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Abstract
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1 Introduction

We understand little about how tariff policy interacts with search frictions despite thefact that connecting with overseas buyers is a prevalent firm-level search friction faced byexporters (Kneller and Pisu, 2011) and that tariff policy can have large effects on welfare(Costinot and Rodríguez-Clare, 2014).To improve our understanding, we study uniform tariffs in a model with randomsearch between heterogeneous exporting producers and importing retailers in generalequilibrium. Our model introduces an endogenous fraction of unmatched exporters thatare actively searching for importing partners, but otherwise nests Melitz (2003). Theseunmatched exporters alter the levels of aggregate variables and the changes in aggregatevariables in response to tariffs because when producers are unmatched their associatedvarieties cannot be traded.We derive three analytical results in this framework. First, we show that the modeladmits a unique equilibrium. Second, we analytically characterize the unilateral uniformimport tariff that maximizes domestic welfare in a two-country setting. With searchfrictions, the optimal tariff depends not only on the offer curve elasticity—as it does in amodel without search frictions—but also on two new terms. An import markdown termrelates to the difference between import prices and final consumer prices. A second termrelates to additional externalities introduced by search frictions. Third, we characterizethe offer curve elasticity in our model and show that search frictions introduce a newincentive to subsidize imports because of endogenous market thickness effects. Theseresults extend those in Costinot, Rodríguez-Clare, and Werning (2020), henceforth CRW,to a setting that includes search frictions.We also obtain two important quantitative results using a realistic calibration thatmatches U.S. and Chinese data in 2016. First, the optimal U.S. unilateral tariff withbaseline search frictions is about 20 percentage points below that in a counterfactualexercise in which international search costs are reduced to domestic search costs, but weotherwise retain the rest of the baseline calibration, ‘‘reduced search frictions’’. Second,search frictions attenuate welfare gains so that optimal tariff effects are not as large aspredicted by models with reduced search frictions. Intuitively, this is because searchfrictions imply fewer matched varieties and mainly tariffs affect aggregates through theintensive margin of only matched varieties. For example, moving from baseline tariffs tooptimal unilateral tariffs raises U.S. welfare by about 0.03 with baseline search frictions.But with reduced frictions, moving to optimal tariffs raises U.S. welfare by 1.0 percent.Our new optimal tariff expression implies that the country social planner subsidizesimport markets in which the levels of import markdowns are large. The social planner’ssolution involves a manipulation of the terms of trade (TOT), as in Dixit (1985) and CRW.
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With search frictions, the TOT include import markdowns so the optimal tariff includesthese as well. Intuitively, producers are willing to accept low negotiated prices (largeimport markdowns) when they face poor outside options driven by low contact rates(high unmatched rates). The social planner stimulates retailer entry in these searchmarkets by setting lower tariffs to increase contact rates.Search frictions also introduce new externalities that affect optimal tariffs. In thedecentralized equilibrium of a model without search frictions, there are no allocativeinefficiencies. The (negative of the) slope of the production possibility frontier (PPF), themarginal rate of transformation (MRT), is equal to the ratio of the negotiated priceindexes received by producers. Search frictions, however, introduce new externalitiesbecause producers do not consider their effect on unmatched rates when deciding whetherto search or not and how much to produce. In contrast, the social planner explicitlyconsiders the social opportunity cost of production including any effects on unmatchedrates, which affect the MRT. Our new optimal tariff expression implies that the socialplanner sets higher import tariffs when the social opportunity cost of exports exceeds therelative private cost because higher import tariffs reduce exports via balanced trade.Search frictions also create an incentive for country d to subsidize imports fromcountry o. In a model without search frictions, selection introduces increasing returns toscale in the PPF (aggregate production nonconvexities), which affects the offer curveelasticity, as in CRW. In that model, as exports from country o to d rise, producers enterthat market, and domestic goods production in o falls, which lowers producer entry in thedomestic market. Both of these effects lower the opportunity cost of o exports in terms ofdomestic goods, which gives rise to increasing returns to scale. These scale effects createan incentive for country d to subsidize imports because subsidies lower the opportunitycost, and therefore the price, of exports from o to d. Search frictions strengthen this effecton the offer curve elasticity for two reasons. First, increasing country o’s exports tocountry d lowers search frictions in this market because of increased retailer entry incountry d, which leads to a higher matched rate. The higher matched rate lowers theopportunity cost of exports. Second, as exports from o to d rise, domestic goodsproduction in country o falls, which lowers retailer entry and the domestic matched rate,and increases the opportunity cost of producing domestic goods.To provide intuition for our analytical results, we present numerical examples withsimple assumptions—two symmetric countries and search frictions in only one of fourpossible markets. These examples confirm our new optimal tariff decomposition and theeffects that search frictions have on the offer curve elasticity. The numerical examplesalso have the following six features. First, the unilateral optimal tariff in a model withsearch frictions is below that in a model without search frictions, for any positive search
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cost. Second, the optimal tariff declines rapidly as search costs increase. Third, the offercurve elasticity is quantitatively the largest contribution to the level of optimal tariffs.Fourth, in a model with exogenous (finite) unmatched rates and no selection, theeconomy attains allocative efficiency and the offer curve elasticity formula is the same asin a model without search frictions. Nevertheless, optimal tariffs fall with unmatchedrates in this restricted model through their effect on import markdowns. As such, evenexogenous search frictions affect the level of optimal tariffs in these examples, becausethey affect the levels of aggregate variables. Fifth, search frictions also reduce optimaltariffs in a Nash equilibrium. Sixth, optimal tariffs yield a smaller welfare gain relative tofree trade in the model with search frictions than without them, echoing the result inKrolikowski and McCallum (2021), henceforth KM, that search frictions attenuate welfareresponses to shocks. We stress that these six results are useful for understanding themodel’s mechanisms but are not general ones because they are based on our simplenumerical example.To obtain a quantitatively realistic environment, we match our model to U.S. andChinese data in 2016 using the approach in KM. In short, to calibrate international anddomestic search costs we use the fraction of firms that export in each country andmanufacturing capacity utilization rates. Estimates of tariff and distance elasticities fromthe literature inform the elasticity of matches with respect to the number of searchingproducers.In this calibration, search frictions substantially affect optimal tariffs and attenuate thewelfare gains from optimal tariff policy. With baseline search frictions, the U.S. andChinese unilateral optimal tariffs are about 20 percentage points below that in acounterfactual exercise in which international search costs are reduced to domestic searchcosts, but we otherwise retain the rest of the baseline calibration. This exercise could bemotivated by technological innovations that reduce international search costs. For theUnited States (China), the respective optimal unilateral tariff with baseline searchfrictions would increase welfare by only 0.03 (0.01) percent relative to the welfare at2016 tariff levels. In contrast, with reduced search frictions, the optimal unilateral tariffswould raise welfare by about 1 percent in both countries. We also solve for Nashequilibrium tariffs in the model with baseline and reduced search frictions. The optimalU.S. Nash tariff in the model with baseline search frictions is 1.15, below the optimaltariff with reduced search frictions, 1.33. In the Nash equilibrium of the model withbaseline frictions, U.S. (Chinese) welfare is 0.2 percent higher (0.7 percent lower) thanwelfare at 2016 tariff levels.
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Related research

Search frictions in international goods markets are motivated by direct evidence as inEaton, Jinkins, Tybout, and Xu (2026). In addition, Kneller and Pisu (2011) find that‘‘identifying the first contact’’ and ‘‘establishing initial dialogue’’ are more commonobstacles to exporting than ‘‘dealing with legal, financial and tax regulations overseas’’ ina survey of U.K. firms. The broad relevance of search frictions is established for labormarkets, but also motivated by a variety of other contexts. For example, Wasmer andWeil (2004) study search frictions in credit markets, Lagos and Wright (2005) studysearch frictions in monetary economics, and Piazzesi, Schneider, and Stroebel (2020)study search frictions in housing markets. Search frictions extend to the contexts ofmarriage 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, efficiency, and welfare insettings without and with search frictions. Particularly relevant work is by Demidova andRodríguez-Clare (2009). That paper extends the optimal-tariff results in Gros (1987) to asmall country Melitz model. Both models are special cases of the model studied inFelbermayr, Jung, and Larch (2013), which characterizes optimal tariffs in cooperativeand noncooperative games for two large countries with heterogeneous producers. CRWgeneralizes these results beyond homogeneous firms and Pareto-distributed productivity,and to tariffs that vary with firm productivity. Our work complements Grossman,Helpman, and Redding (2024), who study how unexpected tariff hikes affect welfarethrough renegotiation and new trading relationships in a context of global supply chains.Brancaccio, Kalouptsidi, Papageorgiou, and Rosaia (2023) study global efficiency inmarkets with search but focus on the international transportation sector. Finally, ourwork contributes to a vast literature about the welfare gains from trade in models withoutsearch frictions (Eaton and Kortum, 2002; Broda and Weinstein, 2006; Broda, Limao, andWeinstein, 2008; Arkolakis, Costinot, and Rodríguez-Clare, 2012; Ossa, 2011, 2014).
2 The model, aggregation, and steady-state equilibrium

We present an extension of the continuous-time model of KM with additional detailsand equations included in Appendix A.
2.1 Model

We add tariffs and endogenous wages to the environment in KM, which featuressearch frictions between producers and retailers in domestic and international goodsmarkets. We focus on steady-state implications. The model features D countries. The firstsubscript denotes the importing (destination) country d and the second subscript denotesthe exporting (origin) country o. For example, imports by d from o are denoted IMdo.



5 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONS

2.1.1 Consumers

A representative consumer in country d has utility over a constant elasticity ofsubstitution (CES) aggregate of differentiated varieties, qdo (ω), from all origins, withelasticity of substitution, σ > 1. The consumer’s problem is
max

qd(1),qdk(ω)

[
O∑

k=1

Q
1
µ

dk

]µ (1a)
s.t. Qdo =

[∫
ω∈Ωdo

qdo (ω)
1
µ dω

]µ
, (1b)

Cd =
O∑

k=1

∫
ω∈Ωdk

pdk (ω) qdk (ω) dω, (1c)
in which µ = σ/ (σ − 1), Eq. (1b) defines the subutility from consuming differentiatedgoods in destination d from origin o, Qdo, and Eq. (1c) constrains the value of totalconsumption in destination country d, Cd, evaluated at prices paid by final consumers,
pdk (ω). Solving this problem yields the following demand for each differentiated variety

qdo (ω) = Cd
pdo (ω)

−σ

P 1−σ
d

, (2)
in which Pd is the price index for the bundle of differentiated varieties in country d, withmore details in Section 2.3.2. Recall that the (negative of the) slope of an indifferencecurve is the marginal rate of substitution (MRS) between exports, Qod, and domesticgoods, Qdd. We denote this MRS in country d as MRSd

od, in which the first subscript refersto the imported good from country o and the second to the domestic good in country d.Appendix A.1 shows how to solve the model if we extend the utility function in Eq. (1a)to include a homogeneous good.The representative consumer problem defined by Eq. (1) is static but solving adynamic problem with discounting yields the same demand functions as in Eq. (2)because there is no storage technology in our model, as shown in Appendix A.1.1. Weallow for consumers to transfer resources across time by using the mass of matchedrelationships in the dd or do market as a storage technology in Appendix A.1.2. Werelegate these extensions to appendixes because they reduce tractability and obscure ourmain results about optimal tariffs. Additionally, the static problem in Eq. (1) iscomparable to other static settings, such as CRW.
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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). As in manystudies of the labor market (e.g., Shimer, 2005), we assume that the matching functiontakes a Cobb-Douglas form:
m (udoN

x
o , vdoN

m
d ) = ξ (udoN

x
o )

η (vdoN
m
d )1−η , (3)

in which ξ is the matching efficiency, η is the elasticity of matches with respect to thenumber of searching producers, and udoN
x
o and vdoN

m
d are the stocks of unmatchedproducers and retailers, respectively. Nx

o and Nm
d represent the total mass of varieties incountry o and retailing firms in country d regardless of their match status. The fraction ofproducing (retailing) firms in country o (d) looking for retailers (producers) in country d(o) is udo (vdo).The matching function in Eq. (3) is homogeneous of degree one. Therefore, markettightness—the ratio of the mass of searching retailers to the mass of searching producers,which we denote κdo = vdoN

m
d /udoN

x
o —is sufficient to determine contact rates on bothsides of each do search market. The Poisson rate at which retailers in country d contactproducers in country o and the contact rate at which producers in country o contactretailers in country d are respectively given by:

χ (κdo) = ξκ−η
do , κdoχ (κdo) = ξκ1−η

do . (4)
Only the number of vacancies matters in our model, not the number of retailers.Vacancies can originate from one retailer posting all vacancies, all retailers posting onevacancy each, or anything in between. Nonetheless, we interpret matches as one retailerto one producer, as in Pissarides (2000), and we refer to vacancies and retailersinterchangeably. Details about the matching function are in Appendix A.1.3 with detailsabout continuous time Poisson processes in Appendix A.2 of KM.
2.1.3 Producers

We index differentiated goods producers by their permanent productivity, φ. Weassume this productivity is exogenous and has the same distribution in all countries:Pareto with cumulative distribution function G (φ) = 1− φ−θ so that φ = 1 is theminimum possible value of productivity. We make the standard assumption that θ > σ − 1to ensure that integrals that define aggregate variables are bounded.There are two production costs for differentiated goods. First, producers face a
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variable cost indexed by productivity
v (qdo, wo, τdo, φ) = qdowoτdoφ

−1. (5)
This cost function implies a constant-returns-to-scale production function in which laboris the only input. wo is the wage in the exporting (origin) country; τdo ≥ 1 is an icebergcost such that one unit of the differentiated good arrives in destination d when τdo unitsare sent from origin o and τdo − 1 units are lost to physical destruction; and qdo is theamount traded. Second, producers face a fixed cost of production, wofdo, in which fdo is inlabor units, so that the total production cost is v (qdo, wo, τdo, φ) + wofdo.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 Xdo (φ) defined by,

rXdo (φ) = ndoqdo − v (qdo, wo, τdo, φ)− wofdo + λ (Udo (φ)−Xdo (φ)) . (6)
In this state, the flow payoff is the revenue obtained from selling qdo units of the good atnegotiated price ndo to retailers, less the variable cost, v (qdo, wo, τdo, φ), and fixed cost ofproduction, wofdo. The negotiated price, ndo, and the quantity traded, qdo, are determinedthrough a bargaining process that we describe in Section 2.2. Matches end exogenously atrate λ, which leads to a capital loss as the producer becomes unmatched. The future isdiscounted at rate r.Second, the producer could be unmatched but searching with value Udo (φ) defined by,

rUdo (φ) = −woldo + κdoχ (κdo) (Xdo (φ)− Udo (φ)− wosdo) . (7)
The producer pays a flow cost, woldo, to generate contacts with retailers. At endogenousPoisson rate κdoχ(κdo) the producer contacts a retailer and becomes matched, after payingthe sunk cost, wosdo, of starting up the relationship.Third, the producer could be idle and not expend resources to look for a retailer withvalue Ido (φ) defined by,

rIdo (φ) = wohdo. (8)
Idle producers receive a constant flow payoff, wohdo. We include an idle state becausewithout it, all producers would search in all markets, even if they expect to reject allcontacts. Allowing producers to optimally choose not to search in each market is bothmore general and more intuitive.We assume that creating each producer with heterogeneous productivity, φ, requires aone-time sunk ‘‘exploration’’ cost, exd, similar to di Giovanni and Levchenko (2012).Appendix A.1.4 has more details about the producers’ value functions.
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2.1.4 Retailers

Each retailer is in one of two states. First, the retailer could be matched with aproducer and receive value Mdo (φ) defined by,
rMdo (φ) = pdoqdo − tdondoqdo + λ (Vdo −Mdo (φ)) . (9)

The flow payoff is the revenue, pdoqdo, generated by selling qdo units of the differentiatedgood at a final sales price, pdo, paid by the consumer less the tariff-inclusive cost ofacquiring these goods, tdondoqdo. The retailer pays the ad valorem tariff, tdo, on theimported value, ndoqdo, to the government. The tariff creates a potential wedge betweenproducer revenue, ndoqdo, in Eq. (6) and retailer cost, tdondoqdo, in Eq. (9). Tariff revenuesare rebated lump-sum from the government to consumers in the destination country asdiscussed in Section 2.3. When the relationship is destroyed exogenously, at rate λ, theretailer loses the capital value of being matched. All retailers are identical beforematching but have differential matched values because of productivity heterogeneityamong producers.Second, a retailer could be unmatched with value Vdo defined by,
rVdo = −wdcdo + χ (κdo)

∫
[max {Vdo,Mdo (φ)} − Vdo] dG (φ) . (10)

The retailer pays a flow search cost, wdcdo, to generate contacts with producers. Atendogenous Poisson rate χ(κdo), retailing firms meet a producer and, beforeconsummating a match, learn the productivity of the producer. Retailers then choosebetween matching with that producer or continuing to search. Because they are uncertainabout the productivity of the producer they might meet, retailers take the expectationover all productivities they might encounter when computing their continuation value ofsearching. There is an unbounded mass of potential retailers that could decide to search.Appendix A.1.5 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. Thesecond-stage solution results from jointly Nash bargaining over quantity, qdo, andnegotiated price, ndo, after a retailer and producer meet. In the first stage, retailers andproducers—taking the solution to the second-stage bargaining problem as given—choosewhether to search for a business partner, or to remain idle. Appendix A.2 solves thesearch problem in detail.
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2.2.1 Match surplus

Define the total private surplus as the value of the relationship to the retailer and theproducer less their outside options,
Sdo (φ) = Xdo (φ)− Udo (φ) +Mdo (φ)− Vdo. (11)

Importantly, Sdo (φ) excludes the government’s value of collecting tariffs from each matchand the government is passive during bargaining. Bargaining over quantity, qdo, willmaximize total private surplus and bargaining over price, ndo, will divide the surplusbetween the producer and retailer. Appendix A.2.1 derives the surplus in terms ofappropriately discounted profits. That appendix also derives the value of a relationshipand discusses the expected duration of matches.
2.2.2 Bargaining over quantity

Bargaining over quantity implies that the quantity exchanged within matches equatesmarginal revenue obtained by retailers from consumers with marginal production costinclusive of tariffs incurred by producers. Our assumptions about the utility and variablecost functions result in an equivalent definition for negotiated quantity in terms of thefinal consumer price as a markup over marginal production and tariff costs,
pdo (φ) = tdoµwoτdoφ

−1. (12)
Negotiated quantity is obtained by substituting Eq. (12) into the demand curve, Eq. (2).Appendix A.2.2 discusses bargaining over quantity in detail.
2.2.3 Bargaining over the negotiated price

Bargaining over the negotiated price, ndo, will divide the private surplus, Sdo (φ),between producers and retailers according to the ‘‘surplus sharing rule’’, which is:
Xdo (φ)− Udo (φ) =

β

β + tdo (1− β)
Sdo (φ) , Mdo (φ)− Vdo =

tdo (1− β)

β + tdo (1− β)
Sdo (φ) . (13)

in which β is producers’ bargaining power. Eq. (13) nests the sharing rule in KM (Eq. 13)when tdo = 1. In addition, as the tariff rises, retailers receive a larger fraction of thesurplus to account for their increased import costs: As tdo → ∞, the fraction of the surplusreceived by retailers approaches 1.The negotiated price that splits the surplus according to Eq. (13), if we assume free
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entry into retailer vacancies, Vdo = 0, is
ndo = (1− γdo)

(
pdo
tdo

)
+ γdo

(
v (qdo, wo, τdo, φ) + wofdo − woldo − κdoχ (κdo)wosdo

qdo

)
, (14)

in which
γdo ≡

(r + λ) (1− β)

r + λ+ βκdoχ (κdo)
∈ [0, 1] . (15)

The equilibrium negotiated price, ndo, is a convex combination of the tariff-adjusted finalsales price, pdo/tdo, and the average total production cost less producers’ search costs. Itmaps to the price of products at the dock or the import price in the data. Eq. (14) is likeEq. 14 in KM, but includes tariffs and endogenous wages. Notice that if the sunk cost, sdo,is set to zero, and if producers find retailers immediately (no search frictions) so that thecontact rate κdoχ (κdo) → ∞, then the negotiated price converges to the final sales priceless tariffs, ndo → pdo/tdo, which is the markup over marginal cost. Appendix A.2.3 showsthat these equations hold for any arbitrary utility function and importer productionfunction.The expression for the negotiated price in Eq. (14) relates to several papers. We makethree observations. First, the bilateral price markup in Alviarez, Fioretti, Kikkawa, andMorlacco (2025a,b) is closely related to the negotiated price in Eq. (14). Second, Eq. (14)implies that the relationship between tariffs and import prices is not log linear in general,as assumed in many papers (e.g., Cavallo, Gopinath, Neiman, and Tang, 2021; Javorcik,Pierce, and Wisniewski, 2025). Notice that tariffs cancel from the first term on the RHS,and tariffs affect import prices indirectly through the quantity traded in the denominatorof the second term because tariffs affect prices. But the relationship between importprices and tariffs is not log linear because Eq. (14) includes an intercept. Third, andrelated, the model implies a specification that can be estimated using observed data torecover the tariff pass-through to import prices, as studied in Fajgelbaum, Goldberg,Kennedy, and Khandelwal (2019) and Flaaen, Hortaçsu, Tintelnot, Urdaneta, and Xu(2025), for example.
2.2.4 Producers’ search productivity threshold

In the first stage, producers, taking as given the solution to this second-stagebargaining problem from Eqs. (14) and (12), choose whether to search for a businesspartner or to remain idle. As such, a zero-value condition, Udo (φ̄do)− Ido (φ̄do) = 0, whichcan be written as(
pdo (φ̄do)

tdo

)
qdo (φ̄do)− v (qdo (φ̄do) , wo, τdo, φ̄do) = woF (κdo) , (16)
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determines producers’ minimum productivity threshold, φ̄do, that makes searchingworthwhile. Eq. (16) equates tariff-adjusted variable profits from the match with the‘‘effective entry cost.’’ In labor units, the latter is defined as
F (κdo) ≡ fdo +

(
r + λ

βκdoχ (κdo)

)
ldo +

(
1 +

r + λ

βκdoχ (κdo)

)
hdo +

(
r + λ

β

)
sdo, (17)

which is the sum of the fixed cost of production, fdo, and the (appropriately discounted)flow cost of searching for a retailer, ldo, the opportunity cost of remaining idle, hdo, andthe sunk cost of starting up a relationship, sdo. Sometimes we refer to F (κdo) as Fdo.Solve Eq. (16) using our functional forms to get the threshold explicitly as
φ̄do = max

{
1, µσ

1
σ−1

(
woτdo
Pd

)(
woF (κdo)

Cd

) 1
σ−1

tµdo

}
, (18)

in which the max operator ensures that the threshold does not fall below the lower boundof the productivity distribution. Detailed discussion of the threshold productivity is inAppendix A.2.4.
2.2.5 Retailer free entry and equilibrium market tightness

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

=

∫
φ̄do

Mdo (φ) dG (φ) . (19)
This equation defines the equilibrium market tightness, κdo, that equates the expected costof being an unmatched retailer (left) with the expected benefit from matching (right).To get intuition from Eq. (19), notice that as the expected benefit from retailing rises,free entry implies that retailers enter the search market. This entry raises markettightness, κdo, and, through congestion effects, reduces the rate at which searchingretailers contact searching producers, χ (κdo). This increases retailers expected cost ofsearch (the left-hand side) so that, with free entry into retailing, κdo always satisfies Eq.(19) in equilibrium. With free entry into retailer search, market tightness, κdo, is finite ifand only if retailers’ search cost, wdcdo, is positive, as proved in Appendix A.8 of KM.
2.3 Aggregation

2.3.1 Fraction of unmatched producers

Because of search frictions, in steady state there exists a fraction of unmatchedproducers (mass of unmatched product varieties) that are actively looking for a retail
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partner. This fraction of unmatched producers is given by
udo

1− ido
=

λ

λ+ κdoχ (κdo)
, (20)

in which udo is the fraction of producers that are unmatched and searching and
udo/ (1− ido) is the fraction of active producers that are unmatched adjusted by thefraction of producers that will ever search, 1− ido. The fraction of idle producers, ido, thatchoose not to search is defined by the steady-state productivity threshold, φ̄do, and theexogenous productivity distribution:

ido =

∫ φ̄do

1

dG (φ) = G (φ̄do) = 1− φ̄−θ
do . (21)

The unmatched producers characterized by Eq. (20) imply associated unmatchedvarieties that cannot be consumed and are therefore absent from imports, the indirectutility (welfare) function, and all other aggregates. Appendix A.3.1 derives the elasticityof the fraction of unmatched producers in Eq. (20) with respect to exogenous parameters.
2.3.2 Price index

Using the optimal final sales price from Eq. (12) and the other assumptions in Sections2.1 and 2.2, we derive the price index for differentiated goods in country d:
Pd = λ2C

1
θ
− 1

σ−1

d ρd, ρd ≡

(
D∑

k=1

(
1− udk

1− idk

)
Nx

k (wkτdk)
−θ (wkFdk)

−[ θ
σ−1

−1] t1−µθ
dk

)− 1
θ

,

(22)
in which λ2 ≡ (θ/ (θ − (σ − 1)))−

1
θ σ

1
σ−1

− 1
θµ. More details appear in Appendix A.3.2.Eq. (22) uses the fact that if an unordered set of varieties, Ωo, has measure Nx

o = |Ωo|,then the set of varieties above the threshold has measure (1−G (φ̄do))N
x
o = (1− ido)N

x
oand the set of matched varieties that are above the threshold has measure

(1− udo/ (1− ido))N
x
o . Appendix A.11.1 of KM has details. This measure of goodsconsumed features prominently in aggregate model quantities.

2.3.3 Imports

The gravity equation gives total imports by destination d from origin o in thedifferentiated goods sector, which is the total value of all imported varieties evaluated atnegotiated prices, ndoqdo. As we show in Appendix A.3.3, imports are:
IMdo =

(
1− udo

1− ido

)
(1− bdo)N

x
oCd

(
woτdo
ρd

)−θ

(woFdo)
−( θ

σ−1
−1) t−µθ

do , (23)
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in which the fraction of matched exporters, 1− udo/ (1− ido), and the import markdown,
1− bdo, reduce imports relative to a model without search, as shown in KM. The importmarkdown is a function of parameters, but also market tightness so that bdo = b (κdo) asdescribed Eq. (A58). The markdown term is below one because negotiated import prices,
ndo, are lower than final sales prices, pdo, with positive search costs, and imports areevaluated at negotiated import prices.Eq. (23) shows that the exponent on iceberg trade costs (−θ) differs from theexponent on tariffs (−µθ). One reason these differ is that higher iceberg trade costs havea direct negative effect on productivity by raising production costs (Eq. 5), whereas tariffsdo not affect productivity. Appendix A.3.4 contains details about the tariff exponent andelasticity in our model and in one without selection.The total amount paid by consumers in d for imports from o, Cdo, equals the value ofall imported varieties evaluated at final sales prices. Appendix A.3.5 shows that
Cdo = tdoIMdo/ (1− bdo), so that as retailers’ search costs go to zero, cdo → 0, importmarkdowns vanish, (1− bdo) → 1, and IMdo → Cdo/tdo. That appendix also shows that
Cdo = PdoQdo, in which Pdo is the price index for the bundle of varieties produced incountry o and consumed in country d. As such, we can define a negotiated price index

N̄do =
(1− bdo)

tdo
Pdo, (24)

so that IMdo = N̄doQdo and the dd bundle of varieties satisfies IMdd = N̄ddQdd.
2.3.4 Profits

In our framework, monopolistic producers generate operating profits. To determinethese aggregate profits in country d, Πd, we assume that country-d consumers ownretailers and producers in their country so that profits are attributed by location. As such,profits in country d satisfy
Πd = Πr

d +Πp
d =

∑
k

Πr
dk +

∑
k

Πp
kd =

∑
k

Cdk −
∑
k

tdkIMdk +
∑
k

IMkd −
∑
k

Ckd

µtkd
, (25)

in which Πr
d =

∑
k Π

r
dk is the total retailer profits from all varieties sold by retailers incountry d who source their products from country k and Πp

d =
∑

k Π
p
kd is the totalproducer profits from all varieties sold by producers in country d to country k. We discussfive alternative ownership structures of firms in Appendix A.3.6. We assume anexogenous number of producers in country d, Nx

d , as in CRW. Appendix A.9.2 in KMderives additional restrictions imposed by free entry into production.
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2.3.5 Expenditure and income approaches to national accountingThe aggregate resource constraint using the expenditure approach can be written as,
Yd = pd (1) qd (1) +

D∑
k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

pdk (φ) qdk (φ) dG (φ)︸ ︷︷ ︸Consumption (Cd)
+Nx

dwde
x
d +

D∑
k=1

κdkudkN
x
kwdcdk + ukdN

x
d (wdlkd + wdskdκkdχ (κkd)) + (1− ukd − ikd)N

x
dwdfkd︸ ︷︷ ︸Investment (Id)

,

(26)

with details in Appendix A.3.7. Consumption expenditure, Cd, is defined in Eq. (1c).Investment expenditure, Id, is the resources devoted to creating producers, to creatingretailer-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 ofoutput and that do not scale with output. We discuss the equilibrium wage in Section2.3.6. The government budget is balanced by rebating tariff revenue to consumers asincome. This assumption means that the government does not make any purchases withtariff revenue and there is no government term on the right hand side of Eq. (26).Government payments to idle producers are financed by a lump-sum tax on consumers sothat they cancel out on the right hand side of Eq. (26). Net exports do not appear in Eq.(26) because trade is balanced in equilibrium, as discussed in Section 2.4.1.The aggregate resource constraint using the income approach can be written as
Yd = wdLd +Πd +Gd, (27)

in which Ld is the exogenous labor endowment, wd is the equilibrium wage, Πd areprofits, and Gd is income raised by tariffs on retailers and rebated to consumers:
Gd =

D∑
k=1

(
1− udk

1− idk

)
Nx

k

∫ ∞

φ̄dk

(tdk − 1)ndk (φ) qdk (φ) dG (φ) =
D∑

k=1

(tdk − 1) IMdk. (28)
Government payments to idle producers cancel out on the right hand side of Eq. (27)because they enter workers’ income positively but are subtracted from governmentincome as subsidies. We present details about the income approach to nationalaccounting in Appendix A.3.8. Appendix A.3.9 uses the two approaches to nationalaccounting to define the aggregate resource constraint for consumers.
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2.3.6 Labor market clearing

Labor demand in country d, LDd, in units of labor is defined by
LDd =

Id
wd

+ qd (1) +
∑
o

(
1− uod

1− iod

)
Nx

d

∫
φ̄od

qod (φ) τodφ
−1dG (φ) , (29)

with details in Appendix A.3.10. Labor demand is the sum of three terms. First, the costto create firms, pay fixed costs, and form matches captured by the investment term, Id,from Eq. (26). Second, the labor used to produce the homogeneous good. Third, the laborused to produce domestic and exported differentiated goods. Labor supply is immobileand equal to a country’s labor endowment, Ld.Recall that the production possibility frontier (PPF) for country d traces out how muchof the domestic good, Qdd, can be produced for each level of exports, Qod, given a level ofimports, Qdo, and labor endowment, Ld. The (negative of the) slope of the PPF is themarginal rate of transformation (MRT) between exports, Qod, and domestic goods, Qdd,denoted as MRT d
od.

2.4 Steady-state general equilibrium

2.4.1 Defining the competitive equilibrium

A competitive equilibrium is defined as an allocation of goods and a set of prices suchthat firms maximize profits, consumers maximize utility, and all markets clear. It isconvenient to express our model’s equilibrium in terms of threshold productivities, φ̄do,and market tightnesses, κdo, ∀do, wages, wd, and aggregate consumptions, Cd, ∀d. Thesewill jointly satisfy producers’ zero profit conditions (Eq. 18), retailers’ free-entryconditions (Eq. 19), aggregate resource constraints (Eqs. 26 and 27), and labor marketclearing conditions (Eq. 29). Walras’ Law states that if all but one markets in an economyclear, the last one must also clear. We normalize the wage in one country to 1, wD = 1.The exogenous parameters are β, λ, r, η, ξ, θ, σ, α, exd, Ld, tdo, cdo, fdo, hdo, ldo, and sdo, inwhich d and o vary by countries. Tariffs, tdo, are exogenous parameters to economicagents, except if they are chosen by a social planner, as discussed in Section 3.Formally, the decentralized equilibrium solves a system of nonlinear equations in theequilibrium variables in which the equilibrium conditions are constraints, model
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parameters are taken as given, and the objective function is any constant, including zero:(
κc, φ̄c, C⃗c, w⃗c

)
= argmax

κ,φ̄,C⃗,w⃗

0 (30a)
subject to:

wdcdo
χ (κdo)

=

(
1

r + λ

) Πr
do

(
κ⃗d∗, ⃗̄φd∗, C⃗, w⃗, t⃗d∗

)
(1− udo (κdo) / (1− ido (φ̄do)))Nx

o

∀do, (30b)
φ̄do = max

1, µσ
1

σ−1

 woτdo

Pd

(
κ⃗d∗, ⃗̄φd∗, C⃗, π, w⃗, t⃗d∗

)
(woF (κdo)

Cd

) 1
σ−1

tµdo

 ∀do,

(30c)
wdLd +Πd +Gd

(
κ⃗d∗, ⃗̄φ∗d, C⃗, t⃗d∗

)
= Cd + Id

(
κ⃗d∗, κ⃗∗d, ⃗̄φ∗d, C⃗

)
∀d, (30d)

wd =

Id

(
κ⃗d∗, κ⃗∗d, ⃗̄φ∗d, C⃗

)
+

1

µ

(
C⃗∗d

(
κ⃗∗d, ⃗̄φ∗d, C⃗, wd, t⃗∗d

)
/t⃗∗d

)′
ι⃗

Ld

,

∀d, (30e)
wD = 1, (30f)
t⃗d∗ = t⃗cd∗ ∀d, (30g)

with details in Appendix A.4.1. We denote the solutions to the decentralized competitiveequilibrium defined by Eq. (30) with ‘‘c’’ superscripts. We also define vectors ascollections of the variables across subindexes and matrices are denoted as bold. Forexample, search market tightnesses are collected into the following

κ⃗∗o =


κ1o

κ2o...
κDo

 , κ⃗d∗ =
(
κd1 κd2 . . . κdD

)
, κ =


κ11 . . . κ1D... . . . ...
κD1 . . . κDD

 , (31)

so that rows index destinations and columns index origins. κ⃗d∗ is the dth row of κ and κ⃗∗ois the oth column of κ. The column vector of D aggregate consumption expenditures ineach country d is collected in C⃗, ι⃗ is a D × 1 column vector of ones, and L⃗ is a columnvector of D labor endowments. Division of matrices is element by element.Utility maximization requires balanced trade so that
D∑

k=1

IMkd =
D∑

k=1

IMdk, (32)
in which IMdo is the value of imports by country d from country o. Eq. (32) implies thatnet exports do not appear in Eqs. (26) and (30d).
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The main difference between our model’s equilibrium definition and the definitions intrade models without search frictions is that we introduce market tightnesses, κdo. Ourmodel nests trade models without search if market tightnesses are infinite. Specifically,our model exactly reproduces Chaney (2008) if retailers’ search costs are zero, wd = 1 and
Gd = 0, ∀d, and we make the same parameter value restrictions that he does(sdo = hdo = exd = 0, ∀d, and, ∀o), among other assumptions. We provide more details forthis result in Appendix A.4.2.
2.4.2 Equilibrium existence and uniqueness: A graphical depiction

We depict the general equilibrium with six graphs: two for bargaining over thenegotiated price and the quantity, two for producer and retailer entry decisions, and twofor goods and labor market clearing. These heuristic graphs are for an arbitrary good, φ,bilateral market do, and country d, so that our discussion is without loss of generality.The equilibrium in our model exists and is unique as shown in each figure with details inAppendix A.4.3. All endogenous variables are jointly determined.First, Fig. 1a depicts the equilibrium final sales price, p∗do (φ), and the quantity tradedwithin a relationship, q∗do (φ), resulting from bargaining over the quantity (Section 2.2.2).This bargaining implies that the quantity exchanged within matches equates retailers’marginal revenue from consumers with the marginal production cost times the tariff(Appendix A.2.2). The demand curve (Eq. 2) slopes down because demand for aparticular variety falls when its price rises. Monopolistic competition then implies thatthe marginal revenue curve slopes down as well. The marginal cost curve is not afunction of quantity because producers’ cost function is linear in quantity (Eq. 5).Second, Fig. 1b depicts the equilibrium negotiated price for one good in the do market,
n∗
do (φ), resulting from bargaining over the negotiated price (Section 2.2.3). Thenegotiated price curve (Eq. 14) slopes up because a tighter market means that it is easierfor unmatched producers to find retailers. This raises producers’ outside option andallows them to negotiate a higher price. The negotiated price of any single atomisticvariety does not affect tightness in the do search market, so the market tightness curve isa vertical line at κ∗

do from Fig. 1d.Third, Fig. 1c depicts the equilibrium threshold productivity, φ̄∗
do, resulting fromproducers’ entry decision (Section 2.2.4). This figure takes as given equilibrium aggregateconsumption, C∗

d , from Fig. 1e, depicted as a vertical line. The productivity thresholdcurve slopes down because higher consumption in the destination market raisesprofitability of each variety, which makes the threshold producer less productive (Eq. 18).Fourth, Fig. 1d depicts the equilibrium mean imports, Eφ [ndo (φ) qdo (φ)]
∗, andgoods-market tightness, κ∗

do, in the do search market, resulting from retailers’ entrydecision (Section 2.2.5). The mean imports curve (derived from Eq. 14 in Appendix
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A.4.3.4) slopes up for the same reason that the negotiated price curve slopes up in Fig. 1b:a tighter market means that producers can negotiate a higher price. The retailers’ freeentry curve (Eq. 19) slopes down because a higher expected negotiated cost lowers thevalue of being a matched retailer and so leads to less retailer entry, lowering markettightness.Fifth, Fig. 1e depicts the equilibrium aggregate consumption, C∗
d , resulting from goodsmarket clearing (Section 2.3.5). This figure takes as given the equilibrium wage, w∗

d, fromFig. 1f, depicted as a horizontal line. The consumption curve slopes up because theexpenditure and income approaches to national accounting (Eqs. 26 and 27, respectively)imply that a higher wage generates higher income and higher consumption.Finally, Fig. 1f depicts the equilibrium wage, w∗
d, and labor, L∗

d, resulting from labormarket clearing (Section 2.3.6). The labor demand curve slopes down because a higherwage reduces real investment and lowers labor demand (Eq. 29). Labor supply is avertical line at a country’s labor endowment, Ld.Proposition 1 summarizes this discussion.
Proposition 1. The equilibrium defined by Eq. (30) exists and is unique.
Proof. See Appendix A.4.3.

The model delivers a tractable framework with a unique equilibrium. It extends KM byintroducing labor market clearing and endogenous wages because there is nofreely-traded homogeneous good.
3 Optimal uniform import tariffs

3.1 The unilateral country social planner problem

This section considers a country social planner that unilaterally chooses import tariffsto maximize their own country’s welfare without considering the welfare of othercountries. While this country can set import tariffs, td∗, we assume it cannot choosedomestic taxes and the taxes and tariffs of other countries. Without loss of generality, weset these to the numbers given in Eq. (30g) so that tdd = tcdd and t⃗o∗ = t⃗co∗, ∀o ̸= d. Country
d’s social planner remains constrained by the decentralized retailer entry condition andthe other equilibrium constraints in all countries defined in Eq. (30). Formally, this
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problem is given by
(
κu, φ̄u, C⃗u, w⃗u, t⃗ud∗

)
= argmax

t⃗d∗

 Cd

Pd

(
κ⃗d∗, ⃗̄φd∗, C⃗, w⃗, t⃗d∗

)
 (33a)

subject to: Eqs. (30b) through (30f),
t⃗o∗ = t⃗co∗ ∀o ̸= d, (33b)
tdd = tcdd ∀d. (33c)

We denote the variables that solve the unilateral problem defined by Eq. (33) with ‘‘u’’superscripts. Welfare (indirect utility) in country d is equal to real consumption, theobjective function Eq. (33a), because preferences represented by utility in Eq. (1) arehomothetic (Appendix B.1.1).If instead of Eq. (33a), the social planner maximizes the present discounted value ofwelfare, the solution is unchanged. This follows because if there is no storage technology,the solution to the consumer’s static and dynamic problems are identical (AppendixA.1.2). In that case, the present discounted value of welfare is real consumption dividedby the constant interest rate, r, as shown in Appendix B.1.2. As such, the main text usescurrent value welfare for simplicity.
3.2 Analytical solutions

In this section we derive analytical solutions for the optimal tariff and the offer curveelasticity for the two-country case.
3.2.1 Optimal tariff solution

This section presents the analytical solution to Eq. (33). Our main finding is that inthe model with search frictions, the optimal tariff depends not only on the elasticity of theoffer curve—as it does in a model without frictions—but also on two new terms. Oneterm relates to the import markdowns introduced in Section 2.3.3 and the second termrelates to the allocative inefficiency of the decentralized economy because search frictionsintroduce additional externalities.The following assumption helps yield analytical 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) and the consumer optimization
problem yields an interior solution.

Proposition 2 characterizes the optimal tariff that maximizes domestic welfare.
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Proposition 2. The optimal import tariff for country d satisfies

tudo =

(
1− budo
1− budd

)(
MRT d,u

od

N̄u
od/N̄

u
dd

)
1

Hu
do

, (34a)
in which

Hu
do =

d lnQu
do (Q

u
od)

d lnQu
od

, (34b)
is the elasticity of the offer curve for exports from country o to country d and we use
Assumption 1.

Proof. See Appendix B.2.1.
We make four remarks about Eq. (34). First, the optimal tariff is a fixed point becauseit is a function of the general equilibrium of the model. Specifically, the superscript ‘‘u’’denotes variables that are in equilibrium at the optimal tariff and so, in general,computing the optimal tariff in Eq. (34) requires a fully-specified general equilibriummodel. The optimal tariff expression in CRW (Eq. 15) shares this property, as do the largeeconomy models in Gros (1987) and Felbermayr et al. (2013).Second, Eq. (34) nests the optimal tariff formula in a model without search frictions.Without search, there are no import markdowns so that (1− budo) / (1− budd) = 1 and hence

N̄u
od/N̄

u
dd = P u

od/P
u
dd. Also, the decentralized solution features allocative efficiency so that

MRT d,u
od = P u

od/P
u
dd and Eq. (34) simplifies to

tudo =
1

Hu
do

, (35)
which corresponds to Eq. (15) in CRW. Section 3.3 discusses optimal tariffs and efficiencyin greater detail.Third, the tariff in Eq. (34) depends on the ratio of markdowns in the do market to the
dd market, (1− budo) / (1− budd). The social planner’s solution involves a manipulation ofthe terms of trade (TOT), N̄od/N̄do, so that the wedge between the TOT and the MRT-MRSratio is equal to the inverse of the elasticity of the offer curve, as in Dixit (1985) and CRW(see Appendix B.2.1.1 and Eq. B146). With search frictions, the TOT include the importmarkdown terms so the optimal tariff includes these as well. Intuitively, producers arewilling to accept low negotiated prices (large import markdowns) when they face pooroutside options driven by low contact rates (high unmatched rates). The social plannerstimulates retailer entry in these search markets by setting lower tariffs to reduceunmatched rates.Fourth, the tariff in Eq. (34) depends on the ratio of the MRT in country d to the ratio
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of negotiated price indices in country d, MRT d,u
od /

(
N̄u

od/N̄
u
dd

). This follows because searchfrictions introduce additional externalities that interact with tariffs. For example, in thedecentralized equilibrium, each producer decides whether to search or not, and howmuch to produce, without considering their effect on equilibrium market tightnesses,
κdo∀do. Their choices influence the ratio of negotiated price indexes, N̄u

od/N̄
u
dd. In contrast,the social planner explicitly considers the social opportunity cost of producing Qdoincluding any effects on market tightnesses, which affects the PPF and therefore the ratio

MRT d,u
od /

(
N̄u

od/N̄
u
dd

). Our new optimal tariff expression implies that the social plannersets higher import tariffs when the social opportunity cost of exports exceeds the relativeprivate cost. Higher import tariffs reduce exports via balanced trade. In an economywithout search frictions, the decentralized economy features allocative efficiency so that
MRT d,u

od /
(
N̄u

od/N̄
u
dd

)
= 1, as in CRW.To elucidate these analytical results, we present numerical examples for twosymmetric countries labeled as Home (h) and Foreign (f) without search costs,

cdo = 0 ∀do, and with search costs in only the hf market so that chf > 0 but
cdo = 0 ∀do ̸= hf . Appendix B.2.2 contains parametrization details.Fig. 2 computes the general equilibrium defined in Eq. (30) for the numerical examplefor a range of Home import tariffs, thf , without and with search costs. Using theseequilibria, Panel A shows Home welfare as a function of Home import tariffs without andwith search costs (Figs. 2a and 2b). The left (right) vertical axes are in units of realconsumption (welfare percent change from free trade, thf = 1). Welfare is globallyconcave and peaks at 1.32 (1.23) in the model without (with) search costs. Panel B plotsthe right hand side (RHS) of Eqs. (35) and (34) (blue lines) for various Home importtariffs and the left hand side (LHS) 45 degree line (solid black) in Figs. 2c and 2d. Thesefigures show that the optimal tariffs are fixed points and satisfy Eqs. (35) and (34): At theoptimal tariffs, the RHS of those equations evaluate to the optimal tariffs on the LHS. Figs.A1a and A1b show that Foreign welfare falls monotonically with higher Home importtariffs in the model without and with search costs.Fig. 3a computes the Home optimal tariff defined in Eq. (33) for different search costson the horizontal axis, chf > 0 but cdo = 0 ∀do ̸= hf . The vertical axis interceptcorresponds to the case without search costs (dotted black line) shown in Fig. 2a. Theoptimal tariff of tuhf = 1.23 corresponds to a search cost of chf × 104 = 5 used in Fig. 2b.We highlight that the optimal tariff in a model with any positive search cost is below thatin the model without them (orange circles below intercept) and that it declines rapidly assearch costs increase for this simple parameterization.We also depict how the decomposition of the optimal unilateral tariff in Eq. (34)varies with search costs in Fig. 3c. We make three observations. First, the offer curve



22 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONS

elasticity term (dotted blue line) is quantitatively the most relevant for the level ofoptimal tariffs in this numerical example, regardless of the search cost level. At thevertical axis, the figure confirms that if search costs are zero, the optimal tariff is fullydetermined by the equilibrium offer curve elasticity because Eq. (34) simplifies to Eq.(35). Second, the ratio of markdowns in the hf market to the hh market falls with searchcosts in the hf market (green line below its intercept) because the import markdown inthe hf market falls, as discussed in Section 2.3.3. Third, allocative inefficiency increasesoptimal tariffs with search costs in the hf market (orange dashed line above its intercept)in this numerical example. As search costs in the hf market rise, the PPF steepens incountry f because producing one more unit of the exported good requires giving up moreof the domestic good. This effect also steepens the PPF in country h through balancedtrade. Because aggregate producer prices do not fully reflect externalities, the MRTexceeds the ratio of negotiated prices in country h.
3.2.2 Offer curve elasticity solutionProposition 3 characterizes the inverse of the elasticity of the offer curve in Eq. (34b).
Proposition 3. The inverse of the elasticity of the offer curve satisfies

1

Hu
do

= 1 + µϵuPdo,Qdo
+

1

(σ − 1)xu
oo

+ µϵuBdo,Qdo
, (36a)

in which
ϵuPdo,Qdo

=
d ln [(P u

do/t
u
do) /P

u
oo]

d lnQu
do

, (36b)
xu
oo =

(
1− d lnQu

oo

d lnQu
do

)−1

, (36c)
ϵuBdo,Qdo

=
d ln [(1− budo) / (1− buod)]

d lnQu
do

, (36d)
and we use Assumption 1.

Proof. See Appendix B.2.3.
We make two observations about Eq. (36). First, balanced trade implies that the offercurve relates closely to the TOT because Qdo = QodN̄od/N̄do. As such, the offer curveelasticity, Eq. (36a), includes price ratio elasticities, Eq. (36b), and markdown ratioelasticities, Eq. (36d).Second, Proposition 3 nests the model without search frictions so that Eq. (37)recovers Eq. (22) in CRW

tudo =
1

Hu
do

= 1 + µϵuPdo,Qdo
+

1

(σ − 1)xu
oo

= 1 +
1 + ϵuPdo,Qdo

σxu
oo

(σ − 1)xu
oo

, (37)
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in which we use Eq. (35) for the first equality, we use Eq. (36) with ϵuBdo,Qdo
= 0 becauseof no search frictions for the second equality, and we simplify for the third equality.Additionally, without search frictions, MRT o,u

do = (P u
do/t

u
do) /P

u
oo. As such, the elasticity oftransformation (EoT) in country o—defined as the elasticity of the MRT in country o withrespect to exports Qdo— coincides with Eq. (36b). In other words, without search,

ϵuPdo,Qdo
= ∂ lnMRT o,u

do /∂ lnQu
do, as discussed in Appendix B.2.4. In that appendix, we alsoshow that, without search frictions, xu

oo in Eq. (36c) simplifies to the domesticconsumption share in country o and so we refer to it as such throughout, as in CRW.Fig. 3e clarifies how search costs affect the inverse of the elasticity of the offer curveand its decomposition in Eq. (36) for our numerical example. The inverse of the elasticityof the offer curve (dotted blue line), Eq. (36a), falls with search costs. We make fourobservations about its decomposition. First, the consumption share term (orange dashedline), Eq. (36c), contributes the most to the level of the inverse of the offer curveelasticity for all search cost levels in this numerical example. Second, the decline in theinverse of the offer curve elasticity as search costs rise is chiefly because the priceelasticity (dashed-dotted red line), Eq. (36b), falls with search costs. We discuss thisresult below and we characterize this elasticity in Proposition 4. Third, Eq. (36c) alsofalls slightly with search costs—although that is difficult to see in the figure—becausehigher search costs reduce imports by h and therefore reduce imports by f through tradebalance, which raises the domestic consumption share in country f . Simultaneously,optimal tariffs fall as search costs increase and this tends to reduce the domesticconsumption share, but the search cost effect dominates in this numerical example.Fourth, the elasticity of the ratio of markdowns (solid green line), Eq. (36d), rises slightlywith search costs because changes in Qhf affect retailer entry—and unmatched rates andimport markdowns—directly in the hf market and only indirectly in the fh market.Next, we discuss how search frictions affect Eq. (36b), which is the EoT in the modelwithout search. Proposition 4 decomposes Eq. (36b).
Proposition 4. The price elasticity satisfies

ϵuPdo,Qdo
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)
d lnκu
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d lnQu
do

]
︸ ︷︷ ︸Search frictions

, (38)

which uses Assumption 1 and that lko = −hko for k = d, o so that F (κko) are parameters.

Proof. See Appendix B.2.5.
Eq. (38) is the standard selection term plus a new search-frictions term that capturesthe effect of country o exports on endogenous goods-market tightnesses. Specifically, thefirst term in Eq. (38) is the EoT in a model with a Pareto distribution for firm productivity
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and constant fixed exporting cost, but without endogenous search frictions, as inFelbermayr et al. (2013). This EoT is negative because the PPF is bowed into the origin asa result of increasing returns. This aggregate nonconvexity arises because of self-selectioninto exporting, as discussed in CRW. Specifically, as Qdo rises, there is more producerentry in the do market, as well as fewer domestic goods, Qoo, which lowers producer entryin the oo market. Both of these effects lower the opportunity cost of exports in terms ofdomestic goods. As the productivity distribution has more mass at the threshold (θ → ∞),this selection channel becomes more relevant and the PPF becomes more bowed into theorigin. This EoT term is zero in a model without selection, as in Gros (1987).The search-frictions term in Eq. (38) captures the effects of changes in endogenousgoods-market tightnesses. The first derivative term captures the effects of country o’sexports on tightness in the do market. This term is positive because an increase in exportsincreases retailer entry and tightness in the do market, which increases the matched rateand decreases the differentiated-goods price index. Simply put, by increasing exports,country o lowers search frictions, which lowers the opportunity cost of exports. Thesecond derivative term is negative because higher exports imply substitution away fromthe domestic market, which lowers the domestic matched rate and increases theopportunity cost of producing domestic goods. These two effects imply that thesearch-frictions term in Eq. (38) is negative. Naturally, these search friction effects arelarger when unmatched rates in the do and oo markets are high and when the number ofmatches is more responsive to the number of searching retailers; that is, when (1− η) iscloser to one. These findings explain why the price elasticity (dashed-dotted red line), Eq.(38), falls with search costs in Fig. 3e.A sufficient condition that ensures that Eq. (36) in the model with search (s) frictionsis below that in the model with no search (ns) frictions is xs,u
oo ≥ xns,u

oo , as shown inAppendix B.2.6.
3.3 Optimal tariffs and efficiency

Notice that the optimal tariffs in the model with and without search frictions in Eqs.(34) and (35) differ because search frictions introduce the ratio of import markdowns,
(1− budo) / (1− budd), and they change the elasticity of the offer curve (Eqs. 36a and 38),but also because of different efficiency properties of the decentralized equilibria in thetwo models through MRT d,u

od /
(
N̄u

od/N̄
u
dd

) in Eq. (34). Recall that without search frictions,the competitive equilibrium attains allocative efficiency, as in CRW, so that
MRT d,u

od /
(
N̄u

od/N̄
u
dd

)
= 1.A model with search can still attain allocative efficiency at a competitive equilibrium.Appendix B.2.8 considers optimal tariffs in a restricted search model with exogenous(finite) unmatched rates and exogenous idle rates, which is equivalent to an exogenous
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threshold, Eq. (18). With these restrictions, each economy attains allocative efficiency.Nevertheless, optimal tariffs are determined by Eq. (34) instead of (35) and thereforediffer from the model without search. Appendix B.2.8 also derives sufficient conditionsfor a search model with these restrictions to give the same optimal tariff as the modelwithout search. Namely, restrictions on parameters that result in the import markdownratio being one and that country d is a small open economy (so that wo/wd → 0) and thedomestic consumption share is one.To illustrate that a search model can attain allocative efficiency, our numericalexample shows that these inefficiencies disappear when unmatched and idle rates areexogenous. Figs. 3b, 3d, and 3f depict the optimal tariff, its decomposition, and thedecomposition of the inverse of the offer curve elasticity, respectively, in the model withexogenous unmatched and idle rates. For each of these figures, we fix the unmatched andidle rates to the endogenous equilibrium unmatched and idle rates that obtain givensearch costs in the corresponding figure in the left column of Fig. 3. Fig. 3b shows thatthe optimal tariff (orange circles) falls with search costs even with exogenous unmatchedand idle rates. Fig. 3d shows that this decline is due to the markdown term (green line).Notably, MRT d,u
od /

(
N̄u

od/N̄
u
dd

)
= 1 (dashed orange line) because of allocative efficiency.Fig. 3f shows that the markdown elasticity is zero because markdowns are exogenous,and the price elasticity, Eq. (36b), is also zero because the PPF is linear and thesearch-frictions term in Eq. (38) is zero. The consumption share term falls slightly astariffs rise by the same logic as discussed in Section 3.2.Optimal tariffs may also differ in a model without search frictions and withendogenous search frictions because the latter is not globally efficient. This inefficiencyresults from the standard matching externalities in search models; namely, retailers andproducers do not internalize how searching affects equilibrium matching probabilities. Inaddition, our model also has composition externalities because the threshold producerdoes not internalize their effect on average match productivity, as in Albrecht, Navarro,and Vroman (2010) and Julien and Mangin (2017).There exist conditions like those in Hosios (1990) that internalize congestion andmarket thickness externalities, as well as conditions that internalize compositionexternalities. Brancaccio et al. (2023) derive related conditions under which thedecentralized equilibrium is globally efficient in an environment similar to ours that hasrandom search between customers and shipping carriers. We discuss those conditionsmore fully in Appendix B.2.9. This appendix also explains that formalizing the globalefficiency properties of our endogenous search model and how they interact with optimaltariffs, as well as deriving the relationship between country-level allocative efficiency andglobal efficiency, and comparing and contrasting to the models in Moen (1997), Albrecht
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et al. (2010), Mangin and Julien (2021), and Brancaccio et al. (2023) is beyond the scopeof this paper.
3.4 Optimal tariffs with retaliation

This section considers optimal unilateral tariffs in a strategic environment. We defineand solve for a D-country pure-strategy Nash equilibrium in which countries chooseimport tariffs. We assume countries cannot choose domestic taxes, which are set to theircompetitive levels, without loss of generality. The Nash equilibrium import tariffs aredefined by tariffs that maximize each country’s welfare, subject to the equilibriumconditions and the Nash tariffs set by other countries. Formally, this problem is given by
Find {κn, φ̄n, C⃗n, w⃗n, tn

} subject to (39a)
{
κn, φ̄n, C⃗n, w⃗n, t⃗nd∗

}
= argmax

t⃗d∗

 Cd

Pd

(
κ⃗d∗, ⃗̄φd∗, C⃗, w⃗, t⃗d∗

)
 ∀d, (39b)

subject to: Eqs. (30b) through (30f),
t⃗o∗ = t⃗no∗ ∀o ̸= d, (39c)
tdd = tcdd ∀d. (39d)

We denote the variables that solve the Nash problem defined by Eq. (39) with ‘‘n’’superscripts. Appendix B.3 describes how to solve for the Nash equilibrium using theNikaidô-Isoda function (Nikaidô and Isoda, 1955). The intuition for the mechanisms foroptimal tariffs remain largely the same in this context as in Section 3.2. However, insteadof one fixed point equation that determines the optimal tariff (Eq. 34), there exist similarequations for each country. In these equations, the equilibrium variables on the RHS arefunctions of tariffs. The optimal tariffs satisfy all the equations simultaneously and implyno incentive to deviate for any country.We use the same numerical example as in Section 3.2 to illustrate the Nashequilibrium. Fig. 4a (Fig. 4b) depicts Home’s optimal import tariff for each Foreignimport tariff (dashed blue line) and Foreign’s optimal tariff for each Home import tariff(dashed red line) in a model without (with) search costs in the hf market. Theintersection of these two best response curves identifies the Nash equilibrium importtariffs for which neither country has an incentive to deviate. In the model without searchfrictions, the Nash equilibrium import tariff is 1.32 in both Home and Foreign because thecountries are symmetric. In the model with search frictions, Home’s best response lineshifts down relative to the model without search frictions and Foreign’s best response andNash equilibrium import tariff are little changed. Home’s Nash equilibrium import tariff
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is 1.18. In short, optimal import tariffs are lower in a model with search frictions thanwithout them, even with strategic considerations.
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 timeperiod. The calibration proceeds in two steps and follows KM closely. First, we externallycalibrate parameters that can be normalized or that are standard in the literature, withdetails in Appendix C.1. Second, we internally calibrate the remaining parameters byminimizing the distance between moments in the data and the decentralized model (Eq.30). Formally, this minimization is accomplished by solving a mathematical programwith equilibrium constraints (MPEC) following Dubé, Fox, and Su (2012) and Su andJudd (2012). Appendix C.2 provides a discussion of our calibration and intuition foridentification of each internally calibrated parameter.We present the calibrated parameters in Table 1 and discuss a few of the mostimportant ones here. To calibrate retailers’ flow search costs, cdo, we use the fraction offirms that export and manufacturing capacity utilization rates, similar to Armenter andKoren (2014), Eaton, Eslava, Jinkins, Krizan, and Tybout (2014), and Eaton, Jinkins,Tybout, and Xu (2016). To calibrate domestic retailers’ search costs, we usemanufacturing capacity utilization rates in each country, as in Michaillat and Saez (2015),Petrosky-Nadeau and Wasmer (2017) and Petrosky-Nadeau, Wasmer, and Weil (2018).Coefficients from a log-linear regression of imports on tariffs and distance inform theelasticity of matches with respect to the number of searching producers, η, as described inAppendix C.3.Without search, the tariff elasticity is important for determining the optimal tariff. Infact, it solely determines the optimal tariff in country d if it is a small open economy. Forexample, in Demidova and Rodríguez-Clare (2009) the optimal tariff for d is given by
tudo = 1 + 1/ (µθ + 1) and the tariff elasticity is −µθ, which is also the tariff coefficient in alog-linear import regression. In contrast, with a large open economy, the tariff elasticitydoes not solely determine the optimal tariff but it remains an important ingredient, asdiscussed in Appendix B.2.7. Likewise, in a model with search, the import elasticity withrespect to tariffs remains important. Additionally, as first pointed out in KM, standardlog-linear regressions that counterfactually omit search frictions yield a biased tariffcoefficient (KM, Appendix C.3). As such, we account for this bias when targeting thedistance and tariff coefficients, as discussed in Appendix C.3. Without search, this biasdisappears and the tariff coefficient in a log-linear import specification correctly recoversthe parameters, −µθ. Therefore, to obtain the same tariff coefficient in a model withoutsearch as in the model with search, the parameters σ or θ would need to change.
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Our baseline calibration fits economic aggregates, such as GDP, consumption,investment, wages, and international trade flows, and exporter failure rates. Table 2presents the moments from the model and shows that the model matches the data welland provides a realistic environment for quantitative exercises, a topic we pursue in thenext section.
5 Quantitative results

5.1 Search frictions reduce optimal tariffs

Higher search costs significantly reduce optimal unilateral import tariffs for both theUnited States and China in the calibrated model. Table 3 shows results from our calibratedmodel for baseline search frictions and Table 4 shows results for a counterfactual exercisein which international search costs are reduced to domestic search costs, but we otherwiseretain the rest of the baseline calibration (‘‘reduced search frictions’’). This counterfactualexercise could be motivated by innovations that reduce international search costs.In both tables, the Rows A and B show import tariffs, Rows C and D show welfare, andRows E and F show welfare changes from the baseline calibration. Column 1 showsresults for the baseline U.S. and Chinese tariffs. Column 2 (3) shows results for theoptimal unilateral tariff for the U.S. (Chinese) country social planner if China (the UnitedStates) sets tariffs passively at the baseline values from Column 1. Column 4 shows resultsfor the Nash equilibrium tariffs.In Column 2 (3), the U.S. (Chinese) optimal unilateral tariff is 1.14 (1.15) withbaseline search frictions, Table 3, and 1.38 (1.35) with reduced search frictions, Table 4.Nonetheless, higher search costs reduce U.S. (Chinese) welfare at the optimal tariffbecause the economy devotes more resources to overcoming them (compare Rows C andRows D across the tables). In Column 2, both tables show that the U.S. optimal unilateraltariffs raises U.S. welfare relative to the baseline for the United States (Row E) and lowerswelfare for China (Row F) because the U.S. optimal tariff (Row B) is higher than thebaseline tariff in Column 1. In Column 3, the Chinese optimal tariffs are higher than thebaseline and so welfare is higher for China but lower for the United States in Rows E andF of Table 4. In contrast, Chinese optimal unilateral tariffs in Column 3 are lower than thebaseline in Column 1 of Table 3 and so both countries gain in Rows E and F. We depictU.S. and Chinese welfare as a function of U.S. unilateral tariffs for baseline and reducedsearch frictions in Fig. 5. We show the same for Chinese unilateral tariffs in Fig. A2.International search frictions also reduce significantly equilibrium tariffs in a strategicsetting. Specifically, international search costs reduce U.S. (Chinese) Nash equilibriumtariffs from 1.33 to 1.15 (1.3 to 1.13), if we compare the calibration with reduced searchfrictions and baseline search frictions (compare Rows A and B in Column 1 and 4 within
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each table). For the baseline and counterfactual, Figs. A3a and A3b show the bestresponse functions, Figs. A3c and A3d show U.S. welfare, and Figs. A3e and A3f showChinese welfare, respectively. In the welfare figures for a country, we vary the importtariff for that country while holding the tariff in the other country at the Nash tariff.
5.2 Welfare gains with and without international search frictions

U.S. and Chinese welfare would increase only slightly with optimal unilateral importtariffs and baseline search frictions relative to observed 2016 tariff levels. At the optimalU.S. tariff, U.S. welfare would rise by 0.03 percent and Chinese welfare would fall by 0.57percent (Table 3, Column 2). Similarly, at the optimal Chinese unilateral tariff, Chinesewelfare would rise by 0.01 percent and U.S. welfare would rise by 0.09 percent (Table 3,Column 3).Predicted welfare gains are significantly larger in the counterfactual than in thebaseline. For example, optimal unilateral U.S. and Chinese tariffs in this counterfactualcalibration imply welfare gains of one percent for each country (Table 4, Columns 2 and3, Rows E and F).More generally, search frictions attenuate the welfare response to tariff changes andthe gains from trade. Intuitively, this is because, search frictions imply fewer matchedvarieties and tariffs mainly affect aggregates through the intensive margin of matchedvarieties. This result is consistent with our findings in Section 3.2 (Fig. 2) and echos oneof the main conclusions of KM. Comparing the welfare changes from baseline between theleft and right panels in Figs. 5 and A2 highlights this point. For example, in the modelwith reduced search frictions, varying U.S. unilateral tariffs from 1 to 2 yields U.S.welfare that is at most 1 percent above and below the baseline level (Fig. 5a). Andmoving from baseline tariffs to optimal tariffs raises welfare by 1.0 percent. Incomparison, in the model with baseline search frictions, varying tariffs from 1 to 2 yieldswelfare that is no more than 0.1 percent above, and at most 1.1 percent below, thebaseline level (Fig. 5b). And moving from baseline tariffs to optimal tariffs raises welfareby about 1.0 percent. That is, search frictions render tariffs far less potent for welfarechanges. Figs. A2a and A2b show the same results for China, and Fig. A3 shows that itholds true in a strategic environment.We note that the observed U.S. import tariff in 2016 was below that implied by ourmodel, including the optimal unilateral or Nash tariff and whether we consider searchfrictions or not. The welfare gains from moving from observed to optimal tariffs are small,except in the case with reduced search frictions and U.S. unilateral tariffs.
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6 Conclusion

We study optimal import tariffs in an environment with search frictions betweenexporting producers and importing retailers. Our model nests standard trade models andit admits a unique equilibrium. We analytically characterize the unilateral uniformimport tariff that maximizes domestic welfare in a two-country setting. With searchfrictions, this optimal tariff depends not only on the offer curve elasticity—as it does in amodel without search frictions—but also on two new terms. An import markdown termrelates to the difference between import prices and final consumer prices. A second termrelates to additional externalities introduced by search frictions. We also characterize theoffer curve elasticity in our model and show that search frictions introduce a newincentive to subsidize imports because of endogenous market thickness effects. Weelucidate these analytical results with simple numerical examples.Quantitative results using 2016 U.S. and Chinese data suggest that the optimal U.S.unilateral tariff with search frictions is about 20 percentage points below that in a modelwith reduced search costs. Changes in welfare in response to changes in tariffs are smallerin the model with baseline search costs than in the model with reduced search costs. Forexample, moving from baseline to optimal unilateral tariffs raises U.S. welfare by about0.03 (1) percent in a model with baseline (reduced) search costs. In the Nash equilibriumwith baseline search costs, U.S. (Chinese) tariffs are 7 (4) ppt. higher (lower) and welfareis 0.2 (0.7) percent higher (lower) than result from 2016 tariff levels.Our study points to a few directions for future research. First, empirical work coulduse trade flows between many countries, the fraction of exporting firms, and capacityutilization rates to estimate the parameters of our model. Second, after estimating,Sections 3.1 and 3.4 could characterize optimal unilateral and Nash tariffs in a D-countryversion of our model. Third, search frictions could be used to rationalize and model thepervasiveness of trade promotion programs, like the State Trade Expansion Program(STEP, 2024). Fourth, international search frictions could vary over time, as they do overthe business cycle in labor markets, for example. If variation in search frictions over spaceand time is important, the framework in this paper would imply that optimal tariffs shouldvary in these dimensions as well. Our framework provides a foundation for analyzing thewelfare implications of tariffs in the presence of goods-market search frictions.
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(f) Labor market clearingNote: Fig. 1b depicts bargaining over negotiated price from Eq. (14) given market tightness from Fig. 1d(Section 2.2.3). Fig. 1a depicts bargaining over quantity with demand and marginal revenue from Eq. (2)and marginal cost from Eq. (5) (Section 2.2.2). Fig. 1c depicts the producer entry decision from Eq. (18)given consumption from Fig. 1e (Section 2.2.4). Fig. 1d depicts the retailer entry decision from Eq. (19)given negotiated prices from Fig. 1b (Section 2.2.5). Fig. 1e depicts goods market clearing using Eqs. 26and 27 given wage from Fig. 1f (Section 2.3.5). Fig. 1f depicts labor market clearing using Eq. (29) and thecountry’s endowment (Section 2.3.6). Section 2.4.2 and Appendix A.4.3 discuss the equilibrium.
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Fig. 2: Home welfare and optimal tariffs without and with search costs: Numerical example
Panel A: Home welfare and Home unilateral tariffs
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(b) With search costs (chf > 0)

Panel B: Home optimal unilateral tariff as a fixed point
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(c) Without search costs (cdo = 0 ∀do)
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(d) With search costs (chf > 0)

Note: The left panels present results for the numerical example without search costs, cdo = 0 ∀do. The rightpanels present results for the numerical example with search costs, chf > 0 but cdo = 0 ∀do ̸= hf . Fig. 2aplots Home’s welfare as function of Home’s import tariff, thf , without search costs. Fig. 2c plots the LHSand the RHS of Eq. (35). The solid black lines depicts the LHS of Eq. (35) (which is a 45 degree line) andthe dashed blue line depicts the RHS of Eq. (35) for various levels of Home’s import tariff. The intersectionof the two lines identifies the optimal tariff. Fig. 2b plots Home’s welfare as a function of Home’s importtariff, thf , with search costs. Fig. 2d plots the LHS and the RHS of Eq. (34). The solid black line depicts theLHS of Eq. (34) (which is a 45 degree line) and the solid blue line depicts the RHS of Eq. (34) for variouslevels of Home’s import tariff. The intersection of the two identifies the optimal tariff. See Section 3.2 forfurther details.



36 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONSFig. 3: Optimal unilateral tariffs for endogenous & exogenous frictions: Numerical example
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(c) Optimal tariff decomposition (endo.)
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(d) Optimal tariff decomposition (exo.)
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(f) Offer curve elasticity decomposition (exo.)
Note: All figures show results for different levels of search costs chf > 0 and cdo = 0 ∀do ̸= hf . The panelsof the left show results for a model with endogenous search frictions. The panels on the right show resultsin which we fix the matching and idle rates for each search cost to the endogenous matching and idle ratesin the corresponding figure on the left. The first row shows the optimal unilateral import tariff, tuhf , fromsolving the Home country social planner’s problem (Eq. 33). The second row shows the decomposition ofthe optimal tariff (Eq. 34). The third row shows the decomposition of the inverse of the offer curveelasticity (Eq. 36). The vertical axis intercepts of the various lines correspond to the case without searchcosts, cdo = 0 ∀do. See Sections 3.2 and 3.3 for further details.
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Fig. 4: Pure strategy Nash equilibrium: Numerical example
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(a) Without search costs (cdo = 0 ∀do)
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Note: Fig. 4a plots import tariff best response functions of Home and Foreign in the numerical examplewithout search costs, cdo = 0 ∀do. Fig. 4b plots best response functions of Home and Foreign in thenumerical example with search costs, chf > 0 and cdo = 0 ∀do ̸= hf . The best response tariff is the tariffthat maximizes welfare in country h (f) conditional on a tariff in country f (h). See Section 3.4 for furtherdetails.
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Fig. 5: U.S. unilateral tariffs and U.S. and Chinese welfare for reduced and baseline searchfrictions
Panel A: U.S. welfare and U.S. unilateral tariffs
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(a) Intl. search costs reduced to domestic levels
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(b) Baseline search costs
Panel B: Chinese welfare and U.S. unilateral tariffs
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(c) Intl. search costs reduced to domestic levels
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(d) Baseline search costs
Note: Fig. 5a (Fig. 5c) plots U.S. (Chinese) welfare as a function of U.S. import tariffs with all parameters asin the baseline but with international search costs reduced to their domestic levels and given by
cuu × 104 = 10.43, ccu × 104 = 15.28, cuc × 104 = 10.43, ccc × 104 = 15.28. Fig. 5b (Fig. 5d) plots U.S.(Chinese) welfare as a function of U.S. import tariffs in the baseline calibrated model, as in Table 1. The leftvertical axis denotes levels and the right vertical axis denotes the welfare change from observed 2016 tarifflevels. See Sections 5.1 and 5.2 for further details.
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Table 1: Calibrated model parameters
Parameter Value Unit Reason
Panel A. Externally calibrated parametersProducers’ bargaining power (β) 0.50 fraction BenchmarkRisk-free rate (r × 102) 5.00 percent Interest rateSeparation rate (λ) 1.00 Poisson rate Among trading partnersElasticity of substitution (σ) 4.00 elasticity Demand estimationPareto shape parameter (θ) 3.18 unitless U.S. firm size distributionEfficiency of matching function (ξ) 1.00 elasticity NormalizationLabor endowment in US (Lu) 213.72 mn. people Working age populationLabor endowment in CH (Lc×) 988.05 mn. people Working age populationFirm endowment in US (Nx

u × 10−1) 500.00 num. varieties Consumption levelFirm endowment in CH (N c
x × 10−1) 500.00 num. varieties Consumption levelIceberg origin US (Ao=u) 1.00 multiple Gravity equationIceberg scale (A) 1.00 multiple Gravity equationUS domestic tax (tuu) 1.06 multiple Sales tax rateCH import tariff (tcu) 1.17 multiple Import VAT rateUS import tariff (tuc) 1.08 multiple Tariffs plus sales taxCH domestic tax (tcc) 1.11 multiple VAT rateInternal distance US to US (Duu) 1.85 kkm DistanceDistance to CH from US (Dcu) 11.18 kkm DistanceDistance to US from CH (Duc) 11.18 kkm DistanceInternal distance CH to CH (Dcc) 1.02 kkm Distance

Panel B. Internally calibrated parametersUS domestic search cost (cuu × 104/χ (κuu)) 18.14 labor US mfg. capacity utilizationCH importers’ search cost (ccu × 104/χ (κcu)) 171.43 labor Percent of US firms exp. to CHUS importers’ search cost (cuc × 104/χ (κuc)) 8.14 labor Percent of CH firms exp. to USCH domestic search cost (ccc104) /χ (κcc) 33.82 labor CH mfg. capacity utilizationUS domestic fixed cost (fuu × 104) 6.74 labor US business failure rateUS export fixed cost (fcu × 104) 8.17 labor CH-US exporter failure rateCH export fixed cost (fuc × 104) 9.47 labor US-CH exporter failure rateCH domestic fixed cost (fcc × 104) 16.36 labor CH business failure rateUS exploration cost (exu × 102) 1.84 labor Investment expenditureCH exploration cost (exc × 102) 12.90 labor Investment expenditureIceberg destination US (Ad=u × 10−2) 464.31 multiple Gravity equationIceberg destination CH (Ad=c × 10−2) 201.49 multiple Gravity equationIceberg origin CH (Ao=c) 7.73 multiple Gravity equationIceberg distance (a1) 0.07 elasticity Gravity equationElasticity of matching function (η) 0.33 elasticity Log-linear import elasticityNote: The ‘‘Reason’’ column provides the reason for externally calibrated parameters and the main source ofidentification for internally calibrated parameters. The levels of the retailer search costs, cuu × 104 = 10.43,
ccu × 104 = 632.03, cuc × 104 = 15.34, ccc × 104 = 15.28, do not have meaning because they depend on thenormalization of the matching efficiency, ξ, as in Shimer (2005). As such, we report average retailer searchcosts, cdo/χ (κdo), which have intrinsic meaning. Parameters not shown are hdo = ldo = sdo = 0 ∀do.Calibrated parameters of the model are at annual frequency. We discuss the calibration methodology inSection 4 and intuition for parameter identification in Appendix C.2. ‘‘CH’’ stands for China and ‘‘US’’stands for the United States.
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Table 2: Model fit
Moment description Data Model UnitLog-log imports distance -0.9 -0.9 elasticityLog-log imports tariffs -5.0 -5.2 elasticityUS mfg. capacity utilization 75 76 percentUS firms exporting to CH 6 6 percentCH firms exporting to US 21 21 percentCH mfg. capacity utilization 74 84 percentUS business failure rate 20 20 percentCH-US exporter failure rate 60 56 percentUS-CH exporter failure rate 40 40 percentCH business failure rate 20 20 percentUS dom. consump. share (IMuu/ (IMuu + IMuc)) 86 95 percentCH dom. consump. share (IMcc/ (IMcc + IMcu)) 85 91 percentUS wage 52 60 $ thsnd.CH wage 11 11 $ thsnd.CH imports from US (IMcu) 463 438 $ bn.US imports from CH (IMuc) 463 438 $ bn.US investment 5,980 6,034 $ thsnd.CH investment 6,773 7,532 $ thsnd.US consumption 12,727 9,673 $ bn.CH consumption 4,418 5,451 $ bn.US GDP 18,707 15,708 $ bn.CH GDP 11,191 12,983 $ bn.US price index (Pu) 1,000 1,000 percentCH price index (Pc) 603 603 percentNote: The model matches the empirical targets relatively well. The ‘‘Data’’ and ‘‘Model’’ columns presentthe value of the corresponding moment in the data and model at the calibrated parameter values given inTable 1. ‘‘CH’’ stands for China, ‘‘US’’ for the United States, and ‘‘GDP’’ for Gross Domestic Product. Thecountry d consumption share is IMdd/ (IMdd + IMdo). The parameter Ad in Eq. (C183) by itself defines thelevel of the price index Ξd without changing any other value and gets zero weight in the MPEC objectivefunction. The normalization value is chosen to express real GDP in trillions of dollars and satisfy purchasepower parity of 60 percent between the United States and China. We discuss model fit and other details inSection 4.
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Table 3: Optimal tariffs with baseline search frictions
(1) (2) (3) (4)Baseline US CSP CH CSP Nash(tccu, tcuc) (tccu, tuuc) (tucu, tcuc) (tncu, tnuc)(A) Chinese import tariffs (tcu) 1.17 1.17 1.15 1.13(B) U.S. import tariffs (tuc) 1.08 1.14 1.08 1.15

(C) U.S. welfare (tn. of 2016 $) 9.67 9.68 9.68 9.69(D) Chinese welfare (tn. of 2016 $) 9.04 8.99 9.04 8.98
(E) U.S. welfare change from baseline (%) 0.00 0.03 0.09 0.20(F) Chinese welfare change from baseline (%) 0.00 -0.57 0.01 -0.66Note: Results with baseline search frictions. The rows of the table show Chinese and U.S. import tariffs, thelevel of welfare in both countries, and the change in welfare from the baseline calibration. Column 1 showsresults when tariffs are set to their baseline level, as in Table 1. Column 2 (3) shows results when theChinese (U.S.) tariff is set at the baseline level and the U.S. (Chinese) tariff is unilaterally set to maximizeU.S. (Chinese) welfare. Column 4 shows results for the Nash equilibrium when both countries choose tariffsoptimally. ‘‘CSP’’ stands for country social planner. See Sections 5.1 and 5.2 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(tccu, tcuc) (tccu, tuuc) (tucu, tcuc) (tncu, tnuc)(A) Chinese import tariffs (tcu) 1.17 1.17 1.36 1.30(B) U.S. import tariffs (tuc) 1.08 1.38 1.08 1.33

(C) U.S. welfare (tn. of 2016 $) 10.14 10.24 9.99 10.11(D) Chinese welfare (tn. of 2016 $) 10.50 9.80 10.61 9.94
(E) U.S. welfare change from baseline (%) 0.00 1.00 -1.49 -0.30(F) Chinese welfare change from baseline (%) 0.00 -6.71 1.00 -5.37Note: Results for a calibration in which all parameters are as in the baseline but with international searchcosts reduced to their domestic levels and given by cuu × 104 = 10.43, ccu × 104 = 15.28, cuc × 104 = 10.43,

ccc × 104 = 15.28. The rows of the table show Chinese and U.S. import tariffs, the level of welfare in bothcountries, and the change in welfare from the baseline calibration. Column 1 shows results when tariffs areset to their baseline level, as in Table 1. Column 2 (3) shows results when the Chinese (U.S.) tariff is set atthe baseline level and the U.S. (Chinese) tariff is unilaterally set to maximize U.S. (Chinese) welfare.Column 4 shows results for the Nash equilibrium when both countries choose tariffs optimally. ‘‘CSP’’stands for country social planner. See Sections 5.1 and 5.2 for further details.
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A Model appendix: Model details, model solution, and aggregationIn this appendix we study the same consumer problem as in the main text but assumethat the representative consumer combines differentiated varieties with a homogeneousgood using a Cobb-Douglas utility function:

max
qd(1),qdk(ω)

qd (1)
1−α

[
O∑

k=1

Q
1
µ

dk

]αµ (A1a)
s.t. Qdo =

[∫
ω∈Ωdo

qdo (ω)
1
µ dω

]µ
, (A1b)

Cd = pd (1) qd (1) +
O∑

k=1

∫
ω∈Ωdk

pdk (ω) qdk (ω) dω, (A1c)
The homogeneous good has price pd (1). The solution results in the following demand forthe homogeneous good and each differentiated variety, respectively

qd (1) =
(1− α)Cd

pd (1)
, qdo (ω) = αCd

pdo (ω)
−σ

P 1−σ
d

. (A2)
We assume that the homogeneous good is produced with one unit of labor under constantreturns to scale in each country. As such, the price of the homogeneous good must equalthe wage in each country, pd (1) = wd,∀d. To obtain results in the main text, set α = 1,which removes the homogeneous good.
A.1 Model details
A.1.1 Consumer problem with no storage technologyDefine Pd as the price index for the bundle of differentiated varieties and Pdo as theprice index for the bundle of varieties produced in country o and consumed in country d:

Pd =

[
O∑

k=1

∫
ω∈Ωdk

pdk (ω)
1−σ dω

] 1
1−σ

=

[
O∑

k=1

P 1−σ
dk

] 1
1−σ

. (A3)
The ideal price index including the homogeneous good that minimizes expenditure toobtain utility level Ud = 1 is

Ξd = [pd (1) / (1− α)]1−α [Pd/α]
α . (A4)
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Notice that if α = 1 then Ξd = Pd. We solve the consumer’s utility maximization andexpenditure minimization problems explicitly in KM, Appendix A.1.The approach in the main text yields the same consumer demand functions as thesolution to a dynamic problem with discounting if we assume that the consumer cannotuse trade relationships to transfer resources across time.In this case, the consumer problem is:
max

qd(1,t),qdk(ω,t)

∫ ∞

0

e−rtqd (1, t)
1−α

[
O∑

k=1

∫
ω∈Ωdk

qdk (ω, t)
(σ−1

σ ) dω

]α( σ
σ−1)

dt (A5)
s.t. Cd (t) = pd (1, t) qd (1, t) +

O∑
k=1

∫
ω∈Ωdk

pdk (ω, t) qdk (ω, t) dω,

in which the consumer chooses the quantity of the homogeneous and differentiatedvarieties at each point in time to maximize discounted utility, subject to their budgetconstraint. This problem has no state variable because if we included a state variable thatis affected by a choice variable, the consumer would implicitly have access to a storagetechnology.The associated current value Hamiltonian is
H = qd (1, t)1−α

[
O∑

k=1

∫
ω∈Ωdk

qdk (ω, t)

(
σ−1
σ

)
dω

]α
(

σ
σ−1

)

− µ (t)

[
pd (1, t) qd (1, t) +

O∑
k=1

∫
ω∈Ωdk

pdk (ω, t) qdk (ω, t) dω − Cd (t)

]
.

Notice that this Hamiltonian is identical to the Lagrangian for the one-period problemin Appendix A.1.1 of KM (2021), except the Hamiltonian includes t indices. The firstorder necessary conditions are
Hqd(1,t) = (1 − α) qd (1, t)

−α

 O∑
k=1

∫
ω∈Ωdk

qdk (ω, t)

(
σ−1
σ

)
dω

 − µ (t) pd (1, t) = 0

Hqdk(ω,t) = qd (1, t)
1−α

α

(
σ

σ − 1

) O∑
k=1

∫
ω∈Ωdk

qdk (ω, t)

(
σ−1
σ

)
dω

α
(

σ
σ−1

)
−1 (

σ

σ − 1

)
qdk (ω, t)

(
σ−1
σ

)
−1 − µ (t) pdk (ω, t) = 0.

Using the steps in Appendix A.1.1 of KM (2021) yields the demand functions:
qd (1, t) =

(1− α)Cd (t)

pd (1, t)
, qdo (ω, t) = αCd (t)

pdo (ω, t)
−σ

Pd (t)
1−σ , (A6)

which replicates Eq. (2) in the main text if we drop the t index.Appendix B.1 shows that welfare in the dynamic and static settings are triviallydifferent and do not affect any of the main results.
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A.1.2 Consumer problem with a storage technologyIf we allow the consumer to transfer resources across time by using domestic (dd)relationships as an asset, the consumer problem is:
max

qd(1,t),qdk(φ,t)

∫ ∞

0

e−rtqd (1, t)
1−α

[
O∑

k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

qdk (φ, t)
(σ−1

σ ) dG (φ)

]α( σ
σ−1 )

dt (A7a)
s.t. Cd (t) = pd (1, t) qd (1, t) +

O∑
k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

pdk (φ, t) qdk (φ, t) dG (φ) , (A7b)
Yd (t) = Cd (t) + Id (t) , (A7c)
˙(udoN

x
o ) = λ (1− udo − ido)N

x
o − κdoχ (κdo)udoN

x
o ∀do, (A7d)

in which we have used KM Appendix A.11.1 to move from an index ω to a distribution ofgoods over φ to highlight dependence on udo. The consumer maximizes discounted utility,Eq. (A7a), subject to their budget constraint, Eq. (A7b). The consumer can also useinvestment in Eq. (A7c) to transfer consumption across time, subject to the equation ofmotion for the number of unmatched producers in each market, Eq. (A7d). Because theconsumer uses only domestic relationships as an asset, we maintain balanced trade andset NXd = 0 in the resource constraint, Eq. (A7c). If the consumer could also use foreignrelationships (do) as an asset then trade might not be balanced in each period. We discussthis approach below.The state variables for the problem in Eq. (A7) are the unmatched fraction in each domarket, udo, from Eq. (A7d). This follows because Nx
o is a constant so that Eq. (A7d)yields

u̇do = λ (1− udo − ido)− κdoχ (κdo)udo. (A8)
The current value Hamiltonian associated with Eq. (A7) is therefore
H = qd (1, t)

1−α

[
O∑

k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

qdk (φ, t)
(σ−1

σ ) dG (φ)

]α( σ
σ−1 )

+ λC (t)

[
Cd (t)− pd (1, t) qd (1, t)−

O∑
k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

pdk (φ, t) qdk (φ, t) dG (φ)

]
+ λY (t) [Yd (t)− Cd (t)− Id (t)]

+
∑
d

∑
o

µdo (t) [λ (1− udo − ido)− κdoχ (κdo)udo] .

The first order necessary conditions with respect to the control variables are:
Hqd(1,t) = 0

Hqdk(φ,t) = 0
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in which
Hqd(1,t) = (1− α) qd (1, t)

−α

[
O∑

k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

qdk (φ, t)
(σ−1

σ ) dG (φ)

]α( σ
σ−1 )

− λC (t) pd (1, t) + λY (t)

[
∂Yd (t)

∂qd (1, t)
− ∂Id (t)

∂qd (1, t)

]
+
∑
d

∑
o

µdo (t)

[
−λ

∂ido
∂qd (1, t)

− ∂κdoχ (κdo)

∂qd (1, t)
udo

]
,

(A9)

and
Hqdk(φ,t) = qd (1, t)

1−α
α

(
σ

σ − 1

)[ O∑
k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

qdk (φ, t)
(σ−1

σ ) dG (φ)

]α( σ
σ−1 )−1

×
(
1− udk

1− idk

)
Nx

k

(
σ

σ − 1

)
qdk (φ, t)

(σ−1
σ )−1

− λC (t)

(
1− udk

1− idk

)
Nx

k pdk (φ, t) + λY (t)

[
∂Yd (t)

∂qdk (φ, t)
− ∂Id (t)

∂qdk (φ, t)

]
+ µdk (t)

[
−λ

∂idk
∂qdk (φ, t)

− ∂κdkχ (κdk)

∂qdk (φ, t)
udo

]
.

(A10)

In Eq. (A9), homogeneous good consumption affects utility directly. It also affectsaggregate resources, Yd (t), as well as investment, Id (t), through its effects on theequilibrium wage, among other things. In Eq. (A10), differentiated good consumptionaffects utility directly. It also affects aggregate resources through its effects on profits andgovernment revenue, as well as investment through its effects on the equilibrium wage.The necessary first order conditions with respect to the state variables are
Hudo

= −µ̇do (t) + rµdo (t)∀d, o,

which implies that
−µ̇do (t) + rµdo (t) = −qd (1, t)1−α α

(
σ

σ − 1

)[
O∑

k=1

(
1−

udk

1− idk

)
Nx

k

∫
φ̄dk

qdk (φ, t)

(
σ−1
σ

)
dG (φ)

]α
(

σ
σ−1

)
−1

×
(

1

1− ido

)
Nx

o

∫
φ̄do

qdo (φ, t)

(
σ−1
σ

)
dG (φ)

+λC (t)

(
1

1− ido

)
Nx

o

∫
φ̄do

pdo (φ, t) qdo (φ, t) dG (φ)

+λY (t)

[
∂Yd (t)

∂udo
−

∂Id (t)

∂udo

]
+ µdo (t) [−λ− κdoχ (κdo)] .

The unmatched rate affects utility directly through the measure of goods that areconsumed, but it also affects aggregate resources and investment.The unknowns for this problem in each time t are the quantities of the homogeneousand differentiated goods, and the costate variables λC , λY , and µdo∀d, o. The equations arethe the budget constraint (Eq. A7b), the aggregate resource constraint (Eq. A7c), theequation of motion for each state variable (Eq. A8), the FOC for the homogeneous good(Eq. A9), and the FOCs for the differentiated goods (Eq. A10). These variables andequations define a system that defines the consumer’s problem out of steady state. If wefocus on outcomes in the steady state we would impose the additional condition that
µ̇do (t) = 0∀d, o.
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If the consumer can use domestic (dd) and international (do) relationships as assets,the consumer problem is similar to the maximization problem in Eq. (A7) above, buttrade between economies need not be balanced in each period. In this case, the resourceconstraint, Eq. (A7c), would also include NXd ̸= 0.
A.1.3 The matching functionThe rate at which retailers in country d contact producers in country o, χ (κdo), is thenumber of matches formed each instant over the number of searching retailers:

χ (κdo) =
m (udoN

x
o , vdoN

m
d )

vdoNm
d

=
ξ (udoN

x
o )

η (vdoN
m
d )1−η

vdoNm
d

= ξκ−η
do . (A11)

Notice that retailers’ contact rate falls with market tightness (dχ (κdo) /dκdo < 0) becausewith more retailers relative to producers, the search market becomes congested withretailers.The rate at which producers in country o contact retailers in country d is the numberof matches formed each instant over the number of searching producers, so that theproducer contact rate is,
κdoχ (κdo) = ξκ1−η

do . (A12)Producers’ contact rate rises with tightness (dκdoχ (κdo) /dκdo > 0), also called a marketthickness effect. Market tightness is defined from the perspective of producers so that themarket is tighter when there are relatively more retailers than producers. Eqs. (A11) and(A12) are restated in Eq. (4) of the main text.
A.1.4 Producers’ value functionsThe value of a producer with productivity φ being matched to a retailer, Xdo (φ), canbe summarized by a value function in continuous time defined in Eq. (6). That assetequation states that the flow return at the risk-free rate, r, from the value of producingmust equal the flow payoff plus the expected capital gain from operating as an exportingproducer. Each producer is indexed by exogenous productivity, φ. The flow payoffconsists of ndoqdo, the revenue obtained from selling qdo units of the good at negotiatedprice ndo to retailers, less the variable, Eq. (5), and fixed costs of production, wofdo. Thelast term in Eq. (6) is the value from the dissolution of the match, which occurs atexogenous rate λ and leads to a capital loss of Udo (φ)−Xdo (φ) as the producer losesvalue Xdo (φ) but gains the value of being an unmatched producer, Udo (φ). In writing Eq.(6), we explicitly write the value Xdo (φ) as a function of the producer’s productivity, φ,but we conserve on notation by omitting this argument from the negotiated price, ndo,and traded quantity, qdo.The value that an unmatched producer receives from looking for a retail partnerwithout being in a business relationship is defined by Eq. (7). The flow search cost, woldo,is what the producer pays when looking for a retailer. Examples of which are the costs ofmaintaining foreign sales offices, sending sales representatives abroad, researchingpotential foreign buyers, and paying for a web presence. The second term captures theexpected capital gain, in which κdoχ(κdo) is the endogenous rate at which producing firmscontact retailers, and wosdo is the sunk cost of starting up the relationship. The producerconsiders the difference between being in a business relationship, Xdo(φ), and searching,
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Udo(φ), rather than these quantities separately. As such, any additive term that entersboth Eqs. (6) and (7) will not affect producers’ decisions.The producing firm also has the option of remaining idle and not expending resourcesto look for a retailer. For producers, the value of not searching, Ido (φ), is given by Eq. (8).The value to a producer of remaining idle can be interpreted, for example, as the value ofthe stream of payments after liquidation or the flow payoff from home production if thesefirms are viewed as entrepreneurs.
A.1.5 Retailers’ value functionsThe value of a retailing firm in a business relationship with a producer of productivity
φ, is defined by the asset Eq. (9) The flow payoff from being in a relationship is therevenue generated by selling qdo units of the product to a representative consumer at afinal sales price, pdo—determined in Appendix A.2.2—less the tariff inclusive cost ofacquiring these goods from producers at negotiated price ndo. As stated in the main text,tariff revenue is collected from the retailers by the government and rebated lump-sum toconsumers. When the relationship is destroyed exogenously, at rate λ, the retailing firmloses the capital value of being matched. All retailers are identical before matching buthave differential matched values because producers are heterogeneous in theirproductivity.Retailers do not use the product as an input in another stage of production but onlyfacilitate the match between producers and consumers and collect tariffs that are paid tothe government. In the event that the relationship undergoes an exogenous separation, atrate λ, the retailing firm loses the capital value of being matched, Vdo −Mdo (φ).The value of being an unmatched retailer, Vdo, satisfies Eq. (10). Retailers need to paya flow cost, wdcdo, to search for a producing affiliate. At endogenous Poisson rate χ(κdo),retailing firms meet a producer of unknown productivity. Producers’ productivities areex-ante unknown to retailers so retailers take the expectation over all productivities theymight encounter when computing the expected continuation value of searching. As aresult, the value, Vdo, is not a function of a producer’s productivity, φ, but rather afunction of the expected payoff. We assume that upon meeting, but before consummatinga match, retailers learn the productivity of the producer. Depending on the producer’sproductivity, φ, retailers choose between matching with that producer, which generatesvalue Mdo (φ), or continuing the search, which generates Vdo. Hence, the capital gain toretailers from meeting a producer with productivity φ can be expressed as
max {Vdo,Mdo (φ)} − Vdo.
A.2 Solving the partial-equilibrium search problem
A.2.1 The surplus, value, and expected duration of a relationshipTo derive the surplus in terms of model primitives, substitute Eqs. (6), (7), (9), andfree entry for retailers, Vdo = 0, into Eq. (11) to write the surplus as,(

r + λ+
βκdoχ (κdo)

β + tdo (1− β)

)
Sdo (φ) = pdoqdo + ndoqdo (1− tdo)− v (qdo, wo, τdo, φ)− woδdo,(A13)in which we use Eq. (4) to get κdoχ (κdo) = ξκ1−η

do and we define,
δdo ≡ δdo (ξ, η, fdo, ldo, sdo, κdo) = fdo − ldo − ξκ1−η

do sdo. (A14)
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Now substitute the negotiated price from Eq. (14) into Eq. (A13) and Eq. use (15) writtenas
γdo =

(r + λ) (1− β)

r + λ+ βξκ1−η
do

(A15)
to write surplus as,

Sdo (φ) =

(
β + tdo (1− β)

r + λ+ βκdoχ (κdo)

)(
pdoqdo
tdo

− v (qdo, wo, τdo, φ)− woδdo

)
. (A16)

The surplus created by a match is the appropriately discounted after-tariff flow profit,with the search cost woldo and the sunk cost wosdo also entering the surplus equation(through δdo) because being matched avoids paying these costs.There are four things to notice about Eq. (A16). First, if tdo = wo = 1, it becomes thesurplus in Appendix A.3 Eq. (A33) of KM. Second, the surplus from a match is a functionof productivity. We show in Appendix A.2.4.3 that matches that include a moreproductive exporting firm lead to greater surplus, that is, S ′
do (φ) > 0. Third, the value ofa relationship depends on aggregate endogenous quantities such as the price index,consumption, and finding rate κdoχ (κdo), among others. Finally, surplus is greater than orequal to zero if and only if after-tariff total profits are. That is, when

pdoqdo
tdo

− v (qdo, wo, τdo, φ)− wofdo + woldo + wosdoκdoχ (κdo) ≥ 0. (A17)
The value of the relationship to the producer is Xdo(φ) and to the retailer Mdo(φ).Therefore, the total value of a matched relationship is,

Rdo (φ) = Xdo (φ) +Mdo (φ) . (A18)
We can express Eq. (A18) in terms of surplus and then Eq. (11) with Vdo = 0, by addingand subtracting Eq. (7), substituting in Eq. (13) for Xdo (φ)− Udo (φ) and then simplifingto get
Rdo (φ) =

[
r (β + tdo (1− β)) + βκdoχ (κdo)

r (β + tdo (1− β))

]
Sdo (φ)−

[
woldo + κdoχ (κdo)wosdo

r

]
. (A19)

Eq. (A19) can be expressed in terms of model primitives using (A16) and the definitionsfor those functions provided in Eqs. (12), (5), and (2). Relationships are destroyed atPoisson rate λ in the model, which implies the average duration of each match is 1/λ.Because the destruction rate is exogenous and does not vary in our model, the averageduration of each match is constant. The value of a relationship in product markets hasbeen of recent interest in Monarch and Schmidt-Eisenlohr (2023) and Heise (2016).Finally, Eq. (A19) is the same as the Rdo (φ) equation on page 7 of Appendix A.3 of KMwhen tdo = 1 and wosdo = 0.
A.2.2 Bargaining over the quantityUpon meeting, the retailer and producer bargain over the negotiated price, ndo, andquantity, qdo, simultaneously. We assume that these objects are determined by thegeneralized Nash bargaining solution, which, as shown by Nash (1950) and Osborne and
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Rubinstein (1990), is equivalent to maximizing the following Nash product:
max
qdo,ndo

[Xdo (φ)− Udo (φ)]
β [Mdo (φ)− Vdo]

1−β , 0 ≤ β < 1, (A20)
in which β is producers’ bargaining power. To solve Eq. (A20), first solve for
Xdo (φ)− Udo (φ) by combining Eqs. (6) and (7) to get that:

Xdo(φ)− Udo(φ) =
ndoqdo − v (qdo, wo, τdo, φ)− wofdo + woldo + κdoχ(κdo)wosdo

r + λ+ κdoχ(κdo)
. (A21)

Next rearrange Eq. (9) to get that:
Mdo (φ)− Vdo =

pdo (qdo) qdo − tdondoqdo − rVdo

r + λ
. (A22)

Substitute Eqs. (A21) and (A22) into (A20), then log and differentiate with respect to qdoto get the relevant first order condition for quantity:
β

(
ndo −

∂v (qdo, wo, τdo, φ)

∂qdo

)
[Xdo (φ)− Udo (φ)] (r + λ)

+ (1− β)

(
pdo (qdo) +

∂pdo (qdo)

∂qdo
qdo − tdondo

)
[Mdo (φ)− Vdo] (r + λ)

= 0. (A23)
We do not need to calculate the partial derivative with respect to κdo, wo, or otherendogenous variables, because we assume individual varieties are too small to influenceaggregate values. Hence, when they meet, the firms bargain taking everything but ndoand qdo as given. Furthermore, the partial of the value of a vacancy, ∂Vdo/∂ndo = 0,because bargaining takes place over each variety, φ, individually. As long as thedistribution of varieties is continuous, ∂Vdo/∂ndo does not have an effect on theexpectation in the continuation value in Eq. (10).Considering only solutions with positive values for Eq. (A22) and qdo > 0, we plug Eq.(A28) into (A23) rearrange to get:

pdo (qdo) +
∂pdo (qdo)

∂qdo
qdo = tdo

∂v (qdo, wo, τdo, φ)

∂qdo
. (A24)

This expression says that the quantity produced and traded equates marginal revenueearned from consumers to tariff-inclusive marginal production cost paid by producers. Eq.(A24) is the same in a model with or without search frictions implying that search doesnot change the quantity traded within each match. In a model of search, parties agreeupon a quantity that equates marginal revenue and marginal tariff-inclusive cost becausethat quantity maximizes surplus.CES utility implies the consumer’s price elasticity of demand from Eq. (2) is
∂qdo
∂pdo

pdo
qdo

= −σ. (A25)
Indexing an individual variety by ω is equivalent to indexing by φ and we have treatedthese interchangeably when using Eq. (2) here. The equivalence of indexing variables
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contrasts with changing from a measure over a set of goods indexed by ω to a distributionof goods indexed by φ, which is subtle and discussed in detail in KM Appendix A.11.1.Combining Eq. (A25) with the fact that ∂pdo/∂qdo = 1/ (∂qdo/∂pdo), we can write Eq.(A24) as
pdo (qdo) +

∂pdo (qdo)

∂qdo
qdo = pdo

(
σ − 1

σ

)
= tdo

∂v (qdo, wo, τdo, φ)

∂qdo
. (A26)

Rearranging Eq. (A26) and computing marginal costs from Eq. (5) gives Eq. (12).Finally, setting price equal to average total cost (ATC) gives zero profit for any variety.As such, Eq. (12) is always at least as high as ATC for all traded varieties above thethreshold defined in Eq. (18) and therefore defines the equilibrium price.
A.2.3 Bargaining over the negotiated priceSubstitute Eqs. (A21) and (A22) into (A20), then log and differentiate with respect tothe ndo to get the relevant first order condition:

β
qdo/ (r + λ)

Xdo (φ)− Udo (φ)
+ (1− β)

−tdoqdo/ (r + λ)

Mdo (φ)− Vdo

= 0, (A27)
in which we use the same reasoning to impose ∂Vdo/∂ndo = 0 as in Appendix A.2.2.For any variety that is traded, qdo > 0, Eq. (A27) can be written as,

β (Mdo (φ)− Vdo) = (1− β) tdo (Xdo (φ)− Udo (φ)) . (A28)
Using Eqs. (A28) and (11) delivers the surplus sharing rule, Eq. (13). To find thenegotiated price show in Eq. (14), use the equilibrium free entry condition Vdo = 0 andsubstitute (A21) and (A22) into (A28), then solve for ndo.
A.2.4 Producers’ search productivity thresholdThere are two productivity thresholds to consider. First, there is a productivitythreshold, φ̄do, that makes the producer indifferent between searching and remaining idledefined by, Udo (φ̄do)− Ido (φ̄do) = 0. Second, there is a weakly lower productivitythreshold,

¯
φdo, which makes that producer indifferent between consummating arelationship upon contacting a retailer and continuing to search defined by,

Xdo

(
¯
φdo

)
− Udo

(
¯
φdo

)
= 0. We derive these two thresholds and show in Appendix A.2.4.2that the binding threshold is defined by φ̄do, because φ̄do ≥

¯
φdo if and only if

woldo + wohdo + κdoχ (κdo)wosdo ≥ 0.The productivity threshold nests the threshold from KM (Eq. 18) and we compare it toproductivity thresholds in other models in Appendix A.6.4 of the same paper.
A.2.4.1 Solving for the binding productivity thresholdCombine Eqs. (7) and (8) to get

Udo (φdo)− Ido (φdo) =
−woldo + κdoχ (κdo) (Xdo (φ)− Udo (φ)− wosdo)− wohdo

r
(A29)
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The threshold productivity, φ̄do, is given by Udo (φ̄)− Ido (φ̄do) = 0 so evaluate Eq. (A29)at φ̄do, set the left hand side to zero, and rearrange to get
Xdo (φ̄do)− Udo (φ̄do) =

woldo + wohdo

κdoχ (κdo)
+ wosdo. (A30)

Substitute Eq. (A21) into Eq. (A30) and suppress φ̄do for simplicity to derive
ndoqdo − v (qdo, wo, τdo, φ)− wofdo =

(
r + λ

κdoχ (κdo)

)
woldo +

(
1 +

r + λ

κdoχ (κdo)

)
wohdo + (r + λ)wosdo.

Now, use the negotiated price, ndo, from Eq. (14), to get
(1− γdo)

(
pdo
tdo

)
qdo + γdo (v (qdo, wo, τdo, φ) + wofdo − woldo − κdoχ(κdo)wosdo)− v (qdo, wo, τdo, φ)− wofdo

=

(
r + λ

κdoχ (κdo)

)
woldo +

(
1 +

r + λ

κdoχ (κdo)

)
wohdo + (r + λ)wosdo.

which can be rearranged to obtain
(
pdo

tdo

)
qdo − v (qdo, wo, τdo, φ)− wofdo

= (1− γdo)
−1

[(
r + λ

κdoχ (κdo)

)
woldo +

(
1 +

r + λ

κdoχ (κdo)

)
wohdo + (r + λ)wosdo + γdo [woldo + κdoχ (κdo)wosdo]

]
.

Further simplification of the terms on the right hand side with γdo delivers Eq. (16) in themain text.Using the price charged to consumers by retailers from Eq. (12) we can write retailerrevenue as proportional to variable production costs, Eq. (5):
pdo (φ) qdo (φ) =

(
tdoµwoτdoφ

−1
)
qdo (φ) = tdoµv (qdo, wo, τdo, φ) . (A31)

Then Eq. (A31) implies that after-tariff variable profits are,(
pdo (φdo)

tdo

)
qdo (φdo)− v (qdo, wo, τdo, φdo) =

pdo (φ) qdo (φ)

σtdo
. (A32)

Or alternatively,(
pdo (φdo)

tdo

)
qdo (φdo)− v (qdo, wo, τdo, φdo) = (µ− 1) v (qdo, wo, τdo, φ) . (A33)

Substitute Eqs. (12) and (2) into Eq. (A32) and then substitute the resulting expressioninto the left hand side of Eq. (16) to get that:
α

σ
CdP

σ−1
d (µwoτdo)

1−σ t−σ
do φ̄

σ−1
do = woF (κdo) . (A34)

Solving this expression for φ̄do gives Eq. (18).Finally, all matches must have positive surplus so we can check that Sdo (φ̄do) ≥ 0 by
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using Eqs. (13) and (A30) to write,
Sdo (φ̄do) =

(
β + tdo (1− β)

β

)(
woldo + wohdo

κdoχ (κdo)
+ wosdo

)
. (A35)

Eq. (A35) puts restrictions on the parameters because they must be such that
Sdo (φ̄do) ≥ 0. For example, wohdo cannot be so negative as to make Eq. (A35) negative.
A.2.4.2 Solving for the non-binding productivity thresholdThe threshold productivity that is indifferent between matching and not,

¯
φdo, isdefined by

Xdo

(
¯
φdo

)
− Udo

(
¯
φdo

)
= 0. (A36)

We can be sure that Xdo (φ̄do)− Udo (φ̄do) ≥ Xdo

(
¯
φdo

)
− Udo

(
¯
φdo

) as long as
(woldo + wohdo) /κdoχ (κdo) + wosdo ≥ 0. This result implies that as long as Xdo (φ)− Udo (φ)is increasing in φ, then φ̄do ≥

¯
φdo. In Appendix A.2.4.3, we show the very generalconditions under which Xdo (φ)− Udo (φ) is increasing in φ. The binding productivitythreshold defining the mass of producers that have retail partners is the greater of thesetwo thresholds and hence φ̄do. In other words, the productivity necessary to induce aproducer to search for a retail partner is greater than the productivity necessary toconsummate a match after meeting a retailer due to the costs that are incurred whilesearching. Similarly, the productivity necessary to form a match is greater than theproductivity to maintain one already in place. Note that φ̄do >

¯
φdo if

(woldo + wohdo) /κdoχ (κdo) + wosdo > 0, which is true if and only if the cost of forming arelationship is positive, woldo + wohdo + κdoχ (κdo)wosdo > 0.
A.2.4.3 The value of importing is strictly increasing in productivityHere we show that the value of importing, Mdo(φ), is strictly increasing with theproducer’s productivity level, φ. This result leads to three implications. First, it allows usto replace the integral of the max over Vdo and Mdo (φ) in Eq. (10) with the integral of
Mdo (φ) from the threshold from Eq. (18). Second, in equilibrium, because M ′

do(φ) > 0,Eq. (13) implies that S ′
do (φ) > 0 and therefore that X ′

do (φ)− U ′
do (φ) > 0. Third, it allowsus to show that φ̄do ≥

¯
φdo, as we did in Appendix A.2.4.2.Starting with Eq. (9) and Vdo = 0, substituting in negotiated prices from Eq. (14), andusing the relationship between retailer revenue and variable costs from Eq. (A31) we canwrite,
Mdo (φ) =

σ−1γdopdo (φ) qdo (φ)− tdoγdowoδdo
r + λ

(A37)
Remember that δdo from Eq. (A14) and γdo from Eq. (A15) are functions of tightness, κdo,but not productivity, φ. It is clear from the integral in the import relationship creation,Eq. (19), that κdo is not a function of φ. Similarly, wo is not a function of φ (Eq. 29).Given these facts, we can prove our result by differentiating both sides of Eq. (A37) withrespect to φ and showing that M ′

do (φ) = (∂Mdo (φ) /∂qdo (φ)) · (∂qdo (φ) /∂φ) > 0. Usingdemand from Eq. (2), first write inverse demand pdo (qdo (φ)) then
M ′

do (φ) =
σ−1γdo
r + λ

(
pdo (qdo (φ)) +

∂pdo (φ)

∂qdo (φ)
qdo

)
∂qdo (φ)

∂φ
. (A38)
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The partial derivative in parentheses is marginal revenue, which we know in equilibriumwill be equal to marginal cost times the tariff as shown in Eq. (A24). Using this fact andapplying the chain rule to ∂qdo (φ) /∂φ leads to our final expression,
M ′

do (φ) =
σ−1γdo
r + λ

(
tdo

∂v (qdo, wo, τdo, φ)

∂qdo (φ)

)
∂qdo (φ)

∂pdo (φ)

∂pdo (φ)

∂φ
. (A39)

As long as γdo > 0 (which holds for finite κdo and β < 1), marginal cost is positive,demand is downward sloping, and higher productivity varieties cost less, then M ′
do(φ) > 0.These general conditions are satisfied for the functional forms of our model.We can use the fact that M ′

do(φ) > 0 to demonstrate the way in which many otherimportant quantities depend on the producer’s productivity level, φ. The surplus sharingrule, Eq. (13), can be rewritten as
βMdo (φ) = (1− β) tdo (Xdo (φ)− Udo (φ)) , (A40)

We know that in equilibrium, because M ′
do(φ) > 0, it must be that X ′

do (φ)− U ′
do (φ) > 0.Differentiating both sides of Eq. (7) gives rU ′

do (φ) = κdoχ (κdo) (X
′
do (φ)− U ′

do (φ)) > 0.We can combine these facts to show X ′
do (φ) > U ′

do (φ) > 0. Using the definition of thejoint surplus of a match, Eq. (11), we get S ′
do(φ) > 0. Likewise, the value of a relationship,

Rdo (φ) = Xdo (φ) +Mdo (φ), has R′
do(φ) > 0.

A.3 Aggregation

A.3.1 The elasticity of the fraction of unmatched producersMany aggregate results in our paper rely on the elasticity of Eq. (20) with respect tosome variable, call it x. Using Eq. (20) and the functional form in Eq. (A12) gives
∂

∂ ln (x)
ln

(
1− udo

1− ido

)
=

(
udo

1− ido

)
(1− η)

∂ lnκdo

∂ ln (x)
, (A41)

by the chain rule and the fact that
∂ lnκdoχ (κdo)

∂ lnκdo

= 1− η.

A.3.2 The ideal price index with our productivity distributionThe ideal price index is provided in Eq. (A4) and is a function of the homogeneousgood price and the differentiated goods price index price index in Eq. (A3), which indexesover an unordered set of varieties. We can move from an unordered set of varieties to anindex over a distribution of productivities using the steps in Appendix A.11.1 of KM sothat the differentiated goods price index is given by:
Pd =

[
O∑

k=1

P 1−σ
dk

] 1
1−σ

=

[
O∑

k=1

(
1− udk

1− idk

)
Nx

k

∫ ∞

φ̄dk

pdk (φ)
1−σ dG (φ)

] 1
1−σ

, (A42)
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in which G (·) is a Pareto cumulative density function from Section 2.1.3. Using the finalconsumer price from Eq. (12) gives
Pd =

[
O∑

k=1

(
1− udk

1− idk

)
Nx

k

∫ ∞

φ̄dk

(
tdkµwkτdk

φ

)1−σ

dG (φ)

] 1
1−σ

, (A43)
in which

Pdk =

[(
1− udk

1− idk

)
Nx

k

∫ ∞

φ̄dk

(
tdkµwkτdk

φ

)1−σ

dG (φ)

] 1
1−σ

. (A44)
The relevant moment is, ∫ ∞

φ̄dk

zσ−1dG (z) =
θφ̄σ−θ−1

dk

θ − σ + 1
, (A45)

which is bounded because we assume that θ > σ − 1. The threshold from Eq. (18) raisedto σ − 1 is
φ̄σ−1
do = µσ−1

(σ
α

)(woτdo
Pd

)σ−1(
woF (κdo)

Cd

)
t
µ(σ−1)
do . (A46)

The threshold from Eq. (18) raised to −θ is
φ̄−θ
do = µ−θ

(σ
α

) −θ
σ−1

(
woτdo
Pd

)−θ (
woF (κdo)

Cd

) −θ
σ−1

t−µθ
do . (A47)

The product of Eqs. (A46) and (A47) give the relevant moment,
φ̄σ−1−θ
do = P

θ−(σ−1)
d µσ−1−θ

(σ
α

)1− θ
σ−1

(woτdo)
σ−1−θ

(
woFdo

Cd

)1− θ
σ−1

tσ−µθ
do . (A48)

Because the threshold is a function of Pd, Eq. (A43) is itself a function of Pd too. Using Eq.(A48) in Eq. (A43) and simplifying gives,
Pd = P

1− θ
σ−1

d (A49)
×

[(
θ

θ − (σ − 1)

)(σ

α

)1− θ
σ−1

µ−θC
θ

σ−1
−1

d

O∑
k=1

(
1−

udk

1− idk

)
Nx

k (wkτdk)
−θ (wkFdk)

1− θ
σ−1 t1−µθ

dk

] 1
1−σ

.

Solving for Pd and rearranging gives
Pd =

(
θ

θ − (σ − 1)

)− 1
θ (σ

α

) 1
σ−1

− 1
θ
µ (A50)

× C
1
θ
− 1

σ−1

d

×

(
O∑

k=1

(
1− udk

1− idk

)
Nx

k (wkτdk)
−θ (wkFdk)

−[ θ
σ−1

−1] t
−(µθ−1)
dk

)− 1
θ

.
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We define,
λ2 ≡

(
θ

θ − (σ − 1)

)− 1
θ (σ

α

) 1
σ−1

− 1
θ
µ, (A51)

and the ‘‘multilateral resistance term’’ as,
ρd ≡

(
O∑

k=1

(
1− udk

1− idk

)
Nx

k (wkτdk)
−θ (wkFdk)

−[ θ
σ−1

−1] t
−(µθ−1)
dk

)− 1
θ

. (A52)
These definitions deliver the final expression of the differentiated goods price indexpresented in Eq. (22).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 andfixed entry costs, whereas in our model it is an equilibrium object in wages, the numberof producers, market tightness (through udk and Fdk), iceberg and fixed entry costs, andalso tariffs.
A.3.3 Deriving the gravity equationThe total amount paid by the consumers in d for imports from o, Cdo, is the sum of thevalue of imports, the profits to retailers, and tariffs paid to the government:

Cdo = IMdo +Πr
do +Gdo,

in which Cdo is defined in Eq. (A76), Πr
do is defined in Eq. (A78), and

Gdo =

(
1− udo

1− ido

)
Nx

o

∫ ∞

φ̄do

(tdo − 1)ndo (φ) qdo (φ) dG (φ) . (A53)
Rearranging gives

IMdo = Cdo − Πr
do −Gdo,and then using Eqs. (A76), (A78), and (A53) proves that the value of total imports is:

IMdo =

(
1− udo

1− ido

)
Nx

o

∫ ∞

φ̄do

ndo (φ) qdo (φ) dG (φ) , (A54)
which is the same definition as Proposition 1 in KM. With imports defined in (A54),government revenue from each do market can be written as

Gdo = (tdo − 1) IMdo (A55)
and total government revenue in d is Gd =

∑D
k=1Gdk.We need to integrate Eq. (A54) over product varieties to get the total value of importsgoing into the domestic market, before tariffs are applied. Using the negotiated price inEq. (14), the value of each import variety is:

ndo (φ) qdo (φ) = [1− γdo]

(
pdo (φ) qdo (φ)

tdo

)
+ γdo [v (qdo, wo, τdo, φ) + woδdo] ,



15 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONS

in which δdo is defined in Eq. (A14) and is not a function of φ but is potentially a functionof κdo. Using Eq. (A31) and simplifying, we can write the imported value of each varietyas
ndo (φ) qdo (φ) =

(
σ − γdo
σtdo

)
pdo (φ) qdo (φ) + γdowoδdo. (A56)

Demand for a variety in the differentiated goods sector is given in Eq. (2). Theoptimal final price from Eq. (12) implies that
pdo (φ) qdo (φ) = αCd

(tdoµwoτdo)
1−σ φσ−1

P 1−σ
d

.

Substituting this into Eq. (A56) shows that the integral defining imports in Eq. (A54)depends on the moment of the productivity distribution from Eq. (A45). Substituting thismoment into Eq. (A54) and then simplifying gives
IMdo =

(
1− udo

1− ido

)
Nx

o

[(
σ − γdo
σtdo

)
αCd

(tdoµwoτdo)
1−σ

P 1−σ
d

(
θφ̄σ−1

do

θ − σ + 1

)
+ γdowoδdo

]
φ̄−θ
do . (A57)

We can use φ̄σ−1
do from Eq. (A46) to write
αCd

(tdoµwoτdo)
1−σ

P 1−σ
d

(
θφ̄σ−1

do

θ − σ + 1

)
= σtdo

(
θ

θ − σ + 1

)
woF (κdo) .

Substituting this into the relevant import equation provides
IMdo =

(
1− udo

1− ido

)
Nx

o

[
(σ − γdo)

(
θ

θ − σ + 1

)
+ γdo

woδdo
woF (κdo)

]
woF (κdo) φ̄

−θ
do .

Raising the price index from Eq. (22) to θ and substituting that into the threshold Eq. (18)raised to −θ defined in Eq. (A47) provides
φ̄−θ
do =

(
θ − (σ − 1)

θσ

)
αCd

(
woτdo
ρθd

)−θ

(woF (κdo))
−θ
σ−1 t−µθ

do .

Substitute this expression into φ̄−θ
do in the imports equation to get

IMdo =

(
1− udo

1− ido

)[
(σ − γdo)

(
θ

θ − σ + 1

)
+ γdo

woδdo
woF (κdo)

]
×

(
θ − (σ − 1)

θσ

)
αNx

oCd

(
woτdo
ρθd

)−θ

(woF (κdo))
1− θ

σ−1 t−µθ
do .

Part of this expression can be written as[
(σ − γdo)

(
θ

θ − σ + 1

)
+ γdo

woδdo
woF (κdo)

](
θ − (σ − 1)

θσ

)
= 1− bdo

in which we use Eqs. (4), (17), (A14), and (A15) to write bdo as a function of all
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parameters and endogenous values,
bdo =

γdo (r, λ, β, ξ, η, κdo)

σθ
×
(
θ − woδdo (ξ, η, fdo, ldo, sdo, κdo) (θ − (σ − 1))

woF (r, λ, β, ξ, η, fdo, ldo, hdo, sdo, κdo)

)
. (A58)

Importantly, bdo is not a function of wo because δdo (wo, κdo) and F (wo, κdo) aremultiplicative in the wage so their ratio cancels out the wage. Eq. (A58) is the importmarkdown term that captures the aggregate difference between final and negotiatedprices. It is the same as the expression in Appendix A.14.1 of KM. Substituting themarkdown into the import expression completes the derivation of the gravity equationshown in Eq. (23) of the main text.
A.3.4 Tariff elasticity

A.3.4.1 Tariff elasticity with Pareto and selectionTo derive the tariff elasticity in our model use Eq. (23) to form the ratio
IMdo

IMdd

=

(
1− udo

1− ido

)
(1− bdo)N

x
o (woτdo)

−θ (woFdo)
−( θ

σ−1
−1) t−µθ

do(
1− udd

1− idd

)
(1− bdd)Nx

d (wdτdd)
−θ (wdFdd)

−( θ
σ−1

−1) t−µθ
dd

, (A59)
in which α, Cd, and ρd are both in the numerator and denominator and therefore cancelin the ratio. Denote the tariff elasticity for any importer d and any pair of exporters o ̸= dand o′ ̸= d as

∂ ln (IMdo/IMdd)

∂ ln (tdo′)
= ζoo

′

d .

This elasticity describes how changing tariffs between destination country d and theorigin country o changes relative imports by country d from country o. It also describeshow changing tariffs between d and a third origin country o′ changes relative imports bycountry d from country o ̸= o′.Take logs and differentiate Eq. (A59) with respect to ln (tdo′) and use the result from
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Eq. (A41) plus definitions from Eqs. (18) and (A58) and that θ + θ
σ−1

= µθ to get:

ζoo
′

d =



−µθ +

(
udo

1− ido

)
(1− η)

∂ ln (κdo)

∂ ln (tdo′)
−
(

udd

1− idd

)
(1− η)

∂ ln (κdd)

∂ ln (tdo′)

+
∂ ln (1− bdo (κdo))

∂ ln (tdo′)
− ∂ ln (1− bdd (κdd))

∂ ln (tdo′)

+
∂ ln (Nx

o /N
x
d )

∂ ln (tdo′)
− (µθ − 1)

∂ ln (wo/wd)

∂ ln (tdo′)

−
(

θ
σ−1 − 1

) ∂ ln (Fdo (κdo) /Fdd (κdd))

∂ ln (tdo′)
if o′ = o,

(
udo

1− ido

)
(1− η)

∂ ln (κdo)

∂ ln (tdo′)
−
(

udd

1− idd

)
(1− η)

∂ ln (κdd)

∂ ln (tdo′)

+
∂ ln (1− bdo (κdo))

∂ ln (tdo′)
− ∂ ln (1− bdd (κdd))

∂ ln (tdo′)

+
∂ ln (Nx

o /N
x
d )

∂ ln (tdo′)
− (µθ − 1)

∂ ln (wo/wd)

∂ ln (tdo′)

−
(

θ
σ−1 − 1

) ∂ ln (Fdo (κdo) /Fdd (κdd))

∂ ln (tdo′)
if o′ ̸= o.

(A60)

There are two interesting restrictions for Eq. (A60) that generate the same tariffelasticity. The first case is when search frictions exist but matching rates are exogenous(constant market tightness, κdo ∀do). Because κdo is constant, any derivative of κdo is zero.Exogenous matching rates can be accomplished by setting the matching elasticity, η = 1.The second case is when there are no search frictions. KM prove that there are no searchfrictions in the do market if and only if cdo → 0, which implies that κdo → ∞ and
1− udo/ (1− ido) → 1. Under either of these restrictions that η = 1 or cdo = 0∀do, Eq.(A60) becomes

ζoo
′

d =



−µθ +
∂ ln (Nx

o /N
x
d )

∂ ln (tdo′)

− (µθ − 1)
∂ ln (wo/wd)

∂ ln (tdo′)
if o′ = o,

∂ ln (Nx
o /N

x
d )

∂ ln (tdo′)

− (µθ − 1)
∂ ln (wo/wd)

∂ ln (tdo′)
if o′ ̸= o.

(A61)

Importantly, even without the effects of search frictions, the tariff elasticity is a functionof the equilibrium wages and the numbers of varieties.To remove the effect that relative wages have on the tariff elasticity, assume either ahomogeneous freely traded good as in Chaney (2008) or that country d has a laborendowment that is small relative to the origin country o, as in Gros (1987). In the lattercase, the ratio Ld/Lo → 0 implying that wo/wd → 0 and ∂ ln (wo/wd) /∂ ln (tdo′) → 0 as
Lo → ∞ for fixed wd, as proved in Appendix A.4.3.6.Adding the restriction that the relative number of varieties, No/Nd, is constant means
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that Eq. (A61) simplifies to
ζoo

′

d =


−µθ if o′ = o,

0 if o′ ̸= o.

(A62)
A.3.4.2 Tariff elasticity with Pareto productivity but without selectionImportantly, homogeneous firms is a sufficient, but not necessary, way to ensure thatthere is no selection into exporting. A different sufficient condition for no selection is toensure that the threshold from Eq. (18) is equal to or lower than the minimum of thePareto productivity distribution given in Section 2.1.3, which is one. More formally, thereis no selection when the effective entry cost in Eq. (17) satisfies

µ1−σ
(α
σ

)
Cd

(
woτdo
Pd

)1−σ

t
µ(1−σ)
do ≥ woF (κdo) ⇒ 1 ≥ φ̄do. (A63)

Consider an economy that always satisfies Eq. (A63) and has fdo = ldo = sdo = 0 sothat δdo = 0 from Eq. (A14) and then Eq. (17) becomes
F (κdo) =

(
1 +

r + λ

βκdoχ (κdo)

)
hdo.

With these restrictions, the gravity equation from Eq. (A57) becomes
IMdo =

(
1− udo

1− ido

)
Nx

o

(
σ − γdo
σtdo

)
αCd

(tdoµwoτdo)
1−σ

P 1−σ
d

(
θ

θ − σ + 1

)
. (A64)

Because δdo = 0, Eq. (A58) becomes
1− b (κdo) =

σ − γdo
σ

.

We use this and the other parameter restrictions to write the gravity equation with searchfrictions and without selection as
IMdo =

(
1− udo

1− ido

)
(1− bdo (κdo))αN

x
oCd

(µwoτdo)
1−σ t−σ

do

P 1−σ
d

(
θ

θ − σ + 1

)
. (A65)

Using this equation, we form the ratio of gravity equations without selection as
IMdo

IMdd

=

(
1− udo

1− ido

)
(1− bdo (κdo))N

x
o (woτdo)

1−σ t−σ
do(

1− udd

1− idd

)
(1− bdd (κdd))Nx

d (wdτdd)
1−σ t−σ

dd

, (A66)
in which α, Cd, Pd, and a few parameters are both in the numerator and denominator andtherefore cancel in the ratio. Taking logs and differentiating Eq. (A66) with respect to
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ln (tdo′) gives

ζoo
′

d =


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+
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+
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+
∂ ln (1− bdo (κdo))

∂ ln (tdo′)
− ∂ ln (1− bdd (κdd))

∂ ln (tdo′)

+
∂ ln (Nx

o /N
x
d )

∂ ln (tdo′)
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∂ ln (wo/wd)

∂ ln (tdo′)
if o′ ̸= o.

(A67)

As in Eq. (A60), there are two interesting restrictions for Eq. (A67) that generate thesame tariff elasticity. The first case is when search frictions exist but matching rates areexogenous (constant market tightness, κdo ∀do). Because κdo is constant, any derivative of
κdo is zero. Exogenous matching rates can be accomplished by setting the matchingelasticity, η = 1. The second case is when there are no search frictions. Krolikowski andMcCallum (2021) prove that there are no search frictions in the do market if and only if
cdo → 0, which implies that κdo → ∞ and 1− udo/ (1− ido) → 1.Under either of these restrictions on η or cdo∀do, Eq. (A67) becomes

ζoo
′

d =


−σ +

∂ ln (Nx
o /N

x
d )

∂ ln (tdo′)
− (σ − 1)

∂ ln (wo/wd)

∂ ln (tdo′)
if o′ = o,

∂ ln (Nx
o /N

x
d )

∂ ln (tdo′)
− (σ − 1)

∂ ln (wo/wd)

∂ ln (tdo′)
if o′ ̸= o.

(A68)

Importantly, even with exogenous matching rates or without search frictions, the tariffelasticity is a function of the equilibrium wages and the numbers of varieties. To removethe effect that relative wages have on the tariff elasticity take the same steps as Eq. (A61)and assume that country d has a labor endowment that is small relative to the origincountry o, such that the ratio Ld/Lo → 0. Adding the restriction that the relative numberof varieties, No/Nd, is constant means that Eq. (A67) simplifies to
ζoo

′

d =


−σ if o′ = o,

0 if o′ ̸= o.

(A69)
A.3.5 Consumption is after-tariff imports evaluated at final sales pricesThe value of consumption of the differentiated good in the do market is defined as theintegral over all varieties, φ, of the value of qdo (φ) units evaluated at final sales prices,
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pdo (φ):
Cdo =

(
1− udo

1− ido

)
Nx

o

∫ ∞

φ̄do

pdo (φ) qdo (φ) dG (φ) . (A70)
A shortcut to evaluating the integral in Eq. (A70) uses the fact that the value of imports inEq. (A54) is a similar expression, but integrates ndo (φ) qdo (φ) rather than pdo (φ) qdo (φ).As such, to evaluate the right side of Eq. (A70), set γdo = 0 and multiply by tdo so that theintegrand of Eq. (A70) is pdo (φ) qdo (φ) = tdondo (φ) qdo (φ). These two steps imply thatconsumption takes the same form as imports in Eq. (23), but with two changes. First,setting γdo = 0 implies that bdo = 0 in Eq. (A58). Second, we should add one to theexponent on tariffs, tdo. This yields the desired result

Cdo =

(
1− udo

1− ido

)
αNx

oCd

(
woτdo
ρd

)−θ

(woFdo)
−( θ

σ−1
−1) t1−µθ

do . (A71)
Eq. (A71) is analogous to Eq. (26) in Krolikowski and McCallum (2021) but differs in thatthis new expression includes tariffs whereas the expression in Krolikowski and McCallum(2021) did not. Comparing Eqs. (23) and (A71) implies that

Cdo =
tdoIMdo

1− bdo
. (A72)

We also show that
Cdo = PdoQdo. (A73)Plugging in Eq. (2) into Eq. (1b) and using the definition of the price index from Eq. (A3)yields

Qdo = αCd
P−σ
do

P 1−σ
d

. (A74)
Also from Eq. (2), we obtain

pdo (ω) qdo (ω) = αCd
pdo (ω)

1−σ

P 1−σ
d

. (A75)
Integrating both sides of this equation over the set ω ∈ Ωdo yields

Cdo = αCd
P 1−σ
do

P 1−σ
d

= PdoαCd
P−σ
do

P 1−σ
d

= PdoQdo, (A76)
in which we use Eq. (A74).
A.3.6 ProfitsIn this appendix, we present five ownership structures for the profits earned byretailers and producers. Importantly, we assume that these alternative ownershipstructures do not affect optimal behavior of firms but rather only the apportionment ofprofits.First, we discuss ownership of firms by location: Consumers in country d own retailersand producers in country d. Second, we discuss upstream (backward) vertical integration:
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Consumers in country d own retailers in country d and they own producers in thepotentially many origin countries that produce for country d. Third, we discussdownstream (forward) vertical integration: Consumers in country d own producers incountry d and they own the retailers that sell these goods in potentially many countries.Fourth, we discuss that consumers in country d own wdLd shares of a global mutual fundthat owns all retailers and producers as in Chaney (2008). The mutual fund redistributesprofits derived anywhere proportionally to each country in the form of π dividends pershare. Fifth, we discuss an inverted ownership structure in which consumers in country down the producers that source country d and the retailers that sell country d goods. Weimplement 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 otherstructures.
A.3.6.1 Profits attributed by locationAssume that consumers in country d own retailers and producers in country d. Thisassumption implies that total profits in country d are profits from retailers in country dselling products from potentially many origin k markets and profits from producers incountry d selling to potentially many other markets k markets, in which k = 1, . . . , D.Retailer profits in country d can then be calculated from the retailer profits from eachvariety, which are

πr
do (φ) = pdo (φ) qdo (φ)− tdondo (φ) qdo (φ) . (A77)Integrating Eq. (A77) over varieties gives retailer profits earned in country d from sellingproducts sourced from origin country o,

Πr
do = Cdo − tdoIMdo =

(
1− udo

1− ido

)
Nx

o

∫
φ̄do

πr
do (φ) dG (φ) . (A78)

Total profits from retailers in country d selling products from potentially many origin kmarkets is then
Πr

d =
∑
k

Πr
dk =

∑
k

Cdk −
∑
k

tdkIMdk. (A79)
Producer profits for each variety are,

πp
do (φ) = ndo (φ) qdo (φ)− v (qdo, wo, τdo, φ) . (A80)

Integrating Eq. (A80) over varieties gives producer profits earned in country d fromselling products from origin country o,
Πp

do = IMdo − Φv
do =

(
1− udo

1− ido

)
Nx

k

∫
φ̄do

πp
do (φ) dG (φ) , (A81)

in which Φv
do is the variable production costs paid by producers in o that are makingproducts for destination d defined in Eq. (A104d). Total profits from producers in country

d selling to potentially many other markets k markets is then
Πp

d =
∑
k

Πp
kd =

∑
k

IMkd −
∑
k

Φv
kd =

∑
k

IMkd −
∑
k

Ckd

µtkd
=
∑
k

IMkd − Φv
d. (A82)
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in which we use the definition of Φv
do from Eq. (A105). Under this location-basedownership structure, total flow variable profits earned in d are therefore the sum of Eqs.(A79) and (A82)

Πd = Πr
d +Πp

d =
∑
k

Πr
dk +

∑
k

Πp
kd =

∑
k

Cdk −
∑
k

tdkIMdk +
∑
k

IMkd −
∑
k

Ckd

µtkd
. (A83)

Notice that Πr
d and Πp

d sum over different country indices so further simplification is notpossible.
A.3.6.2 Upstream vertical integrationAssume that consumers in country d own retailers in country d and also own all theproducers in the potentially many origin k markets that serve market d. This assumptionimplies that total profits in country d are profits from retailers in country d sellingproducts from potentially many origin k markets and profits that producers in k countriesearn from selling to country d but not other countries, in which k = 1, . . . , D.This upstream vertically-integrated ownership structure and the location-basedownership structure in Appendix A.3.6.1 imply the same retailer profits defined in Eq.(A79).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
Πp

d =
∑D

k=1Π
p
kd using Eq. (A81). In contrast, upstream vertically-integrated profits sumacross origin countries with fixed destination country at d so that Πp

d =
∑D

k=1 Π
p
dk and alsouse Eq. (A81). Because the summing index, dk, for retailers’ and producers’ profits is thesame under vertically-integrated ownership, total profits are

Πd = Πr
d +Πp

d =
∑
k

Πr
dk +

∑
k

Πp
dk =

∑
k

Cdk −
∑
k

tdkIMdk +
∑
k

IMdk −
∑
k

Cdk

µtdk
. (A84)

which simplifies to
Πd =

∑
k

(
1− 1

µtdk

)
Cdk +

∑
k

(1− tdk) IMdk =
∑
k

(
1− 1

µtdk

)
Cdk −Gd, (A85)

in which Gd is defined in Eq. (28).One could alternatively derive Eq. (A85) by adding Eqs. (A77) and (A80) to get theprofits of vertically integrated retailers and producers of each variety,
πv
do (φ) = pdo (φ) qdo (φ)− tdondo (φ) qdo (φ) + ndo (φ) qdo (φ)− v (qdo, wo, τdo, φ) , (A86)

and then integrating over varieties and summing over countries.
A.3.6.3 Downstream vertical integrationAssume that consumers in country d own producers in country d and that they ownthe retailers that sell these goods in potentially many countries. This assumption impliesthat total profits in country d are profits from retailers in country k selling productssourced from country d and profits that producers in country d earn from selling toretailers in country k, in which k = 1, . . . , D.
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This downstream vertically-integrated ownership structure and the location-basedownership structure in Appendix A.3.6.1 imply the same producer profits defined in Eq.(A79).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
Πr

d =
∑D

k=1Π
r
dk using Eq. (A78). In contrast, downstream vertically-integrated profits sumacross destination countries with a fixed origin country at d so that Πr

d =
∑D

k=1 Π
r
kd andalso use Eq. (A78). Because the summing index, kd, for retailers’ and producers’ profits isthe same under downstream vertically-integrated ownership, total profits are

Πd = Πr
d +Πp

d =
∑
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Πr
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Πp
kd =

∑
k

Ckd −
∑
k

tkdIMkd +
∑
k

IMkd −
∑
k

Ckd

µtkd
. (A87)

which simplifies to
Πd =

∑
k

(
1− 1

µtkd

)
Ckd +

∑
k

(1− tkd) IMkd. (A88)
A.3.6.4 Inverted ownership structureAssume that consumers in country d own producers in country k that source country dand that they own retailers in country k selling products sourced from country d, in which
k = 1, . . . , D. As before, we can use Eq. (A78) and sum over kd and Eq. (A81) and sumover dk to obtain
Πd = Πr

d +Πp
d =

∑
k

Πr
kd +

∑
k

Πp
dk =

∑
k

Ckd −
∑
k

tkdIMkd +
∑
k

IMdk −
∑
k

Cdk

µtdk
. (A89)

A.3.6.5 The global mutual fundAssume that all retailers and producers are owned by a global mutual fund thatcollects all variable profits and rebates them to consumers. Global profits can beexpressed in many ways. One way is to sum Eq. (A85) across all countries d to,
Π =

∑
d

∑
o

Cdo −
∑
d

∑
o

Cdo

µtdo
−
∑
d

Gd = αC −
∑
d

∑
o

Cdo

µtdo
−G (A90)

in which C =
∑

d Cd is global consumption and G =
∑

dGd is global governmentexpenditure. It is useful to apportion Π to each country as a constant share of laborincome so that
Πd = wdLd

Π∑
d wdLd

= wdLdπ, (A91)
in which

π =
Π∑

d wdLd

. (A92)
Notice that the dividend per unit value of labor, π, is proportional to the value of theglobal labor endowment and constant across countries. This definition matches Chaney(2008) Eq. (6) adjusted to include tariffs.
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A.3.6.6 Profits with balanced tradeWe show that the various ownership structures described in Appendixes A.3.6.1 toA.3.6.4 are identical in our model if search frictions are removed and trade is balanced.First, notice that retailer profits in a model without search frictions are zero. Inparticular, without search, Cdo = tdoIMdo so that Eq. (A78) implies Πr
do = 0 ∀d, o.Second, we show that if search frictions are removed then ∑k Π

p
dk =

∑
k Π

p
kd if andonly if trade is balanced. Notice that Eq. (A105) implies that∑

k

Πp
dk =

∑
k

IMdk −
Cdk

µtdk
=

(
1− 1

µ

)∑
k

IMdk. (A93)
Similarly, ∑

k

Πp
kd =

(
1− 1

µ

)∑
k

IMkd. (A94)
Inspection of Eqs. (A93) and (A94) suggests that∑

k

Πp
dk =

∑
k

Πp
kd ⇐⇒

∑
k

IMdk =
∑
k

IMkd, (A95)
in which the latter is balanced trade, i.e. NXd = 0.Finally, we show that the various ownership structures in Appendixes A.3.6.1 toA.3.6.4 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. (A83) inAppendix A.3.6.1 implies that total profits in country d are given by

Πd =
∑
k

Πp
dk. (A96)

Similarly, profits in Appendix A.3.6.2, A.3.6.3, and A.3.6.4, are given by Eqs. (A84),(A87), and (A89), and are ∑k Π
p
dk, ∑k Π

p
kd, and ∑k Π

p
dk, respectively. Eq. (A95) impliesthat all four of these profit expressions are identical if we impose trade balance becausesumming producer profits over the kd indexes is the same as summing over dk.

A.3.7 Expenditure approach to accountingIn the National Income and Product Accounts (NIPA), gross domestic product (GDP)can be measured in three ways: 1) as the sum of goods and services sold to final users(expenditure approach), 2) as the sum of income payments and other costs incurred in theproduction of goods and services (income approach), 3) and as the sum of the valueadded at each stage of production. This appendix, together with Appendices A.3.8 andA.3.9, will explain how we use equating the income and expenditure approaches to definethe resource constraint for consumers and solve for the equilibrium in our model.The expenditure approach sums personal consumption expenditures, Cd, gross privatefixed investment, Id, government consumption expenditures, Gd, net exports of goods andservices, NXd, change in private inventories, and government gross investment. Ourmodel only has the first four of these components. Moreover, in our model, personalconsumption expenditure includes government consumption expenditure because final
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sales prices include the import tariff (Eq. 12). As such,
GDPd = Cd + Id +NXd. (A97)

Each additive term of the expenditure approach is discussed in detail in the followingsections. Because the government runs a balanced budget, government expenditure isexactly equal to government revenue from Appendix A.3.8.2.
A.3.7.1 Personal consumptionConsumption expenditure, Cd, is the total resources devoted to consumption evaluatedat final consumer prices, defined in Eq. (26), and can be written as

Cd = pd (1) qd (1) +
∑
k

Cdk, (A98)
in which consumption of the homogeneous good is pd (1) qd and consumption of thedifferentiated varieties consumed in d but produced in o is given by Eq. (A70).
A.3.7.2 InvestmentInvestment expenditure, Id, is the value of resources devoted to creating producers, Ied ,to creating retailer-producer relationships, Ird , and to paying for the per-period fixed costsof production, Ifd , given by

Id = Ied + Ird + Ifd , (A99)in which
Ied = Nx

dwde
x
d, (A100a)

Ird =
∑
k

κdkudkN
x
kwdcdk +

∑
k

ukdN
x
d (wdlkd + wdskdκkdχ (κkd)) , and (A100b)

Ifd =
∑
k

(1− ukd − ikd)N
x
dwdfkd. (A100c)

We define investment costs as those that must be paid before producing the first unit ofoutput and that do not scale with output.
A.3.7.3 Net exportsDefine net exports as

NXd = EXd − IMd =
∑
k

IMkd −
∑
k

IMdk, (A101)
in which imports by destination d from origin o are given by Eq. (A54).
A.3.8 Income approach to accountingThe income approach sums compensation of employees, wdLd, income from taxes orsubsidies on production and imports, Td, net operating surplus, Πnos

d , and consumption offixed capital (depreciation). Our model only has the first three of these components sothat
GDId = wdLd + Td +Πnos

d . (A102)
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Government tax income equals government expenditure in our model (Eq. A107) becausewe assume the government runs a balanced budget.
A.3.8.1 Wage incomeWage income, wdLd, is derived from creating producers, Φe

d, the formation ofrelationships, Φr
d, fixed, Φf

d , and variable, Φv
d, costs of heterogeneous goods production,and the variables costs of homogeneous goods production, wdqd (1) given by

wdLd = Φe
d + Φr

d + Φf
d + Φv

d + wdqd (1) , (A103)
in which

Φe
d = Nx

dwde
x
d, (A104a)

Φr
d =

∑
k

κdkudkN
x
kwdcdk +

∑
k

ukdN
x
d (wdlkd + wdskdκkdχ (κkd)) , (A104b)

Φf
d =

∑
k

(1− ukd − ikd)N
x
dwdfkd, and (A104c)

Φv
d =

∑
k

Φv
kd =

∑
k

(
1− ukd

1− ikd

)
Nx

d

∫
φ̄kd

v (qkd, wd, τkd, φ) dG (φ) . (A104d)
With free entry of retailers as we assume, there can be no retailer entry cost in addition tosearch cost wocod as shown in KM. As such, the cost of creating retailers is the same as thecost of forming relationships, ∑k κdkudkN

x
kwdcdk.Using variable costs from Eq. (5), optimal final sales price from Eq. (12) written as

pdo (φ) /tdoµ = woτdoφ
−1, and demand from Eq. (2) we can write

Φv
do =

Cdo

µtdo
=

(
1− udo

1− ido

)
Nx

o

∫
φ̄do

v (qdo, wo, τdo, φ) dG (φ) . (A105)
Dividing Eq. (A105) by wd and summing across k destination markets gives

Φv
d

wd

=
∑
k

Φv
kd

wd

=
∑
k

Ckd

µwdtkd
=
∑
k

(
1− ukd

1− ikd

)
Nx

d

∫
φ̄kd

qkd (φ) τkdφ
−1dG (φ)

which is one of the three additive terms in labor demand from Eq. (29).Comparing investment, Id, from Eq. (26) to Eq. (A104), we see that,
Id = Φe

d + Φr
d + Φf

d providing another additive term from labor demand. The final term isjust the labor used to produce the homogeneous good. As such, Eq. (A103) is just arestatement of equilibrium labor market clearing from Eq. (29).
A.3.8.2 Government incomeWe assume that retailers in the do market pay a tariff, tdo − 1, on the value of importeddifferentiated goods, ndo (φ) qdo (φ). Integrating over all the products and summing overall the origin countries yields total government tax income

Td =
D∑

k=1

Tdk =
D∑

k=1

(
1− udk

1− idk

)
Nx

k

∫ ∞

φ̄dk

(tdk − 1)ndk (φ) qdk (φ) dG (φ) . (A106)
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In Eq. (26) we set
Td = Gd. (A107)Notice that when tdk = 1∀k then Td = 0 because there are no import tariffs or subsidies.We define the value of total imports, IMdo, in Appendix A.3.3 (Eq. A54). It is trivial toshow that government tax revenue in the do market is given by

Tdo = (tdo − 1) IMdo, (A108)
which restates Eq. (A55) with Gdo = Tdo. Similarly, because Cdo = tdoIMdo/ (1− bdo), asshown in Appendix A.3.5,

Tdo =
(1− bdo) (tdo − 1)

tdo
Cdo, (A109)

with bdo defined in Eq. (A58).
A.3.8.3 Profit incomeWe present details about profit income in Appendix A.3.6.
A.3.9 Income equals expenditureIn order to solve the model, we equate national output using the income andexpenditure approaches:

wdLd + Td +Πnos
d = Cd + Id +NXd. (A110)

First, government cancels from each side because of Eq. (A107). Using Eqs. (A103) and(A99) we can write
Φe

d + Φr
d + Φf

d + Φv
d + wdqd (1) +Gd +Πnos

d = Cd + Ied + Ird + Ifd +NXd. (A111)
By inspection, Φe

d = Ied , Φr
d = Ird , and Φr

f = Ifd , leaving
Φv

d + wdqd (1) +Gd +Πnos
d = Cd +NXd. (A112)

Using the fact that total consumption is the sum of homogeneous and differentiated goodsconsumption from Eq. (A98) and the fact that pd (1) = wd,∀d from Section 2.1.3,
Φv

d +Gd +Πnos
d =

∑
k

Cdk +NXd. (A113)
Using the definition for NXd from Eq. (A101), moving Φv

d to the right-hand side, andadding and subtracting ∑k tdkIMdk gives
Gd +Πnos

d =
∑
k

Cdk +
∑
k

IMkd −
∑
k

IMdk − Φv
d +

∑
k

tdkIMdk −
∑
k

tdkIMdk, (A114)
which simplifies to

Gd +Πnos
d =

∑
k

Cdk −
∑
k

tdkIMdk +
∑
k

IMkd − Φv
d +

∑
k

(tdk − 1) IMdk. (A115)
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Using the definitions of location-based retailer and producer profits from Eqs. (A79) and(A82) and the definition of government revenue from Eq. (28) we can write
Gd +Πnos

d =
∑
k

Πr
dk +

∑
k

Πp
kd +Gd. (A116)

This means that GDP = GDI using the location based definition of profits from AppendixA.3.6.1 and when profits include government tariff revenue (because profits are omittedfrom retailer profits). This makes sense because GDP and GDI are constrained to measurethe value of income and expenditure within the geographical borders of a country, whichis consistent with the location-based profit accounting but not the vertically-integratedownership structure of Appendix A.3.6.2.
A.3.10 Labor market clearing country by countryWages are determined endogenously in each country by setting labor demand equal tolabor supply. Labor demand is given by Eq. (29). The cost to create firms, pay fixed costs,and form matches are included in the investment term, Id. Demand for qd (1) is given byEq. (2), in which pd (1) = wd. Labor demand also includes all labor used to produce thedifferentiated goods for the domestic and all foreign markets. Rearranging Eq. (A31) gives

pod (φ) qod (φ)

µwdtod
= qod (φ) τodφ

−1, (A117)
which implies that the labor used to produce the differentiated good can be written as,(

1− uod

1− iod

)
Nx

d

∫
φ̄od

qod (φ) τodφ
−1dG (φ) =

Cod

µwdtod
. (A118)

Using these facts, Eq. (29) can be written as
LDd =

Id
wd

+
(1− α)Cd

wd

+
1

µ

∑
o

Cod

wdtod
.

Because labor is immobile and the homogeneous good is not traded, the equilibrium wagein country d is determined by equating labor demand, LDd, with labor supply, Ld, andthen re-arranging slightly:
wd =

Id + (1− α)Cd +
1

µ

∑
o

Cod

tod
Ld

. (A119)
We choose country o’s wage to be the numeraire so that wo = 1.
A.4 Steady-state general equilibrium

A.4.1 Defining the equilibriumWe discuss how we derive the four equilibrium constraints in Eq. (30). First, wederive Eq. (30b) by using the free-entry condition (Eq. 19) and substituting in forretailers’ value on the right hand side with Eq. (A22), in which Vdo = 0, and then using
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the definition of retailer profit in Eq. (A78). Sometimes it is useful to rewrite Eq. (19) as
κdo =

(
1

r + λ

)
(λ+ κdoχ (κdo))

(
1

wdcdoNx
o

)
Πr

do, (A120)
in which we used χ (κdo) = ξκ−η

do and [1− udo/ (1− ido)]
−1 = (λ+ κdoχ (κdo) /κdoχ (κdo)).Second, Eq. (30c) is simply Eq. (18). Third, Eq. (30d) combines the expenditureapproach to national accounting (Eq. 26) with the income approach to nationalaccounting (Eq. 27). Fourth, Eq. (30e) is simply Eq. (A119).

A.4.2 Nesting trade models without search frictionsOur model nests trade models without search frictions if retailers’ search costs arezero, cdo = 0, ∀do, among other restrictions. The main difference between our model’sequilibrium definition and the definitions in trade models without search is that weintroduce market tightness, kdo. When search costs are zero, free entry into productvacancies leads to infinite market tightness and instantaneous matching for producers.Instantaneous matching implies that all producers are matched (Eq. 20), as in a standardtrade model without search frictions.In particular, our model exactly reproduces Chaney (2008) if retailers’ search costs arezero, we make the same assumptions about the homogeneous good as he does, we assumethe same profit redistribution (Appendix A.3.6.5), we assume that the number ofproducers is proportional to consumption (Nx
o = Co/ (1 + π)) and that there are no tariffs(Gd = 0∀d), and we make the same parameter value restrictions that he does(tdo = sdo = hdo = exd = 0, ∀d, and, ∀o). We demonstrate this equivalence by showing thatall equilibrium equations are the same. If retailers’ search costs are zero, market tightnessis infinite and the negotiated price (Eq. 14) attains the final sales price if tdo = 1, ∀do,which is given by Eq. (12). There is, in effect, no intermediate retailer; producers selltheir goods directly to the final consumer at price pdo. Instant contacts for producersimply that the effective entry cost (Eq. 17) equals the fixed cost of production,

Fdo = wofdo, and our threshold productivity expression (Eq. 18) coincides with Chaney(2008, Eq. 7). With no search costs and Gd = 0, Eq. (26) implies that Yd = Cd + Id and theonly investment expenditure is the fixed cost of production. Using Eq. (27), total incomeis given by Yd = (1 + π)wdLd, which also matches Chaney (2008, Eq. 9). Assumptionsabout the homogeneous good as in Chaney (2008) would imply that wd = 1 ∀d and theper-capita dividend is determined by Eq. (A92), as shown in KM. With the sameequations defining the equilibrium variables, our ideal price index (Eq. 22) and gravityequation (Eq. 23) would coincide with Eqs. 8 and 10, respectively, in Chaney (2008).
A.4.3 A graphical depiction of the model: Proposition 1We detail the shape of each line in Fig. 1, described in Section 2.4.2. For eachsub-figure, the equilibrium values of other endogenous variables are taken as given. Thismaterial borrows heavily from KM, Appendix A.13.
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A.4.3.1 Final sales price and negotiated quantityFirst, we characterize the marginal cost curve in Fig. 1a. Differentiate the variable costequation to get marginal cost:
∂v (qdo, wo, τdo, φ)

∂qdo
= woτdoφ

−1, (A121)
which is independent of qdo so is a horizontal line in (qdo (φ) , pdo (φ)) space.Second, we characterize the demand curve and the marginal revenue curves in Fig. 1a.Begin with the demand curve for a differentiated variety (Eq. 2) and solve for inversedemand, pdo (φ) = qdo (φ)

−1/σ (αCd/P
1−σ
d

)1/σ, which is downward sloping because
∂pdo (φ)

∂qdo (φ)
= − 1

σ
qdo (φ)

− 1
σ
−1

(
αCd

P 1−σ
d

)1/σ

< 0.

The second derivative is positive, which means the curve is convex and bowed into theorigin. Marginal revenue is given by
pdo (qdo) +

∂pdo (qdo)

∂qdo
qdo =

(
σ − 1

σ

)(
αCd

P 1−σ
d

) 1
σ

qdo (φ)
− 1

σ , (A122)
which is also downward sloping. Furthermore, the marginal revenue curve always liesunder the demand curve because (σ − 1) /σ < 1. Bargaining over quantity implies thatthe equilibrium quantity exchanged within matches equates retailers’ marginal revenuefrom consumers (Eq. A122) with the marginal production cost (Eq. A121) times tariffs, asshown in Appendix A.2.2, Eq. (A24). The resulting equilibrium price is Eq. (12) in themain text.Notice that we are guaranteed existence and uniqueness of p∗do (φ) and q∗do (φ) in thismarket. This result follows because the marginal revenue curve is downward sloping withvalues ranging from ∞ to zero and the marginal cost curve is horizontal at some positivevalue. Furthermore, for any variety above the threshold productivity, φ̄do, this figure,along with parameter restrictions such as σ > 1, τdo ≥ 1, and tdo ≥ 0, and the equilibriumvalues for other endogenous variables, like wo, ensures that p∗do (φ) > 0 and q∗do (φ) > 0.
A.4.3.2 Negotiated price for one goodThird, we characterize the negotiated price curve in Fig. 1b. Begin with the negotiatedprice (Eq. 14) and re-arrange to obtain:

ndo =
pdo
tdo

+ (r + λ) (1− β)
[
r + λ+ βξκ1−η

do

]−1

v (qdo, wo, τdo, φ) + wofdo − woldo −
pdoqdo
tdo

qdo

 , (A123)
in which we have assumed that sdo = 0 and that the retailer contact rate comes from thematching function (Eq. 4). Fig. 1b uses our baseline calibration and does not require that
sdo = 0, but these proofs do. We differentiate this expression with respect to κdo
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∂ndo

∂κdo
= − (r + λ) (1− β)(

r + λ+ βξκ1−η
do

)2 βξ (1− η)κ−η
do

v (qdo, wo, τdo, φ) + wofdo − woldo −
pdoqdo
tdo

qdo

 ,

which is positive. This derivative shows that the negotiated price slopes up in
(κdo, ndo (φ)) space. As κdo → 0 this derivative tends to ∞ and as κdo → ∞ this derivativetends to 0. The second derivative is negative so the negotiated price curve is concave.The intercept of Eq. (A123) if κdo = 0 is

ndo (φ) = β
pdo
tdo

+ (1− β)

[
v (qdo, wo, τdo, φ) + wofdo − woldo

qdo

]
.

The value of Eq. (14) as κdo → ∞ is
ndo =

pdo
tdo

,

which recovers the final sales price in the Melitz (2003) model, but with tariffs.Fourth, we characterize the vertical market tightness line in Fig. 1b. Inspecting thefree entry condition for retailers (Eq. 19) suggests that the negotiated price of a singleinfinitesimal producer does not affect goods-market tightness. As such, the markettightness is a vertical line in (κdo, ndo (φ)) space. The market tightness is taken from Fig.1d.Notice that we are guaranteed existence and uniqueness of n∗
do (φ) in this market.Consider inverting Eq. (A123) so that κdo = κdo (ndo). We know that this function will alsohave positive derivative for all ndo. We also know that if

ndo (φ) = β (pdo/tdo) + (1− β) (v (qdo, wo, τdo, φ) + wofdo − woldo) /qdo, then κdo = 0, and if
ndo → pdo then κdo → ∞. As such, this function crosses κ∗

do ≥ 0 once.
A.4.3.3 Producer thresholdFifth, we characterize the threshold productivity curve in Fig. 1c. Differentiate theproducer threshold expression (Eq. 18) with respect to consumption to obtain

∂φ̄do

∂Cd

= − σ

(σ − 1)2

(σ
α

) 1
σ−1

(
woτdo
Pd

)
(woF (κdo))

1
σ−1 tµdoC

−µ
d ,

which is negative so this line is sloped down. The second derivative is positive so this lineis convex and bowed in toward the origin.Sixth, equilibrium aggregate consumption is determined in Fig. 1e so we take it asgiven for this figure and depict it with a vertical line.Notice that we are guaranteed existence and uniqueness of φ̄∗
do in this market.Consider inverting Eq. (18) so that Cd = Cd (φ̄do). We know that this function will alsohave negative derivative for all φ̄do. We also know that if φ̄do → 0, then Cd → ∞, and if

φ̄do → ∞, then Cd → 0. As such, this function crosses C∗
d ≥ 0 once.
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A.4.3.4 Retailers’ expected negotiated cost and market tightnessSeventh, we characterize mean imports in Fig. 1d. Begin with the negotiated price (Eq.14), multiply by equilibrium quantity qdo, and take an expectation to obtain:
E [ndoqdo] =

∫
φ̄do

pdoqdo

tdo
+

(r + λ) (1− β)

r + λ+ βξκ1−η
do

[
v (qdo, wo, τdo, φ) + wofdo − woldo −

pdoqdo

tdo

]
dG (φ) , (A124)

in which we have assumed that sdo = 0 and that the retailer contact rate comes from thematching function (Eq. 4) and the expectation is taken over productivity. Fig. 1d uses ourbaseline calibration and does not require that sdo = 0 but these proofs do. Wedifferentiate this expression with respect to κdo,
∂E [ndoqdo]

∂κdo
=

∫
φ̄do

−
(r + λ) (1− β)(

r + λ+ βξκ1−η
do

)2
βξ (1− η)κ−η

do

[
v (qdo, wo, τdo, φ) + wofdo − woldo −

pdoqdo

tdo

]
dG (φ) ,

which is positive. As κdo → 0 this derivative tends to ∞ and as κdo → ∞ this derivativetends to 0. The second derivative is negative so the mean imports curve is concave.The intercept of Eq. (A124) when κdo = 0 is
E [ndoqdo] =

∫
φ̄do

β
pdoqdo
tdo

+ (1− β) [v (qdo, wo, τdo, φ) + wofdo − woldo] dG (φ) .(A125)
As κdo → ∞ this equation converges to

E [ndoqdo] =

∫
φ̄do

pdoqdo
tdo

dG (φ) ,

which recovers the Melitz (2003) model, but with tariffs. Computing the relevantintegrals implies that Eq. (A124) can be written as
E [ndoqdo] =

Cdo

tdo

(
1− udo

1− ido

)
Nx

o

+
(r + λ) (1− β)

r + λ+ βξκ1−η
do

wofdo − woldo −
Cdo

tdoσ

(
1− udo

1− ido

)
Nx

o


in which all terms but κdo are taken as given for the graph in (κdo,Eφ [ndoqdo]) space.Eighth, we characterize the retailers’ free entry curve in Fig. 1d. Begin with the entrycondition (Eq. 19), plug in for Mdo (φ) from Appendix A.4.1, the retailer contact rate fromthe matching function (Eq. 4), and solve for the expected negotiated cost to get:

E [ndoqdo] =
1

tdo

∫
φ̄do

pdo (φ) qdo (φ) dG (φ)− 1

tdo
(r + λ)

κη
dowdcdo

ξ
, (A126)

in which all terms but κdo are the equilibrium values for the graph in (κdo,Eφ [ndoqdo])space.Eq. (A126) is negatively sloped with the derivative tending to −∞ as κdo → 0 and thederivative tending to 0 as κdo → ∞. The second derivative is positive so that the line is



33 KROLIKOWSKI AND MCCALLUM: TARIFFS AND GOODS-MARKET FRICTIONS

convex and bowed in toward the origin. The intercept of Eq. (A126) when κdo = 0 is
E [ndoqdo] =

∫
φ̄do

pdo (φ) qdo (φ)

tdo
dG (φ) , (A127)

which is taken as given in this figure. The intercept when E [ndoqdo] = 0 is
κdo =

[
ξ
∫
φ̄do

pdo (φ) qdo (φ) dG (φ)

wdcdo (r + λ)

]1
η
.

Notice that we are guaranteed existence and uniqueness of E [ndoqdo]
∗ and κ∗

do. This isbecause the intercept when κdo = 0 of the entry condition is given by Eq. (A125) and theintercept of the expected cost curve is given by Eq. (A127). We know that the former islarger than the latter and we know that the entry condition slopes down and the expectedcost curve slopes up.
A.4.3.5 Goods market clearingNinth, we characterize the consumption curve in Fig. 1e. Using the expenditure andincome approaches to national accounting (Appendices A.3.7 and A.3.8) and theexpression for aggregate investment (Eq. 26) we obtain

wd =

1

µ

∑
k

Ckd

tkd
−
∑

k Cdk

Ld − Ĩd
+

Cd

Ld − Ĩd
, (A128)

in which Ĩd = Id/wd is not a function of wd because investment can be written as wd timesthe labor used for investment. As such, the consumption curve is linear in (Cd, wd) space.The slope of this curve is positive because labor market clearing (Eq. A119) implies that
Ld ≥ Ĩd. Notice that ∑k Cdk = Cd if α = 1, but that term comes from profits, Πd, and isdetermined elsewhere, so should not be susbtituted into this equation.Tenth, the equilibrium wage is determined in Fig. 1f so we take it as given for thisfigure and depict it with a horizontal line.Notice that we are guaranteed existence and uniqueness of C∗

d . Eq. (A129) impliesthat the intercept of Eq. (A128) is below the equilibrium wage. As such, the consumptionand wage curves are guaranteed to cross because the consumption curve has positiveslope and the wage curve is horizontal.
A.4.3.6 Labor market clearingEleventh, we characterize the labor demand curve in Fig. 1f. Solving Eq. (29) for thewage yields

wd =

(1− α)Cd +
1

µ

∑
o

Cod

tod
LDd − Ĩd

, (A129)
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in which Id = wdĨd so that Ĩd is investment in units of labor
Ĩd = Nx

d e
x
d +

D∑
k=1

κdkudkN
x
k cdk +ukdN

x
d (lkd + skdκkdχ (κkd))+ (1− ukd − ikd)N

x
d fkd. (A130)

The derivative of Eq. (A129) with respect to labor demand is
∂wd

∂LDd

= −
(1− α)Cd +

1

µ

∑
o

Cod

tod(
LDd − Ĩd

)2 < 0. (A131)
The second derivative of Eq. (A129) is positive, ∂2wd/∂LD

2
d > 0. Because the wage mustalways be weakly positive in any equilibrium, wd ≥ 0, and because of the signs of the firstand second derivatives, Ld → ∞ implies wd → 0. Finally, labor supply is fixed at eachcountry’s labor endowment, and depicted as a vertical line in Fig. 1f.Notice that we are guaranteed existence and uniqueness of w∗

d. Consider inverting Eq.(A129) so that LDd = LDd (wd). We know that this function will also have negativederivative for all wd. We also know that if wd → 0, then LDd → ∞, and if wd → ∞, then
Cd → Ĩd. Eq. (A119) implies that Ld ≥ Ĩd. As such, this function crosses L∗

d once.We also prove that as labor supply in a country tends to infinity, the elasticity of thewage with respect to tariffs tends to zero. This result will be useful when we discuss asmall open economy, as in Appendix A.3.4. Eq. (A129) defines a function from R2 to R,
wd (Ld, tdo). According to the mean value theorem, there exits a point d ∈ [tdo, t

′
do] on theline segment from (Ld, tdo) to (Ld, t

′
do) such that

wd (Ld, t
′
do)− wd (Ld, tdo) =

∂wd (Ld, d)

∂tdo
(t′do − tdo) .

Taking the limit of both sides gives
lim

Ld→∞
wd (Ld, t

′
do)− lim

Ld→∞
wd (Ld, tdo) = lim

Ld→∞

∂wd (Ld, d)

∂tdo
(t′do − tdo) .

The left side of this equation tends to zero and therefore
lim

Ld→∞

∂wd (Ld, d)

∂tdo
= 0. (A132)
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B Optimal unilateral uniform import tariffs

B.1 Deriving aggregate welfare

B.1.1 Deriving current value aggregate welfareHere we outline the steps to show that the indirect utility function (welfare) is Cd/Ξd,in which Cd is total consumption expenditure, p is the vector of prices for each good, and
Ξd is the ideal price index. Assume that preferences are homothetic, which is defined inMas-Colell, Whinston, and Green (1995), Section 3.B.6, page 45. This means that they canbe represented by a utility function that is homogeneous of degree one in quantities andthat 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

Wd (p, Cd) = Wd (p, 1)Cd

Wd (p, e (p, u)) = Wd (p, 1) e (p, u)

u = Wd (p, 1) e (p, u)

1 = Wd (p, 1) e (p, 1)
1

e (p, 1)
= Wd (p, 1) ,

in which the first line comes from homothetic preferences; the second line follows byplugging in for consumption expenditure Cd = e (p, u); the third line comes from Eq.(3.E.1) in MWG that says Wd (p, e (p, u)) = u (also known as duality); and in the fourthline we plug in for utility level u = 1. The function e (p, u) is the consumption expenditurefunction that solves the expenditure minimization problem. Using this result and the factthat the price index is defined as e (p, 1) ≡ Ξd we can show that
Wd (p, Cd) = Wd (p, 1)Cd =

1

e (p, 1)
Cd =

Cd

Ξd

. (B133)
Hence, as long as preferences are homothetic, we will always get welfare equal toconsumption expenditure divided by the price index, Wd (p, Y ) = Cd/Ξd.We can prove this result directly in our setting. Plugging the optimal quantities in Eq.(2) into the utility function in Eq. (1) yields:
U (qd (1) , qd (φ)) =

(
(1− α)Cd

pd (1)

)1−α(
αCd

P 1−σ
d

)α
[

O∑
k=1

(
1− udk

1− idk

)
Nx

k

∫
φ̄dk

pdk (φ)
1−σ

dG (φ)

]α( σ
σ−1 )

.

(B134)Use Eq. (A42) to obtain
P−ασ
d =

[
O∑

k=1

(
1− udk

1− idk

)
Nx

k

∫ ∞

φ̄dk

pdk (φ)
1−σ dG (φ)

]α( σ
σ−1)

. (B135)
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Plugging this expression into Eq. (B134) and rearranging yields
U (qd (1) , qd (φ)) =

Cd(
pd (1)

1− α

)1−α(
Pd

α

)α . (B136)
The right hand side of this expression is Cd/Ξd, in which Ξd is defined in Eq. (A4).
B.1.2 Deriving present value aggregate welfareAppendix A.1.1 shows that consumer demand is the same when solving a dynamicdiscounting or static consumer problem. Because there is no asset to transfer resourcesacross time, writing demand, consumption, price indexes, and other equations as afunction of time is superfluous. This fact implies that welfare (indirect utility) for thedynamic problem is ∫ ∞

0

e−rtCd

Ξd

dt =
1

r

Cd

Ξd

, (B137)
which is the discounted welfare for the static problem from Eq. (B133). In other words,Eq. (B137) is present value welfare and Eq. (B133) is current value welfare. Usingpresent versus current value welfare is immaterial for optimal tariffs because r is aconstant parameter. As such, the main text uses current value welfare for simplicity. Thisapproach also makes our model easily comparable to static trade models, such as Melitz(2003) and Chaney (2008).
B.2 Optimal unilateral tariffs with passive trade policies
B.2.1 Optimal uniform tariffs with search frictions: Proposition 2We prove Eq. (34) in Proposition 2 in two steps.
B.2.1.1 The social planner’s solutionThe goal of the social planner in country d is to maximize utility of the representativeconsumer in country d subject to that country’s labor-supply constraint and the offercurve for exports from country o to country d. Formally, this maximization problem canbe written as

max
Qdd,Qdo,Qod

Ud (Qdd, Qdo) (B138a)
subject to:

Qdo ≤ Qdo (Qod) (B138b)
Ld = Ld (Qdd, Qod, κdd, κdo) (B138c)

udo

1− ido
=

λ

λ+ κdoχ (κdo)
, o ∈ {o, d} . (B138d)

Computing and rearranging first order conditions from (B138) yields(
∂Ld (Qdd, Qod)

∂Qod

)
(
∂Ld (Qdd, Qod)

∂Qdd

) =

(
∂Ud (Qdd, Qdo)

∂Qdo

)
(
∂Ud (Qdd, Qdo)

∂Qdd

) (∂Qdo (Qod)

∂Qod

)
. (B139)
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The marginal rate of transformation, MRTod, and marginal rate of substitution, MRSdo,are given by
MRTod =

∂Ld (Qdd, Qod) /∂Qod

∂Ld (Qdd, Qod) /∂Qdd

(B140a) MRSdo =
∂Ud (Qdd, Qdo) /∂Qdo

∂Ud (Qdd, Qdo) /∂Qdd

. (B140b)
Substitute these definitions into Eq. (B139) and use the fact that partials of Eq. (B138b)are the same as totals because it is only a function of one variable to get

1

MRTod/MRSdo

=
1

dQdo (Qod) /dQod

. (B141)
Next, multiply and divide the right side of Eq. (B141) by Qod/Qdo to get

1

MRTod/MRSdo

=
Qod/Qdo

Hdo

, (B142)
in which Hdo = d lnQdo (Qod) /d lnQod is the elasticity of the offer curve for exports from oto d. Importantly, none of the steps used to derive Eq. (B142) rely on prices, equilibriumconditions, or any assumptions about country o’s behavior other than the fact that theoffer curve is given by (B138b).Define the negotiated price index, N̄do, and the aggregate terms of trade in country d(the price of exports from d over the price of imports from o) respectively as

N̄doQdo = IMdo (B143a) Tdo (Qdo, Qod) =
N̄od (Qod)

N̄do (Qod, Qdo)
. (B143b)

Multiply both sides of Eq. (B142) by Eq. (B143b) to get that
Tdo (Qdo, Qod)

MRTod/MRSdo

=

Tdo (Qdo, Qod)
Qod

Qdo

Hdo

. (B144)
If both countries in this two-country setting maximize utility, then trade between themmust be balanced implying that:

1 =
IMod

IMdo

=
N̄od (Qod)Qod

N̄do (Qod, Qdo)Qdo

= Tdo (Qdo, Qod)
Qod

Qdo

. (B145)
Using balanced trade with Eq. (B144) gives

Tdo (Qdo, Qod)

MRTod/MRSdo

=
1

Hdo

, (B146)
which defines the optimal condition for the social planner and corresponds to Eq. (15) inCostinot, Rodríguez-Clare, and Werning (2020).
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B.2.1.2 Optimal uniform tariffsUse the fact that because the competitive equilibrium coincides with the socialplanners solution for consumption, we know that
MRSd

od =
Pdo

Pdd

. (B147)
Use Eqs. (B147) and (B143b) and multiply and divide the left side of Eq. (B146) by
1/
(
N̄od/N̄dd

) and simplify to write the optimal condition as
N̄dd/N̄do(

MRT d
od

N̄od/N̄dd

)
1

Pdo/Pdd

=
1

Hdo

(B148)
Using Eq. (24) in Eq. (B148) and the fact that tax/tariff policies other than tdo are passiveso that tdd = tod = too = 1 implies that Eq. (B148) can be written as

tudo =

(
1− budo
1− budd

)(
MRT d,u

od

N̄u
od/N̄

u
dd

)
1

Hu
do

, (B149)
which is non-negative because (1− budo) / (1− budd) ≥ 0, Hu

do > 0, and MRT d,u
od > 0.

B.2.2 Parameters for numerical examplesWe present the parameter values for the numerical examples in Table A1. The firstcolumn shows the parameters in the model with search frictions and the second columnhas the unit of each parameter. The parametrization assumes that there are 2 symmetriccountries. The only difference between the numerical example with and without searchfrictions is that the model without search has chf = 0.
B.2.3 The inverse of the elasticity of the offer curve: Proposition 3We prove Eq. (36) in Proposition 3. Because all derivations are done using variablesevaluated at the uniform optimal tariff, Eq. (B144) can be used to write the offer curveevaluated at the uniform optimal tariff in equilibrium, which is rewriting trade balance, as

Qod

Qdo (Qod)
=

1

Td (Qdo, Qod)
. (B150)

Taking logs and the total differential of this expression gives
d lnQod − d lnQdo (Qod) = −d lnTd (Qdo, Qod) (B151)

Dividing both sides by d lnQdo (Qod) and simplifying delivers
d lnQod

d lnQdo (Qod)
− 1 = −d lnTd (Qdo, Qod)

d lnQdo (Qod)
(B152)

so that
1

Hdo

=
d lnQod

d lnQdo (Qod)
= 1− d lnTd (Qdo, Qod)

d lnQdo (Qod)
, (B153)
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which relies on the definition of Hdo from Eq. (34b). Using Eqs. (B143b) and (24) gives
d lnTd (Qdo, Qod)

d lnQdo (Qod)
= −d ln (1− bdo) / (1− bod)

d lnQdo (Qod)
+

d ln (Pod/ (Pdo/tdo))

d lnQdo (Qod)
+

d ln (Poo/Poo)

d lnQdo (Qod)
,(B154)in which we have added the last term (equal to 0) to relate the result to CRW.Rearranging this expression provides

d lnTd (Qdo, Qod)

d lnQdo (Qod)
= −d ln ((Pdo/tdo) /Poo)

d lnQdo (Qod)
+

d ln (Pod/Poo)

d lnQdo (Qod)
− d ln (1− bdo) / (1− bod)

d lnQdo (Qod)
,(B155)so

d lnTd (Qdo, Qod)

d lnQdo (Qod)
= −ϵPdo,Qdo

+ ϵPod,Qdo
− ϵBdo,Qdo

, (B156)
in which

ϵuPod,Qdo
=

d ln (P u
od/P

u
oo)

d lnQdo (Qod)
. (B157)

Therefore, Eq. (B153) implies that the inverse of the elasticity of the offer curve is
1

Hdo

= 1 + ϵPdo,Qdo
− ϵPod,Qdo

+ ϵBdo,Qdo
. (B158)

Notice that
ϵPod,Qdo

=
d ln (Pod/Poo)

d lnQdo (Qod)
=

d ln (MRSo
do)

d lnQdo (Qod)
=

d ln (Qod/Qoo)
− 1

σ

d lnQdo (Qod)
(B159)

because
MRSo

do =
∂Uo (Qoo, Qod) /∂Qod

∂Uo (Qoo, Qod) /∂Qoo

=

(
Qod

Qoo

)− 1
σ (B160)

so
ϵPod,Qdo

= − 1

σ

1

Hdo

− 1

σ

(
1

xoo

− 1

)
, (B161)

in which we use Eq. (34b) and substituted d lnQoo/d lnQdo (Qod) = − ((1/xoo)− 1) fromEq. (36c). Plugging this into Eq. (B158) and simplifying yields Eq. (36).
B.2.4 Recovering the optimal tariff formula in the model without search frictionsIn the no search model the inverse of the elasticity of the offer curve and the optimaltariff are equal, as discussed in Section 3.2, and ϵBdo,Qdo

= 0 so that Eq. (36) implies
tudo =

1

Hu
do

= 1 + µϵuPdo,Qdo
+

1

(σ − 1)xu
oo

= 1 +
1 + ϵuPdo,Qdo

σxu
oo

(σ − 1)xu
oo

, (B162)
in which ϵPdo,Qdo

equals the EoT because
ϵPdo,Qdo

=
d ln ((Pdo/tdo) /Poo)

d lnQdo (Qod)
=

d lnMRT o
do

d lnQdo (Qod)
. (B163)
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See pg. 2760 for the definition of the EoT in CRW and see Eq. S.F.4 for the relationshipbetween MRT o
do and the ratio of prices.Also notice that

d lnQoo (Qdo)

d lnQdo (Qod)
= (−MRT o

do)
Qdo

Qoo

=

(
−Pdo/tdo

Poo

)
Qdo

Qoo

= −Cdo/tdo
Coo

. (B164)
So Eq. (36c) simplifies to

xoo =
Coo

Coo + Cod

, (B165)
which uses the fact that with no search frictions trade balance implies that tdoCod = Cdobecause IMod = Cod and IMdo = Cdo/tdo. CRW define xoo on pg. 2760 under Eq. 22 as theshare of expenditure on domestic goods by country o. Finally, notice that using theequation for the EoT in footnote 20 of CRW, Eq. (B162) can also be written as

tudo = 1 +
1

[µθ − 1]xu
oo

. (B166)
B.2.5 The price elasticity: Proposition 4We prove Eq. (38) in Proposition 4. Using Pdo from Eq. (A44), the relevant ratio in Eq.(36b) becomes

Pdo/tdo
Poo

=

[(
1− udo

1− ido

)∫∞
φ̄do

(
τdo
φ

)1−σ

dG (φ)

] 1
1−σ

[(
1− uoo

1− ioo

)∫∞
φ̄oo

(
τoo
φ

)1−σ

dG (φ)

] 1
1−σ

, (B167)

in which tdo, Nx
o , µ, and wo cancel out. Next, use the Pareto moment from Eq. (A45) tocompute the integrals of Eq. (B167)

Pdo/tdo
Poo

=

[(
1− udo

1− ido

)
τ 1−σ
do

θφ̄σ−θ−1
do

θ − σ + 1

] 1
1−σ

[(
1− uoo

1− ioo

)
τ 1−σ
oo

θφ̄σ−θ−1
oo

θ − σ + 1

] 1
1−σ

. (B168)
Eqs. (A74) and (18) imply that

φ̄σ−θ−1
do = µσ−1−θσ1+ θ

1−σ (woτdo)
σ−1−θ (woF (κdo))

1+ θ
1−σ t

µ(σ−1−θ)
do

(
P−σ
do

Qdo

)1+ θ
1−σ

. (B169)
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Plug this back into Eq. (B168) and rearrange to obtain
Pdo/tdo
Poo

=

(
τdo
τoo

) θ(σ−1)
σθ−(σ−1)

(
F (κdo)

F (κoo)

) θ−(σ−1)
σθ−(σ−1)

(
Qoo

Qdo

) θ−(σ−1)
σθ−(σ−1)


(
1− uoo

1− ioo

)
(
1− udo

1− ido

)


(σ−1)
σθ−(σ−1)

.

(B170)As such,
ϵPdo,Qdo

=

[
θ − (σ − 1)

σθ − (σ − 1)

] [
d lnQoo (Qdo)

d lnQdo (Qod)
− 1

]
+

[
θ − (σ − 1)

σθ − (σ − 1)

]
d (ln (Fdo/Foo))

d lnQdo (Qod)

+

[
(σ − 1)

σθ − (σ − 1)

] d ln(1− uoo

1− ioo

)
d lnQdo (Qod)

−
[

(σ − 1)

σθ − (σ − 1)

] d ln(1− udo

1− ido

)
d lnQdo (Qod)

Recall that
d ln

(
1− udo

1− ido

)
d lnQdo

=

(
udo

1− ido

)
(1− η)

d lnκdo

d lnQdo

(B171)
so that

ϵPdo,Qdo
= − θ − (σ − 1)

[σθ − (σ − 1)]xoo

+

[
θ − (σ − 1)

σθ − (σ − 1)

] [
d lnFdo

d lnQdo

− d lnFoo

d lnQdo

] (B172)
− (1− η)

[
(σ − 1)

σθ − (σ − 1)

] [(
udo

1− ido

)
d lnκdo

d lnQdo

−
(

uoo

1− ioo

)
d lnκoo

d lnQdo

]
,

in which we use Eq. (36c). Assuming that hoo = −loo, hdo = −ldo, and soo = sdo = 0 so that
Foo and Fdo are parameters and d lnFdo

d lnQdo

=
∂ lnFoo

∂ lnQdo

= 0 yields Eq. (38).Under additional restrictions we show that ϵsPdo,Qdo
≤ ϵnsPdo,Qdo

, in which the ‘‘s’’superscript denotes search and ‘‘ns’’ denotes no search. We argue in Section 3.2 that
d lnκdo/d lnQdo ≥ 0 and d lnκoo/d lnQdo ≤ 0. Now we present an argument that xs

oo ≥ xns
oo .Start with an economy that has no search frictions so that cdo = 0∀do and xoo satisfies Eq.(B165). Now increase search costs in the do market only. We know that these search costsreduce imports to country d from country o because of Eq. (23). Trade balance impliesthat imports to country o from country d also fall. Because country o has passive tradepolicy, lower imports mean lower consumption of differentiated goods in the od market,

Cod, reinforced by an import markdown. As such, if effects on domestic consumption, Coo,are relatively small, this increase in search costs, cdo, imply an increase in the domesticconsumption share in country o.
B.2.6 Offer-curve elasticities in the model with and without searchWe provide a sufficient condition so that the inverse of the elasticity of the offer curvein the model with search frictions is below that in the model without search frictions,
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1/Hs
do ≤ 1/Hns

do . Using Eqs. (36) and (B162) the condition is true if
µϵsPdo,Qdo

+
1

(σ − 1)xs
oo

+ µϵsBdo,Qdo
≤ 1

(σ − 1)xns
oo

+ µϵnsPdo,Qdo
. (B173)

If ϵBdo,Qdo
≈ 0, the sufficient condition becomes

1

(σ − 1)xs
oo

+ µϵsPdo,Qdo
≤ 1

(σ − 1)xns
oo

+ µϵnsPdo,Qdo
. (B174)

We discuss that ϵsPdo,Qdo
≤ ϵnsPdo,Qdo

in Appendix B.2.5, so that the sufficient conditionbecomes
1

(σ − 1)xs,u
oo

≤ 1

(σ − 1)xns,u
oo

, (B175)
and yields:

xs,u
oo ≥ xns,u

oo . (B176)Simply put, if xoo at the optimal tariff is larger in the model with search frictions thanwithout them, that reduces the inverse of the offer-cure elasticity in Eq. (36) and providesadditional incentives to reduce the optimal tariff in Eq. (34).
B.2.7 Optimal tariffs and the tariff elasticityWithout selection and d having a labor endowment that is small relative to the origincountry o, Gros (1987) shows that optimal unilateral tariff is Eq. (B177a), in which
xu
oo (t

u
do) is defined in Eq. (B165) for a model without search frictions. When d is not small,Gros (1987) shows the optimal tariff is Eq. (B177b). With selection and θ as theparameter that governs the Pareto distribution of productivity and d small, Demidova andRodríguez-Clare (2009) shows the optimal tariff is Eq. (B177c). With selection, the sameproductivity assumptions, and when d is not small, Felbermayr, Jung, and Larch (2013)show the optimal tariff is Eq. (B177d).

tudo = 1 +
1

(σ − 1)
, (B177a) tudo = 1 +

1

(σ − 1)xu
oo (t

u
do)

, (B177b)
tudo = 1 +

1

(µθ − 1)
, (B177c) tudo = 1 +

1

(µθ − 1)xu
oo (t

u
do)

. (B177d)
Tariff elasticities fully determine the optimal tariff only when the destination country d issmall. In particular, the tariff elasticity without selection from Eq. (A69), derived inAppendix A.3.4.2, only provides the optimal tariff, Eq. (B177a), when d is small.Likewise, the tariff elasticity with selection from Eq. (A62), derived in Appendix A.3.4.1,only provides the optimal tariff, Eq. (B177c), when d is small. With search frictions, thetariff elasticity (Eq. A60) does not independently determine the optimal tariff in Eq. (34)due to the markdown ratio, among other factors.
B.2.8 Exogenous search frictions and optimal tariffsWe consider a modification to our framework to study optimal tariffs in a model withsearch frictions that delivers a globally efficient decentralized equilibrium. Specifically,we consider a model in which producers’ unmatched rates are taken as given, so that we
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do not endogenize vacancy creation as in Eq. (19). This assumption appears in a vastliterature about labor markets in which unmatched rates are taken as given. Specifically,set the match elasticity in Eq. (4) to one (η = 1) so that producers’ unmatched rates arethe same in every market
κdoχ (κdo) = ξ, (B178)and the matched rates become

1− udo

1− ido
=

ξ

λ+ ξ
. (B179)

To obtain allocative efficiency in our model with search frictions, We also assume thatidle rates, ido, are fixed so that there is no selection. This need arises because theinvestment term in Eq. (29) includes the idle rate. With these assumptions, the economyis otherwise the same as the model considered by Costinot, Rodríguez-Clare, and Werning(2020, p. 2741)—namely that consumers have constant elasticity of substitution (CES)preferences—so that each economy attains allocative efficiency and the decentralizedequilibrium is also globally efficient (Dhingra and Morrow, 2019).In any economy, efficient or not, the optimal tariff is given by Eq. (34). It is easy toshow that Eq. (B178) implies that bdo is a function of only parameters so that
∂ ln (1− budo)

∂ lnQu
do

=
∂ ln (1− buod)

∂ lnQu
do

=
∂ ln (1− buod)

∂ lnQu
od

=
∂ ln (1− budo)

∂ lnQu
od

= 0.

We can also show that
ϵPdo,Qdo

= −
[

θ − (σ − 1)

[σθ − (σ − 1)]xoo

]
in this case, which is the same expression as in the model without search frictions.Therefore, the optimal tariff with exogenous search frictions is

tudo =

(
1− budo
1− budd

)(
1 +

1

[µθ − 1]xu
oo

)
. (B180)

For comparison, the optimal tariff without search frictions is determined by Eq. (B166).Optimal tariffs in the model with exogenous search and without search frictions willdiffer for at least two reasons. First, the ratio of markdowns in Eq. (B180) will in generalnot equal to one in the model with exogenous search, but it is equal to one in the modelwithout search frictions. A sufficient condition for the ratio of the markdowns to equal toone in the model with exogenous search frictions is δdo/Fdo = δod/Fod, which yields:
fdo − ldo − ξsdo

fdo +

(
r + λ

βξ

)
ldo +

(
1 +

r + λ

βξ

)
hdo +

(
r + λ

β

)
sdo

=
fod − lod − ξsod

fod +

(
r + λ

βξ

)
lod +

(
1 +

r + λ

βξ

)
hod +

(
r + λ

β

)
sod

.(B181)

This condition is satisfied if hij = −lij, sij = 0 for ij ∈ {do, od}, fdo = fod, and ldo = lod, or,alternatively, if countries are symmetric. A sufficient condition that is stronger than theformer and weaker than the latter is δdo = δod and Fdo = Fod.Second, the domestic consumption share, xoo (tdo), will differ in the two models if we
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consider large open economies because the equilibria will differ. If country d is a smallopen economy, equal import markdowns in the do and dd markets ensure that the optimaltariff is the same as in Demidova and Rodríguez-Clare (2009) because xu
oo = 1.In short, the optimal tariff is a fixed point that is a function of general equilibriumvariables. These equilibrium variables are affected by the introduction of search frictions,even when the matching rates and idle rates are exogenous, the equilibrium is globallyefficient, and each country attains allocative efficiency.

B.2.9 Efficiency conditionsBrancaccio, Kalouptsidi, Papageorgiou, and Rosaia (2023) derive conditions underwhich the decentralized equilibrium is globally efficient in a related environment withrandom endogenous search between customers and carriers. They derive severalefficiency conditions in Theorem 1 that formalize our discussion in KM, Section 4.6. First,they derive conditions that are like those in Hosios (1990) for carriers and customers thatinternalize congestion and market thickness externalities on both sides of the market (Eqs.22 and 27). These conditions require that the elasticity of the matching function withrespect to searching carriers (customers) in each location must equal carriers’ (customers’)surplus share in that location. Second, they derive a condition that internalizes‘‘composition’’ externalities (Eq. 25), which equalizes the surplus of carriers acrossdifferent types of locations. They write that, ‘‘This logic holds in random search modelswith heterogeneity and it is not specific to the transport problem studied here’’ (pg. 2472).This result affirms that some search models—including ours—have participation andoutput externalities in which Hosios conditions alone will not ensure efficiency.Moreover, we conjecture that conditions similar to the ones in Brancaccio et al. (2023)will guarantee global efficiency of the decentralized equilibrium in our model with searchfrictions.If that conjecture is correct, then the decentralized economy’s efficiency depends onthe bargaining power and the elasticity of the matching function in ways that are wellunderstood. Specifically, if producers’ (firms’) surplus share, β (1− β), is greater (less)than the elasticity of the matching function with respect to unemployment (vacancies), η(1-η), then firms are not compensated enough and the unmatched rate will be inefficientlyhigh in the decentralized equilibrium. The opposite is true if producers’ (firms’) surplusshare is less (greater) than the elasticity of the matching function with respect tounemployment (vacancies). This is the well-known Hosios (1990) result. The conditionthat internalizes composition effects is, in general, not satisfied if wages are determinedby Nash bargain (Mangin and Julien, 2021), regardless of the values for β and η.Alternatively, competitive search models—those in which some agents can post pricesand other agents direct their search to the most attractive alternatives—typically yieldefficient market tightness in the decentralized economy, both in static and dynamicenvironments (Moen, 1997; Acemoglu and Shimer, 1999; Rogerson, Shimer, and Wright,2005).In summary, four distinct approaches would ensure global efficiency in our model.First, impose search frictions with exogenous unmatched and idle rates. Second, have aglobal social planner choose market tightnesses and have country social planners choosetariffs. Third, use the results of Brancaccio et al. (2023, Section II.C.3) and introducevarious taxes—including taxes on every match and on retailers and producers—to
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internalize the externalities we mention above. Fourth, change our model from one withrandom endogenous search and Nash bargaining to one with directed search and priceposting (competitive search).We discuss the first approach in Section 3.3 and Appendix B.2.8. The otherapproaches are material departures from our current framework and are better suited forfuture work. That work can also assess the relationship between allocative efficiency inall countries and global efficiency.
B.3 Nash equilibrium and the Nikaidô-Isoda functionWe can solve for the Nash equilibrium using the Nikaidô-Isoda (NI) function (Nikaidôand Isoda, 1955) given by

Ψ(t, ζ) =
D∑

d=1

Ld (t, ζ)− sup
ˆ⃗td∗,

ˆ⃗
ζd∗

Ld

(
t̂, ζ̂
) , (B182)

in which the Lagrangian, Ld (t, ζ), is written as a function of the exogenous tariffs, t, andexogenous matrix of Lagrange multipliers, ζ, corresponding to all of the constraintsdefined in Eq. (39). The Lagrangian is also a function of the endogenous variables—
κ, φ̄, C⃗, w⃗—that define the economy’s equilibrium, but those are determined by satisfyingthe constraints in Eq. (39) for given values of t and ζ. As such, we do not write out theendogenous variables explicitly in Eq. (B182).Intuitively, each summand of the NI function in Eq. (B182) can be thought of as thedifference in equilibrium welfare for a country d and that country’s best response. Whenthe 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 Ψ(tn, ζn) = 0 because this is when no countrycan benefit by unilaterally changing their tariffs. It is possible to show that Ψ(tn, ζn) = 0is a global maximum because Ψ(t, ζ) ≤ 0.
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C Calibration appendixWe use a calibration strategy similar to that in KM and include the details here. Table1 summarizes the parameters and main sources of identification and Table 2 presents thedata moments and model fit.
C.1 Externally calibrated parametersWe benchmark the producers’ bargaining power, β, at 0.5 Drozd and Nosal (2012);Eaton, Eslava, Jinkins, Krizan, and Tybout (2014); Eaton, Jinkins, Tybout, and Xu (2016).We set the annual interest rate, r, to 5 percent. The average duration of a Chinese andU.S. trading relationship is about one year (Monarch and Schmidt-Eisenlohr, 2018, Fig.9), so we set our separation parameter, λ = 1, because average match duration in themodel is 1/λ. We set the elasticity of substitution between differentiated varieties, σ, tofour, consistent with median estimates in Broda and Weinstein (2006), and implying afinal sales markup over marginal production cost of 33%. We set the Pareto parameter tobe consistent with the firm-size distribution estimate from Axtell (2001) of
1.06 = θ/ (σ − 1), which implies that θ equals 3.18. We normalize the matching efficiency,
ξ, to 1 as in Shimer (2005). Working age populations, Lc and Lu, are taken from totalpopulation of ages 15 to 64 from the World Bank (WB, 2016c,d).Firm endowments, Nx

u Nx
c , are informed by the levels of aggregate consumptions in inChina and the U.S., as reported in the national accounts of each country (BEA, 2016a; WB,2016a; BEA, 2016c; NBSC, 2016b). The normalization value is chosen to express real GDPin trillions of dollars and satisfy purchase power parity of 60 percent between the UnitedStates and China. The iceberg origin parameter, Ao=u, and scale parameter, A, arenormalized to one.We choose domestic taxes, tdd, to match the domestic sales tax in the US and the VATrate in China. We choose import tariffs for China to match the import VAT rate, and wechoose US import tariffs to match the tariff levels plus the domestic sales tax. We choosedistance between and within the countries to match the data. Finally, we set the fractionof consumption expenditure on differentiated goods, α to 1 so that the calibration has nohomogeneous good.

C.2 Intuition for parameter identificationThe search frictions in our model are governed by retailers’ flow search cost, cdo. If thefraction of matched exporters is low, it implies that there are few searching retailers,market tightness is low, and that international search costs are high. Consequently, weuse the fact that 21 percent of Chinese firms export (WB, 2018) and that six percent ofU.S. firms export to China (CB, 2016a,b) to identify cuc and ccu, respectively. Eaton et al.(2014) and Eaton et al. (2016) also use the fraction of firms that export to identify searchmodel parameters. We use manufacturing capacity utilization to inform the level ofdomestic search frictions in goods markets, as in Michaillat and Saez (2015),Petrosky-Nadeau and Wasmer (2017) and Petrosky-Nadeau, Wasmer, and Weil (2018).We target 75 and 74 percent manufacturing capacity utilization in the United States andChina in 2016, respectively, to inform cuu and ccc (FRB, 2020; NBSC, 2016a). We alsoassume that international search costs are larger than domestic search cost so that
cuc ≥ cuu and ccu ≥ ccc. We discuss how we calibrate the elasticity of the matchingfunction, η, in Appendix C.3.
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This observed expected duration is also broadly consistent with survival probabilitiesamong Colombian-U.S. trading relationships (Eaton et al., 2014).We use business failure rates to inform the fixed costs of production, fdo. Fixed costsinform 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 helpsinform the measure of firms in the model that take a productivity draw and do notproduce.Labor share of GDP per working age person informs the wage in the US, and wenormalize the Chinese wage to 11. The difference between consumption and GDP asreported in the national accounts of each country (BEA, 2016b; WB, 2016b; BEA, 2016d;NBSC, 2016c) and the exogenous choice of the number of product varieties, Nx
d , togetherinform the exploration cost exd.

C.3 Calibrating import elasticities with respect to distance and tariffsTo calibrate to import elasticities with respect to distance and tariffs, we must firstderive a log-linear estimating equation implied by our model that matches thespecifications in the literature. Additionally, iceberg costs τdo are not directly observedbut are often modeled as a function of common colonial origin, common language, free orregional trade agreements, and distance Ddo, for example. As such, we parameterizeiceberg costs as
τdo = AAdAoD

a1
do , (C183)in which A, Ad, Ao, and a1 are parameters to be calibrated. Substituting Eq. (C183) intoEq. (23) for τdo, taking logs and collecting similar indices of observation gives

ln (IMdo) = ln
(
αA−θ

)
+ ln

(
Cd

(
Ad

ρd

)−θ
)

+ ln

(
A−θ

o Nx
ow

−θ
o w

−( θ
σ−1

−1)
o

) (C184)
+ ln

(
D−θa1

do

)
+ ln

(
t−µθ
do

)
+ ln

[(
1− udo

1− ido

)
(1− b (σ, θ, γdo, δdo, Fdo))F

−( θ
σ−1

−1)
do

]
.

Because the first three terms in Eq. (C184) are either constant or only vary by destinationor origin, we can simplify notation by writing
ϕ = ln

(
αA−θ

)
, ϕd = ln

(
Cd

(
Ad

ρd

)−θ
)
, and ϕo = ln

(
A−θ

o Nx
o w

−θ
o w

−( θ
σ−1−1)

o

)
. (C185)

Also use Eqs. (20), (17), and (A58) to define the log of the terms that include searchfrictions as
zdo (κdo) = ln

[(
1− udo

1− ido

)
(1− bdo)F

−( θ
σ−1

−1)
do

]
. (C186)

Importantly, the only endogenous variable in Eq. (C186) is κdo. Using Eqs. (C185) and(C186), the log-linear gravity equation from our model, Eq. (C184), can be expressed as,
ln (IMdo) = ϕ+ ϕd + ϕo − θa1 ln (Ddo)− µθ ln (tdo) + zdo (κdo) , (C187)
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which is a restatement of imports in our model and therefore has no error term. If ourmodel is true, then Eq. (C187) provides a1 and fits the data perfectly. Gravity equationestimates in the literature omit search frictions, zdo, and instead estimate a specificationsimilar to:
ln (IMdo) = ϕ+ ϕd + ϕo + ζ1 ln (Ddo) + ζ2 ln (tdo) + εdo, (C188)in which ζ is a constant, ζd and ζo are fixed effects, and εdo is an error term. Omitting zdoresults in biased estimates of the true parameters. We can characterize that bias byestimating
zdo (κdo) = ϕ+ ϕd + ϕo + γ1 ln (Ddo) + γ2 ln (tdo) + ηdo (C189)and then using the omitted variable bias formula (with the true coefficient on the zdo inEq. (C187) being equal to one) to write

E
[
ζ̂1 | Xdo

]
= −θa1 + γ1, and E

[
ζ̂2 | Xdo

]
= −µθ + γ2, (C190)

in which Xdo = (ϕ, ϕd, ϕo, ln (Ddo) , ln (tdo)).Disdier and Head (2008, Table 1) provide a meta analysis of about 1,500 estimate ofthe effect of distance on trade. Head and Mayer (2014, Table 3.4) provide a similaranalysis of 328 estimates. In both papers, those estimates are about −0.9 and so we set
−0.9 = −θa1 + γ̂1, which mostly helps to inform a1. Because θ = 3.18 is externallycalibrated in Table 1, Eq. (C190) imposes a linear relationship between a1 and γ̂1.Fontagné, Guimbard, and Orefice (2022, p. 3) estimate the median elasticity ofimports with respect to tariffs is about −5. As such, we set −5 = −µθ + γ̂2, which mostlyhelps to inform η. Because −µθ = −3.18× (4/3) = −4.24 is externally calibrated in Table1, Eq. (C190) is effectively targeting γ2 = −0.76.To see why the estimates from Eq. (C189) combined with estimates from the literaturehelp to inform η, notice that we can write

γ1 = E
[
(1− η)

(
udo

1− ido

)
d lnκdo

d ln (Ddo)
+

d ln (1− bdo (κdo))

d ln (Ddo)
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− 1
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d lnF (κdo)

d ln (Ddo)
| Xdo
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,

and also,
γ2 = E

[
(1− η)

(
udo

1− ido

)
d lnκdo

d ln (tdo)
+

d ln (1− bdo (κdo))

d ln (tdo)
−
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− 1
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d lnF (κdo)
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| Xdo

]
.

The Ao parameters are informed by the level of imports and domestic production. Forexample, raising the origin fixed effect for country d lowers domestic production incountry d and lowers trade flows, but affects foreign domestic production little.The Ad parameters are informed by the price indexes, Ξd, in each country but do nototherwise affect the model. For the former, notice that Eq. (A43) implies that for country
d, Ad enters the price index in a linear, multiplicative way. As an example of the latter,notice that Eq. (22) implies that ρd is a linear multiplicative function of Ad, so that theratio of τdo/ρd in the gravity equation (Eq. 23) is unaffected because Ad cancels in thenumerator and denominator. We choose Ad so that Ξd = 1000∀d in our baselinecalibration so that we can treat nominal values in billions.
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Fig. A1: Foreign welfare as a function of unilateral home tariffs: Numerical example
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(b) With search costs (chf > 0)

Note: Foreign welfare as a function of Home import tariffs. Fig. A1a plots Foreign welfare as function of theHome import tariff, thf , in the numerical example without search costs, cdo = 0 ∀do. Fig. A1b plots Foreignwelfare as function of the Home import tariff, thf , in the numerical example with search costs, chf > 0 and
cdo = 0 ∀do ̸= hf . Similar to Figs. 2a and 2b but depict Foreign welfare instead of Home welfare. SeeSection 3.2 for further details.
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Fig. A2: Chinese unilateral tariffs and Chinese and U.S. welfare for reduced and baselinesearch frictions
Panel A: Chinese welfare and Chinese unilateral tariffs
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(a) Intl. search costs reduced to domestic levels
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(b) Baseline search costs
Panel B: U.S. welfare and Chinese unilateral tariffs
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(c) Intl. search costs reduced to domestic levels
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(d) Baseline search costs
Note: Fig. A2a (Fig. A2c) plots Chinese (U.S.) welfare as a function of Chinese import tariffs with allparameters as in the baseline but with international search costs reduced to their domestic levels and givenby cuu × 104 = 10.43, ccu × 104 = 15.28, cuc × 104 = 10.43, ccc × 104 = 15.28. Fig. A2b (Fig. A2d) plotsChinese (U.S) welfare as a function of Chinese import tariffs in the baseline calibrated model, as in Table 1.The left vertical axis denotes levels and the right vertical axis denotes the welfare change from observed2016 tariff levels. See Sections 5.1 and 5.2 for further details.
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Panel A: Pure strategy Nash equilibrium
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(a) Intl. search costs reduced to domestic levels
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(b) Baseline search costs
Panel B: U.S. welfare given China sets Nash tariff
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(c) Intl. search costs reduced to domestic levels
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(d) Baseline search costs
Panel C: Chinese welfare given U.S. sets Nash tariff
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(e) Intl. search costs reduced to domestic levels
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(f) Baseline search costsNote: Figs. A3a, A3c, and A3e show results for a calibration in which all parameters are as in the baselinebut with international search costs reduced to their domestic levels and given by cuu × 104 = 10.43,
ccu × 104 = 15.28, cuc × 104 = 10.43, ccc × 104 = 15.28. Figs. A3b, A3d, and A3f show results for ourbaseline calibration, as in Table 1. Panel A shows best responses. Panel B shows U.S. welfare as a functionof U.S. import tariffs. Panel C shows Chinese welfare as a function of Chinese import tariffs. In Panels B andC the other country’s import tariff is set to its respective Nash equilibrium solution. See Sections 5.1 and 5.2for further details.
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Parameter Value Average Unit
Panel A.Producers’ bargaining power (β) 0.50 fractionRisk-free rate (r) 0.05 percentSeparation rate (λ) 1.00 Poisson rateElasticity of substitution (σ) 4.00 elasticityPareto shape parameter (θ) 3.18 unitlessEfficiency of matching function (ξ) 1.00 elasticityLabor endowment in US (Lu × 10−2) 10.00 mn. peopleLabor endowment in CH (Lc × 10−2) 10.00 mn. peopleFirm endowment in US (Nx

u × 10−2) 50.00 mn. varietiesFirm endowment in CH (N c
x × 10−2) 50.00 mn. varietiesIceberg origin US (Ao=u) 1.00 multipleIceberg scale (A) 1.00 multipleUS domestic tax (tuu) 1.00 multipleCH import tariff (tcu) 1.00 multipleUS import tariff (tuc) 1.00 multipleCH domestic tax (tcc) 1.00 multipleInternal distance US to US (Duu) 1.00 kkmDistance to CH from US (Dcu) 10.00 kkmDistance to US from CH (Duc) 10.00 kkmInternal distance CH to CH (Dcc) 1.00 kkm

Panel B.US domestic search cost (cuu × 104) 0.00 0.00 laborCH importers’ search cost (ccu × 104) 0.00 0.00 laborUS importers’ search cost (cuc × 104) 5.00 8.27 laborCH domestic search cost (ccc × 104) 0.00 0.00 laborUS domestic fixed cost (fuu × 104) 23.00 laborUS export fixed cost (fcu × 104) 4.50 laborCH export fixed cost (fuc × 104) 4.50 laborCH domestic fixed cost (fcc × 104) 23.00 laborUS exploration cost (exu) 0.10 laborCH exploration cost (exc ) 0.10 laborIceberg destination US (Ad=u × 10−2) 34.13 multipleIceberg destination CH (Ad=c × 10−2) 34.13 multipleIceberg origin CH (Ao=c) 1.00 multipleIceberg distance (a1) 0.35 elasticityElasticity of matching function (η) 0.50 elasticityNote: Parameters for the numerical examples in Section 3. The ‘‘Value’’ column shows the parameters in themodel with search frictions except for ldo = sdo = hdo = 0 ∀do. The only difference betweenparameterizations in the numerical examples with and without search frictions is that the model withoutsearch has chf = 0. The levels of the retailer search costs, cdo, do not have meaning because they depend onthe normalization of the matching efficiency, ξ, as in Shimer (2005). As such, the ‘‘Average’’ column reportsaverage retailer search costs, cdo/χ (κdo), which have intrinsic meaning. Calibrated parameters of the modelare at annual frequency. ‘‘H’’ stands for Home and ‘‘F’’ stands for Foreign. See Appendix B.2.2 for details.
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