 0.07
(20.08)*** (36.29)*** (19.45)***
A(1+ Tjer) X T2 0017 0.105 -0.023 0.121
(1.17) (7.85) (1.25)
AL+ 7jer) X T youy 0.152 -0.008 0.157
(1.78)* (2.63) 7% (1.68)*
AI(1 4 Tjet) X It 9017 0.214 0.067 0.199
(2.64) %% (12.08) %% (2.24)%*
Obs. 7571000 7571000 7571000
FEs Yes Yes Yes
adjusted R? 0.02 0.01 0.03

Notes: This table presents the estimation results of estimating equation (A.2) using import quantity share as the
measure of firm heterogeneity. A firm ¢’s import quantity share in each product—country market (4, ¢) is defined as
Tije,2017 = Mije,2017/ O Mije,2017- We classify firm-product—country pairs into four groups within each product—
country market based on their 2017 import quantity shares. For example, I%QCQOU equals 1 if the import quantity
share falls within the second quartile of the distribution. The difference terms are calculated as 12-month log
difference. Standard errors are clustered at HS-8 digit level. t-statistics are reported in parentheses. * significant
at 10%; ** significant at 5%; *** significant at 1%.

Table A.4: Responses of Continuing Pairs: Export Switching

0 ©) G)
Aln(unit value) Aimport quantity share Aln(import price)
Aln(1 + 7jq) -0.308 0.056 0.713
(5.72) % (6.18) %+ (12.72)%*
1H(€mp)1‘72017 -0.001 0 -0.001
(4.97)5 (1.48) (4.30)%
Aln(1 + 7j¢) X In(emp); 2017 0.03 0.008 0.023
(4.63)%** (6.55)%** (3.42)%**
Lijer 0.007 -0.011 0.007
(4.30) % (26.08) %4+ (4.18)%
Obs. 2587000 2587000 2587000
FEs Yes Yes Yes
adjusted R? 0.02 0.01 0.02

Notes: The table presents the estimation results of estimating equation (A.3). The difference terms are calculated as
12-month log difference. Standard errors are clustered at HS-8 digit level. t-statistics are reported in parentheses. *
significant at 10%; ** significant at 5%; *** significant at 1%.

country market compared to continuing firms. Among product—country pairs subject to
tariff increases during the trade dispute, unit value differences between new and continuing
relationships become higher, though insignificant. New relationships capture a higher import

share compared to those in markets not significantly affected by tariff increases.



Table A.5: Responses of Continuing Pairs: Global Value Chain

0 ) &)
Aln(unit value) Aimport quantity share Aln(import price)
Aln(1 + 7jq) -0.237 -0.101 0.707
(4.13)% (6.90)%** (12.15)%%*
In(emp); 2017 -0.001 0 -0.001
(1.98)%* (0.82) (1.45)
A ln(l + cht) X ln(emp)mon 0.022 0.013 0.019
(3.08)*** (8.60)*** (2.67)***
In(export value);, -0.001 0 -0.001
(1.56) (0.5) (1.74)*
Obs. 2370000 2370000 2370000
FEs Yes Yes Yes
adjusted R? 0.02 0.01 0.02

Notes: The table presents the estimation results of estimating equation (A.3) that controls for importers’ export value.
The difference terms are calculated as 12-month log difference. Standard errors are clustered at HS-8 digit level. t-statistics
are reported in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.6: Responses of Continuing Pairs: Variety Switching

M @) ®
Aln(unit value) Aimport quantity share Aln(import price)
Aln(1 + 7jq) -0.127 1.262 1.044
(0.06) (0.66) (0.49)
I, xAIn(1+ 7jet) -0.136 -1.198 -0.372
(0.06) (0.62) (0.17)
I, xAln(1 + Tjet) -0.33 -1.475 -0.553
(0.15) (0.77) (0.26)
ln(emp)i,gon 0.006 0 0.006
(4.33)%** (1.3) (4.41)%H*
A ln(l + cht) Xln(emp),-,gon -0.296 -0.153 -0.338
(0.76) (0.42) (0.91)
[,. Xln(eﬁlp),;72017 -0.006 0 -0.006
(3.52)%*x* (0.45) (3.51)%**
I,, xIn(emp); 2017 -0.006 0 -0.006
(4.94)*** (0.72) (4.93)***
Ir XA ln(l + cht) Xln(@mp)i72017 0.316 0.15 0.357
(0.8) (0.41) (0.96)
In x A lIl(]. + cht) Xln(emp)i_gon 0.343 0.175 0.373
(0.87) (0.48) (1)
Obs. 516000 516000 516000
adjusted R? 0 0.01 0

pairs of large firms, as reflected by the positive coefficient on the interaction term 1

Notes: The table presents the estimation results of estimating equation (A.5). The product differentiation index is from
the liberal classification in Rauch (1999). The difference terms are calculated as 12-month log difference. Standard errors
are clustered at HS-8 digit level. t-statistics are reported in parentheses. * significant at 10%; ** significant at 5%; ***
significant at 1%.

Accounting for firm size heterogeneity, Panel B of Table A.7 shows that starting pairs

established by larger firms, on average, face higher unit values compared to continuing

ijct

In(emp); 2017. Additionally, starting pairs established by larger firms capture a much higher

import share compared to those in markets not significantly impacted by tariff increases,
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as reflected by the positive coefficient on the interaction term 175 U AIn(1 + 7je) ¥
In(emp); 2017. This likely occurs because, as detailed later, although there are fewer start-
ing pairs after tariff increases, the overall number of importers per product—country market
declines, resulting in a higher import share for starting pairs. Moreover, following tariff in-
creases, only larger firms—which tend to face higher unit values—are more likely to initiate
new trade relationships. This contributes both to the unit value difference between starting

and continuing pairs and to the increased import share of starting pairs.

The corresponding estimation for ending pairs is shown in Table A.8. Ending pairs face
higher unit values than continuing pairs on average, and account for a larger import share
after the tariff increase. However, in product—country markets subject to higher tariffs during
the U.S.-China trade dispute, a greater fraction of firm-product—country pairs with low unit
values are terminated compared to those in less-affected markets, as indicated by the negative
coefficient on the interaction term ]lf;((ﬁ “J % AIn(1 + 7). This effect is mainly driven by
small firms, as shown by the positive coefficient on the interaction term ]126;2; “Jx Aln(1 +
Tjet) % In(emp); 2017. This likely occurs because tariff increases make importing unprofitable
for more firms, lowering the threshold unit value at which relationships are ended: before the
tariff increase, only firms facing very high unit values tended to exit, but after the increase,

even those facing moderately high unit values are more likely to terminate relationships.

It is important to note that the estimations in this section use unweighted averages across
firm-product—country pairs, while the analyses in Section 2.2 rely on weighted averages across
starting or ending pairs. Any apparent inconsistencies arise from these different approaches,

but a unified explanation can be provided to reconcile both.

Understanding firms’ sourcing strategy adjustments after tariff increase. So
far, what remains unclear is why and how tariff increases affect firms’ sourcing strategy ad-
justments, thereby contributing to changes in the unit value and import share of starting
and ending pairs. There are two possible explanations. First, in response to tariff increases,
firms may add varieties with more attractive attributes (e.g., higher quality) and drop va-
rieties with less attractive attributes—regardless of unit value—to maintain profitability or
competitiveness. This can be described as a variety switching (quality upgrading) motive.
Second, firms may respond by dropping costly varieties and adding similar varieties that are

less costly, which we refer to as a cost-saving motive.

We find that the cost-saving motive is more likely for two main reasons. First, as detailed
in Appendix A.4.1, there are fewer starting pairs and more ending pairs after the tariff in-

crease. Second, as detailed in Appendix A.4.2, firms that start new trade relationships after

11



Table A.7: Comparing Starting and Continuing Pairs

(1) (2) (3)

In(unit value);jey quantity share;;.. In(import price);je

A. Average Effects

1y < 0.299 -0.063 0.301
(27.53)%** (46.29)%** (27.74)%**
Aln(1 + 7jet) -0.195 0.066 0.656
(1.17) (4.35)%%* (3.95)%**
LIy 9 % Aln(1 + 7jer) 0.024 0.118 0.019
(0.23) (7.31)%F* (0.18)
Obs. 7858000 7858000 7858000
adjusted R? 0.68 0.3 0.68
B. Heterogeneous Effects
Ly < 0.234 -0.053 0.24
(13.06)*** (21.44)%** (13.41)%**
Aln(1 + 7)) -0.315 0.045 0.552
(0.94) (0.98) (1.65)*
Ly ) x Aln(1 4 7j) -0.127 0.016 -0.054
(0.43) (0.26) (0.18)
In(emp); 2017 0.021 0.001 0.022
(8.59)%** (3.42)%%* (8.98)%**
Aln(1 4+ Tje) % In(emp); 2017 -0.04 0.007 -0.049
(1.1) (1.27) (1.35)
127 <9 x In(emp)i 017 0.019 -0.001 0.019
(10.04)%** (4.44)%%* (9.83)%*
L 3 An(1 + 7je) x In(emp);a017 0.041 0.009 0.034
(1.04) (1.35) (0.87)
Obs. 2464000 2464000 2464000
adjusted R? 0.68 0.31 0.68

Notes: Panel A presents the estimation results of equation (A.6). Panel B further includes firm employment in 2017 as the measure
of firm heterogeneity. The difference terms are calculated as 12-month log difference. Standard errors are clustered at HS-8 digit
level. t-statistics are reported in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%.

the tariff increase mainly do so to import existing products from alternative sourcing coun-
tries, rather than to import new products. Since the variety switching (quality upgrading)
motive is typically associated with changes in the range of imported products, these findings

suggest that the cost-saving motive is more prevalent.

We remain agnostic about why starting and ending pairs face higher unit values than
continuing pairs or why firms adjust their sourcing strategies during normal times (i.e., before
tariff increases). We take these patterns as given and focus instead on firms’ responses
to tariff increases and their implications for aggregate tariff pass-through. As shown in
Section 3.2, the welfare effects of tariff increases operate through these firm responses to

tariff increases and their impact on aggregate tariff pass-through.
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Table A.8:

Comparing Ending and Continuing Pairs

(1)

In(unit value);jq

(2)

quantity share

(3)

In(import price);jet

A. Average Effects

15 < 0.282 -0.063 0.284
(26.26)%** (47.54)%** (26.54)%**
Aln(1 + Tjer) 0.124 -0.047 -0.091
(1.31) (3.38)%#* (0.95)
1550 x Aln(1 + 7jr) -0.544 0.188 -0.549
(7.86) (19.47)%+% (7.93 )%
Obs. 16100000 16100000 16100000
adjusted R? 0.68 0.34 0.68
B. Heterogeneous Effects
15 o 0.248 -0.058 0.254
(13.37)%** (24.09)%** (13.72)%%*
Aln(1 + Tje) 0.351 0.129 0.147
(1.72)* (4.87) % (0.72)
1557 x Aln(1 + 7jer) -0.649 0.137 -0.655
(3.63)%** (5.45)%F* (3.67)%F*
In(emp); 2017 0.024 0.001 0.025
(10.32)%** (2.68)%+* (10.71)%**
Aln(1 4+ Tje) % In(emp); 2017 -0.105 -0.014 -0.107
(4.04)%3* (4.57)%%* (4.13)%**
1557 % In(emp); sorr 0.013 0 0.013
(7.59)%** (1.12) (7.37)%%*
1550 % Aln(1 + 7jer) x In(emp);zo17 0.06 0 0.059
(2.51)%* (0.14) (2.43)%*
Obs. 5067000 5067000 5067000
adjusted R? 0.68 0.34 0.68

Notes: Panel A presents the estimation results of equation (A.6) for the ending pairs. Panel B further includes firm employment
in 2017 as the measure of firm heterogeneity. The difference terms are calculated as 12-month log difference. Standard errors are
clustered at HS-8 digit level. t-statistics are reported in parentheses. * significant at 10%; ** significant at 5%; *** significant at

1%.

A.4.1 Fewer Starting Pairs, More Ending Pairs

When a firm starts a new trade relationship, it may begin importing a new product, source
from a new country, or both. Conversely, a firm may end an existing trade relationship by
ceasing to import a particular product, ceasing to import from a specific country, or both.
Let 175/ ©J — 1 indicate that the firm initiates a new product—country trade relationship,
and let 155 “) = 1 indicate that the firm terminates one.

To examine whether firms adjust their import relationships in response to tariff increases,

we first estimate the following linear probability model:

Tijer = o+ BAIN(L + Tjer) + et + 05 + €ijer (A7)

new c-j 1exit c-j
)

where the dependent variable T € {1, it indicates either the formation or dis-
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Table A.9: Probability of Starting and Ending a Trade relationship

on ©
vl 155
A. Average Effects
Aln(1+ 1) -0.173 0.315
(15.37)*** (27.40)%**
Obs. 26110000 26110000
adjusted R? 0.1 0.04
B. Heterogeneous Effects
Aln(1 + 7j¢) -0.077 0.691
(2.73)*** (25.31)***
ln(emp)i,gon -0.006 -0.006
(24.98)*** (27.93)***
A ln(l + cht) X ln(emp)moN -0.009 -0.057
(2.71)%** (18.52)***
Obs. 7833000 7833000
adjusted R? 0.11 0.04

Notes: This table presents the estimation results of estimating equation (A.7).
The difference terms are calculated as 12-month log difference. Standard errors
are clustered at HS-8 digit level. t-statistics are reported in parentheses. *
significant at 10%; ** significant at 5%; *** significant at 1%.

solution of a product—country import relationship. The coefficient of interest, 3, captures
how the likelihood of forming or ending such relationships responds to changes in tariffs.
The estimation results are presented in Table A.9. Higher tariffs reduce the likelihood that
firms establish new product—country pairs and increase the likelihood of terminating existing

import relationships.

We further introduce firm heterogeneity into the linear probability model to study how

extensive margin responses depend on firms’ size. The estimation strategy is given by:

Tijer = o+ SiAIn(1+7je) + Bo In(emp)i 2017 + B3 A In(1 + 7jee) X In(emp)i 2017 + Net + 05 + €ijet-

(A.8)
Panel B of Table A.9 shows that the average effects of tariff increases remain significant
even after controlling for firm size. Larger firms are less likely to adjust their import profiles
during normal times. Moreover, tariff increases reduce starting more strongly for large firms,

while they increase exit less strongly for large firms.

A.4.2 New Product or New Country?

In this section, we study whether the extensive margin changes arise from changes of the

importing product margin or shifts in the sourcing country. If a firm has a starting import

new c-j __

relationship (175 “ = 1), they could fall into one of the four cases:
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1. ]l?jeg 7= 1: firm ¢ imports new product j from existing trading partner ¢ at .

2. 135 © = 1: firm 7 sources existing product j from a new trading partner c at t'.

3 lnew j, new ¢

it = 1: firm ¢ imports new product j from new trading partner c at t'.

4 ]101d j,old c

iict = 1: Firm 7 imports existing product j from existing trading partner c at

period t’, but product j was imported from other existing countries at ¢.

ﬂexit c-j

Similarly, ending pairs (1., ™’ = 1) also have four alternatives:

1. ]1?;2;J = 1: firm ¢ stops importing product j, but still imports other products from

existing sourcing country ¢ at period t'.
2. ]lf;‘cli ¢ = 1: firm ¢ stops sourcing from country ¢, but still imports product j from other
countries at t'.
xit j, exit
3. 150 b e
at t'.

= 1: firm ¢ stops importing product j, and stops importing from country c

4. ﬂj;(ftj’ ¢ = 1. firm ¢ stops importing product j from country ¢, but product j is
imported from other countries, and firm ¢ still imports other products from country ¢

at t'.

We then reestimate equation (A.7) by replacing the dependent variables with specific
starting or ending categories. The results for starting pairs, presented in Panel A of Table
A.10, indicate that firms are generally less likely to import new products or source from new
countries, as shown in Columns (1) to (3). However, firms are more likely to import existing
products from a new country—often a trade partner they had previously engaged with, as

illustrated in Column (4).

The estimation results for ending pairs, displayed in Panel B of Table A.10, show that
firms are more likely to terminate existing import relationships, either by ceasing to import

specific products or by discontinuing imports from certain countries.
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Table A.10: Probability of Starting and Ending Import Relationships

Dependent variable

(1) (2) 3) (4)
New ¢ New j New j—c Old j—¢
Panel A. Probability of starting
Aln(l + 7)) —0.007* —0.137*** —0.046** 0.017**
(2.55) (18.59) (6.05) (3.83)
Observations 26,110,000 26,110,000 26,110,000 26,110,000
Adjusted R? 0.03 0.12 0.04 0.03
Panel B. Probability of ending
Aln(l + 7)) 0.014** 0.126*** 0.091*** 0.084***
(6.07) (15.15) (13.93) (14.37)
Observations 26,110,000 26,110,000 26,110,000 26,110,000
Adjusted R? 0.03 0.04 0.03 0.03

Notes: This table reports estimates of equation (A.7). Panel A studies the probability that firm ¢ starts
importing product j from country ¢, distinguishing whether the relationship involves a new country, a new
product, a new product—country pair, or an existing product—country pair. Panel B reports the corresponding
probabilities of ending relationships. The tariff variable is measured as a 12-month log difference. Standard
errors are clustered at the HS-8-digit level. Absolute t¢-statistics are reported in parentheses. *, **, and ***
denote significance at the 10%, 5%, and 1% levels, respectively.

B Welfare Decomposition Appendix

B.1 Existing Models of Heterogeneous Importers

Among the large class of importer models we survey, the typical setups include: (i) a nested-
CES production function; (ii) monopolistic competition in importers’ output markets; (iii)
monopolistic competition in importers’ intermediate input markets; (iv) perfect competition
in importers’ labor input markets; and (v) homothetic importer demand. Most are partial
equilibrium models that remain silent on the matching between importers and exporters,
and abstract from general equilibrium effects in foreign countries. Table B.1 specifies how

existing papers deviate from the standard setups.

B.2 Proof of Proposition 3.1

Proof The first-order approximation of the consumption change in response to tariff change
is
p—1

d1n(C) = /%dln(@)di (B.1)

P

j;, Ci/p dl/
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Table B.1: Models of Heterogeneous Importer Behaviors

Setups Papers
A. Production functions
nested-CES All

B. Market structure in importers’ output market
Not monopolistic competition
Perfect competition
C. Market structure in intermediate input market
Not monopolistic competition
Oligopolistic competition
Perfect competition
D. Importer demand
Not homothetic
E. Importing status
Importer only
Importer and non-importer
Due to fixed cost

Partial irreversibility

Costly and (re)negotiation
F. Importer sourcing strategy
Depend on per-period “shock”

Dynamic
Longer-lasting relationships more likely to survive
Switch less if supplier provides higher quality or lower prices
More imported varieties as importers age
Smaller import value inputs more likely to be dropped
(due to lower input productivity)
G. Imported variety pricing
With trade relationship adjustment
Decreased unit value via continuous switching
Decreased unit value as relationship ages
and hence increased import quantity as relationship ages
(due to learning mechanism)
(due to relationship capital)
Nash-in-Nash bargaining
Without trade relationship adjustment
Exogenous

Two-sided market power
H. Importer and exporter matching
Exogenous or static
Search and matching
I. GE effect in foreign country
Labor market clearing

Ramanarayanan (2017)

Alviarez et al. (2023)
Bernard et al. (2018); Blaum (2024)

Blaum et al. (2019)
Alviarez et al. (2023)

Gopinath and Neiman (2014); Halpern et al. (2015); Lu et al. (2024)
Bernard et al. (2018); Blaum (2024)

Ramanarayanan (2017)

Grossman et al. (2024)

Gopinath and Neiman (2014); Halpern et al. (2015); Alviarez et al. (2023)
Bernard et al. (2018); Blaum et al. (2023); Blaum (2024)

Monarch and Schmidt-Eisenlohr (2023); Heise (2024)
Monarch (2022)
Lu et al. (2024)
Lu et al. (2024)

Lu et al. (2024)

Monarch and Schmidt-Eisenlohr (2023)
Heise (2024)
Grossman et al. (2024)

Gopinath and Neiman (2014); Halpern et al. (2015); Ramanarayanan (2017)
Devereux et al. (2017)
Alviarez et al. (2023)

Alviarez et al. (2023); Blaum et al. (2023)
Grossman et al. (2024)

Monarch and Schmidt-Eisenlohr (2023)

Notes: This table summarizes existing importer models. The typical setups among these models include: (i) a nested-CES production function; (ii) monopolistic competition
in importers’ output markets; (iii) monopolistic competition in importers’ intermediate input markets; (iv) perfect competition in importers’ labor input markets; and (v)
homothetic importer demand. Most are partial equilibrium models that remain silent on the matching between importers and exporters, and abstract from general equilibrium
effects in foreign countries. This table specifies how existing papers deviate from the standard setups.
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-1
P

o

Given that ¢; = (%)_p C, it follows that Cip r = f/?f%/iz di’*

Jire, / di’
for dIn(c;) and the expenditure share yields:

Substituting the expression

dln(C) = —p / %dln(pi)di +dIn(PC). (B.2)

Given that L = [ L;di, we have

dIn(L /f L.di dIn(L;)di, dln(L;) = (1 — p)dIn(p;) + dIn(D), (B.3)

where D is the aggregate demand shifter defined in equation (3.9). Also note that LL—, = Bif

pircir’
PiCi L;
S0 Sy pyrcydi f L di

- = e;. Therefore,

dIn(C/L) = / e;dIn(pi)di + dIn (P DC) — _dn(P) + dIn (P I;C) | (B.4)

That is, the first-order welfare effect of tariff increase can be decomposed into an inverse

price index effect and a general equilibrium effect.

Step 1. Deriving the first-order formula for —dIn P. For the inverse price index
effect at the first order, given dIn(p;) = dIn(v;), we have —dIn(P) = — [ e;dIn(y )dz
where d1n @Z)i(l) denotes the first-order change of ;.

Step 2. Deriving the first-order change of v; (i.e., dlnwgl)). Recall ¥(A;,bf) =
l—a (pX\© s P 1 _ =
G (5) = 0+ DRl = () 0dk) " and

1
1—e 1—e
{fb (T’Cp”c> dF(b)} . Given that W = 1, we have dIn; = adlnp and its

z;c

first-order part is dln\"” = adlnp.

Step 3. Deriving the first-order change of p;* (i.e., dInp; ) The price index for
the composite intermediate input of firm i is pX = [(pH)1 =7+ (pF )1 =77 Let Y = (p¥)1=7 =
)04 (ps ) en Inp? = n ifferentiate: dln = ompute =
p) 7+ (pf) 7. Then Inp* = -1 InY. Diff dlnp = 24 C dY: dY =
(1—0o)(p)=odInp! +(1—0)(p! )1 ”dlnpl Hence, d1In p* = b))’ (;Cflll;plji(( Fill :dlnp Define
h ()~

the expenditure shares: s} = W. s/ =1—s" Then dInpX = stdInp? +s/dInpf.

1 0 n H
Recall p? ( fo piyl= edk’) . Taking logs and differentiating: dlnp!’ = _h (f]:m Zk/)ld legk’jdk
1 ( LH)I 0
= fo wHdnpdk, where w = —fol(;{g)“@dk"
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_1
1—e

1—e¢
Recall pf” = {fb* (T”cp”°> dF(b)} . Set g(b) = In (%) Then we have Inp!” =

’LJC

—In < fboo ell=aa b)dF(b)). Differentiating with respect to changes in ¢(b) and the cutoff b;:

d1 F fbclo e(lie)q(b)dQ(b)dF(b) 1 e(1— )q(b} )f bY) db*
—_ 1 J—
np; = [5 eT=9a0 R v') T o e e)q(b’)dp(b/
e(1-9)a(b) X (1900 p(pr)

S

Define the share functions: w(b) = A= ar ) fb* ST a7

Syt w(b)dg(b)dF (b) — Lstdby;.

Since dIn " = adln pX, we have dIny!” = a[shdInpf + s/ dIn pF], where s

. Then d1n pf

dlmpz

e ’L’

and dInp!" are given in the above.

Step 4. Assembling the First-Order Decomposition. Substituting dIn wg” back

into the inverse price index effect gives the first-order approximation:

pr
dIn(C/L) = —/ e;alshdinp? + sl dn pfdi —/ e;adInpfdi + d1n ( C>
i>ir i<ir

> D
o 1
= —a/ e / w(b)dq(b)dF(b)| di — a/ e s;db;di
i>i* bt e €1

h 1 Py 7 pre
-« eis;(dInp; —dlnp; )di — « e;dInpdi + dln - /- U
> i<i*

B.3 Welfare Decomposition with “Inefficiencies”

The baseline welfare decomposition implies that import share reallocation across hetero-
geneous firms does not affect the first-order welfare effects of tariffs. In particular, U.S.
consumers’ expenditure share on U.S. firm ¢, denoted by e;, is unchanged. However, firm-
level inefficiencies are common in the data and once firm-level inefficiencies are introduced
into the general setup, reallocation across firms becomes first-order important.®® In this

section we demonstrate how they can influence the first-order welfare effects of tariffs.

Recent studies emphasize that large firms dominate the U.S. output market and charge
markups that can hurt consumer welfare. To this end, we introduce variable markups in the
final goods consumption market into the general setup. Additional distortions could also be
considered. In fact, these variable markups can be interpreted as a wedge between price and

marginal cost, which may arise from various distortions (cf. Baqaee and Rubbo, 2023).

Specifically, U.S. firms produce imperfectly substitutable varieties and charge variable

38Gee, e.g., Baqaee and Rubbo (2023) for a comprehensive review.
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markups for household consumption, whereas the price for intermediate input production is
set equal to a constant markup over marginal cost. The consumption goods price of U.S.

firms, p;, is now given by

o = DPiCi
=
S pircdi”’

Pi * _
bi = w(Alabz)a Pi=pP— (:0 - 1)ei7

p— (B.5)

where ¥(A;,bf) denotes the marginal cost of production. While the intermediate goods
price is still pfl = F%I@Z)(Ai, bf),Vk. The first-order welfare effect of tariff increase can be

decomposed as follows:

Proposition B.1 (First-Order Welfare Decomposition with Inefficiencies) Under As-

sumption 3.1, the first order approximation of the welfare change can be decomposed into

di —a/ei( % db;") di

vV
import price indexr extensive margin

seven components:

dln(%) = —aﬂ e; [/boo wije (dIn(Tjc) + d1n(pije)) dF (D)

*
k3

(.

Vv
import price index intensive margin

Sk

—a/ e;st (dIn(pf") — dln(pl)) di - /Z edIn(pf)di +dIn(PPC) — /liMidi
) im;orter domestic variety substitution ” non-importer domestic variety sabstitution  mew allonsiion e;j”ect .
- / ﬁdpd —(p— 1) / exd In((As, )i — / L (Y (As, )i, (B.6)
h markup distortion 8 input distortion g

where € > 1, ¢ = % §S T e S T G IO 5 = ]ﬁ
wi = 5 chp:ﬁ)g;zfzzb) O Pi;. 18 the foreign export price evaluated at the cutoff b}, sj =
wif(by). i* denotes the marginal importer such that firms with productivity no less than

A+ are importers before (after) tariff increase, while those with lower productivity are non-

D(5£7)7°dIn(D)+PrC(-25)~P[dIn(PPC)+p-L5dIn(p; o= H\ 0

(557) (D) (575) 7P ldIn(PPC)+p (pi)] wzthD:fol(pf)p (%) X,dk.
k

_ pi—1 i pi—1
D(,Z0) P+ PrO( )

Proof: See Appendix F.2.1 of the Supplementary Material.

importers. M; =

It is easy to see that if markups are constant across firms, the welfare decomposition re-
duces to the baseline case. When markups vary across firms, two additional sources of welfare
loss emerge: (i) dispersion in markups across consumption goods, which creates allocative
inefficiency since consumers face different price-cost margins, and (ii) input misallocation,

as the discrepancy between labor shares and sales shares reflects that more productive firms
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may be constrained from expanding due to higher markups. Both distortions contribute to

reduced aggregate welfare compared to the constant markup case.

By computing the model with and without inefficiencies while targeting the same data
moments, we can assess how varying degrees of output market power in consumption goods
affect the welfare impact of a tariff increase. In particular, this approach allows us to
determine whether the post-tariff reallocation of import shares toward large (and potentially

more productive) firms results in allocative inefficiency or efficiency.

B.4 Second-Order Welfare Decomposition

Proposition B.2 Let P be the price of aggregate consumption, C' aggregate consumption,

L labor supply, and D the general-equilibrium demand shifter defined in (3.9). Let i* denote

the marginal initial importer: firms with % > bf import before the tariff increase; firms

with lower values do not. Under Assumption 3.1, the second-order approximation to the

welfare change from a tariff increase satisfies

AIH<Z> ~ _a/izz‘* € (/b w;(b) dg;(b) dﬂ(b)) di —o /221 e ((—: —5i dbi> di

A
N\ / ~~

importer import price index, intensive margin ~ VTporter import price index, extensive margin

—a/ €; S?(dlnpf{ — dlnpf) di —a/ eidlnpf di
i>i i<

N 7 _y N 7
~~ ~~

importer domestic—foreign substitution non-importer domestic variety substitution

_Q/ e; d*InpX di —g/ e; d*In p? di
2 Jizir 2 Jicir

NG ) [ J/

Vv Vv
within-importer second-order effect within-non-importer second-order effect

p—1 prc
:FTVare(dlnwlm) + AIH<T) , (B.7)

7

Vv
across-firm second-order effect GE reallocation effect

where, for initial importers i > i*,

d? lanX = (1- a)s?s{(dlnpf] - dlnpf)2 + S?(l — Q)VGTWZH (dlnpg)

N

substitution between domestic and foreign inputs substitution acroszrdo’mestic varieties
f * * *
+s7| (L—eVary (da(b) + 2s7(M; — dg;(b))) db;

substitution across foreign varieties — intensive X extensive interaction
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*

st ) — 2 (s O gy

Vv
cutoff curvature and density effects of extensive margin

(.

and for initial non-importers i < i*,
d*Inp =d*Inpf = (1 - 0)Var,u (dInpf)).
The first-order cost change is

alstdinpll + s/ dinpl] ifi > i,

dIn %(1) =
adlnp? ifi < it
with
= & o ]& 1=p
0<Oé<]., €>17 el_fi/pi’ci’di/_<P> )
Hp 1o
S?: Hpih'LF _ = Epl) — SZ:]__S
D; h'L +pl m; (pz )1 o4 (pz )1 o
Z fol(pfg{)l_edf, ! 0 ik )
. i o lie iclijc
pi = [/ (M> dFi(b)} ) = ln(%
b} bz]c bljc
TiePije(b)Mije(D)
i(b) = ——27 j 7 '(b) = 9g;(b) /D,
w ( ) j;): chpijc(b/)mz‘jc(b/)fi(b/)db/ q,( ) (J( )/
* T]cp:]cm:jc . . )
W, = 7= 7 Sizwifibi,
Ji2 TaepigeV i) f. () db (b)
M; = [ wi(b) dgi(b) dF;(b).
b

)

(B.8)

(B.9)

(B.10)

(B.11)
(B.12)

(B.13)
(B.14)
(B.15)
(B.16)

(B.17)

wi is the share of foreign variety at the cutoff (that is dropped or added after the tariff

increase) in determining imported input cost of firm i, and s} is the import cost share of

varieties at the cutoff. The variance operators Var., Var,m, and Var,, are defined in
7

(F.27)-(F.29) below, and D is given in equation (3.9). All derivatives are evaluated using

initial shares.

Proof: See Appendiz F.3.2 of the Supplementary Material.
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B.5 Proof of Proposition 3.3

Proof The proof proceeds in five steps.

Step 1. Start from the first-order welfare decomposition. From Proposition 3.1,

the first-order welfare effect can be written as

¢ F h H F H prC
d1n (f) = —a ‘Z e; dInp! —aAZ eis; (dlnp]" —dlnp)) —oz'z eidnpf’ +dln | —= ).
€My ieEM, M,

The key object needed for the sufficient-statistics implementation is dIn pf.

Step 2. Write the firm-level foreign-input price index. For an importing firm ¢,

define the shifter-adjusted after-duty price of imported variety (j,c) as

_ TjctPijct
Qijct = < .

bijc

1

] " By Assump-

1—e

The firm’s foreign-input price index is the CES index p!’ = ZjCEQit et

tion 3.1, dIn Z;ijc = 0. Therefore, for continuing varieties,
dIn Qijer = dIn (TjeuPijer) = dInTjer + dInp;jer.

Thus, unobserved time-invariant quality or efficiency shifter does not need to be separately

estimated for continuing relationships.

Step 3. Apply the Feenstra CES price index. For firm ¢, the exact Feenstra price

index between t and ¢’ is

1 v
Alnpl = Z wfj‘C/Aln Qije + ——1In ()\zt ) 7 (B.18)

. e—1 )\it
jeeQgen

SV

where w;; are Sato—Vartia weights over continuing varieties, and

Z jeeqgon Tjct' Piget' Miget!

chegn, Tict' Piget' Miget!

Z jeeQgon TjctPijetMijet
Ait - ) )\it’ -

chegit TjctPijetMijet

The first term in (B.18) is the intensive-margin price index for continuing varieties. The

second term is the Feenstra variety-adjustment term.

At the first order, the Sato—Vartia weight equals the initial expenditure share up to
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second-order terms:
SV _
Wi, = Wijer + 0(1).

SV

Since the price change itself is first order, replacing w}jy with w;j, affects Alnp] only at the

second order. Therefore,

Z wiZAInQUC: Z wijctAln(Tthpith)+0(||d||). (Blg)

jeeQgon jeeqcen

Step 4. Convert the Feenstra variety adjustment into exit and new-variety
shares. By definition,
Z‘c exit TjctPijetMijet .
N =1 — T TR VR g et (B.20)
ZjCGQit TjctPijetMijet

Z jeeQuew Tjct! Piget' Mijet!

Aip = 1 — =1—a;", (B.21)
' chegit, Tjct! Piget' Mijet! !
where
rgt = Z wijetl§ (B.22)
Je€Qt
2= > wie T (B.23)
JceQ
Therefore,
1 )\it' 1 new exi
— In ()\it) =7 [In(1 — 25™) — In(1 — 257)] . (B.24)

Using the first-order approximation In(1 — x) &~ —z, we obtain

1 Ait' 1 exit new 1 exit new
— (M) g (@ ) = | D wialh = D wierli | - (B.25)

JCEQ: jCEQit/

The sign is economically important. Exit raises the foreign-input price index because it
removes varieties, whereas new varieties lower the foreign-input price index. Hence the

exit new

extensive-margin term is proportional to =5 — 255", When tariff reduces the number of
new foreign varieties compared to the normal time, w;;er[j77 exhibits a negative sign and

therefore contributes to the welfare loss.
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Step 5. Substitute the firm-level import price index into welfare. Combining
(B.19) and (B.25) yields
Alnp; = dlnp{ +o(||d]), O

where d1n p! is defined in (3.12).

Finally, by the linearity of the first-order approximation, the tariff-induced component
of the import-price effect is obtained by replacing the realized continuing-price changes and
entry/exit indicators with their fitted tariff components. This gives (B.26) and the directly

estimable welfare component (B.28).

B.6 Estimating Import Price Index Effect Directly from Data

In this section, we propose a sufficient statistics approach of estimating the import price
index effect of tariffs using the observable data moments, bypassing the need to structurally

estimate unobserved variety distributions and firm heterogeneous responses.

At the first order, equations (B.33) and (B.30) summarize the moments and parameter
values needed to estimate the effect of tariffs on the import price index: o, €, €;, Wjje,
Ii jctemt’Tari ff, and Ii jct"e“"Tari ff. Note that we still need to take a stand on the values
of a and e. We therefore should use different values of « and € to provide a range of estimates
for the first-order effect of tariffs on the import price index.?’

We are not able to precisely estimate the second-order effect directly using the data,
f

due to the lack of information on s;, an individual firm’s foreign input share. However, the
analysis in Appendix F.5.1 of the Supplementary Material demonstrates how estimates of
the welfare effects of tariffs can be biased if only the first-order import price index effect is
considered. Our methodology can be useful for future research using data that contain both

import information and foreign input shares.

Additionally, this sufficient-statistics approach can only estimate the effect of tariff in-
creases on the import price index. To estimate other effects, we still need a structural model,

given that we do not have input data for non-importers.

39 Additionally, as shown in Proposition B.3, the effect of tariffs on the import price index can still be
estimated in the presence of firm-level inefficiencies.
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B.6.1 First-Order Import Price Index Effect of Tariffs

In this section, we show that for each firm i, the tariff-induced firm-level import-price-index

change is

/\F ~ 1 2 orit A
dlnp;, = E Wijetdq; ; + E wijetliy - E Wijer 1
— t 1jct 1jct /
it J 17C Tariff € — 1 Jct=ygct Tariff J 1jct

Tari
Jeeqgen Jeey Je€Qy 1

(B.26)

Then the average tariff-induced firm-level import-price-index change for a firm in our panel

data is
din pF — w (B.27)

Consequently, the directly estimable first-order import-price index component of welfare is

WE = —a Z ei@. (B.28)
s n

The detailed analysis is as follows.

First-Order Intensive Margin Import Price Index Effect of Tariffs From our em-
pirical specification for continuing pairs (equation (A.2)), we construct the predicted, tariff-
induced after-duty price change:

Adq;jer — Aln [pijer(1 + Tjer)]

= (Bt By m(emp)s ) An(1 + ), (B.29)

Tarif f

where 7 is defined as net tariff rate, instead of gross tariff rate.

By the linearity of the first-order approximation, substituting this fitted tariff-related
price change into our discrete formula yields the intensive margin import price effect of tariff
shocks for firm i € M;:

Tari ~
[Mitamff = —« Z withqu'jct

jeeQeon

7

(B.30)

Tam'ff.

Using the computed [ Mftp arif] and observable e;, we derive the intensive margin of import

price effect.
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First-Order Extensive Margin Import Price Index Effect of Tariffs Using our
empirical specification (equation (A.8)), we isolate the fitted tariff-related component of the
extensive margin response. We keep only the terms involving tariff changes, including their

interaction with firm size, and hold the remaining components fixed.*® This gives:

s = (Bt + 57 In(emp): ) Aln(1 + 7). (B.31)
Azecsz rorits = (A{Lew + Brew 1n(emp)2-)Aln(1 + Tjet)- (B.32)

Replacing the raw binary indicators with these predicted probabilities yields the empirical

counterpart to the extensive margin import price index effect for firm ¢ € M:

Tariff 1 Texit Tnew
EM: = —« E Wiietls — E Wiier 08
it e—1 Jct=ugcet Tarif f J 1jct

je€Qt Je€Q

(B.33)

Tarif f

Using the computed EMZ:g aril] and observable e;, we derive the extensive margin of import

price effect.

C Full Quantitative Model Appendix

C.1 Model Mechanism on Tariff Pass-Through

In this section, we show in detail how the model maps tariff shocks into firm- and aggregate-
level pass-through through changes in import prices, import shares, and trade relationships.
We first characterize how tariff increases reshape trade relationships, then examine their
implications for firm-level unit values. We show that anC—A(fi) > 0 and %;_j:) > 0 are
essential for firms, especially large firms that form new trade relationships after tariff hikes,
to contribute to complete aggregate tariff pass-through. We also show that high importer
bargaining power, a high ¢;, limits firms’ ability to lower unit values after tariff hikes, despite

pass-through is incomplete.
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Figure C.1: Extensive Margin Adjustment After Tariff Increase

Panel B: Import Status

Panel A: Foreign Export Price
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Notes: The figure shows how the foreign exporter price received by importers, import status, and import
quantity shares respond when the tariff rises from 100% to 250% in a product—country market. The exer-
cise holds firm productivity A; and the age of trade relationships ©;j. fixed across tariff regimes, assumes
exporters operate under constant returns to scale k = 1, and imposes an exporter marginal cost with no
country-product variation but increases with importer productivity c;;.(4;) > 0. Panel A shows that the
foreign export price p;;. increases with firm productivity A;, and the higher tariff 7 = 250% shifts the price
schedule downward relative to 7 = 100%. Panel B shows that import status isimporter; is increasing in A;;
the tariff increase raises the productivity cutoff for importing (more low-A; firms are non-importers). Panel
C shows that the change in import share Az;jc = xijc(7 = 250%) — z;0(T = 100%) tends to rise with A;,
with small negative responses concentrated among the least productive firms, and the firms at the margin
experiences the largest decrease since they give up importing. Panel D shows that Az;;. is increasing in the

ex-ante share x;j., indicating reallocation toward firms with larger pre-tariff import shares.
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C.1.1 Tariff Pass-Through through Relationship Adjustment

Figure C.1 illustrates how firms with different productivity levels adjust trade relationships
within a product—country market after a tariff increase, and how these adjustments shape
foreign export prices, import status, and import shares. Panel A shows that more productive
firms pay higher foreign export prices because exporter marginal costs increase with importer
productivity, dc;jc(A;)/0A; > 0. After the tariff hike, exporters lower prices in response to
weaker demand. Panel B shows that fixed import costs restrict importing to sufficiently
productive firms. A tariff increase raises the productivity cutoff and thus reduces the mass
of importers. Panel C shows that imports become more concentrated among productive
firms after the tariff hike, as these firms are better able to retain access to foreign varieties.
Panel D shows a similar reallocation by initial import share z;;.: firms with larger pre-
shock import shares are more likely to remain active, so import shares shift toward larger
importers. Because larger firms tend to source higher-cost varieties, these extensive-margin

adjustments contribute to complete aggregate pass-through at the product—country level.

Similarly, tariff hikes increase relationship exit, so newly formed relationships account
for a larger share of imports. If new relationships carry higher prices because they have less
accumulated relationship capital, f'(©;;.) > 0, this reallocation raises product-country unit
values and contributes to complete aggregate pass-through.complete tariff pass-through at

the product-country level. 4!

C.1.2 Tariff Pass-Through within Continuing Relationships

Conditional on fixed trade relationships before and after the tariff increase, we discuss the

mechanisms driving firm-level tariff pass-through using Propositions C.1 and C.2.

Proposition C.1 Under the assumption of competitors’ non-responsiveness and sufficiently

low values of each pass-through components, the import price pass-through elasticity is

dln ch 1 + Ffjc(e — 1)(1 — Sijc) 1 + F;;Bjcgz'jc(l — xijc) 1 —+ %xijcgijc’ ’
—g5C —g55 —o7T

40By the Frisch-Waugh-Lovell theorem, the tariff coefficients are estimated after partializing out the included
controls and fixed effects. The fitted decomposition then follows from the linearity of the model.

HPigure G.3 illustrates sourcing adjustment across product—country markets. More productive firms are
more likely to import, source more varieties, and purchase higher-cost intermediates. A tariff increase
makes these costly varieties less attractive, inducing firms to drop varieties from their sourcing portfolios
and pushing marginal importers out of foreign sourcing.
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where

oligopoly 1
o ijc
= (1 — Li) 1 )
Hije  €ije — ijc

1

oligopsony
K

ijc i'cl_ ijc
[ = o Tyell = Zie) ™| (C.3)
Hije /i(l — (1 — SL’UC);>

rs €~ 5ijc_

ijc

ijc 7
Proof. See Appendix G.2.2 of the Supplementary Material.

Notably, tariff pass-through depends on four factors: importers’ buyer share z;j., ex-
porters’ supplier share s;j., importers’ relative bargaining power ¢;, and exporters’ returns to
scale .12 Moreover, when the exporters have constant returns to scale in production (x = 1),
importers are not able to lower the import price by adjusting markdowns. Appendix G.2.4 in

Supplementary Material discusses the detailed mechanisms of firm-level tariff pass-through.

Proposition C.2 Under the assumption of competitors’ non-responsiveness and sufficiently
low values of the pass-through components, greater importer bargaining power v implies that
importers bear a larger share of the tariff burden and experience a lower degree of incomplete
tariff pass-through 0, [01n(7jpije)/0InTjc] > 0, with ¢ € [0, 1], all else being equal.

Proof. See Appendix G.2.3 of the Supplementary Material.

Proposition C.2 further highlights that, all else equal, greater importer bargaining power
increases tariff pass-through to importers, as exporters’ markup reductions in response to a
tariff increase become less influential in price determination, so a larger share of the tariff
burden is borne by importers. This mechanism helps rationalize the higher pass-through
faced by larger importers and motivates allowing bargaining power to increase with importer

size, namely ag%i) > 0.

C.2 Constructing Targeted and Untargeted Moments

This section describes the procedure we take to compute moments from data.

1. Tariff rate at jc market: We compute the applied tariff 7;, using data from the
LETTD for the years 2015-2017, and years 2018-2019 separately. For each product—

421f 1; = 1, equation (C.1) coincides with that in Alviarez et al. (2023). The terms aciéiéi) and ag@@fﬁ) do
i ijc
not directly affect firm-level tariff pass-through, as they are independent of tariff changes. However, by

influencing the foreign export price, they affect importers’ buyer shares z;;. and exporters’ supplier shares

3ijc~
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country pair jc, we first calculate the time average. Then we compute the mean of the

applied tariff 7. across product—country pairs.

. Import participation ratio before tariff increase: We find Business Dynamics
Statistics of U.S. Goods Traders reports import participation ratio (e.g., the fraction
of firms that are importers) using data from LFTTD, so we report the mean import

participation ratio for the years 2015-2017 based on this public dataset.

. Employment share of large/small importers before tariff increase: We use the
Business Dynamics Statistics of U.S. Goods Traders, which report firm employment
by importing status and firm size. Using this dataset, large firms are defined as those
with at least 20 employees; they account for 12 percent of all U.S. firms and 83 percent
of total U.S. firm employment in 2015-2017. Small firms are all other firms. Based
on this firm-size classification, we focus on importers. For large and small importers,
respectively, we compute their employment shares among all U.S. firms in 2015-2017.
We find that large importers account for 48 percent of total employment, while small

importers account for 1 percent.

. Sales share of importers among all U.S. firms before tariff increase: Using
LBD merged with LF'TTD, we calculate total sales for U.S. importers and for all U.S.
firms in 2017. The ratio of these totals yields the sales share of importers among all
U.S. firms.

. Domestic intermediate inputs share in total intermediate inputs s” before

> pithi
(P hitp]ms)
2017 OECD Inter-Country Input-Output Tables (ICIO). We calculate the share of

domestic (US produced) intermediate inputs in US total intermediate inputs using
U.S. manufacturing (ISIC Rev 4, 10-33).

tariff increase: The aggregate level data for s" = is available from

. Price gap: continuing pairs vs starting pairs and continuing pairs vs ending

pairs: The first regression coefficient in the first column of Tables A.7 and A.S.
. Firm pass-through and its interaction with size: First column of Table A.2.

. Decomposition of aggregate tariff pass-through: Table 2.1.
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Table C.1: Decomposing Welfare Effect: China Case

Benchmark Without heterogeneity

Import price intensive —0.005 —0.006
Import price extensive —0.001 0.000
Importer dom. substitution +0.004 +0.005
Non-importer dom. substitution —0.002 0.000
GE allocation —0.004 0.000
Sum —0.008 —0.002
Aln(C/L) —0.012 —0.004

Notes. The tariff is concentrated on one source country. The counterfactual “Without heterogeneity” column
reports a two-type representative-firm economy. All other model features are identical to those in Section
5.2.

C.3 Welfare Decomposition: China Case

In this appendix, we report the welfare decomposition under an alternative tariff scenario
in which only one of the sourcing countries is hit by the tariff increase. This one country
accounts for 20-percent share of total foreign imports, which is roughly China’s share of
U.S. goods imports during the trade dispute. The gross tariff on this country rises from
1.04 to 1.15, reflecting the trade-weighted average rate the U.S. imposed on Chinese imports
during the dispute. The tariffs on the other countries remain at the pre-dispute level of
1.04 throughout. All other model features are identical to those in the baseline reported in
Section 5.2.

Table C.1 reports the welfare decomposition for this case. The qualitative patterns mirror
those of the uniform tariff. The intensive margin and the importer domestic substitution
channel are both larger in the counterfactual without firm heterogeneity. The extensive
margin is absent in the counterfactual by construction, and the non-importer substitution
channel is quantitatively negligible. Quantitatively, all channels are roughly one-fifth the
size of those in the uniform-tariff scenario. The conclusion that omitting firm heterogeneity

substantially understates the welfare loss continues to hold.

D Link to the Supplementary Material

The Supplementary Material can be found via this link.

32


https://drive.google.com/file/d/1V-vUR72kLIqoBF2t5K0Y1-ogRyWRUIi4/view?usp=drive_link
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E Data Appendix

E.1 Scheduled Tariff Construction

We generate monthly U.S. scheduled import tariffs using data from Fajgelbaum et al. (2020),
which provides country—product level information for 2018 and 2019. The dataset includes
details such as the effective month of tariff changes in 2018, maximum tariff, and scaled
tariff. The authors obtained U.S. statutory import tariffs by scraping publicly available
documents from the U.S. International Trade Commission (USITC). The USITC releases the
benchmark tariff schedule annually, subsequently updating it throughout the trade dispute.
These events of tariff adjustments cover the washing machine industry, solar panel industry,
steel and aluminum industry, varieties with Chinese origin, and varieties with EU origin.
Although Fajgelbaum et al. (2020) provides a time series of scheduled tariffs, we derive our

own due to the original data’s sparsity and missing values.

Our goal is to convert the dataset from an annual to a monthly frequency. To achieve this,
we use the maximum tariff, scaled tariff, and effective month of tariff change to construct a

monthly time series of U.S. scheduled import tariffs. The steps involved are as follows.

Step 1. Determining the Effective Month of Tariff Change in 2019. We assume
that there is only one tariff change per year for each product. Given that the dataset in
their paper provides only the earliest change month of tariff, if there are subsequent tariff
adjustments in 2019, we need to determine the effective change month for 2019. The scaled
tariff denotes a weighted average of the cumulative tariff increases, with the weights reflecting
the proportion of the year during which the tariffs were active:

E E
Scaled __ M2019 —1 Maz + 12 — M2019 +1 Maz
2019 12 T2018 12 T2019 »

where 75544 stands for the scaled tariff increase in 2019. ME,, denotes the effective change

month of the tariff in 2019, indicating the month from which the tariff increase takes effect.
For instance, if M%,, = 9, it signifies that from January to August, the tariff remains un-
changed, while starting from September, the tariff is increased. 741% denotes the maximum

tariff increase in 2019. Therefore, we can rearrange the equation to derive ML

TMaa: . 7_Scaled
E _ 2019 2019
Mygg = 12 X —i——r + 1

T2019 — T2018



Step 2. Deriving the Initial Tariff Increase in 2018. Again, utilizing the scaled
tariff and the effective change month, we ascertain the initial tariff increase in January 2018.
The scaled tariff increase in 2018 is derived as follows:

E B
Scaled __ M2018 -1 Initial + 12 — M2018 +1 Maz
72018 = 12 2018 12 72018

where 7Ll is the initial tariff increase in 2018. Rearranging the equation, we derive il

7_Scaled o TMax
Initial __ 192 x 2018 2018 + TMaac
2018 - ME‘ 1 2018
2018

Step 3. Expand Annual data to Monthly data. Generate year-month index. For
example, 201901 denotes January 2019. Replicate mriial, wdie wibae ML o and Mo to

monthly level on country-product basis.

Step 4. Merge Scheduled Tariff in January 2018 from Fajgelbaum et al. (2020)
Obtain 201801 level scheduled tariff 72018 from m_stattarif f1 in the replication file named
m_flow_hs10_fm_new.dta. Then, merge the data series to the dataset generated from step

201801 e replace them

3 by year, month, hs10, and country. For the observations that miss 7
to be 0. Till now, we have a time series for the monthly tariff increase from 2018 to 2019,

as well as the scheduled tariff level of January 2018.
Step 5. Generate Monthly Data of Scheduled Tariff 75<eduled 1f Month < M% s,

TScheduled — TQI(glliéml + 7_201801_ If MQEO18 S MOTLth < 201901’ TScheduled _ ,,_Zl\gfbsx + 7_201801‘ If
E Scheduled __ Max 201801 E Scheduled __ _Max
201901 < Month < My), T = Toorq +T I Month > Maygg, T = To019

7201801 There are two special cases. The first case is that M, s does not exist. This means

there is no tariff change in 2018. In this case, 79¢heduled — pMaz | 7201801  plnitial 4 7201801
for all months in 2018. The second case is that M, does not exist. This means there is no

tariff change in 2019. In this case, T5cheduled — pMax 4 7201801 for a]] months in 2019.

E.2 A Decomposition with Richer Firm Heterogeneity

The analysis in the main text classifies all firm—product—country level observations into three
groups according to their trade relationship status: continuing, starting, and ending. To un-
derstand which firms are more likely to form each type of pair, and how they contribute to
aggregate tariff pass-through, we could develop a more disaggregated decomposition frame-

work. This framework leverages variation across firms within product—country markets to



identify which firms contribute to complete or incomplete tariff pass-through. Because firm
size is a widely used dimension of heterogeneity, we examine how it shapes firms’ contribu-

tions to aggregate tariff pass-through.

Rewriting the decomposition in equation (2.4), we have

(pSG—pSCG) - oG _ oG e} e e} _qG G el
Djctr — Pjet _ ZG % ZG(xfct’ - xfct’)(pfct’ _p_‘jsct/) ZG( fct - cht)(pfct pfct)

+
pjct pjct pjct
-~ > N - v N -~
~AIn(pjet) Average Continuing Between Continuing
EC ( EG S XC (.S X
26 Tjer (Pjer = Pjevr) | 2o Tjet Piet — Piet )
G “jct' \Fjct jet G “Vjct \Fjet jet
+ + , (E.1)
Djct Djet
N >
vV vV
Starting Ending
G
where G € {large firm, small ﬁrm} 75, = La
g ' Vet = 25
ti = ZaTiu i gy ighted £ 75 G for continui
continuing pairs, %ct = =75 is the unweighted average of 77, across or COIl inuing
. SG . . . . . —_qG ZGp +
pairs, p;, denotes the unit value of continuing pairs in group G, pj, = =7 is the

unweighted average of pfc(i across G for continuing pairs, and n® denotes the number of
groups of firms. The notation for other variables is symmetrically given. The derivation is

in Appendix E.2.1. The explanation for each component can be specified as follows.

Continuing. Equation (E.1) explicitly captures the average continuing component for
small and large firms separately, as well as the import share reallocation between these two
groups. It is important to note that this decomposition offers a different interpretation of the
“between continuing” component compared to the baseline approach in equation (2.4). While
the baseline emphasizes the role of low-price firms—regardless of their size—in accounting
for higher import quantity shares following a tariff increase, equation (E.1) focuses on how
import share shifts between small and large firms influence the pass-through. This term is

non-degenerate because small and large firms face different unit values.

Starting and Ending. Equation (E.1) also explicitly captures the contribution of large
versus small starting (ending) pairs to unit value changes. This allows us to determine
whether large firms contribute more to unit value changes driven by starting pairs, or whether
small firms contribute more to changes driven by ending pairs—either through changes in

import share or differences in unit value relative to continuing pairs. Additionally, the import

EG

can be further decomposed as z;,, =

share of startmg pairs for large or small firms, :L‘jEct/,
EG

nt, X Iz, where njct, denotes the number of starting pairs in group G € {large, small}

zyct’



2ienG , Tijet! . .
——25—— is their average import share.
jct!

This decomposition allows us to determine whether changes in the import share of starting

in product-market (j,¢) at period ¢, and x]ct, =
pairs after a tariff increase are driven by the number of starting firms or by changes in their
average import share. Note that a lower nf;, but higher EZZ, after tariff increase would
suggest either fewer but larger starting importers, or fewer importers per product—country

pair, which leads to a higher % ,. The analysis for ending pairs follows analogously.

zgct’

We could reestimate equation (2.5) by replacing the left-hand side, Alnpj., with the
decomposed components in equation (E.1). This generates a more detailed decomposition
of aggregate tariff pass-through with richer firm heterogeneity. Due to page limits, we only

present this method in the Appendix and leave its application to future research.

E.2.1 Derivation Details

In this section, we derive equation (E.1). First, we generate two groups by classifying each
firm as either large or small: G € {large,small}. This classification is time-invariant for
each firm. Specifically, a firm is considered large if its imports in 2017 is at least equal to
the mean imports across all firms in 2017. For firms that entered the market after 2017,
we classify their size by comparing their imports level in their entry year to the 2017 mean
imports. While we use the mean imports as the cutoff, it is possible to employ alternative
thresholds such as the 75th percentile or 90th percentile. Additionally, our decomposition

framework is flexible and can accommodate classifications into more than two groups.

Second, we rewrite group means. Specifically, for M € {E, X, S}, p}, and «}, defined in

jct
Section 2.2 can be rewritten as

— xzyct
= M xjct pjct ) ]ct = x]ct ) p]ct MGplet7 ]ct Tijet,

Ljet ieMS Ljet ZEM]Cé

where G € {large, small}, and M denotes the set of firms of M pairs that import product

7 from country c.

Third, we use these group means to rewrite the decomposition to have equation (E.1).

Specifically, we derive in two steps.

Step 1. It is easy to show that

_ZMM M _ Z ME ZMG _wact MG_Z
Pjet = x]ctpjcm p]ct ]Ct p]ct ) jct - x]ct ) pjct Dijets jct = Lijets
M

T ieM§ Ljet ieM§



where M € {E, X, S}, G € {large,small}. Specifically,

Pict = § E TiietDiiet = E ( E : _ Mujet = Z %EM Mijet Mijet i
jet — ijctMije Dije ijc
M ieMj. M i€Mj. ZZGQ jer Vit ZlGcht et ieM;. ZiGMjc Mijet

xzyct
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where 2}/, = > ien;, Tijets Pjet = D ien;, oA Pijet, ¢+ denotes the set of all firms that import

product j from country ¢ in year-month ¢, and Q;e; = >, Mj.. Similarly,

M _ ngct . xz]ct o 'LEMG Lijet Lijet
pjct = z]ct 'cht Z T pijct
iGMjc ]Ct zeMG ]Ct ]Ct ZEMG iGMJ‘Cf: wet
= M § :‘r]ct p]ct .
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Step 2. We redecompose based on equation (2.4):
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G ]ct
sG
~SG — m]’ct —SG ZG ]ct ZGp]ct
where 77, = i Tja = @ is the unweighted average of 7 x t across G, cht = =5

is the unweighted average of cht across (G, and n® denotes the number of groups of firms.

Therefore, the continuing component can be further written as

_ _qG G G _qG ~ QG G G _qG
pfct/ - pfct = pfct/ pjsct + Z th/ - th/)<ijt/ pfct’) - Z(‘rfct fct )(pfct pfct)
G
(3 ct’ p ct G, g6  _gG _gG  _gG ¢ _gG
- Z I + Z ]ct’ - fct’)(p]ct’ pfct’) - Z(xfct fct)(pfct pfct)
G
(E.4)



The starting component can be further written as

EG
g
_ 2: }: S \_ .E jet’  EC S
jct’(pjct’ pjct/ - xjct/ w]ct’p]ct’ pjct’) - xjct’( E pjct’ _pjct’)
jct G xjct’
EG
T a /
_ .F Jct E 2 : Jct 2 : S
- ‘:cht’( jct’ pjct’ $]ct’ p]ct’ pjct’)' (E5)
G x]ct/ ]ct’

Similarly, the ending component can be rewritten. Therefore, we have

(pS(t;,—pSCt;) e _qG a e oG _oG ¢ oG
pjct’ — pjct = Z Jc nG Jet /. =+ Z(I]Sct/ — :rfct/)(pfct/ pfct’) — Z(l‘fct fct)(pfct pfct)
G G G

G G G G
+ Z ijct’ (ijct/ - p;sct’) + Z xj)it (pgsct - pj)it )- (E.6)
G G

F  Welfare Decomposition Appendix

F.1 Solving the General Importer Model

In this section, we solve the import price index and import demand based on the general

setups for the importer models in Section 3.

Households’ Problem: The consumption maximization problem leads to a standard de-

N\ P
Cit:(%:> Ct> (Fl)

mand function:

where P, = ([, pLPdi) T
Firms’ Problem: As shown in equation (4.11), the firm maximizes its profit by choosing
the amount it produces y; and the cutoft shifter b for imported intermediates.

The first order condition with respect to y; yields

A;, b7 s
= (M) "2

where D is specified in equation (3.9). The variety price is set as a constant markup over

the unit cost
p \
pi = ——= (A;, ). (F.3)



The first order condition with respect to b solves the extensive margin cutoft

om(A;) oY (A;, b) 1 - ON;(bY)
_ Dy — iy B _ g P
ab; ooy ! &) ab; (F-4)
where .
O (Aiby) 1 (W N (NN o (F5)
ob: A \1-a &Y oby’ '
X F\ =% 9,F
opi’ _ (pi\ P : (F.6)
ob; i bt
o Ly e o (F.7)
ob 1 ' e '
and p7;. is foreign export price evaluated at the cutoff
Since N;(b}) fb* b)db, and as b — +o0, f(b) —
(F.8)

ON;(b})
ob?

= —f(B)).

By substituting (F.7) into (F.6), then substituting (F.6) into (F.5), and finally using (F.5)

(F.8), and (F.4), we have

l1—a X\ a—1
() () v o

11—« a

I (PN 71
(P ()¢ i it
Conditional on the cutoff b}, we solve the cost minimization problem at each layer separately:.

The primary input cost minimization is formulated as follows

i 4+ XX, = A, L7 xe
min {WL; +p} X;} s.t. A LToXP
The first order conditions yield
L;=(1- i, F.9
(1- ) (F.9)
D;
where . N
1 W 4 p «

A b)) =)A= — - . F.11
s =2 =1 (15a) (%) (F11)



The intermediate composite input aggregation is formulated as follows

o—1 o—1\ 727
}Ilnln {sz{hZ +pf‘mz} St X’L —= (hiff _|_mio ) 1 .

The first order conditions yield

pi'\ "

2
p;

p¥ = () + (pF) 7)™

where

(F.14)
The domestic intermediates aggregation is formulated as follows
1 1, 7o

min{/ pinhikdk:} s.t. h; = (/ h; ¢ dk’) )

ik 0 0
The first order condition leads to

g\ —0
D;

where

P =A= (/Ol(pf;i)l“’dk) - : (F.16)

The foreign input variety aggregation is formulated as follows

o0 [e’s) e—1
min {/ chpijcmijch(b)} s.t. my [/ (bijcmijc) © dF(b)
mie | Jo; b;

The first order condition yields

~ TicDii —€
T ( J;?C) m, (F.17)

1—e 1—e¢
pF=X= / Tlige ) grp)| (F.18)
by bijc

where




F.2 Welfare Decomposition with “Inefficiencies”
F.2.1 Proof of Proposition B.1

Proof In this alternative model setup, U.S. firms produce imperfectly substitutable varieties
and charge variable markups for household consumption, whereas the price for intermediate
input production is set equal to a constant markup over marginal cost. The labor input for

consumption goods production and intermediate goods production is revised separately:

(A, b)) (1 = a)

LY = W ¢, ¢ =p; "PPC; (F.19)

= M Pt = Lo [l () X
(F.20)

It is easy to show that T ;/i/ = 7 T f/ o7~ Then we can have

dln(%) =dIn(C) — dIn(L) (F.21)
=—p /ieimdpidi — p/ieidln(w(/li, b;))di + dIn(P*C) (F.22)
—(1-p) /lidln(z/}(A,-,bj))di - /liMidi (F.23)
(- p) /eidln(w(Ai,bj))di+ (1= p) /eidln(w(Ai,b;*))dz’ (F.24)
_ / esdn((As, b7))di + dIn(PC) — / I Midi (F.25)

TV
new allocation effect

1 . R P
_\p/iei—pi(l_pi)dpidi—(P—1)[/ieid1n(¢(A¢,bi))dz /illdl (@b(AZ,bl))dl,

TV Vv
markup distortion input distortion
(F.26)
PiCi . , . . _ L
where ¢; = ———— is the U.S. consumers’ expenditure share on U.S. firm i, [; = ——
il ) [/ Lydi
il pz’cz/dl v

_ TjcPijcMijc : :

= T e O IO is the share of a specific
H

p; i

Hy,. Em,
pz 1 + pz ml
is the share of domestic intermediate inputs in firm 7’s total intermediate input use, p;;. is

is the U.S. firm ¢’s labor input share, w;j.

foreign variety in determining firm 4’s overall cost of imported inputs, s? =

the foreign export price evaluated at the cutoff b}, s = w; f(b}) is the import expenditure

10



density at the sourcing cutoff, and w; = = ;C?Ig;@jgb) O is the normalized expenditure
p* TjcPije ijc

weight at the sourcing cutoff. i* (i*) denotes the marginal importer such that firms with
productivity no less than A;« (A;:) are importers before (after) tariff increase, while those

with lower productivity are non-importers.

o = D)D) 4 PrCGES) vdn(PrC) + plydin(e)
D(;7) 7 + PrC(E) |

Pi

where

~ 1 pH -7
D:/ (pih)P (-kX) X dk. O
0 p

k

The derivation for — [ e;dIn(i)(A;,b;))di is the same as that in the proof of Proposi-
tion 3.1.

F.3 Second-Order Welfare Decomposition
F.3.1 Variance Operators

For any firm-level scalar z;,
Vare(z;) = /ei (31:Z — E)Zdi, = /eixi di. (F.27)

For any domestic-variety scalar h;,

(2

1 1
Var,u(hix) = / W (k) (h, — R dk, B = / wH (k)hy, dk. (F.28)
0 0
For any foreign-variety scalar y;(b),

Vary, (5:(b)) = /boowxb)(yi(b)—y,-)zdﬂ(b), 5 = /boowxb)yi(b)dﬂ(b). (F.20)

With these definitions,

1
Var,u (dlnplf) = / wH (k) (dnpl) dk — (dnp!)?, (F.30)
0

11



(e 9]

Var, (dg;(b)) = / wi(b) (dg (b)) dF;(b) — M?. (F.31)

b¥

(3

F.3.2 Proof of Proposition B.2

Step 1. Deriving the second-order formula for —Aln P. For the inverse price in-

dex effect, we are interested in having a second-order decomposition instead of a first-order
decomposition. Note that given dln(p;) = dIn(t);), we have —dIn(P) = — [ e;dIn(1);)di.

So —d*In(P) = — [ e;d*In(¢;)di — [ de;dIn(y;)di, where d*In(-) = d(dIn(-)) and de; =
(1—p)ei(dinp; —dIn P) = (1—p)e; (dInp; — [, epdInpydi’). Therefore, — [ de;dIn(vy;)di =
—(1 = p) [iei(dIny; — dInP)dInyydi = —(1 — p) [ [, ei(dInyy;)?di — (dIn P)?] = —(1 —
p)Var.(dny).

Assuming d? In(1);) ~ 0 (small, order O(¢)), we have —d? In(P) = (p—1)Var.(dIn1);). So
at the second-order approximation, —AIn(P) ~ —dIn(P) — 3d*In(P) = — [  e;dIn(v;)di +
%IVare(dln ¥;), where Aln(P) denotes the exact change of price index P.

Define the first-order firm-level input cost change as derived in the proof: dlIn wgl) =
oIM 4 gEM 4 gIDS o 2 NDS where these are the linear (first-order, fixed-share) compo-
nents. Define the within-firm second-order term z; such that dlnt; = dln %(1) + 2;. Then
~An(P) ~ — [ ei(dny” + z)di + 5 Var (dIn g + z).

Because z; = O(€?), the variance term simplifies: Var,(dIn ¢§1) +z;) = Var.(dIn w(l)) +
QCove(dlnwi(l),zi) + Vare(z;). But dln@bi(l) = O(e) and z; = O(€?), so Cov(dln¢(1) )
O(e?), Var(z;) = O(e*) Hence, up to second order, Vare(dlnwi(l) + z) = Vare(dln% ) +
O(€?). Therefore (to O(€?)):

-1
—AlnP~ - /eidlnwfl)di - /ezzz‘di —l—pTVaTe(dln%(l)).

J/

J/

TV v
first-order effect  within-firm second-order effect across-firm second-order effect

Step 2. Deriving the second-order change of v; (i.e., z;). From the definition of z
and noting that Aln; = aAlnpX: 2z, = a(Alnp¥ — dlnp), where Alnp is the exact
change and dInp; is its first-order part. To second order, AlnpX = dInp; X 4 1al2 In p¥X,

s0 z; = §d°InpX. We compute d? InpX by differentiating the first-order expression.

Step 3. Deriving the second-order change of p (i.e., d*InpX). Recall we have

1 dY 1 (dy _ (@)
dlan = . Then d21np2 __U(T_W)
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1. Compute d?Y. Let A = (p)'=7, B = (p}')'=2 Then dA = (1 — 0)AdInpf, dB =
(1—0)BdInpl. Differentiate again: d(dA) = (1 —o0)[dAdInp + Ad*Inpf] = (1—0)A[(1—
0)(dInpf)?+d* Inpf]. Similarly, d(dB) = (1—0)B[(1—0)(dInpl)*+d*Inpf]. Since d*Y =
d(dA)+d(dB), &*Y = (1—0){A[(1—0)(dInpf)*+d*Inpf ]+ B[(1—0)(dInpl )2 +d* Inpf}.
But 4 = s, £ = s/ Hence ‘FTY = (1—0)[s"((1—0)(dIn pP ) 24-d? In pT ) +s! (1—0) (d In pF )2+

2. Compute (dYLf We have 2 = (1 — o)dInp. Thus (d;/f = (1 —0)*(dInp)>.

3. Compute the formula for d?InpX. Therefore, d*Inp¥ = sP((1 — o)(dlnp)? +
Pnp™) + s/ (1 — o) (dInpF)2 4+ dInpF) — (1 — o) (dIn p)2. Group terms: d>InpX = (1 —
o)[sM(dInpf)2 + s/ (dIn pF)? — (dInpX)?] + sPd? In ! + s/ d? In pF Using dIn p* = stdInp +
sl dInpF, we have s!(d1n pf)2+s! (dIn pF)2—(stdIn pH +s! dIn pF)? = shs! (dIn pH —dn pF)2.
Thus d®InpX = (1 — o)sls! (dInp!f — dInpF)? + std® Inp? + s/ d? InpF .

4. Compute d*Inpf. Assuming no second-order changes in domestic input prices
(@ mplf = 0) @ npf = (1= 0) | [y wll (dnpfh)?dk — (dinpf 2| = (1 = )Varua (dnplh).

5. Compute d?Inpf". Recall that dlnp! = [ w(b)dq(b)dF(b) — 1= s;da, where a = b},

a

w(b) = = e(‘i(_l;?(if)dp(b,), st = w(a)f(a), and dq(b) denotes the change in ¢(b) at a fixed
b due to tariff changes. We assume d?q(b) ~ 0 and d?a =~ 0. So we have d*Inp! =
d ([ w(b)dg(b)dF (b)) — T=d(s;da).

(i). Compute d ([°w(b)dq(b)dF(b)). Let T = [ w(b)dg(b)dF(b). By Leibniz’s rule,
dT' = [ d[w(b)dg(b)]dF (b) — w(a)dg(a)f(a)da. Since d(dg) = 0, dlwdq] = (dw)dg. Hence
dT = [ dw(b)dq(b)dF (b) — sidg(a)da. Now w(b) = =4O /T with I = [ (=91 (b).
Differentiating, dw(b) = w(b)[(1 — €)dgq(b) — dInI]. mFrom the definition of I, dI = (1 —
€) [ e dg(b)dF (b)—e' =94 f(a)da = (1—€) I M—1Is;da, where M = [ w(b)dg(b)dF(b).
Therefore, dInI = (1 — €)M — sda. Substituting back, dw(b) = (1 — €)w(b)(dq(b) — M) +
w(b)s;da. Therefore,

/ " o (b)dg(B)dF(b) = (1 — ) / " () (dg(b) — M)dg(b)dF(b) + 5 da / " () dq(b)dF (b)

=(1—¢) { / h w(b)(dq(b))*dF(b) — MQ} + sfMda. (F.32)

Thus, dT = (1 —€) [ [ w(b)(dq(b))?dF (b) — M?] + sfMda — s;dg(a)da.
(ii). Compute d(sida). We have d(sida) = d(s})da + s;d*a. With d?a ~ 0, d(sida) =
d(sf)da. Now d(s}) with s = w(a)f(a) must account for the moving point a: d(sf) =

f(a)dw(a) + w(a)f'(a)da. To find dw(a) we use dw(b) evaluated at the variable point a, but

13



we must also include the change due to the shift in the argument. For a fixed b, dw(b)
in the above gives the differential of w as a function of the shocks and the cutoff. At the
moving point a, we add the partial derivative with respect to b: dw(a) = ‘g‘g . da+ [(1 —

e)w(a)(dg(a) — M) + w(a)sida). Since 22 = (1 — e)w(b)¢'(b) (with ¢'(b) = dq/b, takmg I as
given), we obtain dw(a) = (1 — €)w(a)q' (a)da + (1 — €)w(a)(dg(a) — M) + w(a)sida. Hence

d(s7) = fla)w(a)[(1—e€)(dg(a) = M)+ ((1-€)q'(a) + )daHW( [)f’( )da—s [(1—e€)(dg(a) -

M)+((1—€)q'(a)+57)dal+ 5752 da = s7(1—¢)(dg(a) ) + st +~@)]da
(iii). Compute d?In pZ Therefore, we have d? In p!’ e) [ [ (b))2dF (b) — M?]+
stMda - sidg(a)da —* {s(1 - )(dq(a) = M)da + s; [<1 )¢ (a > st + fé;?] (da)? }
The terms linear in da combine as s7 (M —dq(a))da—s;(dq(a)—M)da = 2sf (M —dq(a))da.

The quadratic term becomes

1
1—c¢

st (1= o) st o+ E8 ot = st - 7 (st T8 o

(F.33)

Therefore d* Inpf = (1—¢) [ [ w(b)(dq(b))*dF (b) — M?|+2s7(M—dg(a))da —s;q (a)(da)?—
(s + L (a)> (da)?. Note that [ [ w(b)(dg(b))*dF(b) — M?] = Varw(dq(b)) so we have

ﬁmm::O—QVMJ@®»+%ﬂMqu@Ma— ¢'(@)(da)? = 75 (57 + 52 (da)?.

6. Compute d*Inp;X. For importers that import before and after tariff increase (i > i*),

d? lnplX =(1- U)s?slf(dlnpf{ — allnpfr)2 + s?(l — Q)Vaer(dlnpg)

ol (1= OVara(da(e) + 25201 - dgyar; — sia 0y - 1 (s FEE ) |

(F.34)

For non-importers that do not import before and after tariff increase (i < i*), d*Inp;X =
d*InpH.

For switchers that import before tariff increase but stop importing after tariff increase,
the expressions for dInpX and d?Inp* are the same as continuous importers as only initial
shares are used (foreign input share is non-zero). For switchers that do not import before
tariff increase but start importing after tariff increase, the expressions for dIn pX* and d? In p;*
are the same as continuous non-importers as only initial shares are used (foreign input share
is zero). Therefore, we only need to identify if the firm is an importer or not before the tariff

increase.

14



Step 4. Deriving —Aln P. For firms that import before the tariff increase (i > i*),

from the proof of first-order decomposition, dIn @D.(l) = a[shdIn le + sf dInpl], where sh =

# sl =1=stdnp!l = [Jwlldmplldk, dinpf = [ w(b)dg(b)dF (b)—Ls7db;.
(pf{)l 0 - r . e(1—€)q(b) * (1 )a(b; )f(b*)

and wij = m> q(b) =In (P), w(b) = T et=—aa®ar()’ %1 JpF =990 dr W)

7

and the second-order components are:
2z = %d2 Inp;* = %{(1 — 0)shsl (dInp? — dInpF)? + s"(1 — 0)Varu (dInpll)

ol | (1= OV anafda(0) + 25001 = datepa - st @) - 1 (st HED ) qan .

(F.35)

For firms that do not import before the tariff increase (i < i*), dIn wgl) = adIn p¥, Therefore,
z = §dInp} = §d®Inp!.

Therefore,

o 1
—AlnP =~ —/ e;x [s?dlnpf] +sf (/ w(b)dq(b)dF(b) — 1 sfdbf)] di
i* b* — €

7

5k

—/ eiadIn pf di — /ei%dQ Inp;*di — / ez%d2 In p; dz—l—TVare(dlnw(l)). (F.36)

Rearranging, we have

AP~ / i [ /b jow(b)dq(b)dF(b)

di —/ e [— ! s;kdbf} di
i* 1 — €

J

importer import price index intensive margin importer import price index extensive margin

Sk

—/ e [s(dInp!" — dInp)] di —/ eiad In p! di
importer domestic‘\:ariety substitution non-importer domesi?i; variety substitution
i* 1
/ ei— 2 Inp;*di —/ 2 Inpdi +2 Var.(dnyM),  (F.37)

Vv
Vv
within importer second-order effect within non-importer second-order effect across-firm second-order effect

where

[ e @mptii= [ S (st - oVar(dinpl) + (1 - o)sls] (@npl! — dinpf P+
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s (1= Vs da(o) + 25200 = dai))an; = st 6D = 1 (s + L) (v?pa

(F.38)

sk sk

/ ei%d2 Inpdi :/ ei%(l — 0)Var,u(dnpf)di. (F.39)

Therefore, higher elasticity of substitutions (p, 6, o) contribute to larger across-firm second-
order effect or within-firm second-order effect (which therefore mitigate the welfare loss of
tariff increase). Higher e weakens the first-order and second-order effects of importer import

price index extensive margin.

F.3.3 Summary of How Firm Heterogeneity Matters

The decomposition in Proposition B.2 shows that the total welfare effect is a sum of firm-
level effects, weighted by their consumption share (e;), and includes terms that are inherently
non-linear and distribution-dependent. In particular, the welfare effects depend not only on
weighted average price changes, but also on the distribution of cost and price changes across

firms and across varieties within firms.

Heterogeneous first-order exposure The first-order term — fieidln wi(l)di is already

heterogeneous:

e Importers vs. non-importers. For non-importers (i < i*), dln 1/12-(1) = adlnpl;
their exposure is purely through domestic input prices. For importers (i > i*), dIn @/Jfl)

combines domestic and foreign shocks:
1 _ h H f F
dlny;”’ = &[sidlnpi +s;dInp; },

and dIn p! itself includes both intensive and extensive margin terms w;(b)dg;(b)dF;(b)
and s;db;.

e Intensive vs. extensive margins. The importer import price index terms decom-

pose into:

— Intensive margin: [ w;(b) dg;(b) dF;(b), which depends on firm-specific weights
w;(b) and variety-specific price changes dg;(b).
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— Extensive margin: ﬁsjdb?; , which depends on the firm’s cost share of its variety

at the cutoff s} and its change in the cutoff db; itself.

Even with the same aggregate import price index, two firms with different e;, w;(b), s}

) 24

and db}) generate different welfare contributions.

e Domestic—foreign substitution. The term —a [ . ¢; s?(dInpf’ — dInpf)di shows
that the ability of importers to substitute between do_mestic and foreign inputs depends
on firm-specific shares s and the firm-specific gap dIn pf —dIn p!'. Two firms with the
same average foreign price change but different s or different domestic price changes

will contribute differently to welfare.

Across-firm second-order effect The term p%l\/are (d In wg”) is an inherently distribu-

tional, second-order effect. It captures the idea that consumers substitute across firms:

o If every firm had the same dlIn @/ng), then Var, (d In @Z)El)) = 0 and this term would

vanish.

e With heterogeneity in dIn 1/)1(1), consumers benefit from being able to substitute away

from high-cost firms toward low-cost firms; this is reflected in the variance term.*3

e The amplification factor p — 1 shows that higher elasticity of substitution across firms
reduces the welfare cost of a given dispersion in cost changes, because substitution is

easier.

Thus, cross-firm heterogeneity in exposure to tariffs and in substitution possibilities gen-

erates second-order welfare gains that a first-order (average) approximation misses.

e; d*In pXdi

Within-firm second-order effects Within-firm second-order terms are captured by —% |,

(or d*Inp for non-importers), and are decomposed in equation (B.8). They reflect how

much each firm can mitigate cost shocks by substituting within its input bundle:

e Across domestic varieties: s!'(1—0)Var u (d In pf{c) Heterogeneous domestic variety

changes d In p!l allow firms to reallocate toward relatively cheaper domestic inputs. The
h

7

strength of this cushioning depends on the dispersion Var u, domestic input share s

and the elasticity of substitution across domestic varieties 6.

43 As shown in the proof, Var, (dln ¢§1)) =— ﬁ de;d1n wgl)di.
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e Between domestic and foreign inputs: (1 — o)sl's! (dInp! — dlanF)z. This term
depends on:
— the squared domestic—foreign price change gap,
— the product s”s! (high when the firm uses both sources significantly),
— the elasticity of substitution between domestic input and foreign input o.
This shows that firms with more balanced use of domestic and foreign inputs and
higher o have more scope to offset tariff shocks via substitution.

e Across foreign varieties and cutoff dynamics: s/ [(1 —e)Var,, (dg(b)) +2s; (M; —

gy (7)) b — 1 (b7) (d})? = 5 (7 + G5 ) (@87)2]. Hre:

fib
fi(b

— Var,,(dg;(b)) captures dispersion of price changes across foreign varieties, and

hence scope for within-foreign substitution that mitigates cost shocks.

— The interaction term 2s}(M;—dg;(b}))db; shows that when varieties at the sourcing
boundary have a below-average price increase (dg;(bf) < M;), dropping varieties
(dbf > 0) is particularly costly (contribute to a negative welfare effect, as firms

do not drop varieties that are extremely expensive).

— The quadratic terms (db})? depend on ¢}(b}) and on the shape of the density f;(b)
near b;: they capture how the cost of dropping additional varieties depends on

the local distribution of varieties.

Specifically, the term —s?¢.(b})(db;)? captures the curvature of the effective price sched-

TjcPijc

ule as one moves along the shifter b. Given ¢;(b) = 1n< 3 ), and treating 7;. and

ijc

b b
qi(b7) < 0, and since (db})? > 0, we obtain —siq.(b;)(db)? > 0. This term is therefore

always amplifying the welfare loss of tariff increase: this term makes the true increase

Pije as independent of b, we have ¢(b) = %ln(w) = %111(%) = —1 < 0. Thus

in the imported input price index larger than its first-order approximation. In the wel-
fare decomposition this term is multiplied by —¢, so it amplifies the welfare loss of the
tariff increase. Intuitively, This term reflects the convexity of the imported-input price
index in the cutoff: as the firm raises b} in response to tariff increase, it successively
drops the worst remaining imported varieties, which are progressively more valuable
(higher b, lower price) than those dropped before. This makes the total cost increase

grow faster than linearly in db;.
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.
Si

The last quadratic term, —= (sf +

TG 2 _ 5% * I * ;
R ) () = 2 (57 + 465 ) (ab)?, tinks the

cost of adjusting the cutoff to the shape of the distribution of varieties near the cutoff.
Since € > 1, the prefactor sf/(e — 1) is positive, so the sign of this term is determined

* (O]
by si + -

£ ()
Ji(b7)
it captures whether the density of varieties is rising or falling as we move along b.

To interpret this, note that is the derivative of the log density at the cutoff, i.e.

— If the density is roughly flat around b} (so f/(b7)/fi(bf) ~ 0), the term is essen-
tially proportional to s;(dbf)* > 0. In this case, increasing the cutoff has an
increasingly costly impact: as the firm moves the cutoff, the varieties near the
new sourcing boundary become more important in the remaining import bundle,
so each additional step in b} removes a variety with a growing cost share. This
convexity in the cost of dropping varieties shows up as a positive quadratic term,

contributing to a negative welfare effect.

— If the density is sharply decreasing around bf (so f/(bf)/fi(bf) < 0), then s} +
f1(br)/ f:(bF) can become small or even negative. Intuitively, there are fewer and
fewer varieties as one moves to higher b, so raising the cutoff eliminates varieties
from a very thin part of the distribution. In that case, the cost of further raising
the cutoff grows slowly, and this quadratic term becomes smaller, potentially

negative. A negative term would mitigate the welfare loss.

— Conversely, if the density is increasing around b (so f/(b)/fi(bf) > 0), then
s+ fI(bF)/ fi(b}) is larger; raising the cutoff moves into a region with many
varieties, so further increases in b remove a lot of varieties at once and the cost
of doing so rises quickly. This makes the quadratic term larger and positive,
indicating strong curvature in the cost of adjusting the extensive margin, and

hence a strong negative welfare effect.

In all cases, this term tells us that the welfare loss of dropping varieties depends not
only on the cost share of these varieties s}, but also on how densely varieties are packed

near the cutoff and how this density changes as we move along b.

F.4 Connecting Welfare Decomposition with Feenstra (1994)

Equation (3.12) is the first-order log version of the Feenstra (1994) CES import price index at

the firm level. The intensive term corresponds to the Sato—Vartia price index over continuing
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varieties. The extensive term corresponds to the Feenstra variety adjustment:

1 )\i' 1 exi new
6_1ln(>\;) ze_l(xitt—xit, )

Thus, the direct import-price component of the welfare decomposition is an e;-weighted

average of firm-level Feenstra import price indices, scaled by the intermediate-input share
parameter . This is why aggregate product—country pass-through is not a sufficient statis-
tic for welfare: welfare depends on which firms face the import price-index changes, how
important those firms are in final expenditure, and which continuing, exiting, and newly
added relationships account for each firm’s foreign-input bundle. The remaining terms in
Proposition (3.3) require additional equilibrium structure because they depend on domestic
input prices, substitution between domestic and foreign inputs, non-importers’ exposure to

domestic price changes, and aggregate demand reallocation.

F.5 Estimating Import Price Index Effect Directly from Data
F.5.1 Second-Order Import Price Index Effect of Tariffs

We map our empirical estimates into the set of second-order mechanisms identified in Propo-
f

sition B.2 for importers ¢ € M. As detailed below, s; is unobservable in the data, so we are
not able to precisely estimate the second-order effect directly. Therefore, the second-order
import price index effects of tariffs are used to illustrate how estimates of the welfare effects

of tariffs can be biased if only the first-order import price index effect is considered.

Within-importer second-order effect: substitution across foreign varieties Firms
substitute quantities away from varieties experiencing the largest price hikes, which is re-

flected by the term
Q@

—— / eis! (1 —e)Var,, (dg;(b))di
2 Jiem

in Proposition B.2. Using our predicted tariff-induced price changes cﬁ]im derived above,
we compute this variance directly from the empirical cross-section of continuing varieties for

each firm 7 € M:

2
dq ) : (F.40)
Tariff

i

Tariff -

—— Data ~
Varwi = E Wijet dqzjct

jCGQi,cont
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where d_qi|Ta”-f F=> €D cont wijctcfc_]ijcthmf 7 is the firm’s cost-weighted average predicted
price change. Because € > 1, multiplying by —%eis{ (1 — €) makes this term strictly positive,

mitigating the welfare loss of tariffs.

Within-importer second-order effect: cutoff curvature and density effects of ex-

tensive margin In Proposition B.2, the term

«

* (b
-5 / eus! s al(07) (= (s 200
2 Jiem 1

fi(b;)

— €

)(dbf)z]dz’ = —%/ e;s] EM _Convexity;di
ieM

captures the convexity of dropping varieties. Expanding the Feenstra ratio to second order
using In(1 — z) &~ —x — 2?/2 yields the empirical equivalent to this curvature. Let #; opip =
> ieeiy wijct]lffciﬂTmff and Tjpew = 2 jee, wijct/]I%eéﬂTmff. The second-order convexity
term for firm 7 is:
-, Data 1 ~2 22

EM Convexity; ** = Ne— D (27 cait — T3 mew) (F.41)
In the data, &; cpit > Zinew (net dropping), making this term strictly negative, amplifying
the welfare loss of tariffs. This empirically captures the accelerating welfare loss of severing

a large mass of trade relationships.

The detailed derivation is as follows.

1. From Proposition B.2, the structural second-order terms governing the curvature of

the extensive margin for dropped varieties inside d* Inp!” are:

FODY (a2
fi(b;*)) )

s*
—si (b)) (db})? — —— | sF +
Zq’L( ’L)( Z) 1 — € (2
This expression captures the local curvature of the price schedule ¢, and the variety
density f;.

2. Let ;¢ be the expenditure share of dropped varieties. In the model, this is the
integral of the cost-share density over the dropped interval. Using Leibniz’s rule and

taking a second-order Taylor expansion around b;:

(db;)*

b=b7

b} +db} . .19
Tjexit = /b wi(b)sz‘(b) ~ wi(bi)fi(bi)dbi + 5 % [wi<b>fi(b)]

*
k3

Recalling that the pre-shock weight is w;(b) = e~ ®)/ i e1=9% [, its derivative
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evaluated at b} is wi(bf) = (1 — €)q. (b )w;(b}). Letting sf = w;(b}) f:(b) and applying
the product rule yields:

fi(b7)
fi(07)

1
im0 STV, + 3 | (L= st (8) + s 200 | an)?
Notice that the unobservable derivatives ¢ and f/ are inherently embedded in the

observable share x; ¢yz.

. The exact Feenstra price index adjustment for dropped varieties is i In(1 — @ eqit)-
Using the approximation In(1 — x) ~ —z — x?/2, the second-order expansion is:
2

Xj exit L5 exit
In(1 — iexit) = : 7
e L~ i) ¥ 725 5T

. Substitute the continuous expansion of z; .,;; into this formula and retain terms up to

(db;)?:

1 * 77k 1 * (1% *fz/(b'}:) *\2 1 * 7%\ 2
c—1 <Sidbi + B {(1 €)s;q;(b7) + s; fz(b;k):| (db;)” ) + 2(c — 1)(Sidbi)
_ S: * 1 * (1% S;k fz/(b;k) (Sz)Q *\ 2

(.

~
1st-Order EM Exact theoretical terms from Prop B.2

This perfectly matches the exact structural second-order terms from Proposition B.2.

. Therefore, the discrete second-order expansion of the exact Feenstra ratio precisely

encapsulates the complex unobservable structural derivatives, proving the validity of
EM ConvezityP*.

Within-importer second-order effect: intensive and extensive interaction In

Proposition B.2, the term

257 (M; — dg;(b7)) db;

captures the covariance between the average price change of all initial varieties and the price

change of dropped/added varieties, scaled by the mass of these extensive margin adjustments.

Empirically, this maps to the interaction between the expenditure share of exiting/entering

varieties and the gap between the average continuing price changes and the average exit-
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ing/entering price changes:

Tariff - dqi,ezit - dqi,new

7

Tam'ff)

(F.42)

. Data - g - g
Interaction = Ticait | A cont — Einew | A cont
Tariff

Tarif f

f

In the final aggregate welfare formula, this term is multiplied by ce;s; .
A natural empirical challenge is that we do not observe post-shock prices for dropped
varieties, nor do we observe pre-shock prices for newly added varieties. How do we compute

their tariff-induced price changes?

We solve this by leveraging our empirical specification in equation (A.2). The model
parameterizes the tariff-induced price change as a function of only two observables: the
tariff shock A In(1+7;.) and the firm’s employment size In(emp);. Because these parameters
(Be7%" and B57%°7) are structurally identified from continuing varieties, we can use them to

generate out-of-sample counterfactual predictions for the exiting and entering varieties.

Even if a firm drops a variety jc, we still observe the tariff change Aln(1 + 7;.) that
occurred in that specific product—country market. For any variety jc, regardless of its en-

try/exit status, the predicted tariff-induced price change is:

~

injct

oy = (B B n(emp), ) A1+ 70) (F.43)

Using this universal prediction equation, we construct the conditionally expected average
price changes for the continuing, exiting, and new bundles by weighting them by their re-

spective empirical cost shares:

_ 1 >

T _ - wWisnda F.44
Qi cont Tarif f 1-— T exit ch; t v qlJCt Tarif f ( )

_ 1 >

= _ wirda F.45
i exit Tariff T exit jceﬁz it et Tarif f ( )

_ 1 -

70 _ Wi ndar F.46
Qz,new Tariff L new jCG; et qlJCt Tarif f ( )

where Z; eyt = Y Wijet AN T pew = jecQ o Wijerr- This approach evaluates exactly

jceQi,ezit
what the price changes would have been for dropped varieties had they continued, and what

the price changes are for new varieties relative to an imputed pre-shock baseline.

The detailed derivation is as follows.
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. Exit component in the model: In Proposition B.2, the theoretical cross-partial
interaction term inside d?Inp! arises from Leibniz’s rule when taking the differential
of the average intensive margin cost change M; = [w;(b)dg;(b)dF;(b) with respect
to a change in the boundary cutoff. For dropped varieties, this theoretical term is

2s (M’L - dqi(b;erit))db;ea:it‘

*
1,extt

. When substituted into the total welfare formula, this term is multiplied by the second-

order Taylor weight —%eislf . The 2 cancels out, yielding a welfare contribution of:

(M; — dg;(b;

ean)) |

—ae;s! [3* db;

i,exit " i,exit

. Mapping model to data:

e The mass of dropped varieties s} ,;,db; ..;; maps empirically to the predicted ex-

*
1,exit ' Vi,ext

penditure share of exiting varieties, Z; ezt
o M; = [w;(b)dg;(b)dF;(b) is the pre-shock cost-weighted average price change of

all initial varieties.

e dq;(bf,,;) is the price change of the dropped varieties. This maps to the counter-

i,exit

factual predicted price change, d_qi’emhm i

. Decomposing the average: We mathematically decompose the all-variety average

price change M; into the weighted average of continuing and exiting varieties:

Mi = (1 - xi,emt)dqi,cont + xi,el‘itdqi,exit

Tariff Ta?“iff.

. Forming the interaction bracket: Substitute M; into the theoretical bracket (M; —
d_Qi,em't |Tl“"iff>:

M’L dqi,exit

+ xi,emit dq@ea)it

—da. .
Tariff :| qz,emt

= |:(1 — «%z’,em’t)dqacont Tariff

Tariff) i

. Since ;e is a first-order small term (the share of dropped varieties is small), the

Tarif f Tarif f

—dg. .
Tariff qz,emt

- (]' - ii,ewit) (d_Qi,cont

multiplier (1 — Z;¢.it) ~ 1 to the leading second-order expansion. Multiplying by the
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10.

11.

extensive margin share (Z; ¢.;+) gives the final exit interaction term:

—dg. .
Tariff Qz,emt

* * * ~ . ) g
Si,ea:itdbi,exit (Ml - dgi(bi,emt)) ~ Ti,exit (dqi,cont

Tariff) ’

Entry component in the model: Symmetrically, for newly added varieties, the
extensive margin boundary moves in the opposite direction (increasing the choice set).
The exact same Leibniz expansion applied to the post-shock distribution yields the
theoretical term with a negative sign (as dae, = —db},,.,, < 0):

i,new

i ,new " i,new 2,new

—ae;s! [ — 57 o@D} e (M — dg; (b} ))]7

where M is the post-shock cost-weighted average price change of all available varieties
at t.

Mapping model to data:

e The mass of added varieties s¥,__ db! maps empirically to Z; pew-

i,new i, new

e dq;(b:,.,,) maps to the counterfactual predicted price change of the new varieties,

i,new

qu',new ’Tariff-

Decomposing the average: We decompose the total post-shock average price change

M into continuing and new varieties:

, . I R -
Mi = (1 - :Ci,new)dqi,cont + xi,newdqi,new

Tariff

Tariff.

Forming the interaction bracket: Substitute M/ into (M] — dg; new|Tarifs):

M

i T 0G5 pnew

R _
+ Linew dqi,new — QG5 new

Tariff:|

Tariff) )

Again, approximating (1 — Z; new) =~ 1 to the leading order yields:

- |:(]' - ji,new)d_qi,cont

Tariff Tarif f Tarif f

- (1 - ‘%i,new) (d_Qi,cont

—da.
Tariff QZ,new

- dqi,new

Sz,newdbz:new (Mz/ - dqi(b:,new)) ~ i’i,new (d_qi,cont

Tariff) ’

Combining exit and new varieties: Subtracting the “new” interaction term from

Tariff
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the ”exit” interaction term (as dictated by the theoretical opposite signs), we arrive at

— % dg.
Tariff) ,new ( Q1,cont

This establishes the empirical match to the theoretical Intensive x Extensive inter-

the complete empirical interaction bracket:

- dgi,new

—dg. .
Qz,e:mt Tariff

Tariff

Tariff) ’

- Data __ 2 T
Interaction; ™™ = Z; eqit (in,cont

action. Whether this term amplifies or mitigates the welfare loss of tariffs depends
on whether the counterfactual price change of the dropped/added varieties is strictly

higher than that of the varieties firms keep.

Within-importer second-order effect: substitution between domestic and foreign

inputs In Proposition B.2, the term
(1-— a)s?sf(dlnpf — dlnpfw)2

is non-positive given ¢ > 1, which mitigates the welfare loss of tariffs.

Non-importers For non-importers (i ¢ M), s/ = 0 and s = 1. According to our model,
their welfare effect operates entirely through general equilibrium changes in domestic input
prices dInp! and their variance £(6 — DVar,u(dIn p). Because our empirical methodol-
ogy isolates partial equilibrium responses to the tariff shock, we hold dlnp ~ 0 for the
direct effect. Thus, the direct partial-equilibrium contribution of non-importers is zero; their

welfare is primarily affected through macroeconomic reallocation (see below).

Across-firm second-order effect Consumers substitute final demand toward U.S. firms
that experience the smallest overall tariff shocks. We calculate the total first-order tariff

effect for each firm i:

—w = (I BT e M,
dlnd; = (F.47)
0 if i ¢ M.

We compute the expenditure-weighted variance across all U.S. firms (including non-importers):

— ata —_— 1 —_— 2 —_— —_— 1
Var," =3 e, (dlnwﬁ)—dlnqﬂ) where dlng” =Y e dndy . (F48)

i
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Because p > 1, the macro-reallocation term p%lVar

Data

. Initigates the aggregate welfare loss,

rewarding the economy for reallocating demand toward insulated non-importers.

G

G.1

1.

Full Quantitative Model Appendix

Computation Algorithm

Initialize the number of countries, products, and firms. Specifically, generate a state
space with three-dimension matrix nf X nc X np, where nf denotes the number of
U.S. firms, nc denotes the number of sourcing countries (therefore does not include

domestic country U.S.), and np denotes the number of products.

Initialize parameters. Initialize the distribution of firm productivity A; ~ F (a). Ini-
tialize the distributions of trade relationship. Initialize unadjusted shifter Z;ijc. The

adjusted shifter is b;;, = I;ijc /(Tjepije). We set U.S. wage W as the numeraire.

. Atomistic importer assumption in computation. Although aggregate buyer shares

and seller shares are endogenous equilibrium objects and therefore depend on firms’
extensive-margin sourcing decisions in the cross section, each individual importer is
assumed to be atomistic relative to the market. Accordingly, when solving its cutoff
rule b7 and intensive-margin choices, firm ¢ takes as given the aggregate market-share
objects that enter the bilateral pricing formula and does not internalize the effect of its
own sourcing decision on those aggregates. The algorithm therefore solves each firm’s
problem conditional on a current guess of aggregate objects, and then updates those

aggregate objects after aggregating across firms.

Inner loop: Guess the firm-specific cutoff threshold b} for shifter. Firms will only import
intermediates that are above this threshold, namely b;;. > b;. Conditional on the
current guess of aggregate market-share objects, each firm solves its intensive-margin
problem by looping over the quantity of imported intermediates m;j;., the quantity
of domestic intermediates h;, the pre-tariff price of imported intermediates p;j., the
price of domestic goods p;, and the aggregate demand shifter D. Because the importer
is atomistic, these aggregate objects are taken as given by the firm within the inner
loop. The criterion function is measured as the sum of absolute values of the difference

between updated {mi;c, hik, Pije, i, D} and their counterparts in the previous loop. We

27



update the aggregate demand shifter with D = y;p?. We finish the inner loop when

the criterion function converges to a value lower than 1e-6.

5. Outer loop: Given the solved prices and quantities in the inner loop, update the firm-
specific cutoff b so that the left-hand side of equation (4.18) converges to a value
lower than le-3. We use a binary search algorithm to clear the extensive-margin
condition. When the left-hand side of equation (4.18) is larger than 0, the marginal
gain of including one more foreign intermediate outweighs the marginal import cost,
and we adjust b} downward. When the left-hand side of equation (4.18) is smaller than
0, we update b7 upward. After solving firms’ cutoff rules, we aggregate across firms
to update the equilibrium market-share objects implied by the extensive margin, and

these updated aggregates are then fed back into the next iteration of the inner loop.

6. Going back to Step 3 (inner loop) with a new set of tariff 7., and repeat the model

simulation.

Computation trick on outer loop In the original implementation of the model, the
extensive margin—namely, the binary decision of whether a firm imports a product from a

given country—was determined by a sharp threshold rule:
isimporter;;. = 1{bjjc > b} }.

This discrete cutoff generates a discontinuous mapping from prices and costs to firm-level
import decisions, which leads to numerical instability and non-convergence when solving
for the equilibrium threshold b7. To smooth the firm-level extensive margin decision and
facilitate convergence, we incorporate i.i.d. idiosyncratic preference shocks into the import
decision. Specifically, we assume that firms observe an additive i.i.d. Type I Extreme Value
shock to their latent import profitability. Under this assumption, the probability that firm

7 imports product j from country c is given by:

Pimport _ 1
ijc - 1 byje—br ’

where 0. > 0 governs the dispersion of the shock. This smooth logistic function replaces the
discontinuous indicator function and yields a continuous import probability that responds

gradually to changes in underlying fundamentals.
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It is important to distinguish between the individual firm’s optimization problem and
the equilibrium aggregation step. At the firm level, importer i takes the aggregate buyer-
share and seller-share objects entering the pricing formula as given when solving for b and
does not internalize the effect of its own sourcing decision on those aggregates. At the equi-
librium level, however, these aggregate share objects are updated using the cross-sectional
distribution of import decisions. Hence, the extensive margin still affects market shares
in equilibrium, but only through aggregation across atomistic firms rather than through

strategic internalization by any single importer.

Implementation Details:

import
‘Pijc

e The threshold condition isimporter,;. is replaced with the smoothed probability

e All computations involving extensive margin aggregates—such as foreign price indices,

Pimport

expected import shares, and the entry condition—are updated to use P, in place

of the binary import indicator.

e We set 0. = 1 as a conservative baseline, balancing numerical smoothness with the
economic realism of near-binary entry behavior. Values in the range [0.05,0.2] are

generally robust across parameterizations.

G.2 Model Mechanism on Tariff Pass-Through

G2 Deriving {i) and s
je e

dlns;jc
7 dlnTje

The elasticity of the exporter’s supplier share s;;. with respect to the tariff increase
can be derived in four steps. First, utilizing demand function of importers, we have s;;. =

(Tjepije/PF) €. Second, given the price index pf = (ch(Tijijc)l_g)l/(l_e), we have In(pl) =

1/(1 =€) (3, (Tjepije) ), which implies that dIn(p]") /0 In(Tjepize) = On(p])/O(Tjepize) X
(Tjepije) = Sije- Third, based on the second step, we have dIn(pl’) = ch Sijed IN(TjeDije) =

Sijed 10 (Tjepije) + (1= sije)d1n(Byjrer), where dIn(Biyer) = Ygprer s 1a-d1n(Tjrepije). Fourth,
based on the first and the third step, we expand dIn(s;;.) to derive the expression for %
jc
dlnx;j.
’ dln Tjc )

The elasticity of the importer’s buyer share x;;. with respect to the tariff increase
is symmetrically derived in four steps. First, given the definition that z;;c = mijc/ Y, Mije,
we have In(z;j.) = In(my;e) — In(d>_, mije). Second, given that In(mj.) = In(}_, mye), we
have d1n(m;.)/01In(mj.) = dln(m;.)/Omsjc * mij. = xij.. Third, based on step 2, we have

din(mje) = >, zijedIn(mye) = zij.dIn(mye) + (1 — xij0)dIn(myj.), where dIn(my,.) =
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ZW# ﬁ;zcd In(my;c). Fourth, Based on the first and third step, expand dIn(z;;.) to derive
the expression for Zhtise

dlnTj. *

G.2.2 Proof of Proposition C.1

Proof A full log-differential of the pricing equation (4.3) yields the log change in post-tariff

import price, which is specified as follows:

dln(chpijc) =dln Hije +dIn 6ijc + dIn Tjcs (G]_)

where ¢;;. = j}gé(j:)) and

s x s 8 In :ule x (9 In ,uz]c
dln pije =T dInsgje + T dInwize, T3, = Dl sy e = dlnay. (G.2)
The pass-through elasticity of a tariff increase dIn 7. is therefore
dIn(7jcpije) dln s;; dlnz. dlné;
(I)i = jer’ije) s ijc x ijc ijc 1. G3
! dInTj, Y dIn T, Y“dlint,.  dlnTj + (G3)

It is straightforward to show how the exporter’s sales share, the importer’s quantity share,

and the exporter’s marginal cost of production respond to tariff changes:

dln s;; dInTipije dnTpupijie
ije _ 1—¢ 1_Si'c jelije 3/ Pij'c : G4
dll’lch ( )< J> |: dlnch dlIlch ( )
dlnxijc :—(1—1‘ ) . dlnchpijC d].Ilﬁ’I,i/jC (G5)
dlnj. YTV dng, dlntj. |’
dln éijc 1—k dln TjcPije dln T?LZ'/ ic
= —EiieTije— e 4 (1 = o) —— ) G.6
dlnTj, K ( JETNE dIn Tje ( je) dInTj (G6)
where %ﬁw represents the elasticity of the selling prices of an exporter (j, ¢)’s competi-
tors in response to a tariff increase, and d;ijjc represents the elasticity of the quantities

purchased by the competitors of importer ¢ in response to a tariff increase. The detailed

derivations are in Appendix G.2.1 of the Supplementary Material.

Therefore, under the assumption of competitors’ non-responsiveness and sufficiently low

values of each pass-through components, the import price pass-through elasticity is as follows:

dln(chpijc) -~ 1 1 1
lech ~ 1 —+ FS (E — 1)(1 — Sijc) 1 + FijEi]’c(l — xijc) 1 + kTﬁxijcgijc

ijc

, (G.7)
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where

oligopoly 1

s ijc ijc

Fz]c - (1 - Li) 1 ) (GS)
Hije  €ije — ijc

oligopsony 1_

ijc ijc 1— ije) ™
[ = o Tyell = Zie) ™| (G.9)
Hije /i(l — (1 — SL’UC);> ]

ijc 7

G.2.3 Proof of Proposition C.2

Proof Suppose that ¢ and s;;. € [0,1] are constants that are identical across importers.

L R livobol B
It is direct that €;;. = (1 — s;jc)€ + sijc becomes a constant and, hence, /L?jlcgc’poy = f—fjl
ijc

becomes a constant. We prove in two steps.

First, we prove in the case of x = 1. In this case, y;;>""*""™ = 1. Based on equation
(C.1), we have ®7% = ¢LT = 1. Then we have };L = u)il—gi’p"lyjt It is easy to see that
ijc —) e
dIn(T;.P;ic)
d /}41 i‘ dr’; ijc dé?(‘ d( dhjn—jcj )
—Hc < 0, and hence ] <0, ¢ > 0. Therefore, we have > 0.

Second, we prove in the case of k € (0,1). Suppose z;;. € [0,1] is a constant that is

; GE :
identical across importers. Therefore, /L?;lcg(’psony = HP(IQC;J) is a constant. It is easy to
T drs o3¢ -
show that —2* < 0,and hence —¢ < 0, —2¢ > 0. Given z;j. € [0,1] and x € (0,1), it can

SS
be shown that {% — 1} € [-1, O) Next, it can be shown that £ ”“ <0, dq)”“ > 0.
k(1—(1—z45c)®

T d(dln(chpijc>

dlnT;
7= = 0. Therefore, we have .

)20

It is obvious that

G.2.4 Understanding Tariff Pass-Through to Continuing Trade Relationship

Given ¢; = t, Vi, and &, the mechanisms underlying the three components in equation (C.1)

are as follows.

The first component (SC) <I>f]§ < 1 reflects strategic complementarities among exporters
and highlights that exporters reduce their markup to stabilize their market share after tariff
increases. Figure G.1 panel A indicates that <I>;§§ follows a “U-shape”: when the exporters’
supplier share s;;. is either very small or very large, there is high tariff pass-through to import
price, implying minimal changes in markups. When s;;. = 0, the exporter has no market
power and behaves as a price taker, while the importer possesses significant market power

over the exporter prior to the tariff increase. As a result, the exporter has no room to further
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reduce its markup in response to the tariff increase, leading to full tariff pass-through to the
importer. In contrast, when s;;. = 1, the exporter is sufficiently dominant to dictate prices
to the importer, again resulting in complete tariff pass-through to the importer. However,
when the supplier share is moderate, exporters are more willing to reduce their markups to

maintain their market share, leading to lower tariff pass-through to the importer.

Figure G.1: Decomposition of Tariff Pass-Through Elasticities

Panel A: Strategic Complementarity Panel B: Strategic Substitutability
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Notes: The figure illustrates how the three components of tariff pass-through—mamely, the strategic com-
plementarity component (SC), the strategic substitutability component (SS), and the cost component
(TT)—vary with model variables. In this plot, we fix importers’ bargaining power ¢« = 0.3, and exporters’
return to scale k = 0.9. Panel A shows that the SC component exhibits a “U-shape” relationship with
TjcPijeMije

exporters’ supplier share s;;., defined as s;;. = > Panel B shows that the SS component

je TiePijeMije
displays a “hump-shape” relationship with x;;., def]ine]d a]us a?;jc = ZLn{f]c Panel C shows that the TT
component decreases as importers’ buyer share x;;. increases, while Panel D shows that the TT component
decreases with importers’ demand elasticity €;;.. A component value below 1 suggests incomplete tariff
pass-through, a value above 1 implies more-than-complete pass-through, and a value equals to 1 indicates

complete pass-through to import prices.

SS

The second component (SS) @2 > 1 reflects strategic substitutability among importers,

highlighting that importers raise import price by reducing markdowns following tariff in-
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creases. Figure G.1 panel B indicates that @ZSJE follows a “hump-shape”: when the importers’
buyer share z;;. is either very small or very large, tariff pass-through to import prices is low,
indicating less change in markdowns. However, when buyer share lies in the intermediate
range, importers are more inclined to reduce markdowns, and hence face more tariff pass-
through. The underlying mechanism mirrors that of the strategic complementarity (SC)

component.

The third component (TT) @5? < 1 reflects the cost channel. This component arises only
when importers have market power k < 1. Figure G.1 panel C indicates a lower tariff pass-
through to import prices as the importers’ buyer share x;;. increases, since larger importers
adjust markdowns by more to cushion import price change. Panel D indicates a higher tariff
pass-through to import price if there is a lower importers’ demand elasticity €;;., as importers

with less elastic demand are more likely to absorb the tariff burden.

As shown in Figure G.2, in the presence of decreasing returns to scale of export production
(k < 1), two key findings emerge when studying the relationship between tariff pass-through
and importers’ bargaining power (. First, holding all else constant, tariff pass-through to
import price increases with importers’ bargaining power. When tariffs rise, the pre-tariff
import prices of importers decline by less when importers have more bargaining power.
This occurs because higher bargaining power limits exporters’ ability to reduce markups in
response to tariff shocks, as their pre-tariff prices are already suppressed through negotiations
with strong importers. Consequently, importers bear a greater share of the tariff shock,
amplifying the overall pass-through effect. Second, a larger buyer share x;;. is still associated
with a lower tariff pass-through to import prices, since larger importers adjust markdowns

by more to cushion import price change.

Moreover, the discrepancy between the two columns of Figure G.2 illustrates the rela-
tionship between tariff pass-through and exporters’ returns to scale k given a level of «¢.
First, overall tariff pass-through to import prices increases as exporters’ returns to scale rise
(higher ). Second, whether larger importers (with higher import share z;;.) face less com-
plete tariff pass-through depends on exporters’ returns to scale. Specifically, when exporters
have decreasing returns to scale (k < 1), U.S. importers with a larger import share z;;. expe-
rience less complete tariff pass-through, as explained above. However, when exporters have
constant returns to scale (k = 1), U.S. importers face identical tariff pass-through regardless
of their import share. This is because the TT and SS components become degenerate, pre-
venting importers from extracting technological rent from exporters by setting markdowns.

Conditional on facing the same exporter supplier share s;j;., there is no variation in tarift
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pass-through across different U.S. importers.

G.2.5 Understanding Tariff Increase and Trade Relationship Adjustment

Trading relationship adjustment across product—country markets after a tariff
increase. Figure G.3 provides a detailed illustration of how firms adjust their trade rela-
tionships across product—country markets in response to a tariff increase, shedding light on
the impact of tariffs on foreign export prices, demand/productivity shifter cutoffs, import
status, and the number of imported varieties. Panel A reveals that more productive firms
import intermediates with higher foreign export prices. However, when tariffs increase, the
additional costs make these expensive intermediates less viable, forcing firms to eliminate
such imports from their sourcing list. Panel B illustrates that more productive firms have
lower demand/productivity shifter cutoffs, indicating that they can sustain imports more
easily due to their ability to overcome the convex import cost. The tariff hike, however,
raises the cutoff for all firms, tightening the criteria for import viability. This increase in
the cutoff reflects a reduction in the attractiveness of foreign intermediates. The cost of
introducing a foreign intermediate outweighs the efficiency gain. Panel C highlights that
more productive firms are more likely to participate in international trade by importing in-
termediates. The tariff increase forces marginal importers to exit. Panel D shows that the
number of imported varieties correlates positively with firm productivity, as more productive
firms typically import a larger range of inputs to enhance the efficiency gains from foreign

intermediates. After the tariff increase, all firms reduce their number of imported varieties.
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Figure G.2: Tariff Pass-through and Its Components
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Notes: The figure illustrates how the strategic complementarity component (SC), the strategic substitutabil-
ity component (SS), the cost component (TT), and the overall tariff pass-through vary with importers’ bar-
gaining power ¢, given k. Figures in the left column are obtained with x = 0.9, whereas figures in the right

column are obtained with x = 1.
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Figure G.3:
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Notes: This figure illustrates with f(©;;.) = 1, how the foreign export price p;;., price-adjusted sourcing-
shifter cutoff b, import status, and number of imported varieties N; vary with firm productivity A; before
and after a uniform tariff increase of 25 percent. Varieties across product—country markets differ in marginal
cost of production. Panel A shows that more productive firms import varieties with higher foreign export
prices, and a tariff increase causes firms to give up expensive foreign varieties. For a given level of foreign
export price p;jc, it represents the price of a variety faced by importers with different productivity levels
A;. Panel B shows that more productive firms have lower demand/productivity shifter cutoff, and a tariff
increase raises the cutoff for all firms. Panel C shows that more productive firms are more likely to be an
importer, and a tariff increase forces the marginal importers to exit. Panel D shows that more productive

firms import more varieties, and a tariff hike decreases the number of varieties imported by all firms.

36



	Introduction
	Empirical Facts
	Data
	A Firm-Level Decomposition of Aggregate Tariff Pass-Through
	Firm-Level Margins of Tariff Adjustment

	Unified Welfare Decomposition for Importer Models
	General Setups among Existing Importer Models
	Welfare Decomposition
	Welfare Estimation

	The Full Model
	Setup
	Equilibrium

	Quantitative Analysis
	Estimation Strategy
	External Estimation
	Internal Estimation (Simulated Method of Moments)
	Targeted and Untargeted Moments

	Welfare Implication

	Conclusion
	Data Appendix
	Data Cleaning
	Robustness for Decomposing Aggregate Tariff Pass-Through
	Continuing Pairs: Empirical Findings
	Starting and Ending Pairs: Empirical Findings
	Fewer Starting Pairs, More Ending Pairs
	New Product or New Country?


	Welfare Decomposition Appendix
	Existing Models of Heterogeneous Importers
	Proof of Proposition 3.1
	Welfare Decomposition with ``Inefficiencies''
	Second-Order Welfare Decomposition
	Proof of Proposition 3.3
	Estimating Import Price Index Effect Directly from Data
	First-Order Import Price Index Effect of Tariffs


	Full Quantitative Model Appendix
	Model Mechanism on Tariff Pass-Through
	Tariff Pass-Through through Relationship Adjustment
	Tariff Pass-Through within Continuing Relationships

	Constructing Targeted and Untargeted Moments
	Welfare Decomposition: China Case

	Link to the Supplementary Material
	Data Appendix
	Scheduled Tariff Construction
	A Decomposition with Richer Firm Heterogeneity
	Derivation Details


	Welfare Decomposition Appendix
	Solving the General Importer Model
	Welfare Decomposition with ``Inefficiencies''
	Proof of Proposition B.1

	Second-Order Welfare Decomposition
	Variance Operators
	Proof of Proposition B.2
	Summary of How Firm Heterogeneity Matters

	Connecting Welfare Decomposition with 6b0c12b2-04fb-3538-9c2f-6cab93648258
	Estimating Import Price Index Effect Directly from Data
	Second-Order Import Price Index Effect of Tariffs


	Full Quantitative Model Appendix
	Computation Algorithm
	Model Mechanism on Tariff Pass-Through
	Deriving dln(sijc)dln(jc) and dln(xijc)dln(jc)
	Proof of Proposition C.1
	Proof of Proposition C.2
	Understanding Tariff Pass-Through to Continuing Trade Relationship
	Understanding Tariff Increase and Trade Relationship Adjustment



