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Abstract

We study unanticipated tariffs on imports of intermediate goods in a setting with firm-to-
firm supply relationships. Firms that produce differentiated products conduct costly searches
for potential input suppliers and negotiate bilateral prices with those that pass a reservation
level of match productivity. Global supply chains are formed in anticipation of free trade.
Once they are in place, the home government surprises with an input tariff. This can lead to
renegotiation with initial suppliers or new search for replacements. We identify circumstances in
which renegotiation generates improvement or deterioration in the terms of trade. The welfare
implications of a tariff are ambiguous in this second-best setting, but plausible parameter values

suggest a welfare loss that rises rapidly at high tariff rates.
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1 Introduction

Intermediate inputs now comprise as much as two thirds of world trade (Johnson and Noguera,
2012). Although firms purchase some of these inputs on anonymous international markets, many
transactions take place within global supply chains. The 2020 World Development Report high-
lights the distinctive features of such supply chains. They derive from technological advances that
make feasible the fragmentation of production processes. They impose non-trivial search costs on
participants, as downstream firms hunt for suitable suppliers and upstream firms seek customers.
They require matching of compatible partners to ensure productive exchanges. They often are
governed by incomplete contracts that give rise to frequent renegotiation. And yet they typically
involve durable relationships, because the sunk nature of search and customization costs impart
“stickiness” to the pairings.!

A burgeoning literature examines firms’ participation in global supply chains, the geography of
international sourcing, the implications of these arrangements for productivity and market struc-
ture, and the persistence and economic significance of firm-to-firm networks.? Yet with just a
few exceptions (that we discuss below), little attention has been paid to how trade policies might
disrupt supply chains and with what implications for consumer prices and welfare. A prominent
feature of the trade policy landscape pre-2018 readily explains this lacuna: in almost all countries,
tariffs and non-tariff barriers were notably escalated, with much greater protection afforded to final
goods than to intermediate inputs. Bown and Crowley (2018, p.20) report, for example, that MFN
tariffs applied by G20 countries to imports of final goods are 70-75% higher than those levied on
imports of intermediate goods. Using the tariff schedules published by the U.S. International Trade
Commission and import data from the U.S. Census Bureau, we calculate that tariff protection ap-
plied to consumption goods in the United States during the period from 2010 to 2017 was more
than four times as high as that applied to intermediate inputs. The average U.S. tariff applied to
imports of intermediate goods was a miniscule 0.9% in 2017.3

But history changed course with the policies introduced by the Trump administration beginning
in 2018, especially those imposed as “special protection” against imports from China. By September
2018, new tariffs levied by the United States covered 82% of intermediate goods imported from
China, but only 29% of final consumer goods and 38% of capital equipment (Bown, 2019a). Under
the phase one trade deal between the two countries that went into effect in early 2020, 93% of
intermediate goods from China continue to be subject to special tariffs (Bown, 2019b).

Figure 1 plots the average tariff rates applied by the United States to imports from China of
intermediate goods and of final goods for the period from 2010 to 2019. To calculate these averages,

we used the MFN tariff schedules reported annually by the U.S. International Trade Commission,

'See also Antas (2020), upon which parts of the World Development Report are based.

?See, for example, Antras and Helpman (2004), Grossman and Rossi-Hansberg (2008), Antras and Chor (2013),
Baldwin and Venables (2013), Halpern et al. (2015), Antras et al. (2017), Bernard and Moxnes (2018), and many
others.

3Excluding oil and petroleum products, the weighted average U.S. tariff on intermediate goods was still only 1.05%
in 2017. See the appendix for details about the data and the averaging.



the tariff data collected by Fajgelbaum et al. (2020) for the early rounds of Trump tariffs, and
the data assembled by Chad Bown for subsequent tariff hikes. We weighted HTS10 tariff rates
by the value share of each category in total U.S. imports from China for the year. As the figure
shows, tariffs on imports of intermediate goods from China rose dramatically with the introduction
of the Trump tariffs from an average of less than three percent in 2017 to almost 24% by the end
of 2019. Those on consumer goods increased as well, but by considerably less. The disruption of
supply chains and the decoupling of integrated production processes were very much a part of the
administration’s intention with these aggressive policies. In fact, in August 2019, President Trump

advised U.S. firms to “immediately start looking for an alternative to China” (Breuninger, 2019).
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Note: Classification into end-use categories based on the United Nation’s Classification by
Broad Economic Categories (4th Revision). Weighted average tariffs use the value of imports
from China in each HTS10 category in 2015 as weights. Further details in the appendix.

Figure 1: Average U.S. Tariffs on Imports from China

Anecdotes abound that reorganization of supply chains indeed took place in response to the
large and unanticipated U.S. tariffs. The business press reported shifts in sourcing away from China
toward Vietnam, Thailand, Indonesia, Malaysia, Cambodia, and others. Relocation of import
supply allegedly was undertaken by companies such as Samsonite, Cisco Systems, Macy’s, Ingersoll-
Rand, and the Fossil Group, and in diverse industries such as electronics, furniture, hand luggage,
and auto parts.?

Slightly less anecdotally, we can adapt the difference-in-difference methodology proposed by
Amiti et al. (2019, 2020) in their investigations of the price and volume effects of the Trump tariffs
to hunt for evidence of supply-chain reorganization in the U.S. trade data. To this end, we use
monthly U.S. customs data for imports of intermediate goods at the HT'S10-country-of-origin level
for the period from January 2016 through October 2019. We regress the log of the value of imports

from China and the log of the value of imports from a group of 13 Asian low-cost countries (LCC)

*See Master et al. (2018), Bloomberg News (2019), Huang (2019), Hufford and Tita (2019), Kawanami and
Shiraishi (2019), Reed (2019), and Soon (2019).



on product fixed effects, month fixed effects, and the log difference between one plus the ad valorem
tariff rate on imports from China and one plus the weighted-average tariff rate on imports from
these other sources.” The results presented in Table 1 provide suggestive evidence of the relocation
of supply chains from China to the other LCCs. Imports of intermediate inputs from China were
significantly lower for goods that experienced large tariff hikes, and imports from the other Asian

countries were correspondingly higher.

Imports from China Imports from 13 LCCs

(1) (2)

Log Ditference in Taritfs -1.609** 0.441*
(0.212) (0.224)

R Squared 0.85 0.84

Obs 110132 110132

Note: Observations are at the HTS10-source-month level for the period Jamuary
2016 to October 2019 and include all products categorized as intermediate goods in
the U.S. Census Bureau’s 5-digit End-Use Code. Regressions include only products
with positive imports from both sources and incorporate product and month fixed
effects. We drop oil imports from our regressions due to the sensitivity of import
values to fluctuations in oil prices. The dependent variable in column 1 is the log of
the value of U.S. imports from China. The dependent variable in column 2 is the log
of the value of combined U.S. imports from the 13 LCCs. The independent variable
is the log difference between one plus the ad valorem tariff rate on imports from
China and one plus the weighted-average ad valorem tariff rate on imports from the
LCCs. The weighted average tariffs use the annual import values in 2017 as weights.
Standard errors are clustered at the HTS8 level. Further details in the appendix.

* and ** indicate significance levels of p < 0.05 and p < 0.01, respectively.

Table 1: Imports of Intermediate Goods from China and 13 Low-Cost Countries

Motivated by these observations, we aim to study the effects of unanticipated input tariffs
on sourcing and pricing in global supply chains. In Section 2, we develop a model of trade in
intermediate inputs that captures many of the defining characteristics of supply chains mentioned
in the 2020 World Development Report. Firms search for partners to form their chains. Search is
costly. Matches vary in productivity. Relationships are governed by short-term contracts that can
be renegotiated at any time. Sunk costs generate stickiness in relationships, but renewed search
occurs in response to some shocks.

The model builds on Venables (1987). There are two sectors, one that produces a homoge-
neous good with labor alone and another that produces differentiated products. Firms enter the
latter sector in anticipation of some initial trade policy, which we take to be one of free trade.
Entrants produce unique varieties by combining labor and a composite intermediate input. The
latter comprises a unit continuum of differentiated inputs in fixed proportions. Each producer can
manufacture the set of inputs it needs using a backstop technology, but we focus on circumstances
in which they prefer to engage input suppliers in a low-wage country. The firms pay search costs

that deliver draws from a known distribution of productivities for each of the inputs they require.

®The thirteen LCCs include Bangladesh, Cambodia, Hong Kong, India, Indonesia, Malaysia, Pakistan, Philippines,
Singapore, Sri Lanka, Taiwan, Thailand, and Vietnam. These are the countries identified by Kearney (2020), in
addition to China, as “traditional offshoring trade partners,” when calculating their annual Reshoring Index. See the
appendix for more detail on the data sources and regression procedures that underlie Table 1.



Once they identify a potential supplier of an input, they learn the productivity of the pairing and
decide whether to negotiate a renewable short-term contract or resume their search for a better
match. When a match is acceptable, the buyer and supplier conduct Nash-in-Nash bargaining (i.e.,
pairwise Nash bargaining that takes other bargaining outcomes as given) that determines the set
of input prices and thus the perceived marginal cost of the composite intermediate good. This and
the wage rate govern the optimal production technique, which yields the minimum unit cost. Con-
sumers demand the differentiated products with a love of variety and producers engage in markup
pricing, as usual, under monopolistic competition with a constant elasticity of substitution between
brands. The model determines the mass of varieties and the prices and quantities of each, along
with the optimal search strategy and the negotiated input prices that reflect the extant trade policy
and the match-specific productivities.

In Section 3, we consider the introduction of small tariffs that were not anticipated at the
time of entry. By “small”, we mean that the tariffs do not alter the ideal destination for search
should firms contemplate replacing any of their initial suppliers. For example, if the supply chains
initially were located in China, then China remains the optimal place for search despite the added
cost of the tariff. If demand for differentiated products is elastic, all initial supply relationships
survive. However, suppliers renegotiate their short-term contracts in the shadow of the tariff.
The renegotiations generate higher ex-factory prices for all inputs and an increase in the cost of
intermediates that is proportionately greater than the tariff rate. The input price hikes reflect the
deterioration of the bargaining position of downstream producers, who find their outside option of
renewed search to be less attractive with the tariff in place. The rise in input prices represents a
deterioration in the home country’s terms of trade.

When demand for the bundle of differentiated products is elastic, tariffs reduce firms’ output
from the sub-optimally low levels caused by markup pricing.% For this familiar reason, they impose
a welfare cost on the home country. We also identify two new elements in the welfare calculus that
are unique to a setting with global supply chains. First, the deterioration in the terms of trade
resulting from renegotiation of supply contracts harms welfare. As we have just noted, the terms
of trade respond to changes in the attractiveness of search, which determines the outside option for
the downstream buyers. These terms-of-trade effects are present even though no new searches take
place. Second, a distortion in the mix of factors used to produce differentiated products results
from the bargaining process, and tariffs alleviate this distortion. All told, we cannot rule out the
possibility of welfare-enhancing tariffs, but we provide sufficient conditions and plausible parameter
values under which welfare falls. Importantly, our analysis implies that the usual welfare analysis
of tariffs is bound to miss important channels when imports take place within supply chains.

Section 4 addresses larger tariffs, those that alter the ideal location for search. The new optimal
search destination might be another low-wage country, if the tariff discriminates against the original

suppliers but exempts other potential sources. The evidence suggests that this has happened in

%Tn the following analysis, we focus on the case of elastic demand for differentiated products. We discuss the case
of inelastic demand in our NBER working paper, Grossman and Helpman (2020).



response to the recent U.S. tariffs on China, which apparently led companies to consider moving
parts of their supply chains to other Asian countries. Alternatively, the new optimal search desti-
nation might be the home country, in which case final producers might choose to “reshore” some
inputs initially sourced from abroad. Some effects of these larger tariffs are analogous to those for
smaller tariffs, but new forces come into play. First, the implications for renegotiation with ongoing
suppliers may be quite different. Whereas with small tariffs and elastic demand there is a positive
relationship between the size of the tariff and the ex-factory price of inputs, the relationship is neg-
ative for a range of tariffs that are large enough to alter the optimal destination for search. With
small tariffs, the incentive for renewed search in the original location diminishes with the size of
the tariff, thereby tilting bargaining power in favor of suppliers. But with larger tariffs, the threat
to search in a new location becomes ever more credible, tilting the renegotiation in the opposite di-
rection. Consequently, we establish a non-monotonic relationship between the size of the tariff and
the terms of trade. Second, tariffs that induce partial relocation of supply chains generate switches
from low-cost to higher-cost sources. When the new destination for search is a different foreign
country, this relocation amounts to Vinerian trade diversion, with the usual adverse implications
for the terms of trade and welfare. The welfare implications are less severe when tariffs induce
reshoring, because the profit losses suffered by downstream producers from higher input prices are
offset by higher profits for upstream firms, which are also a component of home welfare in this case.

In a setting with global supply chains, the welfare analysis of large tariffs can be complex.
Changes in output levels, factor mix, negotiated prices, and search costs all must be taken into
account. Whereas analytical results remain elusive, numerical calculations with plausible parameter
values suggest that 25 percent tariffs on inputs imported through global supply chains impose sizable
welfare losses on the country that levies them and that the losses escalate rapidly at high tariff
rates.

As we noted at the outset, our paper contributes to a small literature on the effects of tariffs
that are applied to intermediate inputs and an even smaller literature that considers trade policy
in the context of global supply chains. The earliest papers on input tariffs focused on effective rates
of protection; see, for example, the various papers collected in Grubel and Johnson (1971). The
effective rate of protection adjusts the nominal tariff on a final good for the cost of tariffs levied on
the imported inputs used to produce that good. Ruffin (1969) and Casas (1973) study second-best
tariffs on intermediate goods in small countries that protect their final producers, while Das (1983)
considered optimal tariffs on intermediate and final goods in a large country, all in neoclassical
settings with perfect competition and constant returns to scale. Blanchard et al. (2021) represents
a more recent effort in this same vein. Using an approach that emphasizes the national origin of
the value-added content of traded goods, they relate the structure of optimal protection to the
sources of value added. Caliendo and Parro (2015) is a well-known paper that brings input tariffs
and input-output linkages to quantitative modeling of multi-country trade so as to conduct welfare
analysis of trade liberalization.

The papers most closely related to ours are by Ornelas and Turner (2008, 2012) and Antras and



Staiger (2012). These authors focus on the hold-up problems that arise when relationship-specific
investments occur with incomplete contracts. Ornelas and Turner (2008) study bilateral relation-
ships in which a foreign supplier must make a relationship-specific investment to sell an input to a
downstream, home producer. Tariffs dampen the foreign firm’s incentive to do so, thereby exacer-
bating the underinvestment problem that results from the incomplete contracting. The endogenous
investment responses make trade flows more sensitive to trade policy than they would be with
conventional, anonymous trade. In Ornelas and Turner (2012), in contrast, specialized inputs are
provided by domestic suppliers, whereas imports offer a more generic alternative. In such a setting,
tariffs reduce the attractiveness of the outside option to the downstream firm and thereby enhance
incentives for relationship-specific investment by the domestic upstream firm. Tariffs on cheap but
generic inputs can improve home welfare by mitigating the hold-up problem.

Antras and Staiger (2012) study a setting with two small countries and a single, homogeneous
good sold at a fixed world price. The producer of the final good is located in the home country,
whereas the input supplier is located abroad. The input must be customized for the buyer, so that
it has no value outside the relationship. Due to incomplete contracting, the terms of exchange
are negotiated after the inputs have been customized and produced. In this setting, the authors
identify the optimal input and output taxes and subsidies and the policies that result from non-
cooperative policy setting in the two countries. Efficiency can be achieved by an input subsidy that
resolves the hold-up problem together with free trade in the final good. But the governments have
unilateral incentives to invoke sub-optimal policies, because the benefits of any subsidy paid by
the home country are shared by firms in the foreign country. As in our model below, trade policy
influences the bilateral negotiations between suppliers and buyers, and thereby impacts the terms
of trade. But the focus on relationship-specific investments, as opposed to search, and the very
different market environment, make the two papers complements rather than substitutes.”

A recent paper by Ornelas et al. (2020) examines the reorganization of supply chains induced
by preferential trading arrangements. As in their earlier work, they focus on relationship-specific
investment in a world of incomplete contracts. Like us, they consider discriminatory trade policies
that can divert trade away from the lowest-cost sources. They allow for matching of buyers with
heterogeneous suppliers, albeit in a frictionless setting that yields globally-efficient pairings and
lacks any stickiness from sunk costs. Their welfare analysis has a second-best flavor similar to ours,
although their inefficiencies arise from a different source, namely the insufficiency of investment
owing to the hold-up problem. Interestingly, a preferential trade agreement might generate welfare
gains in their setting even in the absence of any trade creation.

The remainder of our paper is organized as follows. Section 2 develops our model of global
supply chains with costly search and negotiated input prices. Section 3 analyzes unanticipated
tariffs that do not change the ideal location for supply chains. In Section 4 we study larger tariffs

that render some exempted foreign country or the home market a better place for new searches.

"In an appendix, Antras and Staiger (2012) introduce search costs. But they focus on whether search yields a
match or not, and optimal search determines how many buyers search in each of several foreign markets, not the
intensity of search or the productivity of the resulting matches.



Section 5 concludes.

2 Foreign Sourcing with Search and Bargaining

In this section, we develop a simple model of global supply chains. Firms in a monopolistically
competitive industry combine labor and a composite intermediate good to produce differentiated
products. The intermediate good requires a continuum of inputs in fixed proportions. Each firm
can produce any input it needs using a “backstop” technology or it can search for an external
supplier of that input at home or in its choice of foreign markets. When a firm locates a supplier,
it learns the productivity of the potential match. Then it can bargain with the supplier over a
short-term (but renewable) contract, or it can choose to resume its search. Time is continuous and
the interest rate is equal to the subjective discount rate.

In this section, we characterize an initial, long-run equilibrium. We assume that entry takes
place in anticipation of free trade, although we could just as easily use any fixed tariff rate as the
starting point. In succeeding sections, we introduce small and large tariff shocks and study how

they impact the supply-chain relationships.

2.1 Preferences and Demands

We adapt a familiar model of monopolistic competition from Venables (1987).® A unit mass of
consumers demands a homogeneous good and an array of differentiated products. Preferences are
characterized by

QX,)Y)=Y+U(X),

where Q (X,Y) is the quasi-linear utility of the representative individual, Y is her consumption of
the homogeneous good, and X is an index of consumption of differentiated varieties. We assume

the subutility U (-) has a constant elasticity ¢ greater than one, so that®

U(X):Efl(x%—l), e> 1. (1)

The consumption index takes the familiar form,

o

n o P
X:{/ x(w)vldw} , o> 1,
0

where z (w) is consumption of variety w, n is the measure of varieties available in the home country,

and o is the constant elasticity of substitution between any pair of brands. The corresponding real

¥Specifically, we follow Venables (1987) in assuming that there are two sectors, one that is perfectly competitive
and another that supplies differentiated products under conditions of monopolistic competition. Venables emphasized
the firm delocation that affects welfare in the presence of international transport costs, but here we abstract from
such trade costs.

°In our NBER working paper, Grossman and Helpman (2020), we analyze also the case of inelastic demand for
differentiated products, wherein € < 1.



price index is
1
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where p (w) denotes the per-unit price of brand w.

In order to focus most sharply on the supply chains, we assume that the differentiated final
goods are not tradable; this allows us to ignore the determinants of foreign demand for home
brands.'® The representative home consumer purchases differentiated products up to the point
where U’ (X) = P or X = X (P) = P~¢. Each individual demands variety w as a function of its

price and the aggregate price index according to

pw)]™”
s Pl =) |1 ©
This is also the aggregate demand for variety w, in view of the unit mass of consumers.

The demand for brand w declines, of course, with own price. We want the demand for an
individual brand to be increasing in the price index for competitor brands, so we henceforth assume
that o > €.

2.2 Production

The homogeneous good is produced competitively with labor alone and is freely tradable. By choices
of units and numeraire, one unit of good Y requires one unit of labor and bears a normalized price
of one. This fixes the home wage rate at one in units of the homogeneous good.

Firms in the imperfectly-competitive sector produce unique varieties of the differentiated final
good using labor, ¢, and bundles of a composite intermediate good, m, subject to a constant-
returns-to scale production function z (¢,m). The composite intermediate good comprises a unit
continuum of inputs indexed by j in fixed proportions, with one unit of each input needed for each
unit of the composite.!!

In the main text, we will often invoke a Cobb-Douglas form for the technology for producing

final goods. Then we will refer to

Assumption 1 The marginal cost of any differentiated product takes the form c(¢) = ¢, with
O<a<l.

Here, ¢ represents the cost to the producer of a marginal unit of m. Clearly, ¢ (¢) = ¢* is dual to
a Cobb-Douglas production function with exponents 1 — « and « on ¢ and m, respectively, when

the wage rate is one.

0We could, alternatively, consider a home country that is small in the market for differentiated products, as in, for
example, Demidova and Rodriguez-Clare (2009). They assume that the prices and variety of home products have no
effect on either foreign expenditures on these products nor on the foreign price index. Introducing such fixed export
demand would have little effect on our analysis.

Unasmuch as the input suppliers must be identified through search and they provide match-specific productivity
at a negotiated price, it is immaterial whether the inputs used by different final producers are physically the same or
not, so long as all aspects of the search, matching and bargaining are symmetric across producers.



In addition to variable costs, a firm producing any variety w bears a one-time entry cost of F,
units of home labor, as well as a recurring fixed operating cost of f,. Moreover, it bears a cost of

finding partners for its global supply chain, which we describe in the next section.

2.3 Search

The creation of supply chains requires that producers locate suppliers. The cost of search can be an
important component in the response to changes in trade policy. We suppose that firms can search
for potential suppliers in one or more of several countries, i € {1,...,1}. One value of i represents
the home country, so that producers of differentiated products might seek out domestic outsourcing
relationships. With the symmetry that we impose across inputs, it is always optimal for a firm
to search for all of its suppliers in a single country, although that target country might change
following the imposition of a tariff. With free trade and the other assumptions described below,
the optimal location for any supply chain is the country that has the lowest (efficiency-adjusted)
wage. For now, we take the foreign country A to have the lowest wage, i.e., w4 = min {wy ..., wr}.
All home producers conduct their searches in country A, so we describe the search process without
reference to the ¢ index and write w instead of wa. However, once the home country introduces a
tariff on inputs imported from country A, producers might seek out new suppliers at home or in
some other country (if there is any) that is exempt from the tariff.

Search requires home labor. A firm w seeking a supplier for input j can take a draw from a
cumulative distribution G (-) at a capital cost of F. The realization of this draw, a, reveals the
quality of the match between the producer and the particular supplier. Specifically, a potential
supplier with match-specific (inverse) productivity a can produce a unit of input j for brand w
at a cost of aw. The firm producing w decides whether to negotiate a short-term but renewable
contract to buy input j from the potential supplier or whether to continue its search by taking
another, independent draw from G (-) at an additional cost of F'. For simplicity, we abstract from
the time that may elapse between draws and assume, instead, that all search takes place in an
instant. We assume that g (a) = G’ (a) > 0 for all a € (0,1] and g (a) = 0 for all @ > 1. The firm
producing brand w also has access to an inferior but viable backstop technology for producing every
input j that requires one unit of labor per unit of output. As we shall see, this option—that might
be a fallback in case of a sequence of failed negotiations—proves to be irrelevant to the equilibrium
outcome whenever supply chains form.

The optimal search strategy, as usual, involves a reservation stopping rule.!> Let a be the
reservation level, which the firms choose optimally. Then a firm takes another draw for the input
j if and only if all of its prior draws for that input had inverse match productivities that exceed a.
Ultimately, all of a firm’s suppliers will have inverse productivities in the range [0, a], with densities
given by g (a)/G(a). Given the continuum of inputs and the independence across them, the
search process (plus bargaining) leads to a deterministic cost for a given quantity of the composite

intermediate.

2See, for example, Benkert et al. (2018) for proof that a reservation stopping rule is optimal in this environment.



We can readily calculate the total cost of a firm’s search effort, S (a), as a function of the
stringency of its stopping rule. When a firm takes its first draw, it pays F. Then, with probability
G (a) it achieves at least its reservation level of match productivity, in which case there are no further
search costs. With the remaining probability, 1 —G (a), it encounters a supplier with a > @, in which
case it finds itself facing again a search cost of S (a). It follows that S (a) = F + [1 — G (a)] S (a),

or

F
G(a)

This is the expected capital cost of search for any one input as well as the aggregate cost of search

S (a) =

for the measure one of inputs in the bundle.
As with the cost function, it will prove useful to posit a convenient functional form for G (-). In

the main text, we shall often make use of
Assumption 2 The distribution function G (a) takes the form G (a) = a?, 0 > 1,

where 6 captures (inversely) the spread of productivities in this Pareto distribution.

2.4 Bargaining

In principle, a downstream firm might bargain with its suppliers over both prices and quantities.
However, full efficiency would require a joint negotiation of quantities with all suppliers and this
would be quite impractical with many of them. Instead, we invoke simultaneous but separate
(“Nash-in-Nash”) bargaining; i.e., each negotiation between a buyer and a potential supplier takes
all other bargaining outcomes as given.'® In our setting with a Leontief technology, this takes
bargaining over quantities off the table; once a firm has decided to purchase m units of every input
from its many other suppliers, it has no use for any more than this amount from the individual
supplier with whom it is bargaining, nor can it manage with less without wasting the purchase
of other inputs. Inasmuch as the price of a single input has a negligible effect on the cost of the
bundle, the buyer and each of its suppliers have no conflict over quantity given the outcome of the
other negotiations. Instead, each pair takes m as given and the parties haggle only over price. We
assume Nash bargaining with exogenous weights 3 for the buyer and 1 — 3 for the seller and denote
the agreed price per unit of an input produced with inverse productivity a by p (a).14

The seller has no outside option. Therefore a seller with match productivity a earns a surplus
from the relationship equal to the difference between its revenues p (a) m and its production costs,

wam, considering that the m units of the composite require m units of each of its components.

"3Note that a Stole-Zwiebel (1996) protocol would not yield different results in our setting, because with every
input j essential to production, a failed negotiation would result in a potential supplier being replaced by another,
with negligible impact on the other bargains.

Y4 Technically speaking, there exist many Nash-in-Nash equilibria, because once all other negotiations have generated
a quantity of some M, an individual pair of buyer and supplier has every incentive to agree to this same quantity.
Among the Nash-in-Nash equilibria, we focus on the one most preferred by the buyer, who is the only party engaged
in multiple negotiations. This amounts to the same as allowing the buyer to specify the quantity of each input in
advance of the individal, bilateral negotiations.
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The buyer, in contrast, has two options should the negotiation break down. It can produce input j
using its backstop technology, with a labor coefficient of one and a wage of one. Or it can resume
its search for an alternative supplier. Clearly, the latter option dominates, or else it would not have
begun to search in the first place. Therefore, the outside option for the buyer is the expected cost of
finding a new supplier plus the payment it would expect to make to that supplier. Continued search
engenders an expected capital cost of S (@), or a flow cost of 7S (@), where r is the constant interest
rate, equal to the representative individual’s subjective discount rate. The expected payment to an

alternative supplier is u, (a) m, where

1l@) = g | (g (@ada

is the expected price of an input drawn randomly from the truncated distribution with domain

[0,a]. Thus,
)7 /.

p (a) = arg max (gm — wam Ly (@)m+rS(a) —gm
q

The Nash bargaining solution implies

1= f
p(a) = Bwa+ (1 — ) wp, (a) + "B mG @) (4)
and that 15 f
Hp (@) = wuq (@) + TmG (@)’

where fi, (@) is the conditional mean of a for a < @ and f = rF' is the debt service on the capital
expenditure F'. When the producer follows the same search strategy and bargaining process for all
of its inputs, it pays p, (@) per unit for its composite intermediate good plus the fixed cost of search,
f/G (@). Thus, the total cost of m units of the intermediate good runs to [wua (a) % mé(a) m+
f/G(a) = wp, (@)m + f/BG (a).'> Note that each firm perceives a constant marginal cost of

¢ = wpg (a) for each unit of the composite intermediate good.

2.5 Cost Minimization

To minimize cost, the firm chooses the optimal search strategy a for producing m units of the
intermediate, and the optimal factor mix, m and ¢, for producing x units of its brand. The factor
mix minimizes ¢+ wyg (@) m + f/BG (a), subject to z (¢,m) > x. Notice that the third term in the
minimand is independent of ¢ and m. Evidently, the firm perceives a fixed search cost (including
the fact that the search costs weaken the buyer’s bargaining position) of f/8G (a) and a constant
marginal cost of ¢[1, wu, (@)], where ¢ (+) is the unit cost function dual to z (-). We shall henceforth
suppress the first argument in ¢ (-)—which is the constant, unitary home wage—and write the unit

cost more compactly as ¢(¢), where ¢ = wp, (a) is the perceived marginal cost of a unit of m.

Y Inasmuch as the firm can produce the inputs in-house at a cost of m, outsourcing proceeds if and only if there
exists an a for which wu, (@) + %#@ < 1.
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Shephard’s Lemma then gives us the factor demands, so that m = z¢ and ¢ = x (¢ — wpad).
Turning to the optimal search strategy, the total (flow) cost of m units of the composite inter-
mediate comprises the aggregate payment to suppliers, mpu, (@) = mwp, (@) + (1 — B) f/ [BG (a)],
and the debt service on the capital cost of search, f/G (a). The tradeoff facing each firm is clear.
On the one hand, a more exacting strategy generates a better average match productivity and thus
a lower variable component in the payment to suppliers. On the other hand, a more stringent
search strategy spells higher fixed costs of search and a larger fixed component in the payment
to suppliers. Each firm chooses a to minimize the sum, i.e., a = arg min, [mwpy, (a) + f/BG (a)].

Then, if an interior solution exists, the first-order condition implies
mwpl, (@) = =25 (5)

Noting that y/, (a) = g (a) [a — pq (@)] /G (@), and substituting (5) into (4), we can write the nego-

tiated price of an input with inverse productivity a as

p(a) = fwa+ (1 - pwa, (6)

a weighted average of the supplier’s production cost and the cost of producing the input with the
reservation match productivity.
We can gain further insight into the optimal search strategy by applying Assumption 2. In this

case, [l (@) = 6_%1?1 and g (@) /G (@)* = 0/a’+!. Then, the first-order condition can be written as

a0+ — fO+1)
Bmw

Intuitively, the stopping rule is more tolerant (higher @) when search draws are more costly or
the distribution of productivities is tighter. Search effort is greater (lower a) when the foreign
wage is higher, the scale of production is larger, or the buyers have more bargaining power; in
these situations, the producers have more at stake in the search process. The greater is the search
effort, the lower are the resulting transaction prices of all inputs, per (6). Of course, the scale of
production and the demand for intermediates are endogenous in the full equilibrium, so the total

effect of the parameters f, 8, 8, and w must include the indirect effects that operate through m.

2.6 Profit Maximization and Monopolistically-Competitive Equilibrium

The firms in the differentiated-products sector face a constant elasticity of demand, per (3). They

maximize profits, as usual, by charging a proportional markup over marginal cost,

c(9). (7)

p:a—l
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These prices yield operating profits of

(0 —17" 1o (1-B)f
=X (P)P° T . 8
The first term in (8) is the difference between revenues and variable costs when the marginal cost
of production is ¢ (¢), ¢ = wy, (@) and firms practice the pricing rule in (7) subject to the demands
in (3). The second term represents the sum of ongoing fixed payments to suppliers that result from
the Nash bargains prescribed by (4). The last term in (8) is the recurring, fixed operating cost.

In a symmetric equilibrium, all firms charge the same price, p. Then (2) implies

1

P=n +Tp.

As usual, the index increases linearly with the price of a typical brand, but decreases with the
number of brands. This reflects the “love of variety” inherent in the Dixit-Stiglitz formulation.

Finally, in a monopolistically-competitive equilibrium with free entry, the present value of op-
erating profits matches the fixed costs of entry and of search, or

B f
7To—fe+@a

where f, = rF, denotes the debt service on the one-time entry cost and f/G (a) represents the debt
service on the sunk search costs. Together, the model determines n,z, and p, as in the original
Venables (1987) setting, as well as the demand for intermediates per brand, m, and the search
intensity, a, that result from the formation of supply chains. The equilibrium described in this
section will serve as the initial condition when we study unanticipated tariffs in Sections 3 and 4

below.

2.7 Properties of the Initial Equilibrium

To elucidate some of the properties of the free-trade equilibrium, we invoke Assumptions 1 and 2
that posit common and convenient functional forms for the production function and the distribution
of match productivities.

First, we examine the conditions for an interior optimal stopping rule in the low-wage country;
i.e., when is 0 < @ < 17 For this, we need the second-order condition also to be satisfied at
the a that satisfies (5) and we need the solution for @ to be less than one when m takes on its
equilibrium value. In the appendix, we prove that the second-order condition is satisfied at @ under
Assumptions 1 and 2 if and only if 8 > « (0 — 1). This condition is more likely to be satisfied if
the dispersion of productivities is relatively low (6 high), if output is relatively unresponsive to the
volume of intermediates (« low) and if the differentiated varieties are relatively poor substitutes
for one another. Otherwise, costs may be monotonically increasing with @ and it may be optimal

to search indefinitely despite the prohibitive fixed cost of doing so, because operating profits rise
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even faster than fixed costs as production costs go to zero. To abstract from such an unrealistic

situation, we label for future reference

Assumption 3 When the production function satisfies Assumption 1 and the productivity distri-

bution satisfies Assumption 2, 0 > a (o —1).

We also show in the appendix that, when the second-order condition is satisfied, a higher value of
0 generates a greater cutoff, a. This makes intuitive sense, inasmuch as a less dispersed distribution
of productivities implies a smaller return to search. For 6 sufficiently large, firms take only a single
draw from G (a) and accept any outcome; i.e., @ = 1. An interior value for a thus requires that 6
should be neither too small nor too large.

Under Assumptions 1 and 2, we can solve explicitly for a. We find

o f 0—a(c—-1)
~ fot fe Ba(o-1)

(9)

The right-hand side of (9) is positive under Assumption 3. It is less than one if the cost of search
is not too large compared to the one-time cost of entry and the fixed cost of operation and if the
buyers’ bargaining power is not too low. We henceforth assume parameter values that ensure a < 1.

Using the value of @ in (9), we can solve for the price index P and the number of varieties n
from a system of two equations; see the appendix. As in other models of monopolistic competition,
variety is greater and the price index of differentiated products is lower when the one-time cost of
entry and the fixed cost of operation are small. A lower value of the price index P corresponds to
a higher level of welfare. As for the search costs, a lower value of f also implies a lower equilibrium

price index and greater welfare. The equilibrium number of firms decreases with f.

2.8 Departing from Free Trade

We are now ready to introduce tariffs on imported inputs. We will study tariffs that come as a
surprise to downstream producers who have already formed their supply chains. Once the tariffs
have been implemented, firms expect them to persist indefinitely. Let 7 denote one plus the ad
valorem tariff rate. We assume that 7 is not so large as to induce exit by any of the original
producers. These firms have already borne the sunk costs of entry and search, so they need only
cover their fixed and variable operating costs to remain active. Since m, = f. + f/G (a) > 0 in the
initial equilibrium, there is room for input costs to rise without their causing exit.!6

We distinguish two sizes of tariffs. In the next section, we consider “small” tariffs that do not
alter the preferred location for search by any suppliers, while in Section 4 we study “large” tariffs.
Under free trade, the price distribution of inputs sourced from country A dominates that for any

other country. However, a tariff raises the potential cost of importing from country A. If there

161t is not difficult to extend the analysis to a range of large tariffs that induce exit from the industry. Exit can
happen only when demand for the final good is elastic. In such circumstances, the decline in variety represents an
additional channel for welfare loss that is absent from our analysis; see the appendix for details.
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happens to exist another country B that is exempt from the tariff (including the home country)
such that wp < Twy4, then country B takes over as the destination for all prospective searches once
the tariff is put in place. Thus, small tariffs are those that satisfy 7 < wp /w4 whereas large tariffs

are those such that 7 > wp /w4, for some country B that is not subject to the tariff.

3 Small, Unanticipated Tariffs

In this section, we consider small tariffs that do not alter firms’ preferred location to search for
potential suppliers. We will find that, with elastic demand for differentiated products, profitability
in the industry falls. The tariff induces no entry by new producers and the original producers
perceive a diminished incentive to search. At the initial input prices, firms that were satisfied with
their match under free trade will continue to be so once the tariff shock hits. However, with market
conditions changed, producers have a less credible threat to search intensively for a new partner,
which boosts the suppliers’ relative bargaining position. Nonetheless, and despite the higher input
prices that ensue from renegotiation, no producers elect to revise their supply chains.

We begin in the Section 3.1 by examining the renegotiation that takes place in enduring rela-
tionships under the shadow of a small tariff. Then, in Section 3.2, we establish that the original
producers have no incentive to engage in renewed search to replace their suppliers, even if their
match is relatively unproductive. We also show that there is no room in the small-tariff equilibrium
for profitable entry by new producers. Finally, in Sections 3.3 and 3.4, we examine the effects of

small tariffs on input prices, output prices, and welfare.

3.1 Renegotiation in Enduring Relationships

A small tariff alters the parties’ bargaining positions in two ways. First, it imposes a direct burden
that must be borne by one or both parties. Second, it alters a producer’s optimal search strategy
and thereby its outside options. If the initially agreed price does not exactly balance these new
considerations, then renegotiation generates new terms.

Let p (a,7) denote the renegotiated price that a producer pays to its supplier of some input j
when the inverse match productivity is ¢ and the ad valorem tariff rate is 7 — 1. Upon importing
the input, the producer incurs a customs charge of (7 — 1) p(a,7). The outside option for the
producer is to conduct a new search in country A—with optimal stopping rule a (7)—and to pay
an expected tariff-inclusive price to a new supplier of T, [a (7), 7], where pu,[a (7),7] is the mean
of p(a,7) conditional on a < a (7). The producer’s net benefit from remaining with its original
supplier amounts to 7, [a (1), 7| m (7)+ f/G[a (1)] —7p (a,7) m (7), where m (7) is the quantity of
the composite intermediate good that the firm assembles with the tariff in place. For the supplier,
the surplus is simply the difference between revenue and production cost, or [p(a,7) — wa] m (1),

as before. Therefore, renewed Nash bargaining yields

B

(¢ —wa)'™”?

= argmax |7 al(T),T —f - T
p(a,7) = argmax |7y, [a(7), Hm(T)G[a(T)] q
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which implies that

1-p f
B rm(r)Gla(r)]

pla,7) = Bwa+ (1= B)wpa [a(r)] + (10)

and
1-p f
B tm(r)Gla(r)]

We can find the optimal search strategy as before. A firm that conducts new searches after

ppla(r), 7] = wpaa(r)] +

the small tariff has been introduced will choose a (7) to minimize 7m (7) p, [a (1), 7]+ f/G [a (T)],
the sum of procurement costs and the debt burden imposed by search costs. The new first-order

condition becomes

by J9la(m)]
() a ()] = 5 (1)
which, after rearranging terms, can be written as
a — al(r a(7)| = 7f
wia )~ pa O Ola ()] = 5ot (12)

Note that left-hand side of (12) is increasing in a (7); the derivative is G [a (¢)] > 0. It follows that
a(r) > a if and only if 7m (7) < m; more on the conditions for this below.

Now we can substitute (12) into (10) to derive

pla,7)=pwa+ (1—pF)wa(r). (13)

Evidently, if 8 < 1, all input prices rise in enduring relationships if a (7) > a and all prices fall if
a (1) < a. Only if bargaining power rests entirely with the buyer are the negotiated prices immune
to changes in the outside option. Adjustments in the negotiated prices amount to changes in the

terms of trade, much as in Antras and Staiger (2010) and Ornelas and Turner (2012).

3.2 Replacing Unproductive Suppliers

In response to a tariff, producers might choose to end some of their supply relationships and
recommence search for better matches. If so, they will terminate the relationships that had the worst
initial match productivities. With this strategy in mind, we denote by a. the inverse productivity of
the marginal match, so that producers retain their supply relationships for all inputs with a € [0, a.],
while replacing suppliers with a € (a.,a]. Of course, if a. = a, firms preserve their original global
supply chains in their entirety.

As we noted above, there are two possibilities for the new, optimal search strategy should a
firm choose to re-engage in search. First, a (7) might be (weakly) greater than a, as it will be if
Tm (1) < m. Alternatively, a (7) might be smaller than a, as it will be if 7m (7) > m. In the first
scenario, all existing supply relationships already meet or surpass the reservation level of match

productivity; there is nothing to be gained by resuming search for any of them. In the second
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scenario, there exists a set of inputs for which a € (a.,a]. For all of these, the firms opt to renew
searches until they achieve match productivities at least as good as a (7). In short, each producer
minimizes the cost of procuring m (7) units of every input by setting a. = min{a (7),a}.

To identify circumstances in which supply chains are disturbed by the introduction of a small
tariff, we must examine whether a (7) is ever strictly less than a. To this end, we consider the
marginal cost of a composite intermediate good in the tariff equilibrium. For the fraction of inputs
G (ac) /G (a), the producers retain their initial suppliers. For these inputs, they perceive an average
marginal cost of BTwpg (ac) + (1 — B) Twpg [a (7)], according to (10). For the remaining inputs (if
any), they perceive an average marginal cost of 7w, [a(7)]. The weighted average gives the

marginal cost of m that firms use in making their decisions about production techniques and

consumer prices, which we denote by ¢ (7). After collecting terms, we have!”
G (ac) G (ac) _
= o (ac 1-— o (@’ 14
6" = B runa o) + [1 - 55| Tt a) (14)
and then optimal pricing implies
o
P = (7). (15)
o—1

In Figure 2, the kinked curve labeled M M depicts the relationship between ¢™ and a” implied
by (14) for a particular value of 7, when a. = min{a”,a}. We illustrate for the case of a Pareto
distribution, namely

0 =T A
o = FTwa for a” < (16)
B%Twa +(1-7) eerldeT fora™ > a

Here, we have drawn the curve associated with 7 = 1 (i.e., a tariff rate of zero). Evidently, the
MM curve is piecewise linear with a kink at a.

We can derive a second relationship between ¢7 and a” by using the first-order condition for
a” in (12), the first-order condition for m™ = z7¢ (¢7), the expression for demand for variety w
in (3), and the expression for the price index, P™ = p” (nT)_l/ (e=1), Combining these equations,
using ¢ (1) = a(¢7)* ' and p” = ~27 (¢7)“, and hypothesizing that there is no induced entry of

final producers (i.e., n” = n), we have under Assumptions 1 and 2,

(9 + 1) / — e ( g >_€ a (qsr)a(lfs)fl 7 (17)

wf (@) o1

which we have depicted by the curve NN in Figure 2. The left-hand side of (17) is a decreasing
function of a”, while the right-hand side is a decreasing function of ¢”. Thus, the NN curve is
upward sloping. Under Assumptions 1 and 2, it has a constant elasticity of (6 +1) /[1 —a (1 —¢)].
For 7 = 1, the two curves intersect at a (1) = a and ¢ (1) = [0/ (6 + 1)] wa. When the second-order

'"To reduce notational clutter, we will sometimes write the value of a variable y in the tariff equilibrium as y”. For
example, " = ¢ (7) and a” = a (7).
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Figure 2: Small-Tariff Equilibrium with Elastic Demand for Differentiated Products

condition for a” is satisfied, the slope of NN must be steeper than that of MM at the point of
intersection, as drawn.'®

Now suppose that a positive tariff is introduced, so that 7 rises proportionately by d7/7 =7 > 0
from an initial value of 7 = 1. The figure illustrates the resulting shift in the curves. The M M curve
shifts upward at every point in proportion to 7, with a kink still at a. The NN curve also shifts
upward, but in proportion to [1 4+ « (g — 1)]_1 7 < 7. Therefore, the intersection of the new MM
curve and the new NN curve must come to the right of the kink in the former, which implies that
a” > a. The stopping rule becomes less stringent in this case, because, as we have seen, the benefit
from search is proportional to 7m7, the stake that firms have in finding more productive matches.
When demand for differentiated products is elastic, the derived demand for the intermediate good
declines more than in proportion to 7, so 7m” falls. The search effort follows the change in the
marginal benefit from search. Operating profits fall, but remain positive for small enough 7. The

fall in profits validates our hypothesis of no induced entry.

3.3 Effect of Small Tariffs on Input Prices, Output Prices, and Search

We have just seen that, with elastic demand for differentiated products, a tariff reduces the strin-
gency of optimal search. This implies that the original producers do not replace any of their
initial suppliers. But the extant suppliers insist on renegotiating prices, which, according to (13),
generates a price hike for all inputs in the new Nash bargains.

We can use (11), (12), and (17) to calculate the effect of a small tariff on the marginal cost of

"8The elasticity of the NN curve at @ is (0 + 1) /[1 — a (1 — €)], while that of the steeper branch of the MM curve
isl. But (0+1)/[1 —a(1—¢)] > 1 when o > e and Assumption 3 holds.
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the composite intermediate good. We find

QBT— 9+1—’YT
0+ 14T —4Ta(e — 1)

7>7, (18)

(1-pa”
pa+(1—p)a”
be computed using (10) and the fact that a is distributed on [0,a] according to the truncated

distribution, G (a) /G (a). This gives p” = Pwp, (a) + (1 — f) wa” or

where 7 = and thus 0 < 47 < 1. The average price paid to foreign suppliers can

dp” = (1 - p)wda’.

Finally, markup pricing according to (15), the expression for the price index (2), and a fixed number

of producers imply
; A 0+1—~7
T = ap” = PT = 7. 19
pr=ad 04+1—9"—7"a(e—1) o (19)

Proposition 1 Suppose Assumptions 1-3 hold. Then a small tariff generates no new searches and
no entry, but renegotiation with the original suppliers leads to higher input prices. Consumer prices

rise and the price index rises.

3.4 Welfare Effects of Small Tariffs

Welfare comprises total income (the sum of labor income, dividends paid by firms from their
operating profits net of interest payments, and rebated tariff revenue) plus consumer surplus. We
let V(1) = (7)+T (7)+T (7) represent the sum of the three components of aggregate welfare that
might vary with a small tariff, where II (7) denotes aggregate variable profits net of debt service on
any new capital costs induced by the tariff 7, T' (1) denotes tariff revenue, and I' (7) represents the
aggregate consumer surplus from purchases of differentiated products. In this section, we invoke
Assumptions 1 and 2 to derive explicit expressions for each component of V (7) and then calculate
how aggregate welfare responds to a small but positive tariff in the presence of global supply chains.

When demand for differentiated products is elastic, operating profits for existing produc-
ers fall, firms undertake no novel searches and so bear no new capital costs, and no costly en-
try takes place. Aggregate variable profits net of debt service on new capital costs amount to
II(r) = n(p a™ —7p™m"™ — {7), the difference between revenues and input costs of active firms.
The government collects and rebates tariff revenue of T'(7) = n (7 — 1) p”m” on the nm™ units of
imports by downstream producers at an average price of p”. Consumer surplus can be written as

(1) =U(X") —np™2". Summing these components, we have
V(r)=U(X")—np™m"™ —nl", (20)

the difference between aggregate utility from consuming differentiated products and the real re-

source cost of producing them.
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Differentiating (20), we find

1dvT o aer o . L\dm’ ~dp”
ndT(a—l_l)ch'+<a—1¢ ‘f’> pra (1)

where we have used the fact that firms hire labor and purchase intermediate goods up to the point
at which marginal revenue product of each factor equals its marginal cost. The first term on the
right-hand side of (21) represents the net social benefit that results from a change in labor input in
the differentiated-products sector. Since o/ (¢ — 1) > 1, an increase in employment raises welfare,
all else the same; the monopoly pricing of differentiated varieties drives a positive wedge between
the marginal social product of labor and the market wage. In the Cobb-Douglas case, employment
is proportional to aggregate spending on differentiated products, which falls when demand is elastic.
The induced drop in employment contributes to a decline in aggregate welfare, much as in other
settings with markup pricing.

The second term represents the welfare effect of reduced purchases of intermediate goods. Here,
there are offsetting considerations at work. On the one hand, o/ (0 — 1) > 1 suggests underutil-
itization of intermediate goods, for much the same reason that market-generated employment is
suboptimally low with markup pricing. This adverse effect of a tariff would be present even if
inputs were purchased on anonymous markets. On the other hand, firms base their input demands
on ¢7, the perceived marginal cost of a unit of the composite intermediate good. But for 7 close to
one, ¢7 < p”, where p7 is the average amount actually paid to foreign suppliers for the inputs that
comprise m. The excess of resource cost over perceived marginal cost suggests that firms might
overutilize intermediate goods. A tariff that discourages input usage could actually contribute to
higher welfare in this context, if all else remains constant. This novel effect of the tariff is specific
to settings in which prices are negotiated bilaterally within multi-input supply chains.

How can we understand this potential benefit of a tariff on inputs purchased from supply chains?
We recognize that, if buyers could negotiate collectively with all their suppliers at the same time,
they would agree on a jointly-optimal choice of m and would share the gains from productive ef-
ficiency. But joint negotiations are impractical with large numbers of suppliers. Instead, we have
assumed “Nash-in-Nash” bargaining whereby firms negotiate individually with each of their sup-
pliers, taking the outcome of their other negotiations as given.?’ Buyers cannot discuss separately
with each supplier the choice of m, because the technology requires that all inputs be used in fixed
proportions. Instead, the buyer chooses m unilaterally and negotiates prices for this quantity of
each input. In such circumstances, the downstream firm has an incentive to “overuse” intermediates
in order to enhance its bargaining position vis-a-vis each of its suppliers. From (13) we see that
the price falls with m; therefore, each buyer recognizes that it enjoys monopsony power through
bargaining and sets its input demands accordingly.

Note, however, that the government also has a tool to influence the negotiated prices. From

9See, for example, Helpman and Krugman (1989, pp. 137-145) or Campolmi et al. (2018).
*0For a discussion of the game-theoretic foundations of Nash-in-Nash bargaining, see Collard-Wexler et al. (2019).
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(13), we see that the bargaining outcomes respond to 7m”, the total stake that buyers have in their
negotiations. By introducing a tariff, the government can tilt the bargaining in favor of home firms
and alleviate their incentive to demand extra intermediate goods for that purpose. In other words,
a tariff allows the home country to achieve a given ex-factory price at lesser resource cost. This
positive effect of a small tariff is strongest when the home firms’ bargaining position is weak (3
small), as that creates the largest gap between ¢” and p”. In fact, the potential efficiency-enhancing
role of the tariff disappears entirely as 5 approaches one, because ¢” and p” are approximately the
same when 7 = 1 and [ is close to one.

Finally, the third term on the right-hand side of (21) manifests yet another consideration that
arises in supply chain relationships but is absent with arms-length purchase of intermediate goods.
As in other settings with imperfect competition, trade policy redistributes profits from one party
to the other.?! Here, this works through the bilateral negotiations. As we have seen, any tariff that
reduces Tm” also dampens the incentives for search. But a less stringent stopping rule a” carries
with it a less imposing threat if a negotiation collapses, so a tariff tilts the table in favor of the
suppliers. In short, any positive tariff delivers higher ex-factory prices for all inputs than under
free trade, which imposes a terms-of-trade loss on the home country.

We can combine the three terms on the right-hand side of (21) to derive a necessary and sufficient
condition for welfare to be declining in 7 at 7 = 1. This requires some algebra, which we relegate

to the appendix.??> There, we prove

Proposition 2 Suppose Assumptions 1-8 hold. Then dV/dr < 0 locally at T =1 if and only if

Oe (0 + B)
0+B8—-ale—-1)1-p)

>(1-=p8)(c—1). (22)

Clearly, (22) is satisfied if § = 1; indeed, if all bargaining power resides with the home producers,
then any positive tariff reduces home welfare. The condition also is satisfied if 6/ (¢ — 1) > (1 — 3),
which is equivalent to [0/ (0 —1)]¢ (1) > p(1); i.e., the middle term in (21) is negative when
evaluated at 7 = 1. Another sufficient condition is ae > (1 — 3).23 Moreover, for parameter values
typically found in the literature, the inequality is satisfied with slack.?*

A point worth emphasizing, however, is that the usual welfare cost of an input tariff that reflects
the underproduction of differentiated varieties in a setting of monopolistic competition is augmented
by two additional considerations when producers create supply chains via costly search. First, a

tariff alleviates misallocation associated with inefficient overuse of intermediates relative to labor

?LSee the seminal papers on the use of tariffs to extract monopoly rents by Katrak (1977) and Svedberg (1979),
and subsequent work by Brander and Spencer (1984), Helpman and Krugman (1989), and many others.

22In the appendix, we also provide sufficient conditions for welfare to be declining in 7 for all 7 > 1.

3 Inequality (22) is equivalent to

Oc ae—1)(1-p8)?°
>(1-5) G

and Assumption 3 ensures that fe/ (o — 1) > ae.

HFor example, if 0 =5, 0 = 4, ¢ = 1.5, and a = 8 = 1/2, the left-hand side of (22) is equal to 216/35 = 6.17,
whereas the right-hand side is equal to 2.

oc—1
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in the production of final goods. This inefficiency results from a process of piecemeal negotiations
with multiple suppliers. Second, a tariff worsens the terms of trade when producers negotiate with
suppliers over input prices and resuming search becomes less attractive. The overall welfare cost
may be larger or smaller than with competitive input markets and, under some unlikely conditions,

a small tariff might even increase home welfare.

4 Larger, Unanticipated Tariffs

In the last section, we studied small tariffs. By small, we meant both that the tariff does not
displace country A as the ideal location for producers’ supply chains and that it does not induce
exit from the industry. In this section, we consider larger tariffs, ones that make some other market
the preferred place to search for suppliers. If the tariff is discriminatory and some other low-wage
source is exempt, firms might relocate part of their supply chains to a different country. Or, if
Twy > 1 and there are no better foreign alternatives, firms might bring parts of their supply chains
home. We attach the label B to the country that becomes the optimal destination for search once
the tariff is introduced. We will consider both situations where B identifies a foreign country that
is exempt from the tariff and where it represents the home country. In any case, we shall continue
to assume that, despite the higher cost of inputs, all firms are able to cover their fixed operating
costs and the debt service on new searches. Thus, the number of firms does not fall below that in
the free-trade equilibrium. 2°

We now must distinguish wages in the location of the original supply chains from those where
new searches may take place. The fact that country A was the ideal destination for search before the
tariff but country B becomes so afterward implies wa < wp < wa7T. Firms that conduct searches
in country B draw match-specific (inverse) productivities from the distribution G (), which is the
same as for country A. We let b denote the realization of such a draw and b” = b(7) denote the
optimal stopping rule in the tariff equilibrium, analogous to a and a, respectively.?

When a large tariff is introduced, producers might nonetheless retain some of their most pro-
ductive suppliers in country A, while replacing others that are less productive. All new search takes
place in country B and bargaining occurs in the shadow of potential searches there. Let ap be the
inverse productivity of the marginal supplier that is retained after the tariff comes into effect, so
that firms renegotiate with suppliers in country A that have a € (0,ap] and replace their original
suppliers that have match productivities a € (ap, a] with new partners in country B. Of course, it
may be that ap = a, in which case there are no new searches.

We can calculate the optimal stopping rule as we have done before, to derive an equation that
relates b” to the derived demand for the composite intermediate good, analogous to that for a

in (5); see the appendix for details. Then we substitute this first-order condition for b” into the

?5See the last section of the appendix for analysis of tariffs that are sufficiently large to induce exit from the
industry.

20We use b (1) to express the reservation level as a function of the tariff rate, and b to denote the value of b (7) in
the cum-tariff equilibrium.
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Nash bargaining solution to obtain negotiated prices for inputs imported from countries A and B,

respectively, as functions of the inverse match productivities, a and b.27 This gives

wBbT

pa(a,7) = pwaa+ (1 - p) (23)

and

B (b,T) = fwpb + (1 — ﬁ) wBET. (24)

These bargaining outcomes imply that tariff-inclusive prices, 7p4 (a,7) and pp (b, 7), are weighted
averages of the unit cost of production-cum-delivery and the unit cost of an input that could be
produced by a supplier in country B with the reservation level of productivity. In this sense, (23)
and (24) are analogous to (13). Moreover, these price equations imply that two inputs with the
same unit cost of production-cum-delivery but different countries of origin carry the same delivered
price. Notice that, if wgb” /T < waa, suppliers in country A bear some of the burden of the tariff.

Facing these potential input prices, producers can make their optimal sourcing decisions. By
definition, the stopping rule identifies the worst match that a buyer would accept conditional on
searching in country B and recognizing the costliness of further search. This worst match yields
an opportunity to purchase an input at delivered price pp (l_)T,T) = wpb”. However, even before
commencing a new search, the buyer has access to a supplier from whom it can buy at delivered
price 7pa (a,7) = prwaa + (1 — B) wpb™ for a match with productivity a. If Twaa < wpb”, the
original supplier offers a better deal than the reservation match. Conversely, if Twaa > wgb”,
search in country B yields a cost saving even if the firm realizes the worst possible match among
those it will accept. It follows that ag = min {wBET JTwaA, d} and that producers retain suppliers
with a < %Z_)T while replacing those (if any) with a > %ET.

We are ready to examine the equilibrium effects of larger tariffs, i.e., those with 7 > wp/w4.
Again, we invoke Assumptions 1 and 2. We use ¢7, as before, to denote the tariff-inclusive marginal
cost of the composite intermediate good for the original producers of final goods. Recall that these
producers perceive a lower marginal cost of inputs than the average price that they pay for them,
because they recognize that price per unit falls with the volume m”. For a fraction G (ap) /G (a)
of inputs, the original producers continue to buy from their existing suppliers in country A and
perceive an average marginal cost of Brw, (ap) + (1 — ) wppy, (b7). For the remaining fraction

1 -G (ap) /G (a) of inputs (if any), they source from country B and perceive an average marginal

2TThe Nash bargain with a supplier in country A with inverse match productivity a yields a price

B
T f 1-8
a,T) = argmax |w b))+ ———e—~ -7 —waa .
p(a,7) = argms |:B,“b( ) IR (¢ — waa)
The Nash bargain with a supplier in country B with inverse match productivity b yields a price
B

7) = arg max |wpup (b” #— —wgb)t™?
p(b,7) = argm { p (b)+6m(7)G(bT) q] (q b "
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Figure 3: Large-Tariff Equilibrium with Elastic Demand

cost of wpuy (ET). After collecting terms, the weighted average becomes

G (aB)

Ty

G (ap .
TwAla (aB) + [1 -8 G((a))] wpy (b7) .
In Figure 3, the solid curve MM depicts the relationship between ¢7 and b for 7 = wp/wa.
Under Assumption 2 of a Pareto distribution for match productivities, the curve is piecewise linear,
with

o = %WBBT i for ?T < Twpa/wpg (25)
a0 [Brwad + (1= B)wpb™|  for b™ > Twaa/wp

For b™ < Twaa/wpg, it has a slope of %wg, whereas for b” > Twaa/wg, it has the shallower slope
of (1—7) #wB. With 7 = wp/wa, the curve kinks at b” = a.

As before, we need a second relationship between ¢” and b” to locate the equilibrium. Recall
that with elastic demand n (wp/wa) = n, because operating profits per firm are smaller when
T = wp/w4 than when 7 = 1, and thus there is no entry beyond the free-entry level. We use the
first-order condition for m™ = 27¢ (¢7), the expression for the demand for variety w in (3), and the
expression for the price index, P™ = p™n~ (=1 much as we did in constructing the NN curve in
Figure 2. Combining these equations, and applying Assumption 1 of a Cobb-Douglas technology

and Assumption 2 of a Pareto distribution of match productivities, we find the new NN curve,

0+1 o= o \ °© a(l—e)—

We have seen that the stopping rule with a large tariff 7 = wp /w4 is the same as the stopping

rule with a small tariff of this size, and that both are less stringent than under free trade; i.e.,
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b(wp/wa) = a(wp/wa) > a. It follows that the intersection of the MM curve and the new NN
curve in Figure 3 takes place to the right of the kink in the former curve, as drawn. Now let 7
be something larger than wp/w4. The tariff rate does not appear in (26), except insofar as it
influences the variables on the axes or the number of active firms. But as we raise 7 above wp /w4,
the portion of the MM curve to the right of the kink shifts upward, as can be seen from (25).
For 7 somewhat greater than wp/wy4, the equilibrium occurs at the intersection of NN and the
lowermost dashed curve in the figure. Here, b™ > @, but Twaa < wgb”, so the original producers
preserve the entirety of their supply chains. The parties renegotiate the terms of their exchange
against the new outside option of search in country B. Moreover, since operating profits are a
declining function of 7 in this range, no entry takes place.

For some still-higher tariff rate, the original producers of differentiated products are indifferent
between relocating their worst matches to country B and continuing on with their original suppliers.
This tariff, which we denote by 7. in the figure, is defined implicitly by T.waa = wpgb (7). Tariffs
larger than 7. disrupt the supply chains. For 7 > 7., ag = %B (1) = Tea/T and so ¢7 = 9_%17'ch&.
Further tariff hikes do not generate any further shifts in the M M curve at the equilibrium point.
Rather, the stopping rule remains b = b(7.) and ap declines with the size of the tariff. In other
words, the higher the tariff for 7 > 7., the more extensive is the reorganization of the supply chain.
In this range, operating profits remain constant but profits net of additional search costs fall.?®

We recap the effects of larger tariffs on the number and organization of supply chains in

Proposition 3 Suppose Assumptions 1-3 hold and that T > wp/wys for some country B that is
exempt from the tariff (possibly the home country). Then there is no new entry and the original
producers preserve their entire supply chains in country A for all T < 7. defined by Tcwaa =
wpb (1.); for T > 7., these producers retain their initial suppliers in country A for a < ea, while

replacing those with a > a > =a. The number of active firms is n™ = n(1) for all 7 > wp/wa.

4.1 Effect of Larger Tariffs on Input Prices, Output Prices, and the Terms of
Trade

In this section, we discuss the implications of larger tariffs for input prices, output prices, and the
terms of trade. For tariffs in the range 7 € [wp/wa, 7], there is no entry of new brands. The
original producers continue to procure all of their inputs in country A, paying the prices recorded
in (23). We see here the offsetting forces at work on the negotiated price. On the one hand, a
higher tariff directly raises the value of a buyer’s outside option to search in a tariff-free location.
On the other hand, a higher tariff means that buyers would have less incentive to search intensely
in country B, were they to undertake such searches. In the appendix we show that b7 rises less
than in proportion to 7, so b” /7 declines with 7. It follows that higher tariffs improve the buyers’
bargaining position vis-a-vis all of their suppliers and so reduce net-of-tariff input prices. The

average price becomes

0
28In the appendix, we derive an explicit expression for 7., namely 7. = (wp/wa)?= (=D

25



7 = Bwapa (@) + (1 - ) 2

which is a declining function of 7. Inasmuch as all inputs continue to be sourced in country A, the
fall in p” represents an improvement in the home country’s terms of trade.

Next consider tariffs large enough to induce partial relocation of supply chains to country B.
We have seen that search intensity is not affected by the size of the tariff in such circumstances;
rather b™ = b(7.) for all 7 > 7.. Nonetheless, the terms of trade respond to two offsetting forces.
From (23), we see that the prices of all inputs that continue to be imported from country A fall with
the tariff, as the option to shift production to a tariff-free source strengthens the buyers’ bargaining
position. Meanwhile, parts of the supply chain move from a relatively low-cost source to one with
higher wages. When the best alternative to the original source is another foreign country, this
amounts to Vinerian trade diversion, and it contributes to a deterioration in the overall terms of

trade. We write the weighted average of inputs from the alternative sources as

- Gia wpb” G(a Tr T
= G i (am) + (1= 8) 2]+ 1= B [unp, (57) + (1= Byuat] L 21
where ag = %B(Tc) in these circumstances. In the appendix we show that the fall in prices

from country A outweighs the shift in production to the higher-cost country B if and only if
T<(0+1)/0. If 7. < (6 +1) /6, then there exists a range of tariffs above 7, in which higher tariffs
imply better terms of trade. Moreover, p (t.) = p; i.e., at 7. the terms of trade are the same as
when 7 = 1.29 So, when 7. < (0 + 1) /0, there also exists a range of tariffs for which the home
country enjoys better terms of trade than with zero tariffs. For sufficiently high tariffs, however,
most imports are sourced from country B, where ex-factory prices are higher than those in country
A, so the terms of trade must be worse than those under free trade.

Figure 4 highlights the non-monotonic relationship between the size of the tariff and the home
country’s terms of trade when the best alternative to searching in the original location of supply
chains is another foreign country.?’ The figure shows the entire range of positive tariffs, including
those we have termed small and large. For 7 < wp /w4, country A remains the preferred location
for search, and larger tariffs result in higher import prices as the buyers’ outside option deteriorates.
For wp/wa < 7 < 7., the best search option switches to country B. Although no new searches
actually take place, the threat to do so becomes more credible for higher tariff rates, which shifts
the bargaining outcomes in favor of the buyers. Finally, for 7 > 7., higher tariffs further enhance
the buyers’ bargaining power vis-a-vis their original suppliers, but they also generate costly trade

diversion that raises real input costs. The latter force must eventually dominate, although it need

YAt 7., ap = @ and b” = T.wad/wp. Therefore, (27) implies

p(7e) = Bwapa (@) + (1 — B)waa = p.

30The figure uses the same, “plausible” parameter values described in footnote 24, along with wa = 0.5, wp = 0.6,
f =25, and fo = fo, = 10. However, the qualitative features of Figure 4 apply more generally.
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Figure 4: Terms of Trade for Different Tariff Rates

not do so for tariffs just above 7., as illustrated in the figure.

What if the label B refers to the home country, rather than to some foreign country that is
exempt from the tariff? The identity of country B makes no difference to firms’ optimal sourcing
decisions nor to their bargaining position vis-a-vis their original and new suppliers. Input prices
are the same no matter whether country B is a foreign country or not. The only difference is that
higher prices paid to home suppliers are not generally considered a deterioration in the terms of
trade, nor do they have the same adverse implications for home welfare (as we discuss below). In
fact, when firms reshore portions of their supply chains, it becomes difficult to define a meaningful
measure of changes in the terms of trade. Firms negotiate better prices for those inputs they
continue to import, but other inputs—for which they pay higher prices than before—disappear
from the import basket. Thus, the terms of trade apply to a changing bundle of goods, which poses
the usual challenge for defining an appropriate price index.

Finally, we turn to output prices. Producers of differentiated varieties set these prices, as before,
at a fixed markup over their perceived marginal costs. As we have seen in Figure 3, when demand
for final goods is elastic, ¢” is an increasing function of 7 for all 7 € (wp/wa, 7). So, higher input
tariffs give rise to higher output prices throughout this range. For still higher tariffs such that
T > 7., firms’ perceive marginal costs of the composite intermediate to be independent of the tariff
rate. Since consumer prices are a fixed markup over perceived marginal costs, higher tariffs do not
generate higher consumer prices when 7 > 7., although the level of these prices must be higher

than under free trade.
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4.2 Welfare Effects of Larger Tariffs

We begin our welfare analysis by identifying again the components of aggregate utility that vary
with the tariff rate. Recall that V () = II(7) + T (7) + I" (1), the sum of variable profits net of
debt service on new capital costs, tariff revenues and consumer surplus. We can evaluate V (7)
for 7> wp/ws using V (7) =11 (1) +T' (1) + f’LZB/U)A V' (t)dt. In Section 3.4, we examined V' (7)
for 7 < wp/wy. In this section, we consider V' (7) for 7 > wp/w4, making use once again of
Assumptions 1- 3.

For 7 € (wp/wa,T.), there are no new searches and no entry. Recognizing that supply chains
remain in country A and thus tariffs are applied to all imports in this case, we can write V (1) =
U(X")—p'nm™ —nl7, as in (20). Then, differentiating this expression, we have

—m’——, for wp/wa < T < T¢y

dr dr

1dVT 1 4 (0 o T>dm7 dp

ndr o—1dr o—1

which has the same form as (21). It is not necessary to repeat the arguments from Section 77,
except to note that the first term again is negative, the second can be negative or positive according
to the sign of the expression in parenthesis, and the last term is positive now, because higher tariffs
in this range improve the terms of trade.

Turning to still larger tariffs with 7 > 7., we have several new considerations in the welfare
analysis. First, tariffs apply only to imports from country A and thus only for inputs with a €
(0,ap]. Second, ¢” is independent of 7 in this range, so that d¢” /dr = dm” /dr = 0 and dX7 /dr =
dP7/dr = 0. Third, if the label B identifies the home country, then the final producers’ payments
to suppliers net of production costs contribute to home welfare. Finally, fresh searches in country
B forge new debts that must be serviced.

Suppose first that B denotes a foreign country. New searches are conducted by all n original
producers for a fraction 1 — G (ag) /G (a) of their inputs. These searches each have an expected
flow cost of /G [5 (Tc)]. Tariff revenues collected by the home government exactly offset the tariffs

payments made by home producers. So, using Assumption 2, we can write

0
w
V(r)=UX")—np™m"™ —nl™ —nf [(TA) - _] .
wp
Since the tariff revenues collected by the home government exactly offset the tariffs payments made
by home producers, we can write I1(7) + T (1) = PTX" —np™m” — nl™. With " = b(7.) for all
T > 7., perceived marginal costs, prices and factor demands are independent of 7. Only the terms
of trade and the search costs vary with the tariff rate. Substituting m”™ = m/7, we have
TdVT dp”™

0
w A 0
—m —f (2 f 3
n dr de 9f<wB> T ,I0r T > T

We have already observed that the terms of trade might improve or deteriorate with the size

28



AV
npe

-0.01

;
|
|
I
I
|
|
|
|
|
|

. |
|
|
|
|
|
|
|

002k . |

|
|
|

-0.03 -

o)

|
|
|
|
|
|
004 |
I
I
I
I
1

1 1 1 1 1 1
1 1.05 1.1 115 12 125 13 135 T

-0.05

Figure 5: Welfare Effects of Unanticipated Tariffs: Elastic Demand

of the tariff, according to whether 7 < (6 +1) /0 or 7 > (6 +1) /0. Of course, the search costs
only grow with higher tariffs, as they induce more new searches. In the appendix, we show that

aggregate welfare increases with the tariff rate for 7 > 7. if and only if

0+1—
LOt1-B

; (28)

Note that a higher tariff might improve the terms of trade and nonetheless reduce welfare, because
the searches for new suppliers impose additional costs. The greater is the buyers’ bargaining
weight, the smaller is the terms of trade effect, although the direction of the price movement does
not depend on 3. Meanwhile, the responsiveness of search costs to the tariff rate increases with
B. From (28) we see that higher tariffs in this range are more likely to harm welfare when the
distribution of match productivities is less dispersed (@ is large). The same is true when the buyers
secure a greater share of the bargaining surplus; indeed a larger tariff must result in lower welfare
when g = 1.

Figure 5 plots the change in welfare (expressed as a fraction of free-trade spending on differen-
tiated products) as a function of the tariff rate, using the plausible parameter values that we have
described before. Notably, 0 =5, 0 =4, ¢ = 1.5, « = § = 0.5, and wages in country B are 20
percent higher than those in country A. We see that welfare falls with the tariff over the range
of small tariffs, with a welfare loss that reaches approximately 2.7 percent of initial spending for
7 = 1.2. (Note that 7 = 1.2 implies an ad valorem tariff of 20% on inputs that comprise 40% of
the value of output.) There is a slight rebound in aggregate welfare, thanks to the terms of trade
improvement, for large tariffs up to 7.. Then welfare falls again as a function of the tariff rate,
reaching losses of 3.06 percent of initial spending for 7 = 1.25. If wages in country B are only 10

percent higher than those in country A, the welfare loss from a 25% tariff is only 1.86 percent; see
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the appendix for the corresponding figure. In either case, the marginal efficiency cost of a higher
tariff expands as the tariff rate increases.

Now suppose that B denotes the home country, so that the reorganization of the supply chain
involves the reshoring of some inputs. In such circumstances, home welfare should include the
profits earned by home input suppliers. The social cost of inputs then becomes

r_Glap) [, N _ G(ap)
= G(ZL) |:5 A,U/a( B)+(1 B)T:|+|:1 G(a)

}@%@w7

where the second term now represents the cost of producing inputs at home rather than the prices
that buyers pay for them. Using this expression for p”, we find that dp”/dr > 0 if and only if
T > (%) (W). Since (@ +1— ) /6 > 1, this condition leaves more room for the real cost
of inputs to fall when profits are shared domestically rather than with foreign suppliers. The

calculations in the appendix prove that aggregate welfare increases with the tariff rate in this case

0+1\0+1-2
T<(9> =g

Comparing this inequality to (28), we see that welfare increases for a wider range of tariffs when

if and only if

the disruption of supply chains induces reshoring than when it encourages relocation abroad. Still,

even with reshoring, a larger tariff results in lower welfare when g = 1.

5 Conclusions

Traditional tariff analysis focuses on supply and demand elasticities and Harberger triangles. Of
course, subsequent literature has addressed many types of market imperfections, including those
arising from monopoly power and from factor-market distortions. Yet, the rise of global supply
chains introduces some novel considerations to the evaluation of trade barriers, especially when
tariffs are applied to imports of intermediate goods.

In this paper, we have stressed the relational aspects of supply chains, as highlighted in the
2020 World Development Report. The formation of supply chains often requires costly search.
Partnerships may vary in productivity. Supply relationships might be governed by imperfectly-
enforceable contracts that can be renegotiated when circumstances change. Bargaining might take
place separately with many, independent suppliers.

We have identified several new mechanisms by which unanticipated tariffs on intermediate
inputs impact prices and welfare. First, negotiations with suppliers may be conducted in the
shadow of renewed search. When the outside option for a buyer is to find an alternative supplier,
the negotiated price depends upon the factors that govern the intensity of search and its eventual
prospects. If a tariff weakens the incentives for search, the bargaining table tilts in favor of suppliers.
In contrast, if a tariff makes search in some different destination relatively more attractive, the
negotiations may result in shared incidence of the levy.

Second, bargaining can drive a wedge between the marginal cost of inputs as perceived by
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final-good producers and their true social cost. When a downstream firm bargains independently
with many suppliers, it becomes impractical to negotiate levels of input demands that are jointly
efficient. If, instead, the downstream firm decides its factor demands unilaterally, it will recognize
a connection between that choice and the eventual per-unit price. The firm will perceive a mar-
ginal cost of inputs different from their average cost, which generates an inefficient (but privately
profitable) choice of production technique.

Third, large tariffs can induce firms to replace their least efficient suppliers with alternatives at
home or in countries that are exempt from the tariff. In the latter case, the relocation of portions
of the supply chain amounts to Vinerian trade diversion. In both cases, the additional search costs
become a hidden component of the welfare calculus.

We have analyzed tariffs that are introduced after global supply chains are already in place.
With original search and entry costs sunk, firms remain active as long as they can cover their
operating costs and supply relationships endure in the face of shocks. We consider tariffs that are
small enough to leave the location of the supply chain as originally situated and larger tariffs that
make a new destination more attractive.

In our second-best setting, input tariffs generate positive and negative effects on home welfare.
Measurement requires attention to numerous details, including some that leave no visible trail in
the trade data. Although the theoretical analysis leaves open the possibility of welfare-improving
tariffs, this does not seem to be the likely outcome for plausible parameter values. In fact, we find
that the marginal welfare cost of protection grows with the size of the tariff, so large tariffs such
as those recently implemented by the United States.

Throughout this paper, we have maintained an assumption of elastic demand for the bundle
of differentiated products. Our working paper, Grossman and Helpman (2020), considers as well
the case of inelastic demand. That setting is different inasmuch as higher input prices temper
competition to such an extent that firms’ profits would rise in the absence of new entry despite
the direct impact of higher costs. Then, counterintuitively, input tariffs expand the number of
producers in the industry and, with it, the available variety. With small tariffs, entry continues
until firms have the same incentives for search as pre-tariff, and negotiated input prices remain the
same as before. With large tariffs, there always exists a range of least-productive matches that are
dissolved, with sourcing relocated to the tax-free location. In these cases, welfare implications are
again ambiguous, but it is easier to find examples of welfare-improving tariffs, especially when the
new, most-preferred location for input sourcing is the home country, so that tariffs induce reshoring.

More broadly, our paper contributes a tractable analytic framework for studying the complex
adjustments that occur when various unanticipated shocks disrupt global supply chains. Our frame-
work can be extended to allow for heterogeneous suppliers who enjoy comparative advantage in
different parts of the production process. Comparative advantage would provide a ready explana-
tion for multi-country sourcing, as in Blaum et al. (2017) and Antras et al. (2017). And whereas
we have set aside the holdup problems emphasized by Ornelas and Turner (2008) and Antras and

Staiger (2012) in order to focus on costly search, it should be possible to combine these features in
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a fuller analysis.
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Appendix

When Tariffs Disturb Global Supply Chains
by
Gene M. Grossman and Elhanan Helpman

Section 1 Introduction

For applied tariffs, we used the Harmonized Tariff Schedule (HTS) of the United States prepared
by the U.S. International Trade Commission and available at https://dataweb.usitc.gov/tariff /annual.
Since these tariff rates are reported at the HTSS8 level, we assumed that all HT'S10 items in the
same HTS8 category were subject to the average tariff for that category. We calculated the ad val-
orem equilibrium of specific tariffs using reported unit values and we accounted for “special rates”
due to preferential trade agreements and administered protection. For the first wave of U.S. tariff
increases in February 2018 and the second wave of tariff increases in March 2018, we used the tariff
data from Fajgelbaum et al. (2020). For subsequent tariff hikes that began in July 2018, we used
data kindly provided to us by Chad Bown.

Import data are from the U.S. Census Bureau, available at https://usatrade.census.gov/.

To compute average applied tariffs on intermediate goods and final goods, we categorized HT'S10
products according to the Broad Economic Categories provided by the United Nations. The cross-
walk between HTS10 codes and end-use categories is available at
https://unstats.un.org/unsd/tradekb/Knowledgebase /50090 /Intermediate-Goods-in-Trade-Statistics.
We weighted the applied tariffs by the annual import shares in 2015 at the HTS10 level. Figure

A1 presents the results of these calculations.

—
©
I 4
B
&
-
334
a
o
<
o<
[oX=Tu
o]
o
>
3
o
S+
o
T T T T T T T T T T
S N Q ] > e} © A N S
N N N N N N N N N N
S S S S . S
Year
—=—— Intermediate Goods =~ ———— Final Goods
Note: Classification into end-use categories based on the United Nation’s Classification by

Broad Economic Categories (4th Revision). Weighted average tariffs use the value of imports
from each country in each HTS10 eategory in 2015 as weights. Applied tariffs include MFN
ad valovem tariffs, ad valorem equivalents of MEN specific tariffs, and “special tariffs” due to
preferential agreements and administered protection.

Figure Al: Average U.S. Applied Tariffs on Intermediate Goods and Final Goods



Figure 1 in the main text uses the tariff rates applicable to China, weighted by the annual imports
shares in 2015 at the HTS10 level.

To construct Table 1, we estimated

Ti,China,t

In M;js = ¢ + v + 0 1n
Ti,LCC\t

+ Vit

where M;j; is the value of imports of intermediate good 7 from country j in month ¢, ¢; is an HT'S10-
product fixed effect, 1/; is a month fixed effect, and 7; ;; is one plus the ad valorem tariff on good ¢
from country j in month ¢. In the case of the low-cost countries (j = LCC'), we aggregated the im-
ports from Bangladesh, Cambodia, Hong Kong, India, Indonesia, Malaysia, Pakistan, Philippines,
Singapore, Sri Lanka, Taiwan, Thailand, and Vietnam and we weighted the applicable tariff rates by
the HTS10 import values shares in 2017. We used only product-month pairs with positive imports
from both China and the LCC countries. Following Amiti et al. (2019), we excluded petroleum
products due the sensitive response to volatile oil products. To allow comparability with Amiti et
al. (2019), we classified goods according to the end-use codes provided by the U.S. Census Bureau at
https://www.census.gov/foreign-trade/schedules/b/2015/imp-code.txt. However, using the slightly
different categorization provided by the United Nation yields qualitatively similar results. Standard

errors are clustered at the HTSS8 level.
Section 2 Foreign Sourcing with Search and Bargaining

We start from the bargaining game, which determines the payment to a supplier with inverse

match productivity a for one unit of the intermediate input. The Nash bargaining solution solves

B

p (@) = argma (g — wam) ' {j1, (@) m+ s = am

The first-order condition for the maximization on the right-hand side yields

1-5 B

pla)—wa  p, (@) + e — p(a)

and therefore

/
mG (a)

p(a) = fwa+ (1= B)py(a) + (1 - p)

Taking the conditional mean of both sides of this equation for a < @, we have

_ o, 1=B  f
= Wiig — —. 2
o (@) = wpa )+~ s (29)
Substituting this result back into the p (a) function then gives
- L 1-8
p(a) = Pwa+ (1 — pB)wpg (@) + 5 mG@) (30)



which is equation (4) in the main text. Next we use (5), the first-order condition for a. This states

m%@=£$, (31)
Note, however, that ]
e (@) = g7 | aslada
and therefore
4, (@) G (@) = 9 (@) 3 — pa (@) (32)
Substituting this into (31), we obtain
wla — pq (@)] = ﬁmé(a) (33)

Substituting (33) into (30) then yields equation (6),

p(a) = Bwla — pa (a)] + Bwpa (@) + (1 — B)wa
= fwa + (1 — B) wa.

We next use the demand equation (3), the pricing equation (7), and (29) to compute operating

profits. These profits are
f

1-p
ﬂof:v(p—c)—iﬁ G (@) — fo,
where
o
= c
p o_1°
X (B —xpr (-7 ) 34
v (F) N <O‘ -1 C) ’ (34)
and the aggregate cost of m units of the intermediate input is
_ 1-8 f
W (@) m + 5 G@)
Therefore,
(-1, 1-5 f
=XP'—F—¢c 77— —— — 35
To s c B G ((_I) f07 ( )
where
¢ = clwpg (a)],
as stated in equation (8). By Shephard’s Lemma, m is given by
—1)°
m=xpr 7= (36)
0—0'



A firm chooses a to maximize profits net of search costs, taking P and X as given. That is,

(J o )0'—1

l1-0o 1_ﬁ f f
clwpa (a)] 7 — 3 G(a) G(a)

l1—0o f
¢[whq (a)] “de@ T

_fo

a = argmax X P?
a

(O' _ )O’*l
= arg max X P?
a

For an interior solution, the first-order condition is

fg(a)
BG (a)?

—XP”(U;fl)ac[wua (@) ¢ [wha (@) wi, (@) + — 0,

which is the same as (5) in view of (36). Using Assumptions 1 and 2, this condition can be written

. (0_ . 1)0 0 B —a(oc—1)-1 0 f B
aXP pr w9+1a w79+1 +9ﬁa9+1_0‘

Therefore the second-order condition for profit maximization is satisfied at the optimal choice of

as

a if and only if 6 > «a (0 — 1), as stipulated in Assumption 3. This first-order condition can be

a(o—1) o
ﬁﬂwﬂmw_w<w9> (”). (37)

af \0+1 oc—1
Substituting this expression into (35) yields

expressed as

. f_ :H—Oc(a—l)fa_e_f()‘

G (a) Ba(o—1)

The free entry condition is

/
G (a)

:fea

To —
which, together with the previous equation, yields equation (9):

0 [ 0—alc—1)

V=LA Ba-1) (38)

The solution to this cutoff is interior if and only if

f o 0—a(c—1)
fo+fe /BO‘(U_D

Substituting (38) and XP? = P?~¢ into (37) provides a solution for P. And substituting this

equation into
p o 0 \* _ 1
= —_— o—1
s—1\"g+1") "

< 1




provides a solution for n. Note that

ﬁ:(a—1ﬂpa—ﬁy
where a hat over a variable represents a proportional rate of change, e.g., § = dy/y. For an increase
in the search cost f we have, from (37),

A~

p_f-lb-al-1a

o—¢
and from (38),
~ 1.
a = 5]0
Therefore,
~ o alo—1);
P =
0(c—¢) f
. alc—1)1—c¢ ;
0 o—¢
These results are summarized in

Lemma 1 Suppose Assumptions 1-3 hold and

f 0—a(oc—-1)
fo+fe ,Ba(a—l) <t

Then lower search costs f lead to a lower cutoff a and a lower price index P. They also generate
more variety n if and only if € > 1.

Section 3 A Small, Unanticipated Tariff
In this case, the ex-factory price paid to a foreign supplier with inverse match productivity a is
p (a,7), which is the solution to

, / ’ -
a,T) =argmax |Tly|a(T),T| + — - T —wa .
This f.0.b. price excludes the tariff levy. The first-order condition for this maximization problem is

1-5 g
pla,7) —wa a

which yields

plaT) = Bua-+ (1= 5) sy () 7] + (1= ) o (39)




Taking conditional expectations on both sides of this equation for a < a(7), we find

1-p f

MP [C_L (7—) 77—] = WHq, [C_L (7-)] + B ™m (7_) G [C_l (7_)] : (40)
Next, substituting this expression into (39), we obtain
plarr) = fwa+ (1~ Bupla ()] + 50— (41)

porm(r)Gla(r)]’

which is equation (10) in the main text. As explained in the text, using the optimal search cutoff

a (1) yields

_ _ _ f
wa(n) = pala () = g (12)
Now substitute this equation into (41) to obtain
p(a,7) = pwa+ (1 —-p)wa(r). (43)

Next note that it is cheaper to sources inputs from the original supplier a whenever

7o (a,7) STﬂp[ZL(T)vT]'f‘W‘

Using (40) and (42), the right-hand side of this inequality equals 7w a (7). Therefore this inequality
can be expressed as
a<al(r).

From this result, we have
Lemma 2 For a given a(7) the cost minimizing cutoff a. is
a. =min{a(7),a}.

As explained in the main text, the marginal cost of m is given by equation (14),

"= G(ac)ﬂu a _pGlac) Twhg (@"
¢ _BG((_L) Ma(c)+[1 BG(EL)} ta (@7)

and then optimal (mark-up) pricing implies

p=——c(¢7).

O'—lc

Using Assumption 2 and Lemma 2, the marginal cost can be expressed as

o = %T@U(LT fora” <a (44)
B%de +(1-7) O%Tw(_f fora”™ >a



This is the M M curve in Figure 2.

We next derive the NN curve, using the first-order condition for @™ in (42), Shephard’s Lemma
m” = 27 (¢7), the expression for the demand for variety w in (34), and the expression for the
price index, P™ = p” (nT)_l/ (@=1) " This expression of the price index assumes that all firms, new

and old, charge the same price p”, which we verify below. First, in the Pareto case (42) becomes

o1 f(O+1)

- Brm(T)’ (45)

wa (7)

Second,

wr=x7(B) ¢ (16)

Combining these equations, we obtain

m o () ) ()

which is equation (17) in the main text. Using p™ = ¢(¢7) o/ (0 — 1) and c(¢7) = (¢7)“, this

equation becomes
9+1f —Z==% g - o(l—e)—
ufﬁ(affeﬂw(n) (0_1) G (47)

This implies that the NIV curve is higher the greater is the tariff rate and that all along this curve,

~ 0+1

- ~

e L

The denominator is positive for all € > 0, and since e < g and 0 > (0 —1),0+1>1+a (e —1).
Therefore the elasticity of the NN curve is larger than one. The upward shift of the curve in

response to a rise in 7 satisfies
- 1
r .
= 7.
¢ l—a(l—e¢)
Therefore, ¢ rises proportionately less for € > 1. As a result, the marginal cost ¢” rises, holding
constant the number of firms.

Next, consider the incentives for new firms to enter. For ¢ > 1, equations (15), (16) and (17)

imply

¢ = 17 7
04+1—79" —7"a(e—1)

(48)



and )

_ - 1
9—1—1—77—7704(5—1)7_’ (49)

where
T _ (1*&)&7—
T T hatra-par

Using (35) and (44), the objective function of a potential entrant is

a(l-o) f _ _
[Twg (a)] 30 (a) @ fo— fe.

_ 1 o—1
(1) =max P (7)° "¢ -7 U>
a (o)
Therefore 7/ (7) > 0 if and only if P (1) °7*(1=9) is rising in 7. However, using (48) and 6 >

a (o — 1) we obtain

(c—e)PT—a(c—1)7 (c—e)¢"—(c—1)7

~

_ O@+1—7")(c—¢)
0+1—7"—7"a(e—1)

[a(c—1)+1—-9"](0 —¢)
afc—1)+1—79"—=9Ta(e —1)
_ (-7)E-Dlale-1)+1)
alfc—1)+1—-7"—7Ta(e —1)

—(o-1)

—(o-1)

< 0.

It follows that potential entrants face negative profits for all small tariff levels. Therefore, we have
Lemma 3 Suppose Assumptions 1-8 hold and € > 1. Then for small tariffs there is no entry of

new final-good producers and prospective profits of potential entrants decline with the tariff rate.

Next consider the welfare effects of small tariffs. We showed in the main text that, apart from

a constant, welfare can be expressed as

1 1
Vi) =UX")—n"p™m™ —n" " —n" [ —_].
(1) = U (X7) = n7p e~ a@
In the elastic case, i.e., € > 1, a. = a and there are no additional search costs. Moreover, there is

no entry, so that n” = n. Therefore
V(r)=U(X")—np™m"™ —nl"

and
av LdXT aer ~dm” ~dpT
=P —n— —np —nm’ —.

dr dr dr dr dr
The CES aggregator implies that

X" =naiz (LT,m")



and therefore

LAXT o aer dm7
Prgm=n—F (%*Zw)
_ni 4 5 %‘i‘ﬂsTme
N o—1p7 \ dr dr
o aer Ldm”
B a—l<d7’+¢ dr)

The second line is obtained from the first by noting that the marginal revenue generated by an
increase in an input equals the input’s marginal cost, which is one for labor and ¢” for intermediate

1
inputs. The third line is obtained from P = pn~ o-1. Using this result, we obtain

av 1 drr o . L\dmT ~dp”
dT“a_ldﬁ"( —1° ‘f’> & (50)

which is equation (21) in the main text.
Next, the assumption of a Cobb-Douglas technology implies
11—«

7 = ¢Tm’7'
«

and therefore
L dem 1 1—ad(¢™m")

o—1ldr o-1 « dr

However, spending on intermediate inputs is a fraction a of spending on all inputs,

o—1

g

ne'm’ =« PTXT, (51)

and therefore

1 der 1 1—ad(¢™m") l—ad(P™XT7)
n — =N _=
oc—1dr c—1 « dr o dr
-« do” T

= (5—1)a<d7_ ¢T) PTXT.

Using P7 = (¢7)" niﬁa/ (o0 — 1), the last equality is obtained from

TYVT T\1—¢ T
X)) (4 ) Ly
dr dr

- dr ¢7 ) 1
Therefore, using (48),

1 T 11— 1—97
acr a(e—l) 0+ v

b PTXT7.
" 1dr TO a&—l—l—”yT—’yToz(e—l)

This gives us the first term in (50). Since € > 1, the tariff reduces employment and this has a



negative (partial) effect on welfare.

To obtain the second term in (50), we again use (51) and (48), which gives

pgrdm” o =1 A(PTXT) - dot
dr o dr dr
1- 04+1—~7 1 0+1—~7
_ 1% _1a it} PTXT — SnmT " tlon
TO 0+1—7"—7"a(e—1) T 0+1—7"—7"a(e—1)
lo—1 f+1—~"
= —— -1 1 P XT.
T o ale-la+ ]9—1—1—77—7704(5—1)
Now, (13) and (16) imply
0
T _ - 1— —T
& =gt (fat (- )] (5%
and
p :ﬁw9+1a+(1—ﬁ)wa. (54)
Therefore,
o dm7 o 1 o—1 0+1—~7
T _ AT — T T _1 1 PTXT
n(a—lqj p) dr <'0 0'—1¢>7'(Z5T o ale—la+ ]9—1—1—77—7704(5—1)
T lo—-1 1—797
(0 e VLol e S et b+1-n PTXT.
0 o—1 )72 o 0+1—7"—~"a(e—1)

While the tariff reduces demand for the composite intermediate good, the welfare effect is ambiguous
for the reasons discussed in the main text. This component of the welfare effect is positive if and

only if
0+~" o
>
0 oc—1

T.

This is the second term in (50).
To obtain the third term in the welfare formula, we use (54) and (49) to obtain

dp" da”
TP (1 — ww
nm’—— = wnm (1-0) o
1 — D wa™
=—nm’ (1-0) ale—lwa .
T 0+1—79" —7"a(e—1)

Next, (51) and (53) imply

1 -1
nm’ = T — 7 aP™XT.
Twgg [Ba+ (1—B)aT] o

Therefore,
dpT 10+1 o—1 ale—1)

T

ir 2 9 | o a¢9—|—1—77—77a(5—1)

nm P X".

So, in this case, dp” /dT > 0; i.e., the terms of trade deteriorate.

10



Combining the three terms in the expression for the change in welfare, we have
0+1—7"—7"a(e—1) or? dV _
0+1—~7 aPTXT dr
—7(1—a)(e—1)

+<9+77— id T> (0=1)[(c—1)a+1]

(55)

0 o—1
0+1 ale—1)4"
Sy (PR | 2 0
0 (o )H—I-l—’yT

A marginal tariff raises welfare if and only if the right-hand side of this equation is positive. Since
at free trade v (1) = 1 — f3, it follows that, starting with free trade, a very small tariff reduces

welfare if and only if

e (6 + B)
0+5—(—1)a(l-7)

Next, note that, holding " constant, the right-hand side of (55) is declining in 7. Hence, any

>(c—1)(1-p).

positive tariff must reduce welfare if

e (0+1—77)
0+1—7"—(e—1)an"

> (0 —1)4" forall 7 > 1.

Section 4 Large, Unanticipated Tariffs

In this section, the outside option for buyers is to search for new suppliers in country B. The
outside option is the same when a buyer bargains with a supplier in country A as when it bargains
with one in country B. Since there are no tariffs on inputs purchased in country B, the bargaining

game with a supplier in country B yields

B
P (0.7) = sxgma fgm 5) —wigbn (7)]'~ s (D7)} ) + sy —am ()
The first-order condition for this problem is
-5 8
pB (b,7) —wpb  wpp [b(1)] + WG[E(T)] —pp(b,7)
and therefore
5 (b.7) = Bub + (1 — 8wy [B()] + (1 — ) ——T (56)
Bm (1) G [b(7)]
Taking the conditional mean of both sides of this equation for b < b(7), yields
o [6(7)] = wapny [b(r)] + S (57)

B m(r)G [5 (7’)] '
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Now use the first-order condition for b (7) that minimizes costs,

= f —
Bm (1) G b(n]’

wp {B(r) — i [0(7)]} (58)

to obtain

5 (b,7) = Bwpb+ (1 — B)wpb (7). (59)

Note that this cost of inputs depends on the tariff only through b(7) and it is the same for the
original producers and new entrants.

Bargaining with suppliers in country A yields

B
pa(a,7) = arg méxx [qm (T) — waam (7‘)]1_’8 wp My [l_) (7‘)] m (1) + 7BG [‘Z (7_)] —71qm (T)
The first-order condition for this problem is
1-p _ 6xa
PA (av 7') —wAa WRBUp [l_) (7’)] + WM — TPA (a> T)
and therefore
_ B z B f

Tpa (a,7) = BTwaa + (1 — B)wpu [b (7')] +(1-7) Bm ()G [13 (T)] . (60)

Substituting (57) and (58) into this equation we obtain
pa(a,T) :,BwAa—F(l—ﬁ)wBM. (61)

T

This negotiated price depends on 7 through the ratio b (7) /7. In these circumstances, it is cheaper

to source an input a from country A if

Tpa(a,7) < fpp [b (T)] T W{B(T)]

Using (57) and (58), the right-hand side of this inequality equals wgb (7). Therefore this inequality
can be expressed as

Twaa < wgb (7).

From this result we have

Lemma 4 For given b(7), the cost minimizing cutoff ap is

aB:min{wBb(T),a}. (62)

TWA

12



Now consider the perceived marginal cost of the composite intermediate good for one of the
original producers. From (56), we see that the average marginal cost of sourcing from country B is
wp iy [13 (7')], while from (60) we see that the average marginal cost of sourcing from country A is
Brwapa (ag)+ (1 — B)wpu [b(7)]. Since an incumbent firm sources a fraction G (ap) /G (a) of its
inputs from country A and the remaining fraction 1 — G (ap) /G (a) from country B, its marginal

cost of the intermediate input is

o= Cé (?f)) [Brwapa (ap) + (1 — B)wawm (67)] + [1 i GG (?f))} wii (57)
G (CLB

= )TWAMa (ap) + [1 - BGG(ZLB))} wppy (b7)

where we have replace the function b (1) with the value of b at the tariff level 7, b”. Using (62) and
properties of the Pareto distribution yields the equation for the M M curve,

(63)

¢7‘ — eilebT B for ?T < TU/AC_Z/U)B
o+1 [Brwaa + (1 — B)wpb™| for b” > rwaa/wp

New entrants (if any exist) search for suppliers only in country B. Equation (57) implies that an

entrant’s marginal cost is

0
¢new = WBHMp (bT) mwBbT (64)

For the tariff level 7 = wp /w4, the equilibrium values are b = @ and ¢7,,,, = ¢” = 7¢ = %wgd.

We next derive the equation for the NN curve. We have (58). As we explained in the previous
section, when all the firms are identical, m7, the volume of imported intermediate goods, is given
by (see (46))

o) (7)) (65)
[0_1 }EOfriidwv

—a(55) @ e

where n” = n in the elastic case. Since higher tariffs do not raise profits when € > 1, there is no

entry of new firms. Substituting the expression for m” into (58) yields

0+1 o= o \ °© a(l_e)—
wfiﬁ (bf))g+1 - (o—1> a7 (%6)

which is the NN curve. It follows that the elasticity of the NN curve in this caseis (0 + 1) / [1 — a (1 — €)],
which is larger than one under Assumption 3 for all € < 0. From (63), the slope of the M M curve
is smaller than one and therefore NIV is steeper at the intersection point of the two curves, as

drawn in Figure 3.
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Now consider the response of ¢” and b7 to tariff changes. First suppose that 7 is such that
b” < Twaa/wp. In this case, there is sourcing from both countries and (63) and (66) imply that
neither ¢7 nor b” change as long as tariffs remain in the region with b” < Twsa/wpg. In contrast,

consider an increase in the tariff when b” > 7w4a/wp. Then (63) and (66) imply

¢ =~8b + (1 —~B)7,
=T

O@+1)b =[1+a(—1)]¢,

where b
B (1—B)wpb”
B= Brwaa + (1 — B)wpb™
Therefore,
- 0+1)(1—~B)
¢ 0+ 1-yp—ypale—1)" 0
7 l-—a(-9](1-1s) . (68)

0+ 1—p—Bale—1)
The numerators and the denominators of both equations are positive, implying that higher tariffs

raise the cutoff and the marginal costs of intermediate inputs. Moreover, note from (68) that

/Z_)\T_f-:— (1—'73)[9_05(5_1)] 7
0+1—yp—palc—1)

The denominator on the right-hand side of this equation is positive. The numerator is negative
under Assumption 3, because o > . We conclude that the ratio b7 /7 is declining with the tariff
level.

As shown in the text, for 7 € (wp/wa,7.) we have b” > Twaa/wp, where 7. is the tariff level
at which 7.waa = wpb (7). For tariffs in this range, a higher tariff raises both ¢” and b™ according
to (67) and (68). In contrast, ™ and b7 are invariant to the tariff rate for all 7 > 7.. In this range,
ap = wpb(7.) /Twa and b7 = b(7.), so we can express the weighted average of the foreign cost of
the inputs using (59) and (61) as

TiG(aB) w a . w BL _G(G’B) w T B wrb”
7= S [ suapatam) + (0 8y wa | + 1= S [, (5) + (1 - 9wt

- () [ G e

The second line reveals the offsetting effects on the terms of trade: p” declines as a result of the

decline in prices paid to suppliers in country A, but it rises with reallocation of supply from country
A to country B, because net-of-tariff costs are higher in country B. The combined impact can be

seen by rewriting the equation for p” as

- T—1/me\? 04+1—-5 —_
P—{l = (7-)}9+1wBb'
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From this, we obtain

Lemma 5 Suppose € > 1. Then for T > 1., higher tariffs generate better terms of trade if and

only if
;< 0+1

0

We now examine the welfare effects of tariffs for 7 > wp/w4. First, consider tariffs in the
range 7 € (wp/wa, 7). In this range, there are no new searches by any of the incumbent producers
and country A continues to supply all intermediate inputs. As a result, tariffs are imposed on all
imports, generating a revenue of (7 — 1) p”m7. Tariff revenue plus variable profits plus consumer

surplus sum to

V(r)=T(r)+1(r)+T ()
=(1—=1)pm +[PTXT —7p"nm” —nl"|+[U(X") — PTX7]
=U(X")—p'nm™ —nl".

Differentiating this equation gives

1dV LdXTdr _dmT _dp”
-2 P = mT =

1
ndr n dr dr P dr dr
o aer o dm” dp™
— —1) = T __ T —mm 2
<O’—1 >al7'+<a—lq5 p> ar " dr

We have shown that, in this range, b is larger for larger tariffs whereas b™ /7 is smaller for larger

tariffs. The optimal choice of b™ for a given m”, equation (58), therefore implies that m” declines
with the tariff, while (61) implies that p” declines. For these reasons, the change in the sourcing of
intermediate inputs raises welfare if and only if

o ¢ 0 % [Brwaa+ (1 — B) wpb”] o Ot

— =T — = <1
o—1p7 o—1 %ﬁTwAZLjL(l—B)wBbT c—10+p

Meanwhile, better terms of trade always contribute to higher welfare. Finally, since

-1
g P’TXT

nlm =(1-a)

and ¢7 rises with the tariff level, it follows that P™ X" declines with the size of the tariff in the
elastic case. As a result, £7 declines, which reduces welfare, all else the same. Clearly, in this case,
a marginal increase in the tariff rate may increase or reduce welfare.

We next consider 7 > 7.. In this range, d¢” /dT = dm™ /dT = dX" /dT = dP" /dT = 0, because

neither ¢7 nor b” vary with the size of the tariff. As a result,

A ) >

dr dr dr’
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where ¥ (7) is the cost of the new searches that take place by incumbent producers. Using (58)

b
and ap = wf_T(ZC), the cost of new searches amounts to

G (aB)} S
G(a) | Gb(r)]

:nnf[1_(2j9}9flw36@g.

E:n[l

Therefore, the variation in the search cost that results from a slightly higher tariff is

I} —

d> 0 wpb (7).

0
= nm” g (1)

The terms of trade now are a weighted average of the cost of sourcing from country A and the cost

of sourcing from country B,

. G [ Gl
= G i (am) + (1= B | + |1- o2

} wp [Bun (57) + (1 — B)F7].

The first term on the right-hand side represents the fraction of goods sourced from country A,
G (ap) /G (a), times the average cost of goods sourced from that country, while the second term

represents the fraction of goods sourced from country B times the average cost of those inputs.

Using ap = %(ZC) and properties of the Pareto distribution, this equation becomes

o (Tc>96+1—ﬂw3b(rc) N [1_ (Tc)e} 0+1_’8w35(rc)

T 0+1 T T 0+1
0+1-p - T—1
A" 0(r—1)-1, ,0+1-5

dr T0+2 (7c) 0+1 wb (7c)

Since the right-hand side of the last equation is negative if and only if

6+1
0 )
it follows that the terms of trade improve if 7 < (0 + 1) /0 and deteriorate if 7 > (0 +1) /6.

Combining terms, we now have

1 dv _ dp” 1 d%

nm™ dr  dr nTmT dr
- 0+1—p3—0r 0
= wgb (Tc) 1012 (TC) .

Therefore, welfare rises with the tariff for 7 > 7. if and only if

0+1-p
<T.
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In the main text, we displayed in Figure 5 the relationship between V and 7 for 0 = 5, § =
4,e=15,a=0=0,5, fo=f, =10, f =5, wg = 0.5 and wp = 0.6. The following figure shows
the relationship when wpg = 0.55, which implies a smaller gap between wages in country A and

country B and thus a relocation of a greater portion of the supply chain for any 7 > 1.1.

av

ey

noz -

-0.03

004

Figure A2: Welfare Effects of Unanticipated Tariffs: Small Wage Gap

Evidently, the overall welfare effects of a tariff of any given size are quite similar in these alternative
scenarios.

When the label B denotes the home country, the social cost of inputs is

= %(E‘f)) [mwa (a5)+ (1 - B) bT] n [1 - GG(EZS))] wapuy (57)

where the second term now represents the cost of producing inputs at home. Using properties of

the Pareto distribution and ag = %(ZC), we have
Te 9«9+1—,6’w313(70) T\ 0 _
T (= 1— (=) Z—wgb(r),
P (7‘) 0+1 T + (7’) 9+1wB (7c)
de . 0+1 "] 0+1— 6 T 0 0 0 T
dr  710+2 (7e) 0+1 wpb (7e) + To+1 (7e) 0+ 1wBb(TC)
1 _
=~ G (1e)? [76% — (0 +1) (0 +1— B)] wrb (7).

In this case, the resource cost of inputs declines with the tariff if and only if

(0+1)(0+1—5).

T < 92
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The effect of a higher tariff on social welfare can now be expressed as

1 dv  dp” 1 d%

nTmT dr  dr nTm” dr
. i
=g ) [0 = 0+ )0+ 1= 5] web(r)
0 B_.5
— 1 ()] 5 wsb ()

02 _B)— Bor
=) T P

Therefore, welfare rises with the tariff if and only if

O+1)(0+1-p)
60+ B) '

Next, we derive an equation for 7.. From (33) we have

1
0+1

WAl = ——
AT Bma?’

where m is the volume of intermediates in the free-trade equilibrium, before any tariff is imposed.
From (58) we have

wpb (1,) = %
0+1 Bm (1) b ()
when the tariff is 7.. Therefore,
wpb (70)" ! oom
waa®t  m(1.)’

However, from (65),

However, (63) implies that,

0 _
o (7e) 0t 1wBb(7'c) mTcha
and therefore,
wBb(Tc)9+1 _(wa 60 - )0+1 _om 1
wAa9+1 wp ¢ m (TC) (Tc)a(lfs)fl

It follows that,
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Since T.waa = wpb (7.), this implies

b(r.) = <“’B) Y (70)

Large Tariffs that Induce Exit

We now consider tariffs that are large enough to induce exit. We denote by 7., the tariff rate
at which the operating profits net of new search costs equal zero. To avoid taxonomy, we assume
that 7., > 7; that profits drop to zero at a tariff rate that is high enough to induce surviving firms
to switch suppliers from country A to country B.

For tariffs above 7. the suppliers in country A that are replaced with suppliers from country B

are all those with inverse productivity a € (ap, al, where

wpb”

ap = <a for > 7. (71)

TWA

For these tariffs, the perceive marginal cost ¢” and search cutoff b7 satisfy

0 _
¢T = mwBbT (72)
and
0+1 _o-c o a(l—e)—
o = () et (73
B

respectively. It follows, as we have already noted, that perceived marginal cost and the search
cutoff are independent of the tariff rate for 7 € [7, 7¢;] and that n™ = n for all tariffs in this range.
We can write operating profits net of new search costs for the representative firm as a function

of the number of active firms, n”, as follows:

P T\O—¢€ (U - 1)0_1 ma(l-o) (1 - ﬁ) f . _ wBI_)T ’ f _
exr — (P ) oo (gb ) ﬂ (7)7—)0 [1 (TWAZL) (67)0 fO' (74)

The first term on the right-hand side represents revenue minus labor costs minus the variable costs
of intermediate input. The second term represents payments to suppliers of intermediate inputs
that do not depend on m”; these are the fixed payments that result from bargaining in the shadow
of an outside option to search for a new supplier in country B. These fixed payments apply to all
inputs, regardless of their source, because the outside option always involves search in country B
when the tariff rate is large. The third term represents the new search costs incurred as a result of
actual searches in country B to replace original suppliers in country A. These costs apply to the
fraction of inputs with a € (ap, a| that are replaced after the tariff is introduced. Using (71), this

fractions is 1 — (wBBT/TwAEz)G.
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Note that
PT = (") (n7) 7T (75)
o—1
It is apparent from (74) and (75) that, as long as the number of firms remains unchanged, and
therefore ¢ and b™ also do not change, operating profits net of new search costs decline with the
tariff. Although revenues net of input costs are independent of the tariff rate, higher tariffs generate
greater trade diversion to country B and thus greater expense on new searches. The critical tariff

rate Te, that is large enough to induce exit is determined implicitly by

o—1 77 \ 9
w7, = (P17 DT (yryati-e) (LB [1— ( wbbe ) ] (f =0, (76)

o’ i (gg)f’ TexWAQ EZ)

where ¢7 and b7 are the solution to (72) and (73) for n™ = n and

Pl = 5 (@) n 7.

c

c—1

Now consider the relationship between ¢7 and b7 and the tariff rate for 7 > 7.,. Substituting
(75) into (74) yields the zero-profit condition,

N (-1 aa—e (=B)f |, (wsb" 0] fo_
(n7) ) oy [1 (22 oy

Next use (72) to rewrite (73) as

These two equations imply
0 fa-pf 1_<w357>0 Iy
al=1ge) g Twaa) | (57)° ”

B (;T)H [a(cre 1) 1} - (73?&)9 - ? (78)

Assumption 3 ensures that the term in the square bracket is positive, implying that higher tariffs

or

induce more selective search; i.e., lower values of b”. Moreover,

~ _ \?
b= s, = P20 (“’Bb> > 0. (79)

0—a(oc—1) \Twaa

From (72), we see that ¢” is proportional to b” and therefore
T =bT = €77
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Then (73) implies
o—¢

n=—[0—-al-1)]¢7. (80)

oc—1

So the number of firms also declines. We therefore have

Proposition 4 Suppose Assumptions 1-8 hold and that T > Te,. Then, the larger is the tariff, the

smaller is ¢7, b™, and n”.

This proposition implies that, in the elastic case, the perceived marginal cost is a non-monotonic
function of the size of the tariff. For tariffs in the range 7 € (1,7.) perceived marginal cost rises
with the tariff rate, in the range 7 € (7, 7ez) it is independent of that rate, and in the range 7 > 7¢y
it declines with 7. Since b follows the same non-monotonic pattern as ¢, and m” is decreasing in
b” from the equation that describes the optimal choice of b™ for a given mT, it follows that m7 is
also non-monotonic; it declines initially, remains constant for a range of tariffs, and then rises with
7 when 7 > Tez.
Next use (75) and (77) to obtain

Substituting (73) into this equation yields

e gf o o 0 a(o—1)
(P7) - o8 (BT)G—a(U—l) (0’ — 1> <0+1w3> ' (8D

Since b7 declines with the tariff, this implies that the price index is rising with the tariff in the

range of large tariffs that induce exit. Moreover, (79) implies

pr_ 9—04(0—1)57%.
o—¢
Evidently, the price index rises with the tariff when 7 > 7., despite the decline in perceived marginal
costs, because the variety reducing effect of exit dominates the effect on the price index of falling
prices for brands that survive.
We can compute the size of the critical tariff, 7.,., using (78) with b” = b7. Substituting (69)

and (70) into (78), we find that 7., satisfies

0 Oa(e—1)
0—a (O' — 1) + i - &_0 wa 0—a(e—1)
Ba (o —1) Tex) fa wA '

Now use the solution for @’ in (38) to obtain

(n>0_9—a(0—1) fo <w3>f‘fifali>_1
Tex B Ba(a_l) fo+fe wA
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Clearly, this implies that, for 7., > 7., we need the term in the square brackets to be positive and

the right-hand side to be smaller than one. These two conditions can be satisfied if and only if

fa(e—1) a(e—1)

wa '\ oD Jfo 0—(1-B)a(c—1) (wa ey
() DAY A () ‘ %)

wp 0—a(oc—1) wR

For every pair of wage rates w4 and wp such that wp > w4 there exist fixed operating costs f,
and fixed entry costs f. that satisfy these inequalities.

We turn to the welfare effects of tariffs that are large enough to induce exit. Recall that the
welfare components that might vary with the tariff are income from operating profits net of new
search costs, tariff revenue, and consumer surplus. However, for 7 > 7., operating profits net of
new search costs fixed at zero, and we are left with tariff revenue and consumer surplus as the

welfare components of interest, namely
Ver (1) =T (1) + T (7).

Tariffs are collected on imports from country A only and are equal to

7(1) = G (1) [ Bwapa (am) + (1= 5)

wBl_)T] .
m’.

Here, term in the square brackets represents the average ex-factory price paid for inputs from
country A, while G (ap) /G (a) represents the fraction of inputs imported from A. Using (71), the

revenue can be expressed as

r0 =027 (4 )9<w3‘_’7)6+1<7-1>mf.

0+1 WAQ T

In addition, the cost minimizing choice of b™ for a given m” implies

— 0+1
wa (b )9+1 _ f(ﬁTnT)
and therefore ;
B B wp iT -1
T(r)=0+1-7) (wAa> 5o

Again using (12), this can be written as

T—1

0
) (fo + fe) m

T(r) = O+1-B)a(c—1) (’U)B

0—a(oc—1) wA

It follows that tariff revenue declines with 7 for 7 > 7, if and only if 7 > (§ + 1) /6. Since the price
index unambiguously rises with the size of the tariff, consumer surplus is inversely related to the

tariff rate. Therefore, for 7 > (6 + 1) /6, higher tariffs in the range where exit occurs must result
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in lower welfare.
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