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Abstract

We study uniform tariffs in a general equilibrium dynamic model with search
frictions between heterogeneous exporting producers and importing retailers. We
analytically characterize unilateral import tariffs that maximize domestic welfare.
Search frictions lower these tariffs because of market thickness effects, which
reinforce aggregate production nonconvexities. A calibration using 2016 U.S. and
Chinese data suggests that optimal U.S. unilateral and Nash equilibrium tariffs
with baseline search frictions are 10 ppt. below those in a model with reduced
search frictions. Changes in welfare in response to changes in tariffs are smaller
in the model with baseline search frictions than in the model with reduced
frictions. In the Nash equilibrium with baseline search frictions, U.S. (Chinese)
tariffs are 17 (8) ppt. higher and welfare is 0.1 (0.9) percent lower relative to
2016 tariff levels.
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1 Introduction

We know that trade policy can have large effects on welfare (Broda, Limao, and
Weinstein, 2008; Ossa, 2011; Costinot and Rodriguez-Clare, 2014). For example, Ossa (2014)
finds that unilateral optimal tariffs can raise U.S. welfare by 2.3 percent. We also know that
building connections with overseas buyers is a prevalent firm-level search friction faced by
exporters (Kneller and Pisu, 2011; Brancaccio, Kalouptsidi, and Papageorgiou, 2020;
Krolikowski and McCallum, 2021; Eaton, Jinkins, Tybout, and Xu, 2022). Despite these
important facts about trade, we know little about how trade policy interacts with
international search frictions.

We study uniform tariffs in a general equilibrium dynamic model with search frictions
between heterogeneous exporting producers and importing retailers. We characterize
unilateral import tariffs that maximize domestic welfare when other countries follow passive
policies. Search frictions introduce a new incentive to subsidize imports because of market
thickness effects, which contribute to aggregate nonconvexities in production. Naturally,
these incentives strengthen when unmatched rates are high and with the matching function’s
responsiveness to the number of searching retailers. Quantitative results using 2016 U.S. and
Chinese data suggest that the optimal U.S. unilateral tariff with search frictions is about 10
percentage points below that in a model with lower search frictions. Changes in welfare in
response to changes in tariffs are smaller in the model with baseline search frictions than in
the model with reduced frictions. In the Nash equilibrium with baseline search frictions, U.S.
(Chinese) tariffs are 17 (8) ppt. higher and welfare is 0.1 (0.9) percent lower relative to 2016
tariff levels.

We study optimal import tariffs in the model of Krolikowski and McCallum (2021),
hereafter KM. Our main modeling contribution relative to KM is the explicit inclusion of
import tariffs. KM’s model is a Melitz-style general equilibrium dynamic model with
goods-market frictions between importing retailers in destination country d and
heterogeneous exporting producers in origin country o. We focus on an analytically tractable
model with random search and Nash bargaining, as in Pissarides (2000, Ch. 1). In the
steady state of this model, an endogenous fraction of exporters are actively looking for
importing partners but are unmatched. These unmatched exporters alter the levels of
aggregate variables and the changes in aggregate variables in response to shocks because
when producers are unmatched their associated varieties cannot be traded. Aside from the
goods-market frictions, our model nests Melitz (2003) and Chaney (2008).

Search frictions lead to a new source of aggregate nonconvexity in the production
possibility frontier (PPF). Specifically, increasing country o’s exports lowers search frictions
in this market because of increased retailer entry and leads to a higher matched rate. The

higher matched rate lowers the opportunity cost of exports. At the same time, increasing
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exports causes substitution away from local goods. This substitution lowers retailer entry
and the local matched rate, and increases the cost of producing local goods. Both effects
imply increasing returns to scale in the PPF. Naturally, these search-friction effects are
larger when unmatched rates in the export (do) and local (00) markets are high, and when
the number of matches is more responsive to the number of searching retailers.

The production nonconvexity introduced by search frictions is similar to the one
introduced by selection in Melitz (2003), as emphasized by Costinot, Rodriguez-Clare, and
Werning (2020), henceforth CRW. In that model, as exports from country o rise, producer
entry rises in this market, and local goods production falls, which lowers producer entry in
the local market. Both of these effects lower the opportunity cost of exports in terms of local
goods, which gives rise to increasing returns to scale. Nevertheless, we highlight that even
without self-selection into production, search frictions deliver an aggregate nonconvexity in
an economy with one industry This effect contrasts with the increasing returns to scale in
Krugman (1980), whose model requires multiple industries.

This nonconvexity creates an incentive for country d to subsidize imports from country o,
in addition to the selection effect. We characterize the optimal uniform tariff that maximizes
domestic welfare when other countries follow passive trade policies. We show that this
optimal tariff is lower with larger nonconvexities. Therefore, even if firms were homogeneous
and there were no fixed exporting costs (as in Gros, 1987), the country social planner might
choose to subsidize imports because of search frictions. International search frictions also
increase the local consumption share, and this further reduces the optimal tariff relative to a
model without search frictions. These results extend those in CRW to an environment that
includes goods-market search frictions between importers and exporters.

We present numerical examples under the conditions required by our analytical results to
help build intuition. We find that the optimal uniform tariff expression in CRW works well,
even with search frictions, once we account for the effects of these frictions on the
production nonconvexity and the local consumption share. Using this approximation, the
optimal tariff in a model with search frictions is below that in a model without search
frictions. The numerical examples suggest that setting tariffs according to a model without
search frictions reduces U.S. welfare relative to the optimal prescription in a model with
search frictions. The numerical examples also suggest that the optimal tariff in a model with
any positive search frictions is below that in the model without them and that most of the
decline in the optimal tariff occurs at relatively low levels of search frictions. Finally, the
numerical examples suggest that about two-thirds of the difference in the optimal tariff
between the models with and without search frictions is accounted for by the higher
production nonconvexities in the search model. A higher local consumption share in this

model accounts for most of the rest of the optimal tariff difference.
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To obtain a quantitatively realistic environment, we use the approach in KM to
simultaneously recover parameters of the model and solve for the accompanying equilibrium
endogenous variables to match U.S. and Chinese data in 2016. These data include economic
aggregates and trading partner separation rates, among other measures. To calibrate
importing retailers’ search costs, we use the fraction of U.S. (Chinese) firms exporting to
China (the US), similar to Armenter and Koren (2014), Eaton, Eslava, Jinkins, Krizan, and
Tybout (2014), and Eaton, Jinkins, Tybout, and Xu (2016). To calibrate domestic retailers’
search costs, we use manufacturing capacity utilization rates in each country, as in
Michaillat and Saez (2015), Petrosky-Nadeau and Wasmer (2017), and Petrosky-Nadeau,
Wasmer, and Weil (2021). As a whole, the calibration matches the data well and delivers a
realistic economic environment for the United States and China.

In this calibration, search frictions affect optimal tariffs and welfare. The U.S. unilateral
optimal tariff in a model with search frictions is about 10 percentage points below that in a
model with international search frictions reduced to domestic levels (‘‘reduced search
frictions’). For both the United States and China, the respective optimal unilateral tariff
with baseline search frictions would increase welfare by 0.1 percent relative to 2016 tariff
levels. We also solve for the Nash equilibrium in the model with baseline and reduced search
frictions. The optimal U.S. Nash tariff in the model with baseline search frictions is 1.25,
below the optimal tariff with reduced search frictions, 1.35. In the Nash equilibrium of the
model with baseline frictions, U.S. (Chinese) welfare is lower by 0.1 (0.9) percent. Changes
in welfare in response to changes in tariffs are smaller in the model with baseline search
frictions than in the model with reduced frictions, echoing the attenuating effect of search
frictions on welfare discussed in KM.

Search frictions in international goods markets are motivated by direct evidence. For
example, Kneller and Pisu (2011) find that ‘‘identifying the first contact’”” and “establishing
initial dialogue’ are more common obstacles to exporting than ‘‘dealing with legal, financial
and tax regulations overseas’ in a survey of UK firms. The broad relevance of search
frictions is also motivated by a variety of contexts beyond labor markets. For example,
Wasmer and Weil (2004) study search frictions in credit markets, Lagos and Wright (2005)
study search frictions in monetary economics, and Piazzesi, Schneider, and Stroebel (2020)
study search frictions in housing markets. Search frictions have also been studied in the
contexts of marriage markets (Smith, 2006), insurance markets (Cebul, Rebitzer, Taylor,
and Votruba, 2011), and goods markets (Drozd and Nosal, 2012), among others.

We also compare our results to past studies of tariff policy and efficiency in settings
without and with search frictions. Particularly relevant is work by Demidova and
Rodriguez-Clare (2009). That paper extends the optimal-tariff results in Gros (1987) to a

small country Melitz model. Both models are special cases of the model studied in
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Felbermayr, Jung, and Larch (2013), which characterizes optimal tariffs in cooperative and
noncooperative games for two large countries with heterogeneous producers. CRW generalize
these results beyond homogeneous firms and Pareto-distributed productivity, and to tariffs
that vary with firm productivity. We use an approach similar to theirs to characterize the
optimal import tariff in our model with search frictions. Finally, Brancaccio, Kalouptsidi,
Papageorgiou, and Rosaia (2023) study efficiency in markets with search but focus on the
international transportation sector.

The remainder of the paper is structured as follows. Section 2 outlines the model and its
solution. Section 3 studies the country’s social planner’s problem and presents analytic
results and numerical examples. Section 4 presents our calibration. Section 5 provides

quantitative exercises. Section 6 concludes.
2 The model, aggregation, and steady-state equilibrium
2.1 Model

We use an extension of the continuous-time model of KM and outline it here, with
additional details and equations included in Appendix A. The model features D countries.
We index importing countries with d (destination) in the first index position and exporting
countries with o (origin) in the second index. For example, imports by d from o are denoted
IMy,. We allow for search frictions between producers and retailers in domestic and

international goods markets, and we focus on the steady-state implications.
2.1.1 Consumers

A representative consumer in destination market d has Cobb-Douglas utility, Uy, over a
homogeneous good, g4 (1), and a second good that is a constant elasticity of substitution
(CES) aggregate of differentiated varieties, g4, (w), from all origins. The two goods are
combined with exponents 1 — « and «, respectively. The differentiated goods are
substitutable with constant elasticity, o > 1, across varieties and destinations. Formally the

consumer’s problem is

) . a(5%)
max 4a (1)1_a [Z/ Qdk (W)<T> dw] (1)

qa(1),qaxk (w)

st. Cy = pd(l)qd(1)+2/ Par (W) qar (w) dw,
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which results in the following demand for the homogeneous good and each differentiated

variety, respectively

Pdo (w) U_

(1 — Oé) Cd
) Pdl_g

qa (1) = Gdo (W) = aCy

We denote the value of total consumption as Cy in destination country d. For prices paid
by final consumers, we denote the value of consumption of the differentiated good to
destination d from origin o as Cy,. The homogeneous good has price py (1). Define P, as the
price index for the bundle of differentiated varieties and Py, as the price index for the bundle
of varieties produced in country o and consumed in country d, which have price py, (w). The
ideal price index, defined as Z;, combines p, (1) and P,;. Details about the ideal price index,
=4, and differentiated goods consumption in the do market, Cy,, are in Appendix A.1 and we
discuss the price index more in Section 2.3.5.

We have written a static consumer problem so that our model nests Melitz (2003) and
Chaney (2008), but we present a dynamic problem for producers and retailers in Sections
2.1.3 and 2.1.4. To reconcile the two approaches, we can assume that the consumer is
perfectly patient so that solving the static problem each instant solves their dynamic
problem. A perfectly patient consumer would imply that the equilibrium interest rate is zero,
r = 0, which is a feasible value in the retailer and producer problems. Because it is our main
focus, we follow many search models and do not endogenize the interest rate.

It is convenient to express the subutility from consuming differentiated goods in

destination d from origin o as

-/ ) W', 3)

in which g = o/ (0 — 1). Therefore, the utility of the representative consumer can be written
ap
as Uy = qq (1)(1"“) [chh/i“ + jS(/)“} , in which Q4 and @4, are the utility from consuming

local and imported differentiated goods, respectively.
2.1.2 The matching function

A costly process of search governs how producers and retailers find one another, similar
to that in Diamond (1982), Pissarides (1985), and Mortensen (1986). We assume that the
flow number of relationships formed at any moment in time between searching retailers and
producers is determined by a Cobb-Douglas matching function, with matching efficiency &
and elasticity with respect to the number of searching producers 7. As a result, market
tightness—the ratio of the mass of searching retailers to the mass of searching producers,

which we denote, k4o = V4o NJ* /4o NZ—is sufficient to determine contact rates on both sides
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of each do search market. The Poisson rate at which retailers in country d contact producers
in country o is given on the left, and the contact rate for producers is given on the right:
— 1—

X (/{do) = 5"1 077’ RdoX (/{do) = gﬁdon' (4)
Only the number of vacancies matters in our model, not the number of retailers. Vacancies
can originate from one retailing firm posting all vacancies, all retailers posting one vacancy
each, or anything in between. Therefore, we interpret matches as one retailer to one
producer, as in Pissarides (2000), and we refer to vacancies and retailers interchangeably.

Details about the matching function are in Appendix A.2.1, with details about continuous

time Poisson processes in Appendix A.2 of KM.
2.1.3 Producers

We assume that the homogeneous good is produced with one unit of labor under constant
returns to scale in each country. So, the price of the homogeneous good must equal the wage
in each country, py (1) = wg, Vd.

We index differentiated goods producers by their permanent productivity, ¢. We assume
this productivity is exogenous and has the same distribution in all countries: Pareto with
cumulative distribution function G () = 1 — ¢~ so that ¢ = 1 is the minimum possible
value of productivity. We assume that 6 > o — 1.

There are two production costs for differentiated goods. First, producers face a variable

cost indexed by productivity

 (Qdor Wo, Tdos P) = QaoWoTdo P - (5)

This variable cost function implies a constant-returns-to-scale production function in which
labor is the only input. w, is the wage in the exporting (origin) country; 74, > 1 is an
iceberg cost such that one unit of the differentiated good arrives in destination d when 74,
units are sent from origin o and 74, — 1 units are lost to physical destruction; and gy, is the
amount traded. Second, producers face a fixed cost of production, w, f4,, in which f4, is in
labor units, so that the total production cost is v (Guo, Wo, Tdo, ) + Wo fio-

At any instant in time, each producer is in one of three mutually exclusive states. First,

the producer could be matched with a retailer with value X, () defined by

7"AXdo (90) = NdoQdo — V (Qdoa Wo, Tdo, 90) - wOfdo + A (Udo (90) - Xdo (‘:0)) . (6)

In this state, the flow payoff is the revenue obtained from selling g4, units of the good at
negotiated price ng, to retailers, less the variable, v (¢qo, Wo, Tao, ¢), and fixed cost of

production, w, f4,- The negotiated price, ng,, and the quantity traded, q4,, are determined
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through a bargaining process that we describe in Section 2.2. Matches end exogenously at
rate A, which leads to a capital loss as the producer becomes unmatched and the future is
discounted at rate r.

Second, the producer could be unmatched but searching with value Uy, (¢) defined by

TUdo () = —Woldo + KaoX (Kdo) (Xao (¢) — Udo () — WoSas) - (7)

The producer pays a flow cost, w,lg4,, to generate contacts with retailers. At endogenous
Poisson rate kg,X(K4o) the producer contacts a retailer and becomes matched, after paying
the sunk cost, w,s4,, of starting up the relationship.

Third, producers have the option of remaining idle and not expending resources to look

for a retailer with value Iy, (¢) defined by

rIdo (90) = wohdo- (8)

Idle producers receive a constant flow payoff, w,hq,. We include an idle state because
without it, all producers would search in all markets, even if they expect to reject all contacts.
Allowing producers to optimally choose not to search in each market is both more general

and more intuitive. Appendix A.2.2 has more details about the producers’ value functions.
2.1.4 Retailers

Each retailer is in one of two states. First, the retailer could be matched with a producer

and receive value My, (¢) defined by,

ero (30) = Pdoldo — tdondOQdo + A (V;lo - Mdo (@)) . (9)

In this state, the flow payoff is the revenue, p4,qq40, generated by selling qg, units of the
differentiated good at a final sales price, py,, paid by the consumer less the tariff-inclusive
cost of acquiring these goods, tg,n40q40. The retailer pays the ad valorem tariff, t4,, on the
imported value, n4,q4, to the government. The tariff creates a potential wedge between
producer revenue, ng,qq0, in Eq. (6) and retailer cost, t4,n40qa0 in Eq. (9). Tariff revenues
are rebated in a lump sum from the government to consumers in the destination country as
discussed in Section 2.3. When the relationship is destroyed exogenously, at rate A, the
retailing firm loses the capital value of being matched. All retailers are identical before
matching but have differential matched values because producers are heterogeneous in their

productivity.
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Second, a retailer could be unmatched with value Vj, defined by

Vo = —WaCdo + X (Kdo) / [max {Vio, Mao (#)} — Vo] dG () - (10)

The flow search cost, wgcy,, generates the search friction between producers and retailers. At
endogenous Poisson rate x(kq,), retailing firms meet a producer and, before consummating a
match, learn the productivity of the producer. Retailers then choose between matching with
that producer or continuing to search. Because they are uncertain about the productivity of
the producer they might meet, retailers take the expectation over all productivities they
might encounter when computing their continuation value of searching. There is an
unbounded mass of potential retailers that could decide to search. Appendix A.2.3 has more

details about the retailers’ value functions.
2.2 Solving the partial-equilibrium search problem

Retailing and producing firms use backward induction to maximize their value. The
second-stage solution results from jointly Nash bargaining over negotiated price, ng,, and
quantity, g4, after a retailer and producer meet. In the first stage, retailers and
producers—taking the solution to the second-stage bargaining problem as given—choose
whether to search for a business partner, or to remain idle. Appendix A.3 solves the search

problem in detail.
2.2.1 Match surplus

Define the total private surplus as the value of the relationship to the retailer and the

producer less their outside options:

Sdo (@) = Xdo (90) — Udo (@) + Mo (‘P) — Vito- (11)

Importantly, Sy, (¢) excludes the government’s value of collecting tariffs from each match
and the government is passive during bargaining. Bargaining over quantity, ¢4, will
maximize total private surplus and bargaining over price, ng,, will divide the surplus
between the producer and retailer. Appendix A.3.1 derives the surplus in terms of
appropriately discounted profits. That appendix also derives the value of a relationship and

discusses the expected duration of matches.
2.2.2 Bargaining over the negotiated price

Bargaining over the negotiated price, ng4,, will divide the private surplus, Sy, (¢),

between producers and retailers according to the “‘surplus sharing rule,” which is:

(1 - 6) tdoSdo (SO) )

Xao (0) = Ugo () = BSa () B4 ta (1 —5)

S ttw-py el Ve =

(12)
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in which f is producers’ bargaining power. Eq. (12) nests the sharing rule in KM (Eq. 13)
when t4, = 1. In addition, as the tariff rises, retailers receive a larger fraction of the surplus
to account for their increased import costs: As t4, — 00, the fraction of the surplus received
by retailers approaches 1.

The negotiated price that splits the surplus according to Eq. (12) when we assume free

entry into retailer vacancies, Vy, = 0, is

Pdo U (Gdo; Wo, Tdo, +wo o_wolo_/io Rdo) WoSdo
ndo:(l_’)/do)(i)"i_’ydo( (d a 90) qud d dX( d) d)7 (13)

A)(1—
in which v, = " —|§T)\++ g/idoX (i)do) € [0, 1]. The equilibrium negotiated price, ng,, is a

convex combination of the tariff-adjusted final sales price, pg,/tq40, and the average total

production cost less producers’ search costs. Appendix A.3.2 discusses bargaining over price

in detail.
2.2.3 Bargaining over quantity

Bargaining over quantity implies that the quantity exchanged within matches equates
the marginal revenue obtained by retailers from consumers with the marginal production
cost inclusive of tariffs. Our assumptions about the utility and variable cost functions result
in an equivalent definition for negotiated quantity in terms of the final consumer being a

markup over marginal production and tariff costs:

Pdo (Qp) = tdo,u/ondonil- (14)
Negotiated quantity is obtained by substituting Eq. (14) into the demand curve, Eq. (2).
Appendix A.3.3 discusses bargaining over quantity in detail.
2.2.4 Producers’ search productivity threshold

In the first stage, producers, taking the solution to this second-stage bargaining problem
from Egs. (13) and (14) as given, choose whether to search for a business partner or to

remain idle. Therefore, a zero-value condition, Uy, (@a0) — Lo (Pao) = 0, which can be

(M

Zfdo

written as

) Qdo (@do) —v (CZdo (@do) y Wo, Tdos @do) =F (/fdo) ) (15)

determines the producers’ minimum productivity threshold, ¢4,, that makes searching
worthwhile. Eq. (15) equates tariff-adjusted variable profits from the match with the

“effective entry cost.” The latter is defined as

r+ A > < r+ A > (r + /\)
F (Kgo) = Wofgo+ | =————— | wolgo + [ 1 + =———— | Wohao + | —— | WoSa0, (16
(ao) Ja (5'€doX (Kdo) g BraoX (Kdo) ¢ B a0 (16)
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which is the sum of the fixed cost of production, w, f4,, and the (appropriately discounted)
flow cost of searching for a retailer, w,l4,, the opportunity cost of remaining idle, w,hq,, and
the sunk cost of starting up a relationship, w,sg.

Solve Eq. (15) using our functional forms to get the threshold explicitly as

- g ﬁ WoTdo F<Hdo) ﬁ n
oo =1 () (Pd )( C ) faor 17

A detailed discussion of the threshold productivity is in Appendix A.3.4.

2.2.5 Retaliler free entry and equilibrium market tightness

We assume free entry into the market of unmatched retailers so that Vg, = 0 in Eq. (10),
as in Pissarides (1985) and Shimer (2005). This assumption implies that

WqCdo

= [ Mun(e)dG (). (18)
This equation defines the equilibrium market tightness, k4., that equates the expected cost
of being an unmatched retailer, on the left, with the expected benefit from matching, on the
right.

To get intuition from Eq. (18), notice that as the expected benefit from retailing rises,
free entry implies that retailers enter the search market. This entry raises market tightness,
Kdo, and, through congestion effects, reduces the rate at which searching retailers contact
searching producers, x (k4,). This increases retailers’ expected cost of search (the left-hand

side) so that, with free entry into retailing, x4, always satisfies Eq. (18) in equilibrium.
2.3 Aggregation
2.3.1 Fraction of unmatched producers

Because of search frictions, in the steady state there exists a set of unmatched producers
(mass of unmatched product varieties) that are actively looking for a retail partner. This

fraction of unmatched producers is given by

Udo . A
1-— ido A + RdoX (’idoy

(19)

in which w4, is the fraction of producers that are unmatched and searching and g,/ (1 — ig,)
is the fraction of active producers that are unmatched adjusted by the fraction of producers
that will ever search, 1 — 74,. The fraction of idle producers, i4,, that choose not to search is

defined by the steady-state productivity threshold, ¢4, and the exogenous productivity
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distribution:

Pdo
i = / 4G () = G (gas) = 1 — 37", (20)
1

The unmatched producers characterized by Eq. (19) imply associated unmatched
varieties that cannot be consumed and are therefore absent from imports, the indirect utility
(welfare) function, and all other aggregates.

We can move from indexing over an unordered set of varieties that enter utility to
indexing using a distribution of productivities using the steps in Appendix A.11.1 of KM.
Specifically, if an unordered set of varieties, 2,, has measure N7 = |Q,|, then the set of
varieties above the threshold has measure (1 — G (@4,)) N = (1 —i4o) N and the set of
matched varieties that are above the threshold has measure (1 — w4,/ (1 —i40)) NF. The

measure of goods consumed will feature prominently in any aggregate quantity in the model.

2.3.2 Resource constraint

The aggregate resource constraint using the expenditure approach and the measure of
matched varieties can be written as

D
Yo = pa(l +Z( 1 )N/ P (9) dax () 4G ()
k=1 — ldk Pdk
Consumption (Cyq)
i (21)
+ Njwgel + Z KakUak N Wacar + UpaNG (Walka + waskakrax (Kka)) + (1 — uka — tga) Ngwafrd -
k=1

Investment (Ig)

Consumption expenditure, Cy, is defined in Eq. (1). Investment expenditure, Iy, is the
resources devoted to creating producers, to creating retailer-producer relationships, and to
paying for the per-period fixed costs of production. We define investment costs as those that
must be paid before producing the first unit of output and that do not scale with output.
Notice that government expenditure, G4, which is total tariffs that are levied on retailers at
the negotiated price, is implicitly included in consumption expenditure because final sales
prices, p4o (¢), include the tariff (Eq. 14). The government budget is balanced by rebating
tariff revenue to (taxing subsidy cost from) consumers as income, as discussed in Section
2.3.4. Government payments to idle producers are financed by a lump-sum tax on
consumption so that they cancel out on the expenditure (right) side of the aggregate

resource constraint. We impose balanced trade:

D D
> IMyg = My, (22)
k=1 k=1
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so that net exports do not appear in Eq. (21). Finally, we assume that the number of
producers is exogenous, as in CRW. Appendix A.4.1 contains details about the resource

constraint.
2.3.3 Labor market clearing

Labor demand in country d, LDy, is defined by

I Uy . _
LDg=-"+q(1)+ Y (1 - ) Ny / Goa () Toa™ ' dG (), (23)
Wq ~ L —oq Pod

with details in Appendix A.4.2. Labor demand is the sum of three terms. First, the cost to
create firms, pay fixed costs, and form matches captured by the investment term, I;, from
Eq. (21). (Investment must be divided by the wage to yield units of labor.) Second, the
labor used to produce the homogeneous good. Third, the labor used to produce local and
exported differentiated goods. In contrast to tariffs, whose resources are reallocated but not
lost, iceberg costs 7,4 are lost to physical destruction. Labor supply is immobile and equal to

a country’s labor endowment, L.
2.3.4 Profits

Firms make profits in our framework because of a fixed and exogenous number of
producers. Total resources paid to labor are defined by Y; = wyLg + I14 + G4, in which Ly is
the exogenous labor endowment, w, is the equilibrium wage, Il; are profits, and G4 is
income raised by tariffs and rebated to consumers. To determine profits, I, we discuss five
ownership structures of firms in Appendix D.1.3: 1) Consumers in country d own retailers
and producers in country d (profits attributed by location); 2) they own retailers in country
d and all producers in country o that serve them (upstream vertical integration); 3) they
own producers in country d and retailers that sell these goods in country o (downstream
vertical integration); 4) they own producers in country o that serve country d and retailers
in country o that sell products sourced from country d (inverted ownership structure); or 5)
they own shares of a global mutual that collects all retailer and producer profits and then
redistributes them in 7 proportion to the value of the labor endowment in each country,

wgLg4. In our analysis we use the first approach. Therefore, profits are defined by

M, — 2+HP:Zﬂgk+ZHid:ZCdk—thkIMdk+Zkad— %, (24)
k k k k k

. Hlkd
in which II}}, is the total retailer profits from all varieties sold by retailers in country d who
source their products from country &k and II7, is the total producer profits from all varieties

sold by producers in country k£ from country d.
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2.3.5 Price index

Using the optimal final sales price from Eq. (14) and the other assumptions in Sections

2.1.1 through 2.2, we derive the price index for differentiated goods in country d:

=

1

N .
1L U —0 |51 1o
Pi=XCi " pa pa= (Z (1_ y )Nf? (wiras) " F ™ ]tiuf“e> . (25)

1—1
o1 dk

in which Ay = (0/ (0 — (0 — 1)))_é (U/Oé)ﬁ_é p. More details appear in Appendix A.4.3,
which also defines other relevant price indices. To conserve on notation, sometimes we refer
to F'(kq4o) as Fy,. The ideal price index, =4, that minimizes expenditure to obtain utility

level U; = 1 combines the differentiated and homogeneous goods prices as
Ea=[pa(1) /(1= )] " [Pa/a]”.
2.3.6 Imports

The gravity equation gives total imports by destination d from origin o in the

differentiated goods sector, which is the total value of all imported varieties evaluated at

negotiated prices, n4,qqo- As we show in Appendix A.4.4.1, imports are:

— (6 _ _
IM,, = (1_ “d;’ )(1—b(a,@,vdo,édo,Fdo))aNde <“’;Td°> Fdo(”*l 1)t;o“9, (26)
— ldo d

in which the fraction of matched exporters, 1 — ug,/ (1 — i40), and the import markdown,
1 — b (-) reduce imports relative to a model without search (KM).
The total amount paid by consumers in d for imports from o, Cy,, equals the value of all
imported varieties evaluated at final sales prices. We show that
Clao = taocI Mao/ (1 — b (0,0, %40, ddo, Fuo)) in Appendix A.4.4.2.

2.4 Steady-state general equilibrium

A steady-state general equilibrium consists of threshold productivities, market
tightnesses, K40, Pao, Vdo, aggregate consumptions, Cy, and wages, wg, Vd. These will jointly
satisfy producers’ zero profit conditions (Eq. 17), retailers’ free-entry conditions (Eq. 18),
aggregate resource constraints (Eq. 21), and labor market clearing (Eq. 23). We elaborate
on the definition of the steady-state general equilibrium in Appendix A.5.1.

The exogenous parameters are 3, A\, r, 1, £, 0, 0, o, €3, La, tao, Cios fdos Pdos ldo, and Sqo,
in which d and o vary by countries. Tariffs, t4,, are exogenous parameters to economic
agents, except when they are chosen by a social planner, as discussed in Section 3.

The main difference between our model’s equilibrium definition and the definitions in
trade models without search is that we introduce market tightnesses, k4,. Our model nests

trade models without search frictions if market tightnesses are infinite. Specifically, our
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model exactly reproduces Chaney (2008) if retailers’ search costs are zero, wy = 1 and
G4 =0, Vd, and we impose the same parameter value restrictions that he does

(Sdo = hao = €5 = 0, ¥d, and, Vo), among other assumptions. We provide more details for
this result in Appendix A.5.2.

Formally, the decentralized equilibrium solves a system of nonlinear equations in the
equilibrium variables in which the equilibrium conditions are constraints, our calibration will
determine the model parameters (Section 4), and the objective function is any constant,
including zero. This problem solves:

(mc, ¢, C¢, wc) = argmax 0 (27a)
R,@,é,’lﬁ

subject to:

WdCdo < 1 > Hgo (/’_{d*a P Ca ’LB, td*)
(

= — Vdo, 27b
N (sae) A T o (o) /(1 i (B00))) N2 (27)
G'% o 0 F 0 ﬁ
ao=u(2)"" Doldo ( (req )> t* do, (27c)
a Py (f_{d*, Pdx, C, m, W, td*) Ca
wqlLq + g+ Gq (Ed*, Brd, C, 1Fd*) =Cy+ 14 (R’d*, Reds Prds 5) vd, (27d)
— = 1 = — — — — I
Id (Ed*y E{*da @*d? C) + (1 - OL) Cd + — (C*d (’z*da @*d: Ca W, t*d) /t*d) v
wy = K vd
d T, ;
(27e)
taw = 15, Vd. (27f)

Eq. (27) is expressed as a function of only the endogenous variables and parameters. Eqgs.
(27d) and (27¢) implicitly define a trade balance condition because we assume that net
exports are zero. In Section 2.3 we discuss three ownership structures of firms, and in
Appendix D.1.3 we show that one of these structures implies an explicit trade balance
condition, as in Demidova and Rodriguez-Clare (2009), Felbermayr, Jung, and Larch (2013),
and CRW.

We denote these solutions to the decentralized competitive equilibrium defined by Eq.
(27) with “‘c”” superscripts. We also define vectors as collections of the variables across
subindexes and matrices are denoted in bold. For example, search market tightnesses are

collected into the following

Kio

K11 ... RiD
5 K20 5 . .
Kxo = | Kdx = (F&cu Kda2 - - KJdD) ; K= : " i, (28)

Kpi1 ... KppD
KDo
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so that rows index destinations and columns index origins. kg, is the dth row of k and «,, is
the oth column of k and k is a square matrix. The column vector of D aggregate
consumption expenditures in each d economy is collected in c , r'is a D x 1 column vector of
ones, and L is a column vector of D labor endowments. Division of matrices is element by
element. Tarriffs, t°, are exogenous in the decentralized competitive economy. Higher
variable export costs to country d, E‘;*, directly lower importers’ period profits, II7}}, and raise
the price index, Py (Eq. 25), but only affect investment, I;, through other equilibrium

variables.
3 Optimal uniform import tariffs
3.1 The unilateral country social planner’s problem

This section considers a country social planner that unilaterally chooses import tariffs to
maximize its own country’s welfare without considering the welfare of other countries. While
this country can set import tariffs, ¢4, we assume it cannot choose domestic taxes and the
import tariffs of other countries. Rather, these are set to their competitive levels so that
tgq = ty, and fow = {g*, Vo # d. This country’s social planner remains constrained by the
decentralized retailer entry condition and the other equilibrium constraints in all countries

defined in Eq. (27). Formally, this problem is given by

(n“,@“,é“,zﬁ“,t@@) = arg max qu — (29a)
Ea =4 </Zd*, Pax, C, W, td*>
subject to: Egs. (27b) through (27e),
tow = 10, Yo # d, (29h)
tag = tg, Vd. (29¢)

We denote the solutions to the unilateral problem defined by Eq. (29) with “u’ superscripts.
Appendix A.6 shows that real consumption in country d is welfare in country d because

preferences are homothetic.
3.2 Optimal unilateral tariffs with passive trade policies: Analytic results

In this section we present results about the optimal import tariff chosen by country d’s
social planner, t} , if other trade policies are passive, so that ¢;; = 1Vjk # do. We show that
search frictions lead to a new source of aggregate nonconvexity in the production possibility
frontier (PPF). This nonconvexity creates an incentive to subsidize imports, in addition to
the selection effect emphasized by CRW, under simplifying assumptions. In particular,
import subsidies increase contact rates and reduce the threshold productivity for exporting

in the do market. Contact rates rise with import subsidies because the value of being a
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matched retailer in the do market rises so that tightness rises. Subsidies also encourage
lower-productivity producers to enter the export market. Both of these effects imply that
import subsidies can lower import prices in the destination country by raising exports from
country o if country o’s PPF is not convex. Lower import prices reduce the price index in
the destination country, making consumers better off and raising welfare.

We define how the slope of the PPF changes as the level of exports changes.

Definition 1. Define € as the elasticity of the MRT with respect to exports in country o at

the optimal tariff:
u J1n MRTou (Qdm Qoo (Qdo))
© 8 In Qdo ’

otherwise known as the elasticity of transformation (EoT).

(30)

€

The superscript “‘u”” denotes variables evaluated at the unilaterally optimal uniform import
tariff, which we discuss below. The EoT is negative (positive) for a PPF that is bowed into
(out from) the origin because the MRT is falling (rising). A negative (positive) EoT implies
increasing (decreasing) returns to scale. The EoT is zero for a linear PPF.

This simplifying assumption helps yield analytic solutions.

Assumption 1. Assume that 1) D = 2 so that there are two countries, d and o; 2) there
are no tariffs or subsidies except for tariffs in the do market; 3) the consumer’s optimization
problem yields an interior solution; and 4) the homogeneous good does not enter the utility
function (o =1).

We show in Appendix B.1 that if we use Assumption 1, then the unilateral tariff that

maximizes welfare in country d, t}j , satisfies the approximation
8~ 14 1t TTooCo. (31)
’ (0 — 1)z,

in which 2., = Coo/ (Coo + Cao/tan) > 0, o is the elasticity of substitution between
differentiated varieties, and €® is defined in Definition 1. The approximation rests on similar
markdowns (1 — by, (-) from Eq. 26) in international markets, and small responses of ratios
of these markdowns to exports and imports. Appendix B.1.4 shows that we recover the
optimal uniform tariff expression in CRW exactly if we make the same assumptions as they
do in a model without search frictions. Eq. (31) suggests that as the EoT falls, and the PPF
in country o gets more bowed into the origin, the optimal tariff falls. Because x,, can be
interpreted as the share of differentiated goods consumption in country o devoted to local
goods under simplifying assumptions (Appendix B.1.5), we refer to x,, as the local

consumption share in country o.
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We highlight that computing the optimal tariff in Eq. (31) requires a calibrated
structural model, except in special cases. In particular, the right-hand side (RHS) of Eq.
(31) requires the local expenditure share and the EoT in country o to be evaluated at the
optimal tariff. In general, these values cannot be calculated without a fully specified general
equilibrium model because they are equilibrium objects that depend on the level of tariffs.
Specifically, observed data do not yield the local consumption share at the optimal tariff. A
structural model also allows us to consider and quantify welfare in counterfactuals. We
pursue such quantitative exercises in Sections 3.3, 3.4, and 5. Only in some special cases is
the RHS of Eq. (31) a constant and not a function of the import tariff, for example, if
country d is a small open economy so that x,, = 1 and productivity is distributed Pareto
(Demidova and Rodriguez-Clare, 2009).

The following proposition characterizes the effects of goods-market tightness on the EoT
in country o, €4. We show that search frictions lower this EoT, which creates an incentive to

subsidize imports.

Proposition 1. Use Assumption 1 and also assume that ly, = —hy, for k = d, o so that
F (kko) are parameters. Then
w_ 0—(oc—1) o (c—-1) uly Olrky, [ wug, dln kY,
T T |00 —(0—1)] zgo] (1=m) [00 —(o—1)] [\1=d% ) dmQae \1—i% ) dmQu,] " (32)
Selection Search frictions
Proof. See Appendix B.2. O

The EoT in our model is the usual EoT without search frictions and the additional effect
of exports on goods-market tightness. The first term in Eq. (32) is the EoT in a model with
a Pareto distribution for firm productivity and constant fixed exporting cost, but without
search frictions, as in Felbermayr, Jung, and Larch (2013). This EoT is negative because the
PPF is bowed into the origin. This nonconvexity in the PPF arises because of self-selection
into exporting, as discussed in Costinot, Rodriguez-Clare, and Werning (2016) and CRW.
Specifically, as (D4, rises, there is more producer entry in the do market, as well as fewer
local goods, @),,, which lowers producer entry in the oo market. Both of these effects lower
the opportunity cost of exports in terms of local goods. As the productivity distribution has
a thinner right tail ( — 00), this selection channel becomes more relevant and the PPF
becomes more bowed into the origin. This EoT term would be zero in a model with
homogeneous firms and no fixed exporting costs, as in Gros (1987).

The second term in Eq. (32) captures the effects of changes in goods-market tightness on
the EoT. The first term in the second square parentheses captures the effects of exports on
tightness in the do market. This term is positive because an increase in country o’s exports

increases retailer entry and tightness in the do market, which increases the matched rate and



18 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONS

decreases the differentiated-goods price index. Simply put, by increasing exports, country o
lowers search frictions, which lowers the opportunity cost of exports. The second term in the
square parentheses is negative because higher exports imply substitution away from the local
market, which lowers the local matched rate and increases the cost of producing local goods.
These two effects imply that the second term in Eq. (32) is negative, so that search frictions
introduce a new downward force on the EoT and the PPF becomes more nonconvex.
Naturally, these search friction effects are larger when unmatched rates in the do and oo
markets are high and when the number of matches is more responsive to the number of
searching retailers, that is, when (1 —7) is closer to one.

Even if firms were homogeneous and there were no fixed exporting costs, the country
social planner might choose to subsidize imports because of search frictions. Without search
frictions, the optimal tariff in this environment would be 14+ 1/[(c — 1) 2% ] > 1 because the
PPF would be linear so that the EoT would be zero (€% = 0). Search frictions make the EoT
more negative (€2 < 0) and the social planner would choose to lower import tariffs. This
result is similar to those in Melitz and Redding (2015), who make the point that micro
moments matter for welfare changes. And it is also similar to the point made by KM that
search-related moments matter for welfare. Analogously, we show in this paper how search
friction moments enter into and change the optimal tariff expression from CRW.

The effect of search frictions on the local consumption share, z,,, further reduces the
optimal tariff relative to a model without search frictions. In Appendix B.3 we show that the
local consumption share rises when international search costs in the do market rise. This
result is intuitive. For example, if search frictions in the import market are extremely high,
then there are few retailers in that market, and almost all expenditure is directed toward
local goods. This effect reduces the optimal tariff even further through the direct effect on
the optimal tariff in Eq. (31).

As shown in Costinot, Rodriguez-Clare, and Werning (2016, pg. 24), the optimal tariff
without search frictions and a Pareto productivity distribution equals

14 oz e 1

=1+ —22 =1+

G-Dat, D (33)

in which we use only the “selection” term of the EoT from Eq. (32) in Eq. (31). Appendix
B.5 discusses additional findings about optimal tariffs in the model without search frictions.
Different search market structures could result in different optimal tariffs and efficiency
results. KM discuss the efficiency properties of a Melitz-style model with exogenous wages in
detail (Appendix A.16). It is well known that under constant elasticity of substitution
preferences and without goods-market frictions, the decentralized equilibrium in the Melitz

model is efficient (Dhingra and Morrow, 2019). However, the decentralized equilibrium in
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our model with random search and Nash bargaining does not attain the efficient market
tightness in general because of the standard matching externalities in search models; namely,
retailers and producers do not internalize how searching affects equilibrium matching
probabilities. In addition, our model also has participation and output externalities because
the threshold producer does not internalize their effect on average match productivity, as in
Albrecht, Navarro, and Vroman (2010) and Julien and Mangin (2017). As a result, the
Hosios (1990) condition, which sets producers’ bargaining power, (3, equal to the matching
elasticity, 1, does not ensure efficiency in our context. Alternatively, competitive search
models—those in which some agents can post prices and other agents direct their search to
the most attractive alternatives—typically yield efficient market tightness in the
decentralized economy, both in static and in dynamic environments (Acemoglu and Shimer,
1999; Rogerson, Shimer, and Wright, 2005). Nevertheless, we know little about the
interactions between optimal tariffs and optimal market tightness in search models. We
leave formally characterizing the efficiency properties of alternative search market structures

to future work.
3.3 Optimal unilateral tariffs with passive trade policies: Numerical results

In this section we present numerical examples of the results in Section 3.2. The results
are based on a symmetric country example with simple parameter values, as discussed in
Appendix B.4. We assume that the homogeneous good does not enter the utility function
(v = 1); that all tariffs are one, except for the U.S. import tariff; and that the Chinese wage
serves as the numeraire. We solve for the competitive equilibrium for various U.S. import
tariffs. The U.S. country social planner chooses the tariff that maximizes U.S. welfare.
These numerical examples provide intuition for the quantitative results in Section 3.2.
Solving the model numerically and verifying the optimal uniform import tariff in previous
work are contributions in and of themselves.

Of course, the value of all parameters, for example, the flow payment of remaining idle,
h4o, influences optimal tariffs. In our numerical examples and calibration in Section 4, we set
many nontariff parameters to simple values, such as setting hg, = 0, to sharpen the focus on
tariffs. We emphasize, however, that our model and theoretical results can accommodate

many parameter values.
3.3.1 Optimal tariffs without and with search frictions

U.S. welfare—alternatively, real consumption—is single-peaked in the model with no
search frictions, and the optimal tariff satisfies Eq. (33). The left vertical axis of Fig. la is
in units of real consumption. The right vertical axis of Fig. 1la is the percent change in
welfare from the free-trade welfare level, in which ¢,. = 1. The figure shows that U.S.

welfare is concave and peaks when the import tariff is 1.39, which is similar to the optimal
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tariff in other papers without search frictions (Felbermayr, Jung, and Larch, 2013; Costinot
and Rodriguez-Clare, 2014). The gain in U.S. welfare relative to free trade is slightly above
2.5 percent. Fig. 1b plots the right-hand side of Eq. (33) for various U.S. import tariffs
(dashed blue line) and the 45-degree line (in black). This figure verifies that the optimal
tariff satisfies Eq. (33): At the optimal tariff, the right-hand side of that equation evaluates
to the optimal tariff. We present further details in Appendix B.5.

In the model with search frictions in the uc market only, the optimal tariff satisfies Eq.
(31), and that tariff is substantially below that in the model without search frictions. With
search frictions, U.S. welfare peaks when the import tariff is 1.24, as shown in Fig. 2a.
Therefore, these numerical examples suggest that the optimal tariff in a model with search
frictions is about 10 percentage points below that in a model without search frictions. The
gain in U.S. welfare relative to free trade is slightly below 1 percent. Therefore, even though
the optimal tariff is lower in the model with search frictions than in the model without them,
the change in welfare is smaller in the former than in the latter. This result follows because
the model with search frictions has other costs relative to the model without search frictions.
Fig. 2b plots the right-hand side of Eq. (31) for various U.S. import tariffs (solid blue line)
and the 45-degree line (in black). This figure verifies that the optimal tariff is
well-approximated by Eq. (31) in this numerical example. That equation implies an optimal
tariff—where the solid blue and black lines intersect—that is only slightly higher than the
actual optimal tariff (dotted black line).

We make two more observations about Figs. 1la and 2a. First, welfare is substantially
lower for all shown tariff levels in the model with search frictions than in the model without
them. For example, at the optimal tariff in the two models, U.S. welfare is about 6 percent
lower in the model with search frictions than in the model without them. This reduced
welfare reflects the expenditure required to form relationships in the model with search
frictions—captured by investment in Eq. (21)—and the equilibrium fraction of unmatched
varieties discussed in Section 2.3.1. Second, determining optimal tariffs using a model
without search frictions but applying those tariffs in a model with search frictions results in
lower welfare. In particular, compared to the maximum welfare in the model with search
frictions, implementing the optimal tariff from the model without search frictions reduces
welfare by about 0.2 percent.

U.S. tariffs on Chinese exports reduce Chinese welfare in the model without and with
search frictions, as shown in Figs. 3a and 3b, respectively. Higher U.S. tariffs lower Chinese
welfare. As with U.S. welfare, changes in tariffs have a larger effect on China’s welfare in a
model without search frictions than in a model with them. For example, moving from free
trade to 100 percent U.S. tariffs (¢,. = 2) reduces welfare in China by about 8 percent in a

model without search frictions (Fig. 3a), but only by about 4 percent in a model with search
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frictions (Fig. 3b).
3.3.2 How optimal tariffs vary with search frictions

Fig. 4 shows how the optimal unilateral tariff, ¢!, denoted with a solid blue line, varies
with search frictions, as measured by the expected costs to retailers in the uc market of
searching for a producer, wycyu./X (Kue). The optimal tariff for each level of search costs is
obtained by solving the U.S. country social planner’s problem in Eq. (29). For this exercise,
we set search costs to zero in all other markets except the uc market. So, the vertical axis
intercept denotes the optimal tariff in a model without search frictions, when search costs
are zero in all markets (see Section 3.3.1 and Fig. 1a)

We make three observations about Fig. 4. First, the optimal tariff in a model with any
positive search frictions is below that in the model without them (solid blue line versus
dashed blue line). Second, most of the decline in the optimal tariff occurs at relatively low
levels of search frictions. For example, if expected search costs are only 0.05, the optimal
tariff is substantially lower that in the model without search costs.

Third, the domestic consumption share has a small effect on the optimal tariff relative to
the EoT. A higher local consumption share in the model with search frictions than in the
model without them contributes to the lower optimal tariff in the former than in the latter,
as discussed in Section 3.2 and shown in Appendix B.3. The dotted purple line in Fig. 4 uses
the formula for the optimal tariff without search (Eq. 33), but uses the local consumption
share from the model with search frictions for each search cost level. Therefore, the
difference between the dashed blue line and the dotted purple line isolates the effect of a
different local consumption share between the two models. The results suggest that the local
consumption share explains a small fraction of the difference between the optimal tariff with
and without search. Similarly, the dashed-dotted red line uses the formula for the optimal
tariff without search but uses the EoT from the model with search frictions. The results
suggest that about two-thirds of the difference in the optimal tariff between the two models
is accounted for by the lower EoT in the search model. A higher local consumption share in
this model accounts for the rest of the optimal tariff difference. The difference between the
solid green line and the solid blue line captures the size of the approximation used in Eq.
(31), which omits the markdown terms, as discussed in Appendix B.1.4. The results suggest

that this approximation error is relatively small in this numerical example.
3.4 Optimal tariffs with retaliation
3.4.1 The Nash equilibrium

This section considers optimal unilateral tariffs in a strategic environment. We define
and solve for a D-country pure-strategy Nash equilibrium in which countries choose import

tariffs. We assume countries cannot choose domestic taxes, which are set to their
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competitive levels. The Nash equilibrium import tariffs are defined by tariffs that maximize
each country’s welfare, subject to the equilibrium conditions and the Nash tariffs set by

other countries. Formally, this problem is given by

Find {n”,¢",é",w“,t”} subject to (34a)
n =n On ,rn fn Ca
{h: @™, C™ W ,td*} =argmax | ————————— vd, (34b)
tax =d <K/d*7 @dﬁw C? w, td*)
subject to: Egs. (27b) through (27e),
ton = 1o, Yo # d, (34c)
tag = tg, Vd. (34d)

We denote the solutions to the Nash equilibrium defined by Eq. (34) with ‘“n’ superscripts.
Appendix B.6 describes how to solve for the Nash equilibrium using the Nikaido-Isoda
function (Nikaido and Isoda, 1955).

Intuition for the mechanisms for optimal tariffs will remain largely the same as in Section
3.2. However, instead of one fixed point equation that determines the optimal tariff (Eq. 31),
there exist similar equations for each country. In these equations, the equilibrium variables
on the right-hand side are functions of tariffs. The optimal tariffs satisfy all the equations

simultaneously and imply no incentive to deviate for any country.
3.4.2 Optimal tariffs with retaliation: Numerical results

We use the same numerical example as in Section 3.3, in which D = 2. Fig. 5a depicts
the optimal U.S. import tariff for each Chinese import tariff (dashed blue line) and the
optimal Chinese tariff for each U.S. import tariff (dashed red line). The intersection of these
two best response curves identifies the Nash equilibrium import tariffs for which neither
country has an incentive to deviate. In the model without search frictions, the Nash
equilibrium import tariff is 1.35 in both the United States and China because the countries
are symmetric in this numerical example. This U.S. tariff is lower than the optimal U.S.
unilateral import tariff (1.39) in Section 3.3.1 because of strategic considerations. That is, if
the United States raises import tariffs, China lowers import tariffs (and vice versa).

Fig. 5b depicts the best responses for the model with search frictions in the uc market.
The U.S. best response line shifts down relative to the model without search frictions. The
U.S. Nash equilibrium import tariff with search frictions is 1.16, which is below the Nash
equilibrium import tariff without search frictions (1.35) and also below the optimal
unilateral import tariff with search frictions (1.24) in Section 3.3. The Chinese best response

is little changed from the model without search frictions, as is the Nash equilibrium Chinese
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import tariff.

In summary, optimal import tariffs are lower in a model with search frictions than in a
model without them, even with strategic considerations. In the numerical example, U.S.
optimal import tariffs are highest without search frictions and without strategic
considerations (1.39) and lowest with search frictions and with strategic considerations
(1.16).

4 Calibration

We use data for China and the United States in 2016 to calibrate our model, as in KM,
but we can generalize our approach to include more trading partners or a different time
period. The calibration proceeds in two steps. First, we externally calibrate parameters that
can be normalized or that are standard in the literature. Second, we internally calibrate the
remaining parameters by minimizing the distance between moments in the data and the
decentralized model (Eq. 27) with search frictions subject to that model’s equilibrium
constraints. Formally, this minimization is accomplished by solving a mathematical program
with equilibrium constraints (MPEC) following Dubé, Fox, and Su (2012) and Su and Judd
(2012).

We present the calibrated parameters in Table 1, with a discussion of our calibration and
intuition for identification of each internally calibrated parameter in Appendix C. In short,
to calibrate retailers’ flow search costs, c4,, we use the fraction of firms that export and
manufacturing capacity utilization rates. Log-linear estimates of the trade elasticity inform
the elasticity of matches with respect to the number of searching producers, n. The average
duration of a Chinese and U.S. trading relationship informs our separation parameter, \.
Otherwise, our calibration is relatively standard.

Table 2 presents the moments from the model and shows that the model matches the
data well. The calibrated model matches log-linear estimates of the import elasticity,
fractions of exporting firms, manufacturing capacity utilization rates, economic aggregates,
such as GDP, consumption, and international trade flows, as well as business failure rates,
fixed foreign trade costs, and separation rates among trading partners. The model provides a
realistic economic environment for general equilibrium exercises, a topic we pursue in the

next section.
5 Quantitative results
5.1 Optimal tariffs with and without international search frictions

The calibrated model suggests that U.S. and Chinese welfare would increase by about 0.1
percent with optimal unilateral import tariffs and baseline search frictions, as shown in
Table 3. Column 1 shows the calibrated values of the U.S. and Chinese tariffs along with the

equilibrium value of trade from Table 2 and the welfare (real consumption) in both countries.
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Column 2 (3) shows the optimal unilateral tariff that the U.S. (Chinese) country social
planner would choose if China (United States) sets tariffs passively at the baseline values
from column 1. The U.S. optimal unilateral tariff is 27 percent, 19 ppt. higher than tariffs in
2016, as shown in column 2. This tariff would reduce the value of trade between the United
States and China by about $100 billion, or about 30 percent of the baseline value. U.S.
welfare would rise by 0.1 percent and Chinese welfare would fall by slightly over 1 percent.
The Chinese optimal unilateral tariff is 29 percent, 12 ppt. higher than tariffs in 2016, as
shown in column 3. This tariff would reduce the value of trade between the United States
and China by about $80 billion. Chinese welfare would rise by 0.11 percent and U.S. welfare
would fall by about 0.18 percent.

The Nash equilibrium in the presence of search frictions implies that both countries
would raise tariffs to 25 percent, as shown in column 4. These higher tariffs reduce the value
of imports by about 40 percent, to $235 billion. U.S. (Chinese) welfare would fall by about
0.1 (0.9) percent.

With international search frictions reduced to domestic levels, the calibrated model
suggests that U.S. (Chinese) welfare would increase by about 0.4 (0.2) percent with optimal
unilateral import tariffs, as shown in Table 4. Column 1 shows the value of trade between
the United States and China and welfare in both countries if we reduce international search
frictions to the level of domestic search frictions but otherwise retain the rest of the baseline
calibration. That is, we only reduce retailers’ flow search costs in international markets to
their domestic levels, ¢4, = ¢4q. As a result, the value of trade more than doubles from the
baseline search calibration in Table 3 and welfare rises by 1.7 (8.3) percent in the United
States (China) (not shown in the tables). Starting with these lower search frictions, the
optimal U.S. unilateral import tariff would raise U.S. welfare by 0.38 percent and reduce
Chinese welfare by about 3.6 percent, as shown in column 2. Column 3 suggests that the
optimal Chinese unilateral import tariff would raise Chinese welfare by 0.2 percent and
reduce U.S. welfare by 0.4 percent. The Nash equilibrium outcome with these lower search
costs would raise U.S. welfare by about 0.1 percent and lower Chinese welfare by about 3.4
percent, as shown in column 4. Finally, for the US at least, Nash equilibrium tariffs are
lower in the model with baseline search frictions (25 percent) than in the model with reduced
search frictions (35 percent).

These results are qualitatively similar to our much simpler numerical examples in
Sections 3.3 and 3.4 despite allowing four search markets instead of just one. For example,
the United States sets higher unilateral import tariffs with lower search frictions (27 percent
with baseline but 37 percent with lower search frictions). And both levels of search costs
have Nash equilibria with import tariffs that are lower than those the country social planner

sets unilaterally for both countries.



25 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONS

5.2 Search frictions attenuate welfare effects of tariffs

Higher search frictions attenuate the welfare response to tariffs, as shown in Figs. 6a and
6b. The figures show the percent change in U.S. welfare from the baseline calibration as a
function of U.S. import tariffs with reduced or baseline search costs. In both figures, the
Chinese import tariff is set to its respective Nash equilibrium value. In the model with
reduced search costs, Fig. 6a shows that varying tariffs from 1 to 2 yields welfare that is at
most 0.3 percent above, and at most 0.3 percent below, the baseline level. In comparison, in
the model with search frictions, varying tariffs from 1 to 2 yields welfare that is at most 0.1
percent above, and at most 0.25 percent below, the baseline level. That is, higher search
frictions render tariffs less potent for welfare changes. Intuitively, higher search frictions
imply fewer matched varieties and tariffs mainly affect aggregates through the intensive
margin of matched varieties. This result is consistent with our findings in Section 3.3.1 and

echoes one of the main conclusions of KM.
6 Conclusion

We study optimal import tariffs in an environment with search frictions between
exporting producers and importing retailers. We analytically characterize unilateral import
tariffs that maximize domestic welfare when other countries follow passive policies. Search
frictions introduce a new incentive to subsidize imports because of market thickness effects,
which contribute to aggregate nonconvexities in production. Naturally, these incentives
strengthen when unmatched rates are high and with the matching function’s responsiveness
to the number of searching retailers.

Quantitative results using 2016 U.S. and Chinese data suggest that the optimal U.S.
unilateral tariff with search frictions is about 10 percentage points below that in a model
with lower search frictions. Changes in welfare in response to changes in tariffs are smaller in
the model with baseline search frictions than in the model with reduced frictions. In the
Nash equilibrium with baseline search frictions, U.S. (Chinese) tariffs are 17 (8) ppt. higher
and welfare is 0.1 (0.9) percent lower relative to 2016 tariff levels.

Our study points to at least two directions for future research. First, empirical work
could use variation in trade flows between countries to identify the parameters of the
matching function following logic explained in Appendix C.2. Related, our calibration could
be extended beyond two countries using moments on the fraction of exporting firms and
capacity utilization rates. Also, the existence of search frictions could rationalize the
pervasiveness of trade promotion programs, such as the State Trade Expansion Program
(STEP, 2024) and the Trade Promotion Authority (TPA, 2024). Similarly, international
search frictions could vary over time, as they do over the business cycle in labor markets, for

example. If variation in search frictions over space and time is important, the framework in
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this paper would imply that optimal tariffs should vary in these dimensions as well.
Second, future work could explore the interactions between efficient levels of market
tightness and optimal tariffs. It is well known that the efficiency properties of search models
vary with the search structure (Rogerson, Shimer, and Wright, 2005). For example, in
models with price posting and directed search (‘‘competitive search’), the decentralized
equilibrium typically attains the efficient market tightness. And with random search and
Nash bargaining, the decentralized equilibrium does not typically attain the social planner’s
market tightness. But we know little about the joint determination and interactions between
optimal tariffs and optimal market tightness. Our framework provides a baseline for
analyzing the welfare implications of trade policy in the presence of goods-market search

frictions.
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Note: Fig. 1la plots U.S. welfare as function of the U.S. import tariff, ¢,.. Fig. 1b plots the left-hand side (LHS) and the right-hand side (RHS) of Eq. (33),
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which characterizes the optimal tariff. The solid black lines depicts the LHS of Eq. (33) and the dotted blue line depicts the RHS of Eq. (33) for various
levels of the U.S. import tariff. The LHS is a 45-degree line. The intersection of the two lines identifies the optimal tariff, as described in Section 3.2. See
Section 3.3.1 and Appendix B.5 for further details.
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Fig. 2: U.S. welfare and optimal tariffs with search frictions
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Note: Fig. 2a plots U.S. welfare as function of the U.S. import tariff, ¢,.. Fig. 1b plots the left-hand side (LHS) and the right-hand side (RHS) of Eq. (31),

which is an approximation to the optimal tariff. The solid black lines depicts the LHS of Eq. (31) and the solid blue line depicts the RHS of Eq. (31) for
various levels of the U.S. import tariff. The LHS is a 45-degree line. The intersection of the two lines approximately identifies the optimal tariff, as
described in Section 3.2. See Section 3.3.1 for further details.
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Fig. 3: Chinese welfare as a function of U.S. tariffs
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Note: Fig. 3a plots Chinese welfare as a function of the U.S. import tariff, ¢,., in the numerical example without search frictions. Fig. 3b plots Chinese
welfare as a function of the U.S. import tariff, ¢,., in the numerical example with search frictions. See Section 3.3.1 for further details.
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Fig. 4: Optimal import tariffs and search costs in the import market
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(Eq. 29) for different levels of search frictions, as measured by the expected costs to retailers in the uc
market of searching for a producer in billions of U.S. dollars, wycye/x (Kuce). For this exercise, we set search
costs to zero in all other markets except the uc market. So, the vertical-axis intercept denotes the optimal
tariff in a model with zero search costs in all markets (see Section 3.3.1 and Fig. 1a). See Section 3.3.2 for
further details.



Fig. 5: Pure strategy Nash equilibrium: Numerical example
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Note: Fig. 5a plots best response functions of the US and China in the numerical example without search frictions. Fig. 5b plots best response functions of

the US and China in the numerical example with search frictions. See Section 3.4.2 for further details.
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Fig. 6: U.S. welfare effects attenuated by search frictions
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Note: Fig. 6a plots U.S. welfare as a function of U.S. import tariffs in the numerical example without international search frictions. Fig. 6b plots plots U.S.
welfare as a function of U.S. import tariffs in the numerical example with search frictions. In both figures, China’s import tariff is set to its respective Nash
equilibrium solution. See Section 5.2 for further details.
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Table 1: Calibrated model parameters

Parameter Value Unit Reason

Panel A. Externally calibrated parameters
Producers’ bargaining power (/3) 0.50 fraction Benchmark
Risk-free rate (r) 0.05 percent Interest rate
Separation rate () 1.00  Poisson rate Among trading partners
Elasticity of substitution (o) 4.00 elasticity Demand estimation
Pareto shape parameter (6) 3.18 unitless U.S. firm size distribution
Efficiency of matching function (&) 1.00 elasticity Normalization
US domestic tax (ty.) 1.06 multiple Sales tax rate
CH import tariff (¢.,) 1.17 multiple Import VAT rate
US import tariff (¢,.) 1.08 multiple Tariffs plus sales tax
CH domestic tax () 1.11 multiple VAT rate
Internal distance US to US (distance,,) 1.44 kkm Distance
Distance to CH from US (distance,,) 11.18 kkm Distance
Distance to US from CH (distance,.) 11.18 kkm Distance
Internal distance CH to CH (distance,.) 1.44 kkm Distance

Panel B. Internally calibrated parameters
US domestic search cost (cuy X 10%/x (Kuu)) 2.14 labor US mfg. capacity utilization
CH importers’ search cost (¢ X 10%/x (k)  1.18 labor Percent of US firms exp. to CH
US importers’ search cost (cye X 10/x (Kye)) 2.25 labor Percent of CH firms exp. to US
CH domestic search cost (cee/X (Kee)) 2.13 labor CH mfg. capacity utilization
US domestic fixed cost (fu, X 10?) 0.61 labor US business failure rate
US export fixed cost (fe, x 10%) 0.48 labor CH-US exporter failure rate
CH export fixed cost (fuc) 0.27 labor US-CH exporter failure rate
CH domestic fixed cost (fe.) 0.57 labor CH business failure rate
Iceberg parameter (ay) 9.89 multiple Gravity equation
Effect of distance on iceberg (as) 0.11 elasticity Gravity equation
US exploration cost (eZ x 10%) 11.91 labor Investment expenditure
CH exploration cost (e}) 57.08 labor Investment expenditure
Labor endowment in US (L,) 242.78  mn. people Working age population
Labor endowment in CH (L) 940.40 mn. people Working age population
Firm endowment in US (N? x 1073) 4.27  mn. varieties Consumption level
Firm endowment in CH (V¢) 10.45 mn. varieties Consumption level
Cobb-Douglas exponent () 0.50 fraction Tradables consumption
Elasticity of matching function (n) 0.75 elasticity Log-linear import elasticity

Note: The ‘“Reason” column provides the reason for externally calibrated parameters and the main source of
identification for internally calibrated parameters. The levels of the retailer search costs, ¢4, do not have

meaning because they depend on the normalization of the matching efficiency, &, as in Shimer (2005).

Therefore, we report average retailer search costs, cq4o/Xx (Kdo), which have intrinsic meaning. Parameters not
shown are hgq, = l4o = Sqo = 0 Vdo. Calibrated parameters of the model are at annual frequency. We discuss
the calibration methodology in Section 4 and intuition for parameter identification in Appendix C.1. “CH”

stands for China and *“US” stands for the United States.
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Table 2: Model fit

Moment description Data  Model Unit
Log-linear import -6 -9 elasticity
US mfg. capacity utilization 75 66 percent
US firms exporting to CH 6 9 percent
CH firms exporting to US 21 30 percent
CH mfg. capacity utilization 74 65 percent
US business failure rate 20 20 percent
CH-US exporter failure rate 50 47 percent
US-CH exporter failure rate 40 38 percent
CH business failure rate 20 20 percent
US absorption of domestic prod. (IM,,) 2,839 5,330 $ bn.
CH imports from US (IM,,) 463 377 $ bn.
US imports from CH (IM,.) 463 377 $ bn.
CH absorption of domestic prod. (IM..) 2,715 2,335 $ bn.
US working age population 214 243  mn. people
CH working age population 988 940  mn. people
US wage 52 59 $ thsnd.
CH wage 11 11 $ thsnd.
US GDP 18,707 16,191 $ bn.
CH GDP 11,191 11,731 $ bn.
US consumption 12,727 12,800 $ bn.
CH consumption 4,418 4,775 $ bn.
US non-tradable consump. share 68 20 percent
CH non-tradable consump. share o7 32 percent
US dom. consump. share (I My, / (IMy, + IM,.)) 86 93 percent
CH dom. consump. share (I M.,/ (IM. + IM.,)) 85 86 percent
PPP price ratio (Z./Z,) 60 60 percent

Note: The model matches the empirical targets relatively well. The ‘“Data’ and ‘“‘Model”’ columns present
the value of the corresponding moment in the data and model at the calibrated parameter values given in

Table 1. We discuss model fit in Section 4. ‘“‘CH” stands for China, ‘“US” for the United States, “GDP”’ for
gross domestic product, and ‘“‘PPP” for purchasing power parity.
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Table 3: Optimal tariffs with baseline search frictions

(1) (2) (3) (4)
Baseline US CSP CH CSP Nash

CH import tariff (pct.) 17 17 29 25

US import tariff (pct.) 8 27 8 25

US-CH trade (bn $) 377 273 294 235
US welfare (bn real $) 175 175 175 175
CH welfare (bn real $) 108 107 109 107
US welfare change (pct.) 0.1 -0.18  -0.06
CH welfare change (pct.) -1.05 0.11 -0.92

Note: The value of trade and welfare in the baseline calibration, under unilateral optimal import tariffs, and
in the Nash equilibrium. See Section 5.1 for further details.

Table 4: Optimal tariffs with international search costs reduced to domestic levels

(1) (2) (3) (4)
Baseline US CSP CH CSP Nash

CH import tariff (pct.) 17 17 29 24

US import tariff (pct.) 8 37 8 35

US-CH trade (bn $) 892 612 724 547
US welfare (bn real $) 178 179 177 178
CH welfare (bn real $) 117 113 117 113
US welfare change (pct.) 0.38 -0.4 0.09
CH welfare change (pct.) -3.56 0.2 -3.38

Note: The value of trade and welfare in the baseline calibration, under unilateral optimal import tariffs, and
in the Nash equilibrium. See Section 5.1 for further details.
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A Model appendix: Model details, model solution, and aggregation
A.1 Consumers

The homogeneous good has price py (1). Define P, as the price index for the bundle of
differentiated varieties and Py, as the price index for the bundle of varieties produced in
country o and consumed in country d:

o

e
2/ Dk (w)l_a dw =
k=1 wWEN gk

The ideal price index including the homogeneous good that minimizes expenditure to obtain
utility level Uy =1 is

o

> Pt

k=1

1—0o

P, = (A1)

Za=lpa(1)/ (1 —a) " [Ps/a]”. (A2)

We solve the consumer’s utility maximization and expenditure minimization problems
explicitly in KM, Appendix A.1.

The value of consumption of the differentiated good in the do market is defined as the
integral over all varieties, w, of the value of qg, (w) units evaluated at final sales prices,

Do (W): o
Cdo = / Pdo (w) ddo (W) dw. (A3)

€Qax
A.2 Matching and value functions for producers and retailers
A.2.1 The matching function

The matching function, denoted by m (ugNZ, v4oNJ"), gives the flow number of
relationships formed at any moment in time as a function of the stock number of unmatched
producers, ug, N, and unmatched retailers, vg,V;*, in the do market. NJ and NJ* represent
the total mass of producing firms in country o and retailing firms in country d regardless of
their match status. The fraction of producers in country o looking for retailers in country d
is ug4,. The fraction of retailers that are searching for producing firms in this market is vg4,.

As in many studies of the labor market (Pissarides, 1985; Shimer, 2005), we assume that
the matching function takes a Cobb-Douglas form:

m (ugo N2, vaoNJ") = € (ugoNZ)" (vao NG ", (A4)

in which £ is the matching efficiency and 7 is the elasticity of matches with respect to the
number of searching producers.

*pawel.krolikowski@clev.frb.org, Federal Reserve Bank of Cleveland, 1455 E 6th St, Cleveland, OH 44114
fCorresponding author, andrew.h.mccallum@frb.gov, Board of Governors of the Federal Reserve System,

Washington, DC 20551
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The matching function in Eq. (A4) is homogeneous of degree one. Therefore, market
tightness, K40 = V3o NJ" /uao N2, which is the ratio of the mass of searching retailers to the
mass of producers in a given market, is sufficient to determine contact rates on both sides of
that market. In particular, the rate at which retailers in country d contact producers in
country o, X (Kq4), is the number of matches formed each instant over the number of
searching retailers:

m (ugoNZ, vaoNT) € (ugoNZ)" (0o N "

— = — —7 . A5
() = TR o i (25)

Notice that retailers’ contact rate falls with market tightness (dx (kq4o) /dkao < 0) because
with more retailers relative to producers, the search market becomes congested with retailers.

The rate at which producers in country o contact retailers in country d is the number of
matches formed each instant over the number of searching producers, so that the producer
contact rate is

KaoX (Fao) = Ergy . (AG)

Producers’ contact rate rises with tightness (dkgoX (Kao) /dkdo > 0), also called a market
thickness effect. Market tightness is defined from the perspective of producers so that the
market is tighter when there are relatively more retailers than producers. Egs. (A5) and
(A6) are restated in Eq. (4) of the main text.

A.2.2 Producers’ value functions

The value of a producer with productivity ¢ being matched to a retailer, Xy, (), can be
summarized by a value function in continuous time defined in Eq. (6). That asset equation
states that the flow return at the risk-free rate, r, from the value of producing must equal
the flow payoff plus the expected capital gain from operating as an exporting producer. Each
producer is indexed by exogenous productivity, ¢. The flow payoff consists of n4,q4,, the
revenue obtained from selling ¢4, units of the good at negotiated price ng, to retailers, less
the variable, Eq. (5), and fixed costs of production, w, f4. The last term in Eq. (6) is the
value from the dissolution of the match, which occurs at exogenous rate A and leads to a
capital loss of Uy, () — Xao (¢) as the producer loses value Xy, (¢) but gains the value of
being an unmatched producer, Uy, (). In writing Eq. (6), we explicitly write the value
Xao () as a function of the producer’s productivity, ¢, but we conserve on notation by
omitting this argument from the negotiated price, ng,, and traded quantity, qq,.

The value that an unmatched producer receives from looking for a retail partner without
being in a business relationship is defined by Eq. (7). The flow search cost, w,l4,, is what
the producer pays when looking for a retailer, examples of which are the costs of maintaining
foreign sales offices, sending sales representatives abroad, researching potential foreign
buyers, and paying for a web presence. The second term captures the expected capital gain,
in which kg, X (Kao) is the endogenous rate at which producing firms contact retailers, and
WoSqo 1s the sunk cost of starting up the relationship. The producer considers the difference
between being in a business relationship, X4,(¢), and searching, Ugy,(¢), rather than these
quantities separately. Therefore, any additive term that enters both Eqgs. (6) and (7) will
not affect producers’ decisions.

The producing firm also has the option of remaining idle and not expending resources to
look for a retailer. For producers, the value of not searching, Iy, (), is given by Eq. (8).
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The value to a producer of remaining idle can be interpreted, for example, as the value of
the stream of payments after liquidation or the flow payoff from home production if these
firms are viewed as entrepreneurs.

A.2.3 Retailers’ value functions

The value of a retailing firm in a business relationship with a producer of productivity ¢,
is defined by the asset Eq. (9) The flow payoff from being in a relationship is the revenue
generated by selling g4, units of the product to a representative consumer at a final sales
price, pg,,— determined in Appendix A.3.3—less the tariff-inclusive cost of acquiring these
goods from producers at negotiated price ng,. As stated in the main text, tariff revenue is
collected from the retailers by the government and rebated in a lump sum to consumers.
When the relationship is destroyed exogenously, at rate A, the retailing firm loses the capital
value of being matched. All retailers are identical before matching but have differential
matched values because producers are heterogeneous in their productivity.

Retailers do not use the product as an input in another stage of production but only
facilitate the match between producers and consumers and collect tariffs that are paid to the
government. In the event that the relationship undergoes an exogenous separation, at rate A,
the retailing firm loses the capital value of being matched, Vy, — My, (¢).

The value of being an unmatched retailer, Vj,, satisfies Eq. (10). Retailers need to pay a
flow cost, wqcqe, to search for a producing affiliate. At endogenous Poisson rate x(kqo),
retailing firms meet a producer of unknown productivity. Producers’ productivities are
ex-ante unknown to retailers so retailers take the expectation over all productivities they
might encounter when computing the expected continuation value of searching. As a result,
the value, Vj,, is not a function of a producer’s productivity, ¢, but rather a function of the
expected payoff. We assume that upon meeting, but before consummating a match, retailers
learn the productivity of the producer. Depending on the producer’s productivity, ¢,
retailers choose between matching with that producer, which generates value My, (¢), or
continuing the search, which generates Vj,. Hence, the capital gain to retailers from meeting
a producer with productivity ¢ can be expressed as max {Vy,, My, (¢)} — Vigo. In an
equilibrium with free entry into retailing, this approach is equivalent to retailers observing
producers’ productivity after matches are formed.

A.3 Solving the partial-equilibrium search problem
A.3.1 The surplus, value, and expected duration of a relationship
To derive the surplus in terms of model primitives, substitute Eqs. (6), (7), (9), and free

entry for retailers, Vy, = 0, into Eq. (11) to write the surplus as,

BrdoX (ffdo)
B+t (1—05)

in which we define

(7“ + A+ ) Sdo (¥) = Ddodo + Naoldo (1 — tao) — U (Qdo, Wos Tdos ) — a0y (AT)

5d0 = wofdo - woldo — RdoX ("ido) WoSdo- (A8)
Now substitute the negotiated price from Eq. (13) into Eq. (A7) and use the definition of

IR )
90 = SN T Braox (o)

(A9)
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to write surplus as

o /6 + tdo (1 - 5) Pdo4do
Sdo (@) — (T T \ T B’fdoX (/fdo>> ( tdo — v (Qdm Wo, Tdo, 90) - 5do) . (AlO)

The surplus created by a match is the appropriately discounted after-tariff flow profit, with
the search cost w,ly, and the sunk cost w,s4, also entering the surplus equation because
being matched avoids paying these costs.

There are four things to notice about Eq. (A10). First, when ¢4, = 1, it becomes the
surplus in Appendix A.3 Eq. (A33) of KM. Second, the surplus from a match is a function of
productivity. We show in Appendix A.3.4.3 that matches that include a more productive
exporting firm lead to greater surplus, that is, S/, (¢) > 0. Third, the value of a relationship
depends on aggregate endogenous quantities such as the price index, consumption, and
finding rate k4o (Kdo), among others. Finally, surplus is greater than or equal to zero if and
only if after-tariff total profits are. That is, when

Pdolqdo

t —v (Qdoy Wo, Tdo, 90) - wofdo + woldo + WoSdoRdoX (’id0> Z 0. (Al]-)
do

The value of the relationship to the producer is, of course, Xy,(¢) and to the retailer
Mgyo(¢). Therefore, the total value of a matched relationship is

Rdo (‘P) = Xdo (90) + Mdo (90) : (A12)

We can express Eq. (A12) in terms of surplus and then Eq. (11) with V,, = 0, by adding
and subtracting Eq. (7), substituting in Eq. (12) for X4, (¢) — Us () and then simplifying
to get

- r (B + tdo (1 — B)) + Bﬁdox (’ido>:| Sd (SO) _ |:woldo + RdoX (’@10) WoSdo (A13)

Rao () = r (B +ta (1 - B)) '

Eq. (A13) can be expressed in terms of model primitives using (A10) and the definitions for
those functions provided in Eqgs. (14), (5), and (2). Relationships are destroyed at Poisson
rate A in the model, which implies the average duration of each match is 1/\. Because the
destruction rate is exogenous and does not vary in our model, the average duration of each
match is constant. The value of a relationship in product markets has been of recent interest
in Monarch and Schmidt-Eisenlohr (2023) and Heise (2016). Finally, Eq. (A13) is the same
as the Ry, (¢) Eq. on page 7 of Appendix A.3 of KM when ¢4, = 1 and w,s4, = 0.

A.3.2 Bargaining over the negotiated price

Upon meeting, the retailer and producer bargain over the negotiated price, ng4,, and
quantity, qq, simultaneously. We assume that these objects are determined by the
generalized Nash bargaining solution, which, as shown by Nash (1950) and Osborne and
Rubinstein (1990), is equivalent to maximizing the following Nash product:

max [Xdo (90) - Udo (@)]IB [Mdo (90) - V;io]l_ﬁ ) 0 S ﬂ < 17 (A14)

4dosMdo
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in which f is producers’ bargaining power. To solve Eq. (A14), first solve for
Xao (¢) — Uqgo () by combining Eqs. (6) and (7) to get that:

Ndoqdo — U (Qdoy Wo, Tdo, 90) - wofdo + woldo + ’deX(/{do)wosdo

Xao() — Uao(ip) = T+ A+ KaoX (Kdo)

(A15)

Next rearrange Eq. (9) to get that:

Pdo <Qdo) ddo — tdondOQdo - T‘/c-lo
Mao (@) = Vao = : A16
10 (9) — Vi et (A16)
Substitute Egs. (A15) and (A16) into (A14), then log and differentiate with respect to the

ng, to get the relevant first-order condition:

Qdo/ (14 A) ~tdoGdo/ (7 + N)
Xao (#) = Uao () Ma, (#) = Vao

We do not need to calculate the partial derivative with respect to k4., w,, or other
endogenous variables, because we assume individual varieties are too small to influence
aggregate values. Hence, when they meet, the firms bargain taking everything but ng, and
a0 as given. Furthermore, the partial derivative of the value of a vacancy is 0Vy,/dn4, = 0,
because bargaining takes place over each variety, ¢, individually. As long as the distribution
of varieties is continuous, 0Vy,/0ng4, does not have an effect on the expectation in the
continuation value in Eq. (10).

For any variety that is traded, g4, > 0, Eq. (A17) can be written as

ﬂ (Mdo (()0) - %o) = (1 - ﬁ) Ldo (Xdo (()0) - Udo (@)) : (A18)

Using Eqgs. (A18) and (11) delivers the surplus sharing rule, Eq. (12). To find the
negotiated price shown in Eq. (13), use the equilibrium free-entry condition V;, = 0 and
substitute (A15) and (A16) into (A18), then solve for ng,.

+(1-5) — 0. (A17)

A.3.3 Bargaining over the quantity

Substitute Egs. (A15) and (A16) into (A14), then log and differentiate with respect to
Qdo to get the relevant first-order condition for quantity:

OV (Qdos Wos Tdos OPdo (qao
Ndo — ( a d (10) Pdo <Qdo) + quo - tdondo
aqdo aqdo

[Xdo () = Uso (0)] (r + ) [Mao () = Vao] (r + A)

in which we use the same reasoning for 0Vy,/dn4, = 0 as in Appendix A.3.2.
Considering only solutions with positive values for Eq. (A16) and g4, > 0, we plug Eq.
(A18) into (A19) and rearrange to get:

B +(1-5)

=0, (A19)

OPdo (Qdo)

61} (Qdoa Wo, Tdo, SD)
8Qdo

ano

DPdo (Qd0> + Gdo = Ldo <A20)
This expression says that the quantity produced and traded equates the marginal

revenue earned from consumers to the tariff-inclusive marginal production cost paid by
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producers. Eq. (A20) is the same in a model with or without search frictions, implying that
search does not change the quantity traded within each match. In a model of search, parties
agree upon a quantity that equates the marginal revenue and the marginal tariff-inclusive
cost because that quantity maximizes surplus.

CES utility implies the consumer’s price elasticity of demand from Eq. (2) is

aC]do @
apclo 4do

= —o. (A21)

Indexing an individual variety by w is equivalent to indexing by ¢ and we have treated these
interchangeably when using Eq. (2) here. The equivalence of indexing variables contrasts
with changing from a measure over a set of goods indexed by w to a distribution of goods
indexed by ¢, which is subtle and discussed in detail in KM Appendix A.11.1.

Combining Eq. (A21) with the fact that 9pgo/9qao = 1/ (0q40/OPao), We can write Eq.
(A20) as

8 o 0 0_1 a’U 0y Woy Tdo,
Pdo <Qdo) + MQdo = Pdo ( ) - tdo (qd d (P) . (A22)

094, 0q4do
Rearranging Eq. (A22) and computing marginal costs from Eq. (5) gives Eq. (14).

Finally, setting the price equal to the average total cost (ATC) gives zero profit for any
variety. As a result, Eq. (14) is always at least as high as the ATC for all traded varieties
above the threshold defined in Eq. (17) and therefore defines the equilibrium price.

A.3.4 Producers’ search productivity threshold

There are two productivity thresholds to consider. First, there is a productivity
threshold, @4, that makes the producer indifferent between searching and remaining idle
defined by, Ugo (@do) — Lao (Pdo) = 0. Second, there is a weakly lower productivity threshold,
©do, Which makes that producer indifferent between consummating a relationship upon
contacting a retailer and continuing to search defined by Xy, (c,_odo) — Uy, (g_odo) =0. We
derive these two thresholds and show in Appendix A.3.4.2 that the binding threshold is
defined by @40, because @4, > g, if and only if wolgo + Wohdo + KaoX (Kdo) WoSdo > 0.

The productivity threshold nests the threshold from KM (Eq. 18) and we compare it to
productivity thresholds in other models in Appendix A.6.4 of the same paper.

A.3.4.1 Solving for the binding productivity threshold
Combine Eqgs. (7) and (8) to get

—Woldgo + KaoX (Kao) (Xdo — Uy — WySdo) — Woldo

r

The threshold productivity, @q,, is given by Uy, () — L4 (Pa0) = 0 so evaluate Eq. (A23) at
Pdo, set the left-hand side to zero, and rearrange to get

woldo + wohdo

Xdo (@do) - Udo (@do) == Ko X (/f/d )

+ WySdo- (A24)
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Substitute Eq. (A15) into Eq. (A24) and suppress @y, for simplicity to derive

Ndoqdo — V (qd01 Wo, Tdo, (P) - wofdo + woldo + “doX(Hdo)wOSdo _ woldo + wohdo

T+ A+ KaoX(Kdo) KdoX(Kdo)

+ WoSdo

wosdondox(ﬁdo) + Woldo + Wohdo

= Ngoqdo — ¥ (Qdo, Wo, Tdo, P) — Wo fdo + Woldo + KdoX(Kdo)WoSdo = (7 + A + KaoX(Kdo)) KdoX(Kdo)
o do

Wolgo + Wohdo

= N4oqdo — Y (ddos Wo, Tdo» P) — Wo fdo + Woldo + KdoX (Fdo)WoSdo = (T + N)WoSdo + WoSdokdoX(Kdo) + (1 + X) + Woldo + Wohqo

HdoX(Hda)
Woldo + Wohdo
= Ndoqdo — V (Qd(n Wo, Tdos 4;0) - wofdo = (T + A)wosdo + (T + )‘)7 + wohdo
ndox(ndo)
4+ A r4+ A
= NdoGdo — V (Qdcn Wo, Tdos 90) — Wo fdo = (7) Wolgo + (1 + 7) Wohgo + (T + )‘) WoSdo-
KdoX (Kdo) KdoX (Kdo)

Now, use the negotiated price, ng,, from Eq. (13), to get

(1 - ’Vdo) (pdo> ddo + Ydo (’U (qdo; Wo,y Tdo, QD) + wofdo - woldo - HdoX(K?do)wosdo) —v (qdoa Wo, Tdos SD) - wofdo

tdo

+ A + A

= (7’) Wolgo + (1 + 7’) Wohdo + (1 + A) WoSdo-
RdoX (Hdo) RdoX (Hdo)

which can be rearranged to obtain

Pdo
( > ddo — V (qdo> Wo, Tdo, ) — Wo fdo
2‘:do

_ A A
- (1 - fydo) ! |:<H_> woldo + <1 + H) wohdo + (7' + /\) WoSdo + Ydo [woldo + RdoX (Hdo) wosdo] .
RdoX (’ido) RdoX ("ido)

Further simplification of the terms on the right-hand side with v, delivers Eq. (15) in the
main text.

Using the price charged to consumers by retailers from Eq. (14) we can write retailer
revenue as proportional to variable production costs, Eq. (5):

Pdo (90) qdo (90) = (tdoﬂwo’rdo%p_l) ddo (@) = tdoptv (Qdoa Wo, Tdo, 90) . (A25)

Then Eq. (A25) implies that after-tariff variable profits are,

(pdo (¢d0)> 4do ((pdo) —-v (Qdoa Wo, Tdos (Pdo) = IM' (A26)
tdo Utdo
Or alternatively,
<pd0t(gpd0)> qdo (@do) -V (Qdoa Wo, Tdo, SOdo) = (:u - 1) v (Qdoa Wo, Tdo, ()0) . (A27)
do

Substitute Egs. (14) and (2) into Eq. (A26) and then substitute the resulting expression
into the left hand side of Eq. (15) to get that:

o — —0 4,—0 -0—
ECdPU‘l’ 1 (,uondO)l t 0% L= F (Kdo) - (A28)

Solving this expression for ¢4, gives Eq. (17).
Finally, all matches must have positive surplus so we can check that Sy, (¢4,) > 0 by
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using Eqs. (12) and (A24) to write

- (H) (s )

Eq. (A29) puts restrictions on the parameters because they must be such that Sy, (@4) > 0.
For example, w,hg, cannot be so negative as to make Eq. (A29) negative.

A.3.4.2 Solving for the nonbinding productivity threshold

The threshold productivity that is indifferent between matching and not, ¢g,, is defined
by
Xdo (?do) — Udo ((Edo) = 0. <A30)

We can be sure that Xg, (Pa0) — Udo (Pao) = Xao (ggdo) — Uy, (ngo) as long as

(Woldo + Wohao) /KaoX (Kdo) + WoSqo = 0. This result implies that as long as Xy, (¢) — Ugo (¢)
is increasing in ¢, then @4, > @4,. In Appendix A.3.4.3, we show the very general conditions
under which Xy, (¢) — Uy, () is increasing in . The binding productivity threshold
defining the mass of producers that have retail partners is the greater of these two thresholds
and hence @4,. In other words, the productivity necessary to induce a producer to search for
a retail partner is greater than the productivity necessary to consummate a match after
meeting a retailer due to the costs that are incurred while searching. Similarly, the
productivity necessary to form a match is greater than the productivity necessary to
maintain one already in place. Note that ¢4, > @4, if

(Wolgo + Wohgo) /KaoX (Kdo) + WoSae > 0, which is true if and only if the cost of forming a
relationship is positive: wylgo + Wohdao + KaoX (Kdo) WoSdo > 0.

A.3.4.3 The value of importing is strictly increasing in productivity

Here we show that the value of importing, My,(p), is strictly increasing with the
producer’s productivity level, ¢. This result leads to three implications. First, it allows us to
replace the integral of the max over Vj, and My, (¢) in Eq. (10) with the integral of My, (¢)
from the threshold from Eq. (17). Second, in equilibrium, because M () > 0, Eq. (12)
implies that S/, (¢) > 0 and therefore that X/ (¢) — U}, (¢) > 0. Third, it allows us to
show that @4, > @40, as we did in Appendix A.3.4.2.

Starting with Eq. (9) and Vj, = 0, substituting in negotiated prices from Eq. (13), and
using the relationship between retailer revenue and variable costs from Eq. (A25) we can
write .
0~ VaoPdo (P) ddo (¢) — taoVao0do (A31)

T+ A
Remember that d4, from Eq. (A8) and 7,4, from Eq. (A9) are functions of tightness, kg4, but
not productivity, . It is clear from the integral in the creation of the import relationship,
Eq. (18), that kg4, is not a function of ¢. Given these facts, we can prove our result by
differentiating both sides of Eq. (A31) with respect to ¢ and showing that
M (p) = (OMa, (©) /0qa0 (©)) - (Oqao (@) /Op) > 0. Using demand from Eq. (2), first write
inverse demand pg, (g4 () then

Mdo (90) =

M (9) = T2 (s () + 522 Fh g, ) P2, (A9)
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The partial derivative in parentheses is marginal revenue, which we know in equilibrium will
be equal to marginal cost times the tariff as shown in Eq. (A20). Using this fact and
applying the chain rule to dqqg, (¢) /O¢ leads to our final expression:

o Vao ( O (Qaos Wo, Tdo 90)) 4o (¢) Opao ()
M, _ L . ) ) ) ) A33
) = N ™ g @) ) Opa () Op (A33)

As long as 74, > 0 (which holds for finite k4, and 8 < 1), marginal cost is positive, demand
is downward sloping, and higher productivity varieties cost less, then M () > 0. These
general conditions are satisfied for the functional forms of our model.

We can use the fact that M) (¢) > 0 to demonstrate the way in which many other
important quantities depend on the producer’s productivity level, ¢. The surplus sharing
rule, Eq. (12), can be rewritten as

BMdo (()0) = (1 - 6) Ldo (Xdo (90) - Udo (()0)) ) (A34)

We know that in equilibrium, because M () > 0, it must be that X/ (¢) — U}, (¢) > 0.
Differentiating both sides of Eq. (7) gives rU), (¢) = KaoX (Kao) (X}, (¢) — Ul (¢)) > 0. We
can combine these facts to show X[ (¢) > U}, (¢) > 0. Using the definition of the joint
surplus of a match, Eq. (11), we get S/, (¢) > 0. Likewise, the value of a relationship,

Rao (p) = Xao (¢) + Mao (¢), has Ry, () > 0.
A.4 Aggregation
A.4.1 Resource constraint
We present extensive details about the aggregate resource constraint in Appendix D.
A.4.2 Labor market clearing country by country

Wages are determined endogenously in each country by setting labor demand equal to
labor supply. Labor demand is given by Eq. (23). The costs to create firms, pay fixed costs,
and form matches are included in the investment term, I;. (Investment must be divided by
the wage to yield units of labor.) Demand for g, (1) is given by Eq. (2), in which
pa (1) = wy. Labor demand also includes all labor used to produce the differentiated goods
for the domestic and all foreign markets. Rearranging Eq. (A25) gives

Pod (¢) God ()

(gt = God () TodSO_lv (A35)

which implies that the labor used to produce the differentiated good can be written as

U, T — CO
(1_ ‘ )Nd / God () Tontp™1dG (i) = —22

1 — g Bod HWatoq

(A36)

Using these facts, Eq. (23) can be written as

Id (1 - Oé) Cd 1 Cod
LDy =24 "W 2 .
¢ Wq N Wy - iz ; Watoq
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Because labor is immobile and the homogeneous good is not traded, the equilibrium wage in
country d is determined by substituting labor demand, LD, with labor supply, Ly, and then
rearranging slightly:

Id+(1—()é)0d+ Z
Ly

We choose country o’s wage to be the numeraire so that w, = 1.

° tod

Wq = (A37)

A.4.3 The ideal price index with our productivity distribution

The ideal price index is provided in Eq. (A2) and is a function of the homogeneous good
price and the differentiated goods price index in Eq. (A1), which indexes over an unordered
set of varieties. We can move from an unordered set of varieties to an index over a
distribution of productivities using the steps in Appendix A.11.1 of KM so that the
differentiated goods price index is given by:

&EiQfW)Mfﬁmw”mw>

k=1 P

o

> P’

k=1

1—0o

Py = , (A38)

Pdk

in which G (-) is a Pareto cumulative density function from Section 2.1.3. Using the final
consumer price from Eq. (14) gives

[0 %) 1—0 1—0o
Uk Lk W Tk
=[50 e [ () g ]
; L — gk P ®
The relevant moment is
0o 9900 -1
/ 277G (2) = % (A40)
Pdk 0—0o+1
and the threshold from Eq. (17) raised to the relevant exponent is
—o—1—6 0—(c—1) o—1—0 o 17% o—1-0 Fdo 1_% o—ub
g =P e (O) T () T )
«Q Cd

Because the threshold is a function of P,, Eq. (A39) is itself a function of P; too. Using Eq.
(A41) in Eq. (A39) and simplifying gives

Py = N (A42)

P
1__6 0 _4 O u 1__o 1—0o
o—1 —0 ~o—1 dk x —0 o—1,1—pb
C E 1-— Ny (wgT, F t .
|: 071 ) I d k:1< 1*idk) i (WkTak) dk dk

X
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Solving for P; and rearranging gives

(== 1))_é (2 )

1__1

x Cj !
o, e -4
X Z 1— dk, ]\[]ZC (U}dek)_e Fd o=l t;k('uail) .
— 1 —igg

We define 1
0 0 0N T
Y 7 A44
A (9—(0—1)) <a) o (Add)

and the “multilateral resistance term’’ as

1
o 9
— Udk x —0 551, (uo-1
Pa = (Z (1 1 idk) Ny (wytar) " Fy [+ ]tdk(u )> - (A45)

k=1

These definitions deliver the final expression of the differentiated goods price index presented
in Eq. (25).

The price index in our model closely resembles the price index in Chaney (2008), Eq. (8).
In that model, the price index is an equilibrium object in wages, GDP, iceberg and fixed
entry costs, whereas in our model it is an equilibrium object in wages, the number of
producers, market tightness (through wug, and Fy (kax)), iceberg and fixed entry costs, and
also tariffs.

We can also show that

1

0 1o (1 — Udo — ido 1-o _1 g—0-1

Ppy=(—-— - N¥)1-o oTdotdo e A46

d (8_0-_|_1> ( 1_ido ) ( o) (/L'U)Td d)SOdO ( )

In addition to this price index faced by consumers, which includes tariffs, we define the
price index faced by producers, which includes subsidies, w,s4,, but excludes tariffs, t4,:

1—0o

Pa= | (1= P2 ) ¥ [ ™) a6 )| L (aan)

1 =140

Pdo

For most of the paper, we assume that 54, = 1 Vdo. We also define the price index at the
dock, which does not include tariffs or subsidies

1

Pa= (1= 122 Y g [ Guwrae™) a6 )] (At8)

1 — 140

Pdo

Notice that P
Py, =% (A49)
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and Pdo = P,, if 545, = 1. Finally, define the negotiated price index as

— 1— by
Ny, = MP@ (A50)
tdo
so that B
Ndono = ]Mdm (A51)
which implies that -
> Ndo
Py, = . A52
o= T (A52)

A.4.4 The gravity equation with search frictions
A.4.4.1 Deriving the gravity equation

The total amount paid by the consumers in d for imports from o has to sum up to the
following three terms:
C’do = IMdo + HZO + de

in which Cy, is defined in Eq. (A3), 117, is defined in Eq. (D99), and

Gu= (1= 2 ; [ o= D) (014G ), (A53)

Pdo
so that G4 = Eszl Ga:. Rearranging gives
[Mdo = CVdo - HQO - Gdo

so that

02, = (1= T2 ) N [ ) ) 4G ) (A54)
L =g Pdo
is the value of total imports.

We need to integrate over the varieties to get the total value of imports going into the
domestic market, before tariffs are applied. Demand for a variety, ¢, in the differentiated
goods sector is given in Eq. (2). Given this demand, monopolistic competition and constant
returns-to-scale production imply that producers set optimal prices according to Eq. (14).
For notational simplicity, define By, = & (tgopiwoTa0) * CaPy ~1 and combine the optimal
price with the demand curve to get qq, () = Baow”. Evaluated at final prices, the value of
sales of each variety is pgo (¢) @do (©) = taopiweTaoBaow? ' and the variable cost to produce
do () umits of this variety is v4, (¢) = WeTaoBaow® . Using the negotiated price in Eq.
(13), the value of total imports is

Pdoldo
tdo

Ndoqdo = [1 - /Ydo] ( > + Ydo [U (Qdou Wo,y Tdo, 90) + 6do] .

Using the functional forms assumptions from above, we obtain

12 (1 B rYdo) + 7d0:| <pdo
WoTdo \ 7—

) qdo + P)/doédo-
H tdo

Ndoqdo = |i
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We assume productivity, ¢, has a Pareto distribution over [1,400) with cumulative density
function G [¢ < ¢] =1 — ¢~? and probability density function g (¢) = 0p=%~1. The Pareto
parameter and the elasticity of substitution are such that > o — 1, which ensures that the
moment of productivity distribution in Eq. (A40) is bounded. Using this moment and
substituting n4,q4, into the integral gives

—o—0—1
0 — Vdo 0p;, 9
Wo oB o e 05 0 :
(0_1) Td d(0_0+1)+7d doP do
Substitute the export productivity threshold into this expression and simplify to get

(Sdo

Udo 0
IMy, = [1- ) NT (00— gy) Vgt
d ( 1_%) o{(a 7d)0_0_|_1+7d Fdo:|

[

(e 0
X Fdo("‘1 Y (,u_”a (WoTao) 7 CyPd ™ [ — 1]) ot tgo“a.

Substituting in for the price index using Eq. (25) gives

Udo 0 5do
IMgy = (1-— — Ydo) = + Va0~
p < 1_%) {(0’ Vao) g T Fdj

6 —0 (0 _
< (a1 (M)t e
d
Substitute in for Ay using Eq. (A44), to get

=0 (e _
My, = (1 tdo > (1 _ Jdo (9 _ o g 5 1)))) aN*C, <“”d> F T Dm0 (Ass)
ob Fdo

I Pd

Define the bundle of search parameters

(o} 5 0
b (0,0, Vaor Ouos Fito) = Zig (9 _ F”; 0 — (0 — 1))) (A56)

and substitute it into Eq. (A55) to obtain the gravity equation as

0 (e
My, = (1 - ) (1= b (0,0, Yao: daos Fao)) aNTC,y (“’OTdO) F ) s,
— 1do Pd
which is Eq. (26).
A.4.4.2 Consumption is after-tariff imports evaluated at final sales prices
The value of consumption of the differentiated good in the do market is defined as the
integral over all varieties, w, of the value of g4, (w) units evaluated at final sales prices,

Pdo (W), as shown in Eq. (A3). After moving from an unordered set of varieties to an index
over a distribution of productivities this consumption is given by:

Coo = (1 Lt ) Nz / " i (9) o (9) G (). (A5T)

1 — 4o 5o
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To evaluate this integral, notice that the value of imports in Eq. (A54) is a similar
expression, but integrates ng, (¥) qio () rather than pa, (©) gao (¢). From Eq. (13),

Pdo (©) = taonao (¢) if Y40 = 0. Therefore, to evaluate the right side of Eq. (A57) we can set
Yao = 0 in Eq. (A55) and multiply by t4,, which gives

0 (e _
Co = (1— o )aNgod (WdO) Fo ) i, (A58)

— %o Pd

A.4.4.3 Government expenditure

Government expenditure in each do market is defined in Eq. (A53) and can be written as
Gdo = (tdo - 1) IMdm

in which My, is defined in Eq. (26).
A.5 Steady-state general equilibrium
A.5.1 Defining the equilibrium

The equilibrium reduces to the following equations in the equilibrium variables.
1. The free-entry condition for retailers (Eq. 10):

wWqC

e [ (o) dG ). (459)

when market tightness, kg4,, is not directly chosen by a social planner. Notice that
there are d times o markets and each market has an associated tightness. With our
functional form assumptions, this equation can be simplified. Remember that with
Vio =0
Pdodo — ldoMdoldo
M =
do (90) r 4+ A

so that

Mg, () dG () = ( 1A> / Pao () Qo (¢) — taondo () 4ao (0) dG ()

r + Pdo
1

Ud -1 1
= 1— 0 —\Ir
) () (&)

in which I/, is defined in Eq. (D99). Plugging this expression into Eq. (18) gives

o = ( ! ) A+ Ao (o)) (%) 115, (AG0)

r+ A wdchNjf

Pdo

in which we used x (ko) = £y, and
[]- - udo/ (]- - 2:do)]i1 = ()\ + KdoX (/{do) //{doX (I{do))'

2. The expression that equates variable profits with the effective entry cost, which pins
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down @4, (Eq. 17):

_ g ﬁ WoTdo F (Hdo) ﬁ n
=u(= t
pdo = H (a) ( Py ) ( Cy ) do?
in which F' (kg,) is defined in Eq. (16), w, is defined in Eq. (A37), and P, is defined in
Eq. (25).

3. National accounting/consumer’s budget constraint pins down consumption C,; (Eq.
21):
Cqy=Yq— Iy,

in which I, is defined in Eq. (21) and Y; = wyLg 4 11; + G4, in which wy is defined in
Eq. (A37) and II; is defined in Eq. (D.1.3.1).

4. Labor market clearing pins down w, (Eq. A37):

1. C,
Li+(1—a)Co+ -3, —=
M lod

Ly ’

Wq =

in which 1, is defined in Eq. (21) and C,, is defined in Eq. (A58).

A.5.2 Nesting trade models without search frictions

Our model nests trade models without search frictions if retailers’ search costs are zero,
cdo = 0, Vdo, among other restrictions. The main difference between our model’s equilibrium
definition and the definitions in trade models without search is that we introduce market
tightness, k4,. When search costs are zero, free entry into product vacancies leads to infinite
market tightness and instantaneous matching for producers. Instantaneous matching implies
that all producers are matched (Eq. 19), as in a standard trade model without search
frictions.

In particular, our model exactly reproduces Chaney (2008) if retailers’ search costs are
zero, we make the same assumptions about the homogeneous good as he does (so that
wq = 1, Vd), we assume the same profit redistribution (Appendix D.1.3.5), we assume that
the number of producers is proportional to consumption (N* = C,/ (1 + 7)) and that there
are no tariffs (G4 = 0¥d), and we impose the same parameter value restrictions that he does
(tdo = Sdo = hao = €5 = 0, Vd, and, Yo). We demonstrate this equivalence by showing that
all equilibrium equations are the same. If retailers’ search costs are zero, market tightness is
infinite and the negotiated price (Eq. 13) attains the final sales price if ¢4, = 1, Vdo, which is
given by Eq. (14). There is, in effect, no intermediate retailer; producers sell their goods
directly to the final consumer at price pg,. Instant contacts for producers imply that the
effective entry cost (Eq. 16) equals the fixed cost of production, Fy, = w, f4, and our
threshold productivity expression (Eq. 17) coincides with Chaney (2008, Eq. 7). With no
search costs and G4 = 0, Eq. (21) implies that Y; = C; 4+ I; and the only investment
expenditure is the fixed cost of production. Total income is given by Yy = (1 4+ m) wqLg,
which also matches Chaney (2008, Eq. 9). Assumptions about the homogeneous good as in
Chaney (2008) would imply that wy = 1 Vd and the percapita dividend is determined by Eq.
(D113), as shown in KM. With the same equations defining the equilibrium variables, our
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ideal price index (Eq. 25) and gravity equation (Eq. 26) would coincide with Egs. 8 and 10,
respectively, in Chaney (2008).

A.6 Deriving aggregate welfare

Here we outline the steps to show that the indirect utility function (welfare) is Cy/Zq4, in
which Cjy is total consumption expenditure, p is the vector of prices for each good, and =, is
the ideal price index. Assume that preferences are homothetic, which is defined in
Mas-Colell, Whinston, and Green (1995), section 3.B.6, page 45. This means that they can
be represented by a utility function that is homogeneous of degree one in quantities and that
the corresponding indirect utility function is linear in total consumption expenditure. We
can begin with the indirect utility function and then manipulate it as follows

Wa(p,Ca) = Wal(p,1)Cy
Wi (pve(pvu)) = Wa (p>1)6(p7u)
u = Wa(p,1)e(pu)
1 = Wy (p,l)e(p,l)
1
o (p, 1) = Wd (p> 1) )

in which the first line comes from homothetic preferences; the second line follows by
plugging in for consumption expenditure Cy = e (p, u); the third line comes from Eq. (3.E.1)
in MWG that says Wy (p, e (p,u)) = u (also known as duality); and in the fourth line we
plug in for utility level u = 1. The function e (p,u) is the consumption expenditure function
that solves the expenditure minimization problem. Using this result and the fact that the
price index is defined as e (p,1) = =, we can show that

1 Cy
p— 1 = —— pr— —_—.
Hd(pacd) [[d(p7 )Cd e(p,l)cd Ed

Hence, as long as preferences are homothetic, we will always get welfare equal to
consumption expenditure divided by the price index, Wy (p,Y) = Cy/Z4.

We can prove this result directly in our setting. Plugging the optimal quantities in Eq.
(2) into the utility function in Eq. (1) yields:

VD st = (W)l (1%1%> LEO: (1) e [ va w)“’dG«o)r(;l).
=1 Pk
(A61)

Use Eq. (A38) to obtain

k=1

P = [Z (1- 72 ) o / e (9)! 77 G (w)] o (A62)



17 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONS

Plugging this expression into Eq. (A61) and rearranging yields
Ca

() ()

The right-hand side of this expression is C;/Z4, in which Z; is defined in Eq. (A2).

Ulga (1), 44 (p)) = (AG3)
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B Optimal unilateral uniform import tariffs
B.1 Optimal uniform tariffs with search frictions
We prove Eq. (31) in several steps.
B.1.1 Cost minimization problem: Producing domestic varieties

This problem takes the form:

(B64)
Gaa(¥);Goa(¥),Na

s.t. / Nd (1 — de
Phd L — kg

with the Lagrangian given by

Li(Qaa, Qoa) = min Iq+ Naq {Z (1 1 ikjk) Lkd lka (Gra (), ) dGa ()

k=d,o

) (@ra ()" dCa (9) = QL ke = d,o

Ly = Ig+Ng| Y (1_ 1%@)/ Uka (Gra (@),@)de(gp)]
k=d,o Prd
+ A l/u_/ N <1_ Uk@ > ~ V”dG ]
kzd,o kd{ ¥ Pkd ‘ I — kg (de <¢)> d(SO)

in which g, (¢, ) = a4 (¢) ¢, ¢ > 0. Solving the problem variety by variety, we get the
quantity demanded:

paga () ) - _
N —_— Lo >
Gra (@) = ( Akd P = Pk
0 , otherwise

Using the constraint and plugging this in, we get the Lagrange multiplier:

1
1

T on, (B65)

Akd = [/% Na (1 e ) (Hara ()7 dGa ()

B.1.2 The social planner’s solution

The goal of the social planner is to maximize Uy (Qqq4, Q40) subject to the labor
constraint. The maximization problem can be written as

MAXQ,14,Quo0@oa Ud (Qaa; Qao)
Qdo S Qdo (Qod)
Lq (Qad, Qod) = La

Computing first-order conditions and rearranging yields

(3Ud (Qua, Qdo)) (3Ld (Qud, Qod))
0Qaa B 0Q 4a (ano (Qod))
(5Ud (Qua, Qdo)> N <5Ld (Qud; Qod)> 0Qod '
0Qdo 0Qoa

(B66)
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Then use the balanced trade condition for country d Nog (Qoq) Qod = Nao (Qod, Qao) Quao-
Rearrange slightly to get

_ Nod (Qod) Qod -1
Ndo (Qodu Qdo) Qdo .

Incorporating this expression into Eq. (B66) yields the optimality condition

1 _ P(Qdoa@od)

H [ dQu
(_d Qod) MRS,

in which we define P (Quo, Qod) = Noa (Qod) / Nao (Qod, Qao) as the aggregate terms of trade
in country d (price of exports over price of imports), H = dInQg,/d1In Q.4 is the elasticity of
the offer curve in country o, MRSy = (0Uy (Qad, Qao) /0Quo) | (OU4 (Qads Qo) /O0Qaa) is the
marginal rate of substitution in country d, and

_Eiigdj = (0La (Qaa, Qoa) /0Q0d) / (OLa (Qads Qoa) /0Qaa)-

B.1.3 Owverall level of taxes

: (B67)

With uniform import tariffs and passive trade policies elsewhere, we obtain

1—bao\ P (Quo, Qoa)
tao = : B68
¢ <1 — bod> MRT;/MRS, (B68)
Notice that (1 boy) Pt
P . o) = — Vod odbtdo
(Qd 7@ d) (1 — bdo) Pdo )
which uses the definitions of P, from Appendix A.4.3. At an interior solution
MRSd = Pdo/Pdd and MRTd = Pod/Pdd- So
P (Qdm Qod) _ 1 - bod ¢
MRT; /MRS,  \1—=bg ) ™
which yields Eq. (B68).
B.1.4 Optimal uniform tariffs
We show that Lo 1 a0
ty =2 ) — (=29 ) /MRTy B69
” (1—bzfd>H(( d@zd>/ d) (0%

and solving for 1/H yields

1 /1
1 + — _u - 1 + Gz + 6%dondo

o\ T

[ o
4 By ((—%Z) /MRT;;) . (W)

in which B} = (1- b;bk) /(1— by;) and €8,..0,, 1s the elasticity of Bj, with respect to @y,
evaluated at the optimal tariff. In our numerical examples in Section 3.3, we find that
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By = (1-0b%)/(1—1by) =1, €80y ~ 0, and — (dQg,/dQg,) /M RTj ~ 1, which yields
Eq. (31) after simplifying.

Start with the necessary condition from the social planner’s solution, Eq. (B67), and
manipulate to obtain

1—0bao\ 1 dQaq 1 —=bao\ P (Quao,Qoa)
— (- MRT,; ) = .
(1 _ bod) H ( ond/ R d) (1 _ bod) MRT,;/MRS,

Now plug in (B68) to obtain

1—=by\ 1 dQy,
tio=\— ) 7 [ {— MRTy ). B71
" (1—b::d>H(( iz ) M )
Let’s solve for H. An interior solution implies that M RS, (Qods Qoo (Quo)) = Poy/P,, and
MRTO (Qdm Qoo (Qdo)) - Pdo/Poo so that

MRSO (Qod7 Qoo (Qdo)) . Pod . 1— bdo
MRTO (Qdoa Qoo (Qdo)) N Pdo =F (Qdm QOd) (1 — bod) ’ (B72)

Trade balance implies that

P (Qdo: Qod) Qod = Qdo-
Log, totally differntiate, and rearrange to yield

. 1+pod

H = ;
1_pdo

in which pgo = 0In P (Qoa, Qo) /010 Q-

o MRSO (Qod7 Qoo (Qdo))
Use P (Qdm QOd) B MRT, (Qdm CQoo (Qd0>) (

1 Oln(l—by) Oln(l—bg)

1 — bog
1_balo

> to find that

Pod = T T A Q,, 910 Quy
in which we use that )
Qod >_U
MRS, = | —— ) B73
(Qoo (Qdo) ( )

One can also show that

_laanOO (Qao) . Oln (1 — byg) B Oln (1 — by,)
o 0lnQu © 0InQy, 0ln Qg

Pdo

in which we use Eq. (B73) and

o )\do Qdo 7%
MRTO B </\oo) (Qoo (Qdo))

by applying the envelope theorem to the optimization problem in Eq. (B64).
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Finally, notice that

aln Qoo (Qdo) _ ono (Qdo) Qdo - pdo@do (B74)
8 In Qdo deo Qoo (Qdo) PooQoo (Qdo)
so to ensure that aano—o(QdO) = — ( L 1), define
a In Qdo Loo
Coo
LToo = ~—F7 ~ -
C’do/tdo + C(oo

Using p,q and pg, in H and plugging into Eq. (B71) yields

1/1 o O(1—by)  Oln(l—bY)
(120, G e e - Tona Ry
do = \1-bY, L1 om(-bg) On(l—bj) aQ, “)
o 0lnQY, olnQY,
Notice that if there are no search frictions so that bj; = 0 Vjk, this implies that we
recover the optimal uniform tariff expression in CRW as long as (—dQ%4,/dQ%,) /M RT} = 1.

B.1.5 =z, as the local consumption share

Notice that Eq. (B74) can also be written as

Jln C200 (Qdo) Ndono (]- - boo) _ _IMdo (]. — boo)

8111 Qdo a NooQoo (Qdo) 1— bdo IMoo 1—- bdo

Using trade balance, we obtain that

B I Mo, (1 — bg,)
C IMug (1 = boo) + IMy, (1 —bgy)

:BOO

Iftyo =1 and (1 — by,) = 1 then we can write z,, as

C’OO

00 B75
Cod + Coo’ ( )

Loo =

which is the share of differentiated goods consumption in country o devoted to local goods.
B.2 Proof of proposition 1: The elasticity of transformation, ¢,

The cost minimization problem solved by country o (Eq. B64 for country o), together
with the envelope theorem, implies that

o )\do Qdo 7§
= () (22 -
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1

1—0o 1
Ry, (Eq. B65 for country

. . Uko —0
in which Ay, = {f@w N, (1 — 7 —kik ) (page (90))1 G, (QO)}

0). Plugging this expression into Eq. (B76) yields

i l—0o 11=7
Udo Tdo —0—1
1— | — d
< 1_id0> fwdo(‘ﬁ) v v

MRT, = + — (B77)

i -0 1 1=7
u Te
1 — 00 g 00 _9_1d
( 1—2'00)[%0(90) v v

We proceed to solve the integrals in closed form.
The definition of the threshold productivity (Eq. 15) implies that

oo(2) () e

Solve this equation for ¢4, and plug in for the definition of A4, to yield

1
F(Kdo) \ 77 1L
Tdo ( ( a )> éo

w—1

Pdo = —— - (B78)
0 udo Tdo 1—0o , 1d (1—0o)(oc—1)
N (1— : _ — 0=
(-7 0 () e
Use Eq. (A40) and rearrange to solve for @g,:
l1—0o
=) B (c-1)—0f __o—1 _
Tao (—Jf?) Qi "
2 0o - o B79
Pd . pe— ( )
N8 (1 S )
11— Ldo
0—o+1
Rearrange Eq. (B78), plug in Eq. (B79), and simplify to obtain
U Tao\' ™
() () o
Pdo 1- Ydo ®
__(e=1)
c0—(o-1)

0—(o-1) (0=1)
1 le=De /@ (Kgo)\ 77— 1 _— 6—(o—1) N.6 ~ = (o=T) Uy
= (N.0)°—1 o6—(o—1) o co—(o—1 [ __ YoYU 1— o
( 0) Tdo M_l Qdo 0_0_+1 1_7:(10
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Plug this integral back into Eq. (B77) to obtain:

o—1)

U c0—(c—1)
9(c—1) 0—(o—1) 0—(o—1) (1 _ L)
MRTO _ <@> 50— (o—1) (F (/fdo)> 70—(o—1) <QOO) c0—(o—1) 1 — Too .

Too F("foo) Qdo 1— Udo
1— 14

Therefore, €, = 0In M RT, (Q 40, Qoo (Qdo)) /010 Qq, is given by

o 0—(c—1) N 0—(c—1)|[0Inky IInF,
= [00 — (0 — 1)] 200 00 —(c—1)] |[0InQu IOInQy,
_ a-») (c—1) Udo Oln kg, B Upo 0ln Kep
Poo—(oc-1 [\1=ie) 0mQu \1—in) 0lnQu,
because 0100 (Qur) .
1 oo do) N
w0, Ou <$oo 1) . (B80)
Assuming that h,, = —l,, and hg, = —lg4,, so that F,, and Fy, are parameters so that

Oln Fy, olnF,, .
= = lds Eq. (32).
81n Qdo (9111 Qdo O’ yiexds B4 (3 )

B.3 International search costs and the local consumption share

The next lemma characterizes how the local consumption share on differentiated goods,
T, Varies with international search costs, cg, and cyq.

Lemma 1. In addition to the assumptions in Proposition 1, assume that the consumer’s
optimization problem yields an interior solution, that changes in tightness in the do and od
markets have small effects on the price index and local goods in the oo market so that

0ln (P,,) /0In (ki) = 0In(Qs) /OIn (ki;) = 0 forij € {do,od}, that effects on aggregate

J0InC,
variables in country o from changes in do tightness are small, so that 81n =0, and that
1l Ko
markdowns are small so that 1 — by, () = 1. Then,
J0lnx,,
-0 B8&1
dlncy, ’ (B81)
and ol 0l
N Tpo Uod Il Kod
= —(1— 1 — Zoo > 0. B&2
8lncod ( 77) (1_iod) ( v ) 81ncod ( )

Proof. The local consumption share, z,,, is defined under Eq. (31). Here we use the
expression in Eq. (B75).

Olnwz,  0InP,, 0Inkyg, aanooﬁlnmdo_alnC’oalnmdo
dlncyg,  Olnkg Olncy, Olnkg, Olncg, Olnkg, Olncy,

The assumptions stated in Lemma 1 yield Eq. (B81).
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The definition of z,,, together with the assumptions of the Lemma, implies that

Olnze, — 0InC, Olnkeq _81n (PooQoo + PoaQoa) O Koq

- _ = . B
01n cyq 0In Koy 01ncyy 0ln Kog dln cyq (B83)
We can write I e S P 910
nc, N Foq N Jod
= 1— B84
0ln Kog (Olnffod 81nl-€od> (1= %), (B84)
and therefore I
nc, Uod
= (1- 1= 20).
Tt 77)(1—2'0)( Too)
Plugging back into (B83) yields Eq. (B82). O

Increasing international search frictions does not reduce the local consumption share in
country o. Eq. (B82) implies that the local consumption share increases if search costs, coq,
increase because tightness responds negatively to search costs, 01n k,q/01Incoq < 0.

This increase in the local consumption share reduces the optimal tariff in Eq. (31).
Notice that the local consumption share enters the optimal tariff expression directly in Eq.
(31) and also indirectly in the EoT expression in Eq. (32). These two effects work in
opposite directions, but we show that the direct effect is stronger than the indirect effect. In

particular,
oty, 1 1 o 0—(c—1) 1

axgo B (J - ]‘> (xgo)z i (0 - 1) [09 - (0 B 1)] (xgo)Q’

and this is negative if ¢ > 1, which is true by assumption.

As a result, raising international search frictions reduces the optimal tariff in Eq. (31) by
raising the local consumption share in country o. This effect on the local consumption share
works in the same direction as the effect of search frictions on the EoT, which also implies a
lower optimal import tariff in a model with search frictions than in a model without them.

B.4 Parameters for numerical examples

We present the parameter values for the numerical examples in Table A1. The first
column shows the parameters in the model with search frictions and the second column has
the unit of each parameter. The parameterization assumes that there are two symmetric
countries. The only difference between the numerical example with and without search
frictions is that the model without search has ¢,. = 0.

B.5 Optimal tariffs without search frictions

As discussed in Appendix B.1.4, we recover the optimal uniform tariff without search
frictions in Eq. (33) if (—dQY4,/dQ%,) = M RT}. In our numerical examples in Section 3.3,
we find that this assumption does not hold with equality. In the numerical examples without
search frictions in the main text, we adjust for the slight discrepancy. In particular, in Fig.
1b, we depict

wns 14+ ox¥ et ngd
puns _ (14 2T 00 ) [ MRT" BS5
i ( ! <o—1>xzo> ( aqr, ) /ML (B85)

as the dotted black line. Without this adjustment, the implied optimal tariff is slightly lower
than the actual optimal tariff. Future research could explore under what conditions this
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assumption holds. Our conclusions about the effect of search frictions on optimal tariffs are
unaffected.

B.6 Nash equilibrium and the Nikaid6-Isoda function

We solve for the Nash equilibrium using the Nikaido-Isoda (NI) function (Nikaidoé and
Isoda, 1955) given by

D
=" |La(t.0) — sup L4 (t c) , (BS6)

d=1 td* Ca

in which the Lagrangian, £, (t, (), is written as a function of the exogenous tariffs, ¢, and
exogenous matrix of Lagrange multipliers, ¢, corresponding to all of the constraints defined
in Eq. (34). The Lagrangian is also a function of the endogenous variables—

K, P, Ci w—that define the economy’s equilibrium, but those are determined by satisfying
the constraints in Eq. (34) for given values of ¢ and ¢. Therefore, we do not write out the
endogenous variables explicitly in Eq. (B86).

Intuitively, each summand of the NI function (B86) can be thought of as the difference
in equilibrium welfare for a country d and that country’s best response. When the summand
for country d is zero, that country has no unilateral incentive to deviate. When the sum for
all countries is zero, no country has a unilateral incentive to deviate. Hence, the Nash
equilibrium is defined as W (", {") = 0 because this is when no country can benefit by
unilaterally changing its tariffs. It is possible to show that ¥ (¢",¢™) = 0 is a global
maximum because ¥ (¢,¢) < 0.
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C Calibration appendix
C.1 Intuition for parameter identification

We use a calibration strategy similar to that in KM and include the details here. Table 1
summarizes the discussion and Table 2 presents the moments and model fit.

The search frictions in our model are governed by retailers’ flow search cost, cg4,. If the
fraction of matched exporters is low, it implies that there are few searching retailers, market
tightness is low, and international search costs are high. Consequently, we use the fact that
21 percent of Chinese firms export (WB, 2018) and that 6 percent of U.S. firms export to
China (CB, 2016a,b) to identify c,. and c.,, respectively. Eaton et al. (2014) and Eaton
et al. (2016) also use the fraction of firms that export to identify search model parameters.
We use manufacturing capacity utilization to inform the level of domestic search frictions in
goods markets, as in Michaillat and Saez (2015), Petrosky-Nadeau and Wasmer (2017), and
Petrosky-Nadeau, Wasmer, and Weil (2021). We target 75 and 74 percent manufacturing
capacity utilization in the United States and China in 2016, respectively, to inform c¢,, and
ce (FRB, 2020; NBSC, 2016a). We also assume that international search costs are larger
than domestic search costs so that ¢,. > ¢, and c., > c...

Targeting log-linear estimates of the trade elasticity informs the elasticity of matches
with respect to the number of searching producers, n. This moment is informative because as
the matching elasticity increases to one, producers’ contact rate becomes unresponsive to
changes in market tightness. Without an endogenous response in the producers’ matched
rate, trade becomes less responsive to variable trade costs and the trade elasticity increases.
We target a trade elasticity of —6 based on a range of empirical estimates, which vary
between —4 and —10 (Eaton and Kortum, 2002; Anderson and van Wincoop, 2004; Romalis,
2007; Imbs and Mejean, 2015).

The average duration of a Chinese and U.S. trading relationship is about one year
(Monarch and Schmidt-Eisenlohr, 2023, Figure 9), so we set our separation parameter, A = 1,
because average match duration in the model is 1/A. This observed expected duration is also
broadly consistent with survival probabilities among Colombian-U.S. trading relationships
(Eaton et al., 2014).

We use business failure rates to inform the fixed costs of production, fy4,. Fixed costs
inform the productivity thresholds in the model. In turn, these define the idle rates.
Business failure rates capture the fraction of firms that cease production, which helps inform
the measure of firms in the model that take a productivity draw and do not produce.

Trade in both directions between China and the United States, together with the level of
absorption of domestic production (1M, and IM,..), as well as tariffs and distance, helps to
identify the iceberg trade costs, 74,. We define IM,,, and I M,.. as manufacturing value
added minus merchandise exports plus merchandise imports similar to Dekle, Eaton, and
Kortum (2008).

Working age population, L. and L,, is informed by the levels of gross domestic product
(GDP), aggregate consumption, and the ratio of consumption to GDP in China and the US,
as reported in the national accounts of each country (BEA, 2016a; WB, 2016; BEA, 2016b;
NBSC, 2016b). Labor share of GDP per working age person informs the wage. The fraction
of consumption on tradables informs a. The ratio of consumption at purchasing power
parity informs the ratio of price indexes. The difference between consumption and GDP and
the size of the working age population informs both the number of varieties and the
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exploration cost €.
C.2 Calibrating the matching elasticity

To calibrate our model to standard trade elasticities, we must first derive a log-linear
estimating equation implied by our model that matches the specifications in the literature.
We do this by rearranging the gravity Eq. (26) to collect similar indices of observation:

In(IMg) = In(a)+In <C_Hg> +1In (NZw,?) (C87)
Pd

+ In(r)) +n (t;of‘e)

(- _
+ ln |:(1 - 1 ud? ) (1 - b(0-76’P)/d075d07Fd0)) Fd0(071 1):| .
— ldo

Because the first three terms in Eq. (C87) are either a constant or only vary by destination
or origin, we can simplify notation by writing
¢=1In(a), ¢qg=1n (Ta) ) and ¢, = In (wao_e) .
Pa

Also define the log of the terms that include search frictions as

(-6 _
Zdo = In |i(1 - 1 Ud? ) (1 — b(0,677d075d07 Fdo)) Fdo<071 1)

— 4o

Thus, the log-linear gravity equation from our model can be expressed as
In (IMgy) = ¢+ dg + do — 0 [In (74,) + pIn (tgo)] + 2do- (C88)

Most gravity specifications in the literature omit search frictions, z4,, and instead
parameterize the iceberg cost as a function of distance, for example, 74, = aaddistancey?
and then estimate a specification similar to,

In (IMy,) = € + €y + Co + B In (distanceq,) — OpIn (tg,) - (C89)

If z4, was added as a covariate to Eq. (C89), then 6 = 6 would be an unbiased estimate
(with externally calibrated u). Instead, omitting In (¢4,) results in bias for estimates of 6
characterized by

E[—0|1n(ta),C, ¢ go] =0+ B... (C90)

In this equation, f3, is the coefficient from a regression of z4, on In (¢4,) and fixed effects;

Zdo = ¢ + 1/%1 + 1/)0 + 5z,t,u In (tdo> .

We use the moment defined in Eq. (C90) to inform the elasticity of matches with respect to
the number of searching producers, 1, because estimating Eq. (C89) when the true model is
Eq. (C88) implies

B Udo dlnkge  dln(1—bg () 0 dIn F (Kqo)
fre=E {(1 —z'do> A=) Tt T dlnt, o=1 ) Tdimtg, |V Yeveln(a)| .
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See KM for more details.
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D National accounting

In the National Income and Product Accounts (NIPA), gross domestic product (GDP)
can be measured in three ways: 1) as the sum of income payments and other costs incurred
in the production of goods and services (income approach), 2) as the sum of goods and
services sold to final users (expenditure approach), 3) and as the sum of the value added at
each stage of production. This appendix will explain how we use equating the incomes and
expenditure approaches to define the resource constraint for consumers and solve for the
equilibrium in our model.

D.1 Income approach to accounting

The income approach sums compensation of employees, wqyLg, income from taxes or
subsidies on production and imports, 7, net operating surplus, II°°, and consumption of
fixed capital (depreciation). Our model only has the first three of these components so that

GD]d == ded + Td + Hgos. (Dgl)
Government tax income is government expenditure, T, = (G4, in our model because we
assume the government runs a balanced budget.
D.1.1 Wage income

Wage income, wqLg, is derived from creating producers, ®¢, the formation of
relationships, @7, fixed, @5 , and variable, @}, costs of heterogeneous goods production, and
the variables costs of homogeneous goods production, wgqg (1) given by

wyLg = O + ) + OF + O + waqa (1), (D92)
in which
QY = Njwge, (D93a)
CDZ = Z /fdkude/fwdCdk + Z deNf (’wdlkd + WaSkakka X (F&kd)) ) (D93b)
k k
of = Z (1 = upq — ixa) Njwafra, and (D93c)
k
v v ukd T
q= Z @kd —_ Z (]_ — 1 — de) Nd /SD (Y (qkd: Wds Tkd, SO) dG (SO) . (D93d>
k k kd

With free entry of retailers as we assume, there can be no retailer entry cost in addition to
search cost w,c,q as shown in KM. Therefore, the cost of creating retailers is the same as the
cost of forming relationships, ), Kaxtar NF waCqs-

Using variable costs from Eq. (5), optimal final sales price from Eq. (14) written as
Pdo (0) [taoit = WoTaop™ !, and demand from Eq. (2) we can write

g, = S _ (1 )N: [ 0o o) 6 o). (Do4)

B ,Utdo B B 1 _ido

Pdo
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Dividing Eq. (D94) by w, and summing across k destination markets gives

Q)Z cl)zd de Ukd / .
Wa Xk: Wq Zk: Xk: 1—ipg) Ve | Ik () Thate™ dG ()

HWqt kg

Pkd

which is one of the three additive terms in labor demand from Eq. (23).

Comparing investment, I, from Eq. (21) to Eq. (D93), we see that I; = &5 + @/, + (IDZ;
providing another additive term from labor demand. The final term is just the labor used to
produce the homogeneous good. So, Eq. (D92) is just a restatement of equilibrium labor
market clearing from Eq. (23).

D.1.2 Government income

We assume that retailers in the do market pay a tariff, ¢4, — 1, on the value of imported
differentiated goods, n4, (¢) qao (p). Integrating over all the products and summing over all
the origin countries yields total government tax income

Pdk

Ty = ;Tdk = ; (1 B ) Ny /OO (tax — 1) nak (©) qax (v) dG () . (D95)

Ty = G4 in Eq. (21) in the main text. Notice that when tg, = 1Vk then T; = 0 because there
are no import tariffs or subsidies.

We define the value of total imports, I My,, in Appendix A.4.4.1 (Eq. A54). It is trivial
to show that government tax revenue in the do market is given by

Tao = (tdo - 1) I My, (D96)
Similarly, because Cy, = t4oI Mg,/ (1 — bgo), as shown in Appendix A.4.4.2,

(1 - bdo) (tdo -
tdo

Tyo = e, (D97)

with by, defined in Eq. (A56).
D.1.3 Profit income

In this appendix, we present five ownership structures for the profits earned by retailers
and producers. Importantly, we assume that these alternative ownership structures do not
affect optimal behavior of firms but rather only the apportionment of profits.

First, we discuss ownership of firms by location: Consumers in country d own retailers
and producers in country d. Second, we discuss upstream (backward) vertical integration:
Consumers in country d own retailers in country d and they own producers in the potentially
many origin countries that produce for country d. Third, we discuss downstream (forward)
vertical integration: Consumers in country d own producers in country d and they own the
retailers that sell these goods in potentially many countries. Fourth, we discuss that
consumers in country d own wyLg shares of a global mutual fund that owns all retailers and
producers as in Chaney (2008). The mutual fund redistributes profits derived anywhere
proportionally to each country in the form of 7 dividends per share. Fifth, we discuss an
inverted ownership structure in which consumers in country d own the producers that source
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country d and the retailers that sell country d goods. We implement the third ownership
structure in this paper to facilitate comparisons with CRW, who take the same approach,
but it would be straightforward to implement the other structures.

D.1.3.1 Profits attributed by location

Assume that consumers in country d own retailers and producers in country d. This
assumption implies that total profits in country d are profits from retailers in country d
selling products from potentially many origin £ markets and profits from producers in
country d selling to potentially many other k markets, in which k =1,..., D.

Retailer profits in country d can then be calculated from the retailer profits from each
variety, which are

Tao (9) = Pdo (©) Qo (#) — taoNdo (¢) Gao () - (D98)

Integrating Eq. (D98) over varieties gives retailer profits earned in country d from selling
products sourced from origin country o,

- Z.do

o= oo~ tat M = (1= 2 ) 2 [ w5, (006 (0), (D99)
Pdo
Total profits from retailers in country d selling products from potentially many origin k
markets is then
p= ) M5 =Y Cu— Y taI My. (D100)
k k k
Producer profits for each variety are

Tho () = 1o () Qo (#) = 0 (Qdos Wos Taos ) - (D101)

Integrating Eq. (D101) over varieties gives producer profits earned in country d from selling
products from origin country o,

I, = 1My, — @y, = (1 - Udo ) N,f/ mh, (p) dG (), (D102)

— Udo

Pdo

in which ®}_ is the variable production costs paid by producers in o that are making
products for destination d defined in Eq. (D93d). Total profits from producers in country d
selling to potentially many other k£ markets is then

C
Hfl:%:Hid:zk:IMkd—zk:ﬂd:zk:IMkd— k ﬁ:?]Mkd—¢g. (D103)

in which we use the definition of @}, from Eq. (D94). Under this location-based ownership
structure, total flow variable profits earned in d are therefore the sum of Eqs. (D100) and
(D103)

HdIHZ—FHp:ZHZk—FZHZd:ZCdk—thk]Mdk—i-ZIMkd—Z%. (D104)
k k k k k

o HUkd

Notice that IT; and IT¥ sum over different country indices so further simplification is not
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possible.
D.1.3.2 Upstream vertical integration

Assume that consumers in country d own retailers in country d and also own all the
producers in the potentially many origin £ markets that serve market d. This assumption
implies that total profits in country d are profits from retailers in country d selling products
from potentially many origin k& markets and profits that producers in £ countries earn from
selling to country d but not other countries, in which £k =1,...,D.

This upstream vertically integrated ownership structure and the location-based ownership
structure in Appendix D.1.3.1 imply the same retailer profits defined in Eq. (D100).

Producer profits, however, differ in a very simple way between these two approaches.
Location-based profits sum across destinations with fixed origin country at d so that
I = Zszl I1},; using Eq. (D102). In contrast, upstream vertically integrated profits sum
across origin countries with fixed destination country at d so that ITf = Zszl IT5, and also
using Eq. (D102). Because the summing index, dk, for retailers” and producers’ profits is the
same under vertically integrated ownership, total profits are

Cdk

o=+ 105 =3 M+ 3 T = > Can = > tad M+ 3 1My = 2. (D105)
k k k k k k

which simplifies to

Iy = Z (1 — /%) Car, + zk: (1 —tg) IMy, = Z (1 - %) Car — Ga, (D106)

. dk A MLk

in which Gy is defined in Eq. (D95).
One could alternatively derive Eq. (D106) by adding Egs. (D98) and (D101) to get the
profits of vertically integrated retailers and producers of each variety,

o (9) = Pdo () Qao (¢) — taoTdo (¥) o (#) + Mo (©) Qao () — ¥ (Qdos Wo, Tao, ), (D10T)

and then integrating over varieties and summing over countries.
D.1.3.3 Downstream vertical integration

Assume that consumers in country d own producers in country d and that they own the
retailers that sell these goods in potentially many countries. This assumption implies that
total profits in country d are profits from retailers in country k selling products sourced from
country d and profits that producers in country d earn from selling to retailers in country k,
in which k =1,...,D.

This downstream vertically integrated ownership structure and the location-based
ownership structure in Appendix D.1.3.1 imply the same producer profits defined in Eq.
(D100).

Retailer profits, however, differ in a very simple way between these two approaches.
Location-based profits sum across origins with a fixed destination country at d so that
I, = ZkD:l I17,. using Eq. (D99). In contrast, downstream vertically integrated profits sum
across destination countries with a fixed origin country at d so that II}; = Zszl I17,; and also
using Eq. (D99). Because the summing index, kd, for retailers’ and producers’ profits is the
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same under downstream vertically integrated ownership, total profits are

Iy = +Hp_zn7l;d+znkd—chd_ztkd[Mkd+Z[Mkd_Z C;kd (D108)
k k k k

MUlkd

which simplifies to

Mtka

Iy = Z (1 — L) Cha + Z (1 = trq) I Myq. (D109)

D.1.3.4 Inverted ownership structure

Assume that consumers in country d own producers in country k that source country d
and that they own retailers in country £ selling products sourced from country d, in which
k=1,...,D. As before, we can use Eq. (D99) and sum over kd and Eq. (D102) and sum
over dk to obtain

My = 10+ 115 = ) 1T, d+ZHdkfZde—Ztkd[Mkd—i—ZlMdk—Z C;dk (D110)
k k

Ml

D.1.3.5 The global mutual fund

Assume that all retailers and producers are owned by a global mutual fund that collects
all variable profits and rebates them to consumers. Global profits can be expressed in many
ways. One way is to sum Eq. (D106) across all countries d to get:

n=323Cu- chdo > Gu= - chdo_ (d111)

Htdo Htdo

in which C' =), Cy is global consumption and G = ), Gy is global government
expenditure. It is useful to apportion II to each country as a constant share of labor income
so that

IT
I =wlLi—— — w.L D112
d = Wq dzdded WqLiqT, ( )
in which
11 (D113)
==
>4 WaLa

Notice that the dividend per unit value of labor, 7, is proportional to the value of the global
labor endowment and constant across countries. This definition matches Chaney (2008) Eq.
(6) adjusted to include tariffs.

D.2 Expenditure approach to accounting

The expenditure approach sums personal consumption expenditures, Cy, gross private
fixed investment, I;, government consumption expenditures, (G4, net exports of goods and
services, N Xy, change in private inventories, and government gross investment. Our model
only has the first four of these components. Moreover, in our model, personal consumption
expenditure includes government consumption expenditure because final sales prices include
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the import tariff (Eq. 14). As a result,
GDP;=Cy+ 1+ NXg. (D114)

Each additive term of the expenditure approach is discussed in detail in the following
sections. Because the government runs a balanced budget, government expenditure is
exactly equal to government revenue from Appendix D.1.2.

D.2.1 Personal consumption

Consumption expenditure, Cy, is the total resources devoted to consumption evaluated at
final consumer prices

Ca=pa(1)qa(1)+ Y Ca, (D115)
k

in which consumption of the homogeneous good is pg (1) g4 and consumption of the
differentiated varieties consumed in d but produced in o is

Co= (1= T2V NE [ a9 aa (014G (). (D116)

— lak
D.2.2 Investment

Investment expenditure, I, is the value of resources devoted to creating producers, g, to
creating retailer-producer relationships, I}, and to paying for the per-period fixed costs of
production, [ C’lc , given by

I=1I5+ 15+ 17, (D117)
in which
I5 = Njwgel, (D118a)
]g = Z /{dkude,fwdcdk —f— Z deNg (wdlkd + WaSkdRkd X (likd)) s and (D118b)
k k
IOJ; = Z (1 — Ukd — de) Njwdfkd. (D118C)

k

We define investment costs as those that must be paid before producing the first unit of
output and that do not scale with output.

D.2.3 Net exports

Define net exports as
NXy=EXg—IMy=)Y IMyg— Y IMy, (D119)
k k

in which imports by destination d from origin o are given by

D= (1= T2 ) 8 [0 ()46 (o). (D120)

Pdo
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Notice that exports and imports are evaluated at negotiated prices because this is the price
that the producer receives.

D.2.4 Income equals expenditure

In order to solve the model, we equate national output using the income and expenditure
approaches:
ded+Td+Hgos = Od+fd+NXd (D121)

First, government cancels from each side because T; = G4. Using Egs. (D92) and (D117) we
can write

D + O + ) + Y+ waqy (1) + Gy +115°° = Cy + IS + [} + I) + NX,, (D122)
By inspection, ®j = I3, 3 = I;, and ¢} = I({, leaving
Py + wqqq (1) + Gg + 1177 = Cy + N X (D123)

Using the fact that total consumption is the sum of homogeneous and differentiated goods
consumption from Eq. (D115) and the fact that p, (1) = wy, Vd from Section 2.1.3,

(I)Z + Gq+ Hgos = Z Ca. + NX,. (D124)
k

Using the definition for NX, from Eq. (D119), moving @} to the right-hand side, and
adding and subtracting ), taxl Mgy, gives

Ga+ 103" = Cop+ Y IMyg— Y IMy— B4+ Y taI My, — > taxI My, (D125)
k k k k k

which simplifies to

Ga+ 1" =Y " Co = taI Mg+ Y IMyg— 5+ (tg — 1) IMy..  (D126)
k k k k

Using the definitions of location-based retailer and producer profits from Eqs. (D100) and
(D103) and the definition of government revenue from Eq. (D95) we can write

Gq+ 10 =Y T + > I}, + G, (D127)
k k

This means that GDP = G DI using the location-based definition of profits from Appendix
D.1.3.1 and when profits include government tariff revenue (because profits are omitted from
retailer profits). This makes sense because GDP and GDI are constrained to measure the
value of income and expenditure within the geographical borders of a country, which is
consistent with the location-based profit accounting but not the vertically integrated
ownership structure of Appendix D.1.3.2.

D.2.5 Profits with balanced trade

We show that the various ownership structures described in Appendices D.1.3.1 to
D.1.3.4 are identical in our model if search frictions are removed and trade is balanced.
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First, notice that retailer profits in a model without search frictions are zero. In
particular, without search, Cy, = t40f My, so that Eq. (D99) implies I/, = 0 Vd, o.

Second, we show that if search frictions are removed then ), ITh, = 3", TI}, if and only
if trade is balanced. Notice that Eq. (D94) implies that

C, 1
o = IMy— =% = (1 - ;> > 1My (D128)
k k k

et age

Similarly,
1
d o, = (1 - —) > IMyq. (D129)
k H k

Inspection of Egs. (D128) and (D129) suggests that
SNomh =Y "I, = Y IMy =) My, (D130)
k k k k

in which the latter is balanced trade, i.e. NXy3 = 0.

Finally, we show that the various ownership structures in Appendices D.1.3.1 to D.1.3.4
are equivalent in our model if search frictions are removed and trade is balanced. Because
retailer profits in the model without search frictions are zero, Eq. (D104) in Appendix
D.1.3.1 implies that total profits in country d are given by

Iy =Y 1. (D131)
k

Similarly, profits in Appendices D.1.3.2, D.1.3.3, and D.1.3.4, are given by Egs. (D105),
(D108), and (D110), and are >, IIf,, >, 117, and >, II¥, | respectively. Eq. (D130) implies
that all four of these profit expressions are identical if we impose trade balance because
summing producer profits over the kd indexes is the same as summing over dk.
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Table Al: Parameters for numerical examples

Parameter Value Unit

Panel A.
Producers’ bargaining power (/3) 0.50 fraction
Risk-free rate () 0.05 percent
Separation rate (\) 1 Poisson rate
Elasticity of substitution (o) 4 elasticity
Pareto shape parameter () 3.18 unitless
Efficiency of matching function (&) 1 elasticity
US domestic tax (t,,) 1 multiple
CH import tariff (.,) 1 multiple
US import tariff (¢,.) 1 multiple
CH domestic tax (t.) 1 multiple
Internal distance US to US (distance,,) 1.44 kkm
Distance to CH from US (distance.,) 11.18 kkm
Distance to US from CH (distance,.) 11.18 kkm
Internal distance CH to CH (distance..) 1.44 kkm

Panel B.
US domestic search cost (¢uu/X (Kuu)) 0 labor
CH importers’ search cost (Cey/X (Keu)) 0 labor
US importers’ search cost (cue/X (Kue)) 0.30 labor
CH domestic search cost (Cee/X (Kee)) 0 labor
US domestic fixed cost (fuu) 0.05 labor
US export fixed cost (feu) 0.05 labor
CH export fixed cost (fuc) 0.05 labor
CH domestic fixed cost (f..) 0.05 labor
Iceberg parameter (a;) 1.16 multiple
Effect of distance on iceberg (as) 0.11 elasticity
US exploration cost (ef) 0 labor
CH exploration cost (e¥) 0 labor
Labor endowment in US (L,,) 1,000 mn. people
Labor endowment in CH (L,) 1,000  mn. people
Firm endowment in US (N7) 500 mn. varieties
Firm endowment in CH (NVY) 500 mn. varieties
Cobb-Douglas exponent («) 1 fraction
Elasticity of matching function (n) 0.50 elasticity

Note: Parameters for the numerical examples in Section 3.3. The ‘“Value” column shows the parameters in
the model with search frictions and cg4, = 0 except for c,. but also I, = S4o = hgo = €4 = 0 and tg4, = 1 Vdo.
The only difference between parameterizations in the numerical examples with and without search frictions is
that the model without search has c,. = 0. The levels of the retailers’ search costs, cg,, do not have meaning
because they depend on the normalization of the matching efficiency, £, as in Shimer (2005). Therefore, we
report average retailer search costs, ¢g4o/X (Kdo), which have intrinsic meaning. Calibrated parameters of the
model are at an annual frequency. “CH” stands for China and “US” stands for the United States. See
Appendix B.4 for details.
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