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Abstract
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1 Introduction

Innovations and disruptions to global supply chains lead to gradual adjustments in international trade flows. It
has long been recognized that the trade elasticity, a key parameter that captures the substitution between imported
goods from different countries in response to trade costs, varies by time horizon (e.g. Dekle, Eaton and Kortum
2008). Boehm, Levchenko and Pandalai-Nayar (2023, henceforth BLP) use plausibly exogenous tariff changes
to measure the trade elasticity by time horizon and find that the short-run trade elasticity is about half the size of
the long-run elasticity. This differential implies substantial frictions in trade adjustment that a static trade model
cannot account for. A dynamic framework is needed to provide a rigorous and plausible quantification of the
transitory and lasting impacts of shocks to global supply chains.

This paper proposes a dynamic general equilibrium model of trade with many countries and many industries,
where staggered and forward-looking procurement decisions give rise to horizon-specific trade elasticities. Under
the Ricardian trade tenet, products are sourced from the least expensive global supplier. However, the opportunity
to switch to a new supplier arrives randomly following a Poisson process. As a consequence, only some buyers
respond to a trade disruption by adjusting to optimal sourcing relations. Other buyers endure a suboptimal
procurement choice until they can adjust. In this framework, disruptions put the world economy through a
sustained period of adjustment.

The model preserves the analytical tractability of a class of quantitative Ricardian models based on Eaton and
Kortum (2002, henceforth EK). We characterize impulse responses in the model using the dynamic hat algebra
method. We establish closed-form expressions for the horizon-specific trade elasticity, showing that our model
rationalizes empirical estimates of the trade elasticity at different time horizons as a convex combination of short-
and long-run elasticity parameters, linked by transitory weights that shift at a constant rate of decay. Moreover,
we derive a novel characterization of the horizon-specific gains from trade that sheds light on the importance of
sourcing frictions. Our model shows how the original static welfare formula based on Arkolakis, Costinot and
Rodriguez-Clare (2012) can be augmented to account for dynamic adjustment, so it delivers welfare predictions
under time-varying and forward-looking trade elasticity.

Specifically, we assume that intermediate goods are produced using constant returns-to-scale technologies
and producers differ by productivity drawn from a country-industry specific Fréchet distribution. Trade is subject
to iceberg trade costs. To transact with producers, the local assembler of the final good of an industry at a
destination d requires specialized local traders who have exclusive access to the competitive global Walrasian
market for a particular intermediate good. Under profit maximization, each trader seeks to procure its good
from the least expensive global supplier but may not be able to instantly switch from one supplier to another.
This inability to switch suppliers, which renders the sourcing decisions of traders dynamic, is governed by a
binary random process: an assembler is either in a position to choose the least expensive global supplier of an
intermediate good from any source-industry, or the assembler has to continue purchasing from the same producer
as in the preceding period. We can therefore characterize equilibrium as a set of measurable partitions of the space
of intermediate goods for each supplier, and then derive the equilibrium distributions. An intermediate good’s
price at a moment in time equals the initial destination price adjusted for the cumulative changes in marginal

costs since the supplier was last selected. A destination country’s expenditure shares by source country across



intermediate goods depend on trade costs in the past, present and future; characterized by tractable analytical
expressions similar to EK and other Ricardian frameworks that are consistent with the gravity equation of trade.

For legacy varieties that are imported from the same supplier as in the preceding period, the expenditure
shares in the augmented gravity equation encode the price that a buyer paid at the time of the last supplier
change. Through this unmoved component, the short-term elasticity of trade governs the effects of substitution
between prices on the intensive margin while buyer-supplier relationships last, similar to an Armington (1969)
model. When supplier-buyer relationships are reset optimally, the gravity expression for trade flows incorporates
two components. The first of these components captures familiar forces from the EK framework, namely the
extensive margin adjustment of trade flows to contemporaneous global factor prices and trade cost. The second
component incorporates how anticipations of future procurement costs impact optimal supplier choices in the
present, leading traders to buy from contemporaneously more expensive suppliers.

With the equilibrium relationships at hand, we compute impulse responses recursively, and we analytically
derive partial-equilibrium trade elasticities €/ for varying time horizons h. For a shock now (at time ¢ = 0), we
compute the backward-looking elasticity of future trade responses to the present trade cost shock by future time
horizon h
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where g4 ¢ is destination country d’s expenditure share falling on intermediate goods from source country s in
industry 7 at time ¢, 74; ¢+ is the trade cost component that is shocked at time ¢/, §; is the long-term trade elasticity
as in EK, and o; — 1 is the short-term trade elasticity as in Armington. The frequency at which traders from
industry 7 can switch suppliers is ¢; € (0, 1), which we call the supplier adjustment probability. The backward-
looking trade elasticity 5? increases over time in absolute value from the short-term level to the long-term level
(for the common parametrization 6; > o; — 1).

Agents in our model have perfect foresight, so for a future shock (at some subsequent time horizon h), we
can also derive the forward-looking elasticity of a trade response now (at time ¢ = 0) to an anticipated future
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were 7 is the interest rate. The forward-looking trade elasticity E;h reflects decreases in the horizon at which the
shock is anticipated.

In the long run, the backward-looking trade elasticity converges to the familiar Fréchet parameter 6; as in EK.
The rate of convergence depends on the frequency with which buyers can establish a new sourcing relationship
;. The key parameters of our model are therefore identifiable from reduced-form estimates of the trade elasticity
at varying time horizons as in BLP. This characterization of the horizon-specific trade elasticity also implies a
horizon-specific welfare formula, which we derive in closed form. The horizon-specific welfare formula features
a dynamic adjustment component, which fades as the economy converges to steady state over time, and nests the
well-known formula from Arkolakis, Costinot and Rodriguez-Clare (2012) as the limiting case in the long run.

We show how the above results can be used to derive a set of estimation equations for the relevant parameters



governing short- and long-term trade elasticities, document how existing results from BLP can be employed, and
quantify our trade model. With the tractability of our model and data on input-output relations, we consider a
model world economy consisting of 32 industries across 77 regions. We apply the model to study the general
equilibrium response of global trade and production to the US-China trade war started in 2018, an unanticipated
trade shock; and to the announcement and implementation of the EU enlargement in 2004, which we treat as
an anticipated trade shock. We show that rich industry-level dynamics can result, with consequential changes in
welfare implications. First, despite the low trade elasticity in absolute value in the short-run, the United States
may suffer smaller welfare losses from unanticipated trade disruptions over the short run relative to the long-run
outcome when sourcing frictions are no longer relevant. China, on the other hand, may suffer a short-run welfare
loss that exceeds the long-run loss. The effect of a low short-run trade elasticity for short-run welfare depends
on the trade balance. Second, a direct application of the static welfare formula from Arkolakis, Costinot and
Rodriguez-Clare (2012), using realized domestic trade shares, can result in qualitatively misleading predictions
over finite time horizons. The reason is that sourcing frictions, and the resulting time-varying trade elasticities,
can induce substantive and shifting deviations from the long-term welfare response. Third, gains from trade can
differ between the short and the long run in both sign and magnitude. In the short-run, price disruptions caused
by the US-China trade war propagate through the network of existing supply relationships, leading to a global
reduction in economic welfare. Those short-run losses, in part, reflect the limited scope for third-party countries
to gain from the trade dispute by forming new supply relationships with the United States or China immediately.
Gains for third countries may materialize in the medium to long term, however. As a consequence, countries
whose previous trade linkages leave them most exposed to the US-China trade war, such as Mexico and Vietnam,
experience initial welfare losses in the short-run, but marked increases in welfare in the long-run.

The wide discrepancy between a low (short-run) trade elasticity in absolute value in international macroe-
conomics and a high (long-run) trade elasticity in absolute value in international trade has been documented in,
for example, Ruhl (2008, who calls the discrepancy an “international elasticity puzzle) and Fontagné, Martin
and Orefice (2018). Fontagné, Guimbard and Orefice (2022), BLP and Anderson and Yotov (2022) offer es-
timation procedures to separately identify short- and long-run trade elasticities. de Souza et al. (2024) obtain
horizon-specific trade elasticity estimates in a difference-in-differences design for anti-dumping tariff changes.
Anderson and Yotov (2022) rationalize their estimation procedure with firm heterogeneity in lag times from
recognition to action in the spirit of Lucas and Prescott (1971). In an alternative approach from a macroeconomic
perspective, Yilmazkuday (2019) proposes a framework with nested CES models and derives the trade elasticity
as the weighted average of macro elasticities. Our general equilibrium model offers a rationalization for the ex-
isting estimation methods with a mixture of the Armington and EK elasticities. Beyond Ricardian trade, Boehm
et al. (2024) show for a family of firm-level trade models that the short-run trade elasticity can co-determine the
steady-state gains from trade even in the long term.

The importance of staggered contracts for trade and exchange rate dynamics has been recognized since at
least Kollintzas and Zhou (1992) and shares features with staggered pricing (Calvo 1983). We generalize deter-
ministic contract ages to supplier relationships that end stochastically. In a related approach, Arkolakis, Eaton
and Kortum (2011) embeds a consumer without knowledge of the identity of the origin countries into an EK

model. The consumer can switch to the lowest-cost supplier at random intervals, but cannot act strategically



because the supplier is unknown. In comparison, we rationalize consumer behavior by assigning procurement to
a special group of profit-seeking intermediaries, whom we call traders. Our model tractably accounts for the dy-
namic formation of supplier-buyer relations and the resulting equilibrium prices by contract age beyond a binary
characterization in Arkolakis, Eaton and Kortum (2011).! Based on the tractable characterization of prices by
contract age, we can fully characterize steady states and transition dynamics. As a result, we obtain the original
EK model as the limit of the equilibria along the transition path. Our welfare formula therefore endogenously
inherits the long-run elasticity as a special case when all supplier contracts are optimally set.

The remainder of the paper is organized as follows. We present the model in Section 2, with details on
mathematical derivations relegated to the Appendix. In Section 3 we turn to the dynamic analysis of the model.
Estimation of the key parameters follows in Section 4. To illuminate the novel dynamic features of the model
for economic activity during the adjustment path and the welfare consequences, we present case studies of the

US-China trade war in 2018 and the EU’s Eastern enlargement in 2014 in Section 5. Section 6 concludes.

2 Model

2.1 Fundamentals

Consider a world economy with N destination countries d € N := {1,2,--- , N} of trade flows, s € N source
regions, and [ industries 4, j € Z := {0,1,2,--- , I'}. Time ¢ is discrete and foresight is perfect. Subscripts sdi, ¢

denote a trade flow from source region s to destination d in industry ¢ at time .

Households. In each period ¢, a mass of L, infinitely-lived households in country d inelastically supplies one
unit of the single production factor (labor) to domestic firms at a competitive wage wdyt.z Household utility in
country d at time ¢ is given by u(Cy ), where Cy is the aggregate final good: a Cobb-Douglas aggregate over
the composite goods Cy; ; from each industry ¢ with

Cas =[] (Cait)™ . 1)

1€l
The coefficient 7)4; is the consumption expenditure share of industry i’s composite good, where » . 7 74; = 1.
We denote with Py, ; the price index of industry ¢’s composite good in d at time ¢. Country d’s consumer price
index is then given by Py; = HieI (Pait/ Ud,i)ndi- We assume that households consume their income in every

period and discount future utility flows at a rate 3; € (0, 1).

Intermediate goods. Every industry ¢ consists of a continuum of potential producers of intermediate goods
w € [0, 1]. A producer of intermediate good w in source country s has an individual productivity z and operates a

constant-returns-to-scale technology to produce the good using domestic labor £ and composite goods Mj; from

!The underlying stochastic process shares features with the so-called Sisyphos Process (Montero and Villarroel 2016).
20ur model can accommodate varying labor supply. In Appendix B.2 we present a tractable extension that allows for a costly forward-
looking labor allocation choice and a resulting upward-sloping labor supply curve by industry.



other industries with
yi(w) = 2 ()% [ (M), 2)
JjeT
where y;(w) is the output of intermediate good w. The coefficient «; is the value-added share of industry 7 in
country s, and the coefficients cg;; > 0 are such that ag; =1 — ) jeg Qsji- Intermediate-goods producers are
the only agents that employ labor.

Intermediate goods can be traded across countries subject to an iceberg transport cost, so that shipping one
unit of a good in industry ¢ from country s to country d at time ¢ requires shipping out usq; ; > 1 units from s,
where u44;; = 1 for all d. In addition, goods imported by d from s at ¢ may be subject to an ad valorem tariff
Tsdi,t = 1. We combine transport costs and tariffs into the single trade cost parameter Tsg; 1 = Usds ¢ Tsdi,t- Only
intermediate goods can be traded across country borders.

Given trade costs and technologies, there is a common unit cost component at destination d for all intermediate

goods produced in country s, which we denote with

Csdit = OsiTsdit (Ws,)™ H (Pyjp)et, 3)
JjeTJ
where Oyg; is a collection of Cobb-Douglas coefficients. The resulting unit cost of good w at destination d
produced in country s with a productivity z(w) is given by csg; +/2(w).
Production technologies for intermediate goods arrive stochastically and independently at a rate that varies
by country and industry. Following EK, the number of potential producers for an intermediate good w in country

s’s industry 7 with a productivity higher than z is distributed Poisson with mean A;z~%.

Assemblers of composite goods. In each industry ¢, assemblers bundle intermediate goods w into a composite
good for consumption or production. An assembler costlessly aggregates intermediates into Yy; ; units of industry

1’s composite good using the technology

o;—1 U:il
Yo = (/ Ydip(w) “i dw) , 4
[0,1]

where y4; +(w) is the quantity purchased of an intermediate good w by an assembler in country-industry di, and

(o; — 1) is the elasticity of substitution between intermediate goods in industry 7. Assemblers take as given the
price pgi +(w), at which an intermediate good w can be purchased in destination d. We explain in detail below
the exact price at which an intermediate good is available. Cost minimization given (4) yields the assembler’s

demand for an intermediate good w:

Yait(w) = Pait(w) ™7 Py Yais, (5)
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is the price of industry ¢’s composite good at destination d. Composite goods cannot be traded across country

borders.

Traders of intermediate goods. An assembler of a composite good requires specialized local traders to trans-
act with the domestic and foreign producers of intermediate goods. Concretely, access to each intermediate good
variety w is facilitated by a dedicated local trader at destination d who holds the exclusive license to procure w
from any of the potential global suppliers for assemblers at d. Under the exclusive license, a trader generates
profits and therefore has the incentive to engage in forward-looking behavior.

The hallmark feature of Ricardian trade is arguably the single-sourcing property at the extensive margin: any
destination d procures a given variety w from a unique source country s.> We therefore assign procurement, the
economic activity associated with this key Ricardian property, to a special group of economic agents who we call
traders. We allow the procurement decision of these traders to be forward looking.

A trader is a firm that requires no labor but has exclusive access to the competitive global Walrasian market,
where the intermediate good w is sold by producers from around the world, effectively granting the trader local
monopoly power at destination d over the intermediate good’s procurement. Traders exploit this monopoly power
to charge a price above marginal cost to assemblers and thereby turn a flow profit in every period, which is claimed
by the local representative household at destination d. Traders discount future profits at a rate 1/(1 + r;). We

take the resulting market structure for traders to be monopolistic competition.

2.2 Sourcing friction

Under the Ricardian trade tenet, a trader seeks to procure an intermediate good from the least costly global
supplier. However, a trader only has the opportunity to adjust its choice of supplier after a random interval of
time under a sourcing friction, which we describe now.

For each intermediate good w, a trader’s choice of source country is governed by an i.i.d. random variable
agit+(w) € {0, 1} which takes the value of 1 with probability Pr [ag4; +(w) = 1] = ;, forallw € [0,1],d € N,i €
T and t. If ag; +(w) = 1, then destination d’s trader for an intermediate good w in industry ¢ has the green light
to switch to its preferred source country. Else, if ag; +(w) = 0, that is if the global draw for intermediate variety
w does not turn to green for the trader, then the trader must purchase variety w from the same producer as in the

preceding period ¢t — 1. The parameter ¢; € (0, 1) is the industry-specific supplier adjustment probability, and

3In the original two-industry, two-country benchmark as well as in the two-country, many-industry Dornbusch-Fischer-Samuelson
model (1977) any given good is made in one location only, resulting in “bang bang” solutions for countably many imports. In the many-
country, many-industry EK framework with a continuum of imports, multiple countries may produce the same variety but a given country
purchases each variety only from a unique source country. For example, while there can be automobile manufacturers in several source
countries, say in South Korea and Germany, a given destination such as Australia will uniquely buy a specific type of car from one source
country, say South Korea, while French consumers uniquely buy the same type of car from Germany.



it measures the frequency at which the sourcing friction is lifted.* While the identity of the source country does
not change, the quantity procured and the price that the trader pays can differ from the preceding period if the
factory gate price moves (because of changing factor costs) or the currently prevailing trade costs move (because
of a policy or natural exogenous change).

This formulation of the sourcing friction captures search costs and other types of impediments that prevent
the optimal rematch of supply relationships at a moment in time. The sourcing friction creates a lock-in effect
that makes the optimal choice of supplier a dynamic and, in the presence of monopoly profits for traders, a
forward-looking decision. Another implication of the sourcing friction is that price elasticities of demand will
differ across intermediate goods according to when their suppliers were last chosen. Let Q’ji’t denote the set of

industry 4’s intermediate goods whose supplier at time ¢ was last chosen k periods ago:

Ql;i,t = {w : adivt—k(w) =1, szt_lﬁ_l adi,g(w) = O} ) @)

where Ustz‘ . = [0,1]. We call the intermediate goods that were last sourced optimally £ > 0 periods ago the
legacy varieties. The sets Q’jm mutually exclusively and exhaustively partition the unit interval of intermediate

goods for each industry ¢, where k£ > 0.

2.2.1 The trader’s problem

We now characterize the optimal choice of supplier for intermediate goods w € 23, ,, beginning with a descrip-

tion of the problem of a trader.

Static problem. Consider a trader in industry ¢ at destination d who at time ¢ sources an intermediate good w
from a supplier in country s, and suppose the chosen supplier’s realized productivity zs;(w) is the highest among
all potential producers of the good in country s. Under this sourcing strategy, the trader can procure the good at
a constant marginal cost cg4; ¢/ 2si(w) that depends on equilibrium factor prices and parameters by the common
unit cost component (3). Profit maximization subject to demand in (5) then yields the price pyq; (w) that an

assembler in destination-industry di will pay for an intermediate good w procured from source country s:

g; Csdi,t
i — 1 zg(w)

Psdit (w) -

In turn, the instantaneous profit that the trader earns from the sourcing strategy satisfies

o) = L (2 ) ®)
sdi,t o: \o; — 124 (w) dittdit
Dynamic problem. Under the sourcing friction, the opportunity for supplier selection at the extensive margin
does not follow a deterministic schedule but arrives randomly, with probability (; for each trader in country-

industry di. For an intermediate good w € Qgi,t that has the green light to be procured from a newly chosen

“The model can also accommodate country-industry-specific frequencies of supplier adjustment (4; but they would result in country-
industry-specific trade elasticities, which are not commonly estimated.



supplier, a trader’s optimal choice of supplier can therefore be characterized by the following Bellman equations:

Vdi,t (O.)) = glgaj\}f( Vdi,t (wv Tl), (9)
where c ¢
Vait(w,n) = Tnaie(w) + TlrtVdmﬂ(w) + ﬁvdi,t—&—l(wa n), forn € N, (10)

is the net-present value of a trader in d that procures the intermediate good w from country n at time ¢.

2.2.2 Legacy suppliers

Legacy intermediate goods w € Q’C}i,t with £ > 0 receive no green light for optimal procurement at time ¢. To
characterize supplier relations for these legacy intermediate goods, we denote changes over time for a variable x;
succinctly by & = x;/x—1. Suppose a trader last optimally sourced intermediate good w € Q’éw from s at time
t — k under the unit cost ¢sg; ¢/ zsi(w). If the intermediate good is still sourced from the same producer at time

t, its price equals
¢

ag; C dit ~
psdi,t(w) = ! S v = psdi,t—k(w) H Csdi,s»
s=t—k+1

which is the initial destination price adjusted for the cumulative changes in trade costs and factor prices since
t—k.

2.2.3 Optimal supplier choice

To characterize the optimal choice of supplier for an intermediate good w € QY , with a green light for optimal
procurement, we use the recursive nature of the Bellman equations (9)-(10). As we elaborate in Appendix A.2,
forward iteration under a standard set of transversality conditions’ yields the value of supplier choice for inter-

mediate goods w € Qgi,t:

(i~ (1—-G)"

Vi o(w) = { (W) (14 W } Vi , 1
it (@) nen Tt (W) (L + W) § + e [T (X +7epe1) diru() (h
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00 u ~ —\0i—
1 Crdi,t+< - -
U =S (1—G)" ndi, P Vel . (12)
ndi,t uz:l( Gi) I[l Trr— (Pdi,t+g dit+< Ydi t+c

is a measure of the net rate of appreciation for the current value 7,4; +(w) of a supply relationship with a producer
in country s given anticipated changes in trade costs and factor prices (through ¢,iq ¢/ Pdi7t+g) and domestic
demand (through Pdi,Hngi,H(). We refer to W4 ¢ as the option value of a procurement relation for traders in

destination d with a given source country s. The option value is specific to bilateral trade relationships between

SThe transversality conditions ensure that the present-value of sourcing from a given country n vanishes in the distant future:
lim7 oo |[122, (1= Gi)/(1 4+ rese—1)| Vair(w,n) =0,



source and destination countries sd and common across intermediate goods producers and traders in an industry ¢
at a moment in time ¢. This option value reflects the lock-in effect generated by the sourcing friction. In particular,
if ¢; — 1 so that there is no lock-in effect since supply relations fully reset in every period, then ¥4; ; — 0 and
the procurement relation holds no option value for any pair of countries.

From equation (11) it follows that the optimal source country choice s:‘m(w) = argmaxy, Vg +(w,n) for the
supplier of an intermediate good w € Qgi,t solves

Cndi,t L

SZz‘,t(w) = arg min (1+ \Pndi,t)_ﬁ .

neN zpi(w)

In words, if the choice of supplier for intermediate good w falls on a producer from country s, then the combi-

nation of the producer’s productivity, the current unit cost in source country s, the current trade costs between s
and d, and the anticipated future trajectories of these costs must make the supplier the most profitable at time .

Similar to EK, our distributional assumptions imply that the productivity zs;(w) of a potential supplier in

country s has a country-industry specific Fréchet distribution given by6
Prlzy(w) < 2| Agi, 0] = exp {—Asiz_ei} .

As a consequence, the fraction of intermediate goods w € Q?h. ;» for which a trader in destination d optimally
chooses a supplier from source country s, satisfies
o 0
AsiCgity (L4 Wagig) 77
Yt

Vi = Prwe Q) : sl (w) =s] = : (13)

where
9;

Yaiz =Y AniCogiy (L4 Upgig) 7! (14)
n

is a measure of destination d’s market access for intermediate goods w € Q?li,t’ given current and future trade cost
along with factor prices behind the common unit cost component c,4; ; and the option value V4; ;. We report the
derivation of these results in Appendix A.2.

Equation (13) states the extensive margin demand of destination d for potential sources of intermediate goods
w € Q?li,t in explicit form. The familiar EK characterization of the optimal supplier choice follows as a limiting
case when (1 — ¢;)/(1 + r¢yc—1) — 0 so that U 4, — O for all s. Except for this limiting case, optimal supplier
choices also incorporate future changes in procurement costs to account for the lock-in effect generated by the

sourcing friction.

The model could also accommodate productivity change over time with a country-industry-time specific Fréchet distribution and
resulting z,; ¢+ (w) realizations that vary over time and across the sets Qf, We develop this extension formally in Appendix B.1. To focus
on adjustment to policy-related or natural trade cost shocks, we do not specify time-varying productivity shocks in the main text.
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2.3 Trade flows

We now describe the global demand for intermediate goods in each set % 4i +» including legacy varieties (k>0
but beginning with those whose supply relationships are formed concurrently (k = 0). For well defined relation-
ships, we assume that the shape parameter of the productivity distribution exceeds the elasticity of substitution:

0; > o; — 1 in all industries.

2.3.1 Demand for intermediate goods with newly formed supply relationships

Under optimal forward-looking procurement, the distribution of prices paid by a local assembler for goods w €

Qgi , sourced from a country s at time ¢ satisfies

g; —

_9i 0;
* a; [ - )
Gsdzt( ) =Pr (pd,t(w) <p ‘sdi’t(w) = 3) =1-—exp {— ( 1) (14 Wygiy) @t Tdi,tpe’} , (15)

as we show in Appendix A.3. Hence, if option values W4, ; vary between potential source countries s, then so
will the distributions of prices paid by assemblers and consumers, depending on whether a country’s suppliers
are chosen based on current or future cost. If the option value for a country s is high, then traders are more likely
to source goods from suppliers that are not currently the least expensive, so the current average price for goods
procured from country s by forward-looking traders will be higher than the choice of a myopic agent would be.
Formally, if Wyq; 1 > Weg; 4, then Gggip =1 Ggaiy, 50 the distribution of prices paid across goods sourced from
s first-order stochastically dominates that of goods procured from s’. If ¥ sdi,t = Yo di . then the distribution of
the prices paid will be the same for countries s and ', as is the case in EK.

From the distributions of prices paid in (15), we can readily derive a destination d’s expenditure share for
each potential source country s across intermediate goods w € QY +

0.

—-—1
Aszcsdz t ( + \I]sdz t) -t

A = , (16)
s (I)gzt
where 5
—1
®G = Anicpii, (14 Wpgi )7 (17)
neN

is the measure of country d’s market access for intermediate goods w € 09, . based on current trade costs and
factor prices. See Appendix A.3.

Equation (16) clarifies how current and future costs impact trade flows differently, depending on the underly-
ing margins of adjustment. Note that the option value W4; ; is exclusively based on anticipated future unit cost
changes by (12), relative to the preceding unit cost, while the current level of the unit cost component cg; ; only
matters at the present time ¢. At the extensive margin, trade flows therefore respond to current cost, as in EK,
with an elasticity of —6;. For intermediate goods in the set QS 4i+» With a green light for optimal procurement,

the partial-equilibrium elasticity of trade flows with respect to the current trade cost is governed by the familiar
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Fréchet shape parameter:
0
Oln \{ dit

= —0;.
81n7‘sdi,t !

@9, , Wsdi,t

In contrast, anticipated procurement choices in response to changes in future unit costs can result in uneven
shifts in prices across source countries and can thereby trigger additional anticipated adjustments along the in-
tensive margin. Suppose trade costs increase permanently after a future horizon h (for all ' > h), and that the
interest rate is constant (r; = 7). For intermediate goods in the set dii,t’ the partial-equilibrium response of
trade flows to future trade costs is governed by the elasticity of substitution (o; — 1) at the intensive margin, in

addition to the Fréchet shape parameter at the extensive margin, and by a horizon-h specific discount factor:

Oln Agdi,t

OIn{Tsa e bn>n

1-— Cz‘)h W sdi t+h
147 1+ Wegis

—— i~ (o~ 1)

0
édi’tycsdi,t

The future option value Wg; 14, incorporates the permanent change in trade costs after i (for all A’ > h).

Importantly, the response of trade flows to anticipated future trade costs reflects not just the extensive-margin
adjustment abut also adjustment of demand at the intensive margin. For 6; > o; — 1, the elasticity of substitution
(0, — 1) reduces the prevailing elasticity 6; at the extensive margin and dampens the impact of future trade
cost on current trade flows. The role of the option value for a trade-flow response mirrors the effect of fixed
operation costs in heterogeneous-firm models with monopolistic competition when there is no firm entry. In
fact, equation (16) coincides with the gravity equation in a Melitz (2003)-Chaney (2008) model with no entry
and Pareto-distributed firm-level productivity, where the endogenous gross option value (1 + W4, ;) replaces the
bilateral fixed export costs from Chaney (2008).

2.3.2 Demand for intermediate goods with legacy supply relationships

Legacy intermediate goods w € Q’dfi , with k& > 0 are purchased from a supplier that was last optimally chosen at
time ¢ — k. We show in Appendix A.4 that country d’s expenditure share by source country across intermediate

goods w € Qgi , equals
0 t A —(O'i—l)
)\sdi,t—k (Hg:tfkprl Csdz,g)

k- )
D+

(18)

k _
Asdi,t -

where
t —(oi—1)
%M=§2&W%< 11 %m> (19)
neN s=t—k+1
reflects the mean price paid for the set of intermediate goods ngf , attime t—k given trade shares {\’ dit—k I NEN-
A comparison of equations (16) and (18) shows how the effect of unit costs on trade flows differs by the
timing of the procurement relationship. If a trader can optimally source an intermediate good at time ¢, the

effect of the cost change on trade flows is governed by the Fréchet shape parameter 6; in (16), and trade flows

reflect the effects of current and future changes to comparative advantage patterns. Conversely, if a trader is
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unable to switch suppliers, then the extensive margin of adjustment is inoperative. The only remaining margin of
adjustment is the intensive one, which is governed by the terms that collect the cumulative changes in past unit
costs under the elasticity of substitution (o; — 1) in (18). In effect, trade flows follow a pattern as if the varieties
were differentiated by country of origin and time of last procurement choice, where the measure of varieties from
each origin and procurement time is defined by legacy partition Q§i7t. For each legacy partition Qﬁt with k£ > 0,
Armington (1969) forces determine trade flows. The partial-equilibrium response of trade flows with respect to

a concurrent trade cost change is governed by the elasticity of substitution o; — 1:

dln )\gdi t

— —(o; —1).
OIn Fogi s (i = 1)

k 0
q)di,t7>\sdi,t—k

To close the model, we now show how aggregate demand for the composite good of industry ¢ follows from the

aggregation of trade shares in (16) and (18).

2.4 Aggregation

To derive aggregate demand, we rely on the homotheticity of assembly. The partial price index for the composite
of legacy intermediate goods purchased at time ¢ from suppliers chosen t—k periods ago satisfies (Pfi /) —(oi=1) =
I eqo, pait(w) " Ddw. The sets Q]jm partition industry ¢’s product space, so we can obtain country d’s
price index for industry ¢ goods at time ¢ by aggregating these partial price indices across all partitions and find

—(0;—1 —(o5—
P = 50 (P ),

We establish in Appendix A.3 that the partial price index for the set of intermediate goods whose suppliers

are chosen optimally at time ¢ takes the form

e\ —L
Py =" (,Udi,t(o) . > (Yair) %, (20)

where v; = [03/(0: — 1)] T([0; — (05— 1)]/8;) 7/ 77D, T g; , is given by (14), Y, , is given by (17), and p1;4(0)
denotes the measure of the set Qgi,t' Following our previous discussion, the endogenous market access term Y g; ¢
represents the mean present value of the newly formed supply relationships to traders in d at time ¢, and CI)SH
is the value these relationships provide to assemblers and consumers. The proportion of <I>3i7t to Y4 ¢ therefore
informs the transitory price effects of the sourcing friction between goods in the basket ng,t-

The measure 145 +(0) accounts for gains from variety. This measure recursively evolves over time according
to a stochastic process that governs the traders’ optimal procurement decisions, similar to the so-called Sisyphos
Process (Montero and Villarroel 2016):

Gi fork = 0,
pai (k) = 2D
(1 — (i)udi7t_1(k: — 1) for k > 0.

The parameter ¢; € (0, 1) is the supplier adjustment probability, and it measures the frequency at which traders
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from industry ¢ can switch suppliers.
We establish in Appendix A.4 that the partial price index across legacy intermediate goods, whose suppliers

were chosen at time ¢ — k, satisfies:

1
(k) e
pk _ po ( fadi i Pk ) , (22)
di,t di,t—k Mdi,t—k(o) di,t
which is the period ¢ — k price index of the basket of intermediate goods Q?t_ ;. adjusted for subsequent changes
in variety composition, captured by s¢4; +(k), and prices, captured by <I>’(§i .-

Given equations (20) and (22), we can solve for the composite price index of industry ¢ goods in country d at

time ¢
00 0 —(oi—1) il
pait(k) [ Pai—r 5
Py, =P%, |1+ ’ 7 ta .
1,t d’L,t P udl’t(O) ( Pc?iﬂf dl,t

as well as for country d’s expenditure share on industry ¢ goods sourced from country s

[e’e) Pk; - (Ui _1)
di
Asdit = Y <Pt> Ao oo (24)

=0 di,t

where )\’;di?t is given by (16) if £ = 0 and by (18) if £ > 0. Appendix A.5 provides details.
The set of trade shares {A sdi,t} s,deN,iez fully characterizes the demand in the world economy at time ¢. To

close the model, we now describe the conditions for market clearing and define the general equilibrium.

2.5 Equilibrium

We denote total revenues of industry ¢ from a source country s at time ¢ with X,; ;. To define equilibrium, we
express each industry’s total revenues in terms of trade shares by (24), total expenditures on consumption Fg ¢,

and sales X 4; ; anywhere in the world
Xeip =Y Adiz |NaiBas+ Y aij Xaje | - (25)
deN jET

Under constant markup pricing, a fraction 1/0; of the sales of a local assembler is earned as a profit by local
traders in industry i. A destination d’s total profit income Il can therefore be expressed as a function of its

local expenditures on composite goods:

1
g = Z o naila + j;adindj,t . (26)

A country’s national expenditure equals the sum of its factor income, profit income and trade deficit so that

Eqt = wqtLay + g + Dgy, under the adding-up constraint ) | dgen Patr = 0. We follow the conventional
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approach in the international trade literature and treat aggregate trade deficits as exogenous. To clear the factor
market, wages adjust to ensure that total factor income in each country equals the factor expenditures of all

producers:
g; —

1
wasLas = Y (1 — aa) Xais, 27)

i€T

7

and goods market clearing is guaranteed by Walras’ law.

We are now ready to define a dynamic general equilibrium and a steady state.

Definition 1. An economy is a set of time-invariant parameters for technologies, preferences and factor endow-
ments © = {0;, 04, {aaji}jez, Pdi» Adir Ndi> La}den } ;e sourcing frictions ¢ = {(i}iez, as well as measures

ko = {fdito (k) Yaen icT k{01, } for some to. Given a path of trade costs T = {T},cn = {TSdivt}s,dEN,iEI,tEN
and interest rates T = {1} ,cn:

1. A static equilibrium at time t is a vector of wages w; = w (T4, W—_¢, T—¢, O, (, pg, ) that jointly solves
equations (24), (25), (26) and (27) given s,d € N, i € I, w_; = {wdx}deNgeN\{t} and T_; =

{TSidaC}s,deN,iGI,ceN\{t} :

2. A dynamic equilibrium is a path of wages {w },c so that, for all t, wy = w (14, W_¢, T4, O, (, pg, T).

3. A dynamic equilibrium is a steady state if wy = wy for all t' > t.

2.6 Dynamic hat algebra

The forward-looking and gradual formation of supply relationships in our model generates transitional dynam-
ics with substantive cross-sectional heterogeneity in procurement strategies and prices between goods in each
country-industry cell. Nevertheless, we can efficiently solve for the economy’s dynamic response to an antici-
pated sequence of changes in fundamentals using dynamic exact-hat algebra techniques.

Suppose that we observe a dynamic equilibrium allocation somewhere along the transition path towards a
steady state equilibrium. As we verify in Appendix A.6, we can then solve for the transition path of endogenous
variables in terms of time changes Z; for any anticipated convergent sequence of future changes in trade costs,
without having to solve for the economy’s structural fundamentals (productivity parameters and trade costs).
Consequently, we can apply the so-called “hat algebra” of Dekle, Eaton and Kortum (2007) to efficiently compute
perfect foresight counterfactuals in our model.

3 Dynamic Adjustment to Trade Shocks

We now use the model to study the economy’s dynamic response to present and anticipated future changes in
trade costs. We derive new structural estimating equations for the trade elasticity at different time horizons as
well as a new formula for the dynamic welfare gains from trade. To anchor the dynamics, we first turn to steady

state. For the steady state to be well defined, we consider a time invariant interest rate r from now on.
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3.1 Steady-state properties

Our model preserves the properties of quantitative trade models based on EK in the limit when the economy is in
steady state, regardless of the magnitude of the frictions underlying imperfect supplier adjustment. Intuitively, the
supplier adjustment probability ¢; € (0, 1) regulates the speed of adjustment to the long-term limit but does not
affect the limit itself. The transitory effects of trade disruptions that arise in our model reflect how opportunities
for finding new suppliers are limited in the short run. Assemblers get to adjust all supply relationships in the long
run, so we obtain a version of the EK model as the limit of the equilibria along the transition path.

Formally, let w?X (T, 1,1,0,1, ufx ) represent the equilibrium allocation in an economy in which suppli-
ers can be flexibly selected for all intermediate goods, so ¢; = 1 for all industries i and u”% = {1,0,0,...}. We

can then establish
Proposition 1. If w* is a steady state equilibrium, then
1. Forany ¢, w* = w(1,1,1,0,¢, py) = wFE (T, 1,1,0, 1,,uEK).

2. Forallk € {0,1, ...}, the measure of goods w € Q’;i’t equals 111 (k) = (;(1 =)k for all d € N, and trade
k

flows are given by X7, . = )\gff where )\55{ denotes the trade shares in the frictionless economy.

Proof. See Appendix A.7. O

Proposition 1 establishes the relationship between our model with sourcing frictions and existing models,
and characterizes the age distribution of legacy variables in steady state. The first statement is a reminder that
the tools developed in the literature to study the equilibrium properties of static quantitative trade models can be
used to establish the existence and uniqueness of steady state in our model. The second part of Proposition 1
highlights properties of the steady state that we can later revisit to quantify our model. In particular, the second
statement shows that the process governing the evolution of the age distribution of supply relationships over time
has a simple geometric stationary distribution. Moreover, the second part shows that steady state expenditure
allocations equalize across intermediate goods within an industry in steady state, irrespective of when s supplier

was last chosen optimally.

3.2 Trade elasticities by time horizon

We begin by showing how the trade elasticity (the elasticity of trade flows with respect to current transport cost)

varies over time in our model. The trade elasticity sgdi , at time horizon A is defined as

o O0InXggiign
ssdi,t =

, for h >0, (28)

81n Tsdi
sdi,t 3 v
' { Zi,t+g’ sdi,t+§}t<§<h,k

for trade flows in industry ¢ from country s to d at time ¢ 4 h after a permanent trade cost change at time ¢. The

elasticity measures the proportional change in trade flows Xg4; 11/ Xsqi+—1, compared to the pre-shock period,

with respect to the change in trade costs at ¢: d In 744; ; = In 7,4, ;. The elasticity definition holds fixed the general
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equilibrium terms that summarize changes in current market access and future procurement cost for industry ¢

goods at destination d. Proposition 2 provides an analytical characterization of this elasticity.

Proposition 2. Suppose that the economy is in steady state att = —1. Then, up to first order, the elasticity of the

horizon-h trade flows with respect to a shock to trade cost at time t = 0 is

=0 1-a- Q)h“] — (o —1)(1 — ¢ (29)
If ¢; € (0,1), then limy,_, 5? = —0;, and the rate of convergence equals
h+1 -
lim In 2% (1= ¢,).

h—o00 E;L + 0;

Proof. See Appendix A.8. O

As h — 0, the trade elasticity E? > —0; strictly decreases toward the long-run limit of —6; (strictly increases
over time in absolute value) if §; > o; — 1. In the long-run, the trade elasticity equals the Fréchet parameter 6;
in absolute value. The rate of convergence to the industry’s long-run elasticity depends on the industry-specific
supplier adjustment probability (;, the frequency at which assemblers can establish a new sourcing relationship.

The definition of the horizon-specific trade elasticity in (28) is consistent with reduced-form estimates at
varying time horizons as in BLP. For estimation, we will leverage this equivalence to identify the structural

parameters governing the trade elasticity.

3.3 Anticipatory trade adjustment

We now describe how trade flows respond to anticipated changes in future trade cost. The anticipatory trade

elasticity is defined as
—h 8 ln X Sd’i,t

Edit = forh > 0 (30)

OInTsdit+n (80,01, Fese
for source-industry-destination sd: trade flows at time ¢ and an anticipated change in trade cost at time ¢ + h.
This elasticity captures the partial equilibrium response of trade flows in the present to an anticipated permanent
shift in trade cost h periods in the future. The following proposition provides an analytical characterization of

this partial equilibrium elasticity.

Proposition 3. Suppose that the economy is in steady state at t = —1. Then, up to first order, the elasticity of

trade flows at t = 0 with respect to an anticipated change in future trade cost at time h > 0 is

—h 1—¢ "
== - -6 (155 6 a1

Proof. See Appendix A.9. O
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Following our earlier discussion, the forward-looking trade elasticity ef > —0; decreases (in absolute value)
in the elasticity of substitution, since anticipation implies buying from contemporaneously more expensive sup-
pliers and giving up part of current sales of a given variety w due to demand substitution; and in the interest rate
r and the anticipation horizon h, since both decrease the present discounted value of traders.

Equation (31) also clarifies that €; " is non-monotonic in the supplier adjustment probability (;, which affects
the anticipatory trade elasticity through two opposing forces. If (; = 0, there is no anticipation because no trader
can ever adjust, the mass of varieties from each country is fixed, and all changes in demand occur along the
intensive margin. If (; = 1, there is no anticipation because traders can readjust in every period with probability
one, and therefore it is always optimal to readjust when the shock hits. The action lies between. As (; increases,
the measure of the set Q?h;,t’ which represents the mass of adjusting firms, increases, favoring anticipation; but
also the probability of readjustment prior to shock arrival increases and therefore the value of current adjustment
decreases, favoring no anticipation. The second channel is stronger for shocks farther away in the future, as seen
by the discount factor [(1 — ) /(1 + )] "

3.4 Welfare gains from trade by time horizon

Having drawn out the forces that govern the transitory dynamics of trade flows in partial equilibrium, we now turn
to describing the general equilibrium welfare ramifications of these trade dynamics. In the proposition below,
we show that our model yields a dynamic welfare formula that generalizes existing sufficient statistic results for
the welfare gains from trade in static models with CES demand from Arkolakis, Costinot and Rodriguez-Clare

(2012) to incorporate a forward-looking and gradual formation of supply relationships.

Proposition 4. Suppose that the economy is in steady state at t = —1. Then, the change of real wages Wefl‘ =
Ca,n/Cq,—1 in country d at time horizons h = {0, 1, ...} in response to an arbitrary convergent sequence of trade

shocks is given by

3 —L | ez Adjini
< ddj,h s
wi =11 [(,\J> " Ean) 7 1] , (32)
jez ddj,—1
where
Gj—v'j+1 h 9j—o'j+1
— hat1 [ Addi—1 % o { Vddj,h—s %
Egn = (1-¢) SV +) G -¢) SV (33)
ddj,h = ddj,h
and Ggj; is the (j,1)-th element of the Leontief inverse (I — Aq) ™, with the elements of A, given by aj;.
If G € (0,1), then limy,_,o W = [1iez Nadjt+n/Adaj,—1) "~ Liex bajini/0;,

Proof. See Appendix A.10. 0

Following (32), welfare analysis can be conducted using ex-post sufficient statistics. These statistics inform
how the different margins of demand adjustment contribute to the overall change in real wages between period
t = —1 and period t = h.

The aggregate change in a country’s real wage incorporates shifts in its realized comparative advantage via the

terms (Adgj.n / /\ddj’,l)*l/ % on the right-hand side of (32). Since the Fréchet parameter 6; is the price elasticity
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of demand for newly sourced goods, these terms measure the change in an industry’s consumer price index as if
all varieties were being sourced optimally. For finite horizons i < oo, the home expenditure shares \qq; 5, are
distorted under the sourcing frictions. All goods are optimally sourced when h — oo, only then do the home
expenditure shares capture the entire real wage response as in EK.

The exact real wage distortion at any finite horizon i < oo depends on the terms Z4;;, in (33). These
factors (Zg; ) 1/(25=1) incorporate distortions in a country’s terms of trade brought about by the sourcing friction.
There are two aspects to the distortions. First, for legacy varieties that have not yet been optimally sourced
between ¢t = 0 and ¢ = h, the current share of home expenditures \qq; ;, deviate from the initial steady state
at t = —1. Second, assemblers’ current home expenditure shares for legacy varieties that were at least once
optimally sourced between ¢ = 0 and the current horizon ¢ = h deviate from the extensive margin demand
for domestic producers of traders behind v44;,—.. Rearrangement of equations (13) and (16) shows how the
importance of these two effects varies across legacy varieties depending on when their current supplier was

chosen between ¢t = 0 and ¢t = h:

0
Vddi,h—¢ o (pdi,h—c(

A0
= 14 Wagipe) =S foro < ¢ <h
Addi,h sz‘,h—(

Addi,h

The first two terms on the right incorporate how traders’ choices to procure goods based on option values rather
than from the least expensive global supplier at time ¢ = h — ( continue to distort prices paid for goods w € QZZ_ ,f
attime ¢ = h. In turn, the ratio )\2 dish—C /Addi,» traces how the impact of these initial extensive margin distortions
on a country’s terms-of-trade evolves over time as traders cannot adjust their initial supplier choice to changes in
global factor prices and trade costs that occur betweent = h — ( and ¢t = h.

From the above discussion, it follows intuitively that the relevant trade elasticity for welfare analysis differs
from the structural elasticity in (29). Consequently, the welfare effects of trade shocks can vary both quantitatively
and qualitatively over time, even conditional on the structural parameters that govern the time variation in the
trade elasticity. Proposition 4 allows us to summarize these dynamic effects in terms of a small set of key

statistics.

4 Estimation

We turn to the quantitative implications of our theory for the responses of production and welfare to trade shocks.
In preparation for that, we outline and implement our approach to estimating the structural parameters that gov-
ern the horizon-specific trade elasticity in this section. In the next section, we will use these estimates for a
quantitative evaluation of how the 2018 US-China trade war and the 2004 EU enlargement have impacted trade,
production and welfare through the lens of our model.

4.1 Methodology

To obtain the structural parameters governing the horizon-specific trade elasticity, we leverage the explicit analyt-

ical characterization from Proposition 2. Intuitively, the parameter o; governs the empirical behavior of the trade
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elasticity in the short-run; while 6; pins down its long-run level. The rate at which the trade elasticity changes
from the short-run to the long-run level informs the structural parameter (;, governing the stickiness of supplier
relationship in our model. Below, we lay out the empirical methodology for obtaining estimates of structural
parameters O; = {6;, 0, (;}.

Using Proposition 2, we can state the following structural equation for the h-horizon elasticity of tariff-

exclusive bilateral exports Xg; ¢+, to an unanticipated change in tariffs In 7y ¢ /Tsq; +—1 at year ¢

Xsdit+h Tsdit

In (Xsd+1 = (6? (©;) — 1) In # + YTt + Osiprn + Odign + Usditrn (34)
sdi,t— sdi,t—

where ezh (©;) is the model-implied horizon-specific trade elasticity, written as a function of the vector of structural

parameters ©; using equation (29); I'y4; ¢ denotes a vector of lagged controls for trade volumes and tariff changes

Xsdit— Tsdi t—
Fsdi,t — |:1I1 ( sdit 1) In <Tsdz,t 1>:| (35)
Xsdit—2 Todit—2
following BLP; ¢ denotes fixed effects; and ugg; ¢+ is a residual.”
Identification of the structural parameters involves the same endogeneity challenges discussed in BLP. For

this reason, we adopt the instruments from BLP and consider the following form of moment conditions under a

standard framework of generalized method of moments (GMM) for a given horizon A

mP: 1(0;) = Elusaitrn Zsai] = 0 (36)

where Z4; + denotes the instrumental variable constructed by BLP. The pursuit of exogenous tariff movements by
BLP is appealing to us as the derivation of Proposition 2 requires that the shocks arrive as surprise. Specifically,
they use tariff changes resulting from binding changes in the most favored nation (MFN) tariffs for non-major
trade partners to obtain plausibly exogenous variation in trade policy. Such tariff changes can arguably be viewed
as unanticipated permanent shocks, and thus proxy for structural shocks in our model environment.

For simplicity, we assume that ©; = O for all ¢ and therefore that there is no heterogeneity of the trade
elasticity by industry. This restriction can be relaxed by repeating the estimation with industry-specific estimates
for each industry ¢. Estimation of the vector of structural parameters ©; is therefore boiled down to solving a
GMM problem with the moment conditions {mgdi,t}hGH for some set H of horizons with cardinality of at least
three.

4.2 Implementation and results

In principle, the set of horizons involved in estimation can be as large as what the data allow. Yet, for the baseline

estimation, we restrict our attention to just-identified GMM and pick three horizons from the range between 1 and

"The adjustment of coefficient by 1in e/ (©;)—1 arises because the trade data employed are tariff exclusive while the model-consistent
definition for trade elasticity requires including the changes in tariff payments in trade volumes.

8Here, we capitalize on the fact that the estimating equation is linear in independent variables. Consequently, the Frisch-Waugh logic
continues to apply and we can residualize the model before running standard GMM.
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Table 1: Parameter Estimates for Trade Elasticity

Targeted Moments

Parameter h = 1,5, 10 (Baseline) h=1,4,10 h=1,4,5,10
Long-run Trade Elasticity (6) 3.24 2.67 2.90
(2.31) (1.00) (1.44)
Short-run Trade Elasticity (o) 1.35 1.27 1.32
(0.41) (0.44) (0.42)
Supplier adjustment rate per annum (¢) 0.10 0.15 0.12
(0.12) (0.13) (0.11)

Notes: Parameter estimates for 8, o and ¢ are based on GMM. Standard errors in parenthesis are cluster-robust at the level of importer-
exporter-HS4 triplets.

10 to identify our structural parameters, namely h = 1, 5, and 10. This choice of horizons is a natural baseline,
given that the parameter o largely governs the empirical behavior of the trade elasticity in the short-run (h = 1),
while 6; pins down its long-run level (h = 10). The transition from the short-run to the long-run level informs ¢;.

Table 1 presents our estimates of the structural parameters governing the trade elasticity. Estimates in the first
column are those to be used for the quantification exercise in Section 5.2. For the other columns, we alter the set
of horizons covered by the moment conditions for the GMM estimator. Our estimate for the Fréchet parameter
implies that the long-run tariff-inclusive elasticity of trade flows to exogenous tariff changes is between —3.24 and
—2.7. The estimates for o imply that existing intermediate-good varieties are net substitutes from the perspective
of assemblers, but suggest limited scope for expenditure switching when adjustment happens at the intensive
margin. Finally, we find that the adjustment rate for supplier relationships ¢ ranges between about 10% and 15%
per annum, indicating substantial stickiness in supplier relationship.

Given estimates for ©, it is straightforward to translate them into estimates for model-implied horizon-specific
elasticity using the expression from Proposition 2 and the delta method. Figure 1 plots 10 of these horizon-
specific trade elasticity estimates based on the baseline parameter estimates in the first column of Table 1. Notice
that the three structural parameters are governing all 10 horizon-specific elasticity estimates. To get a sense
on how well such model-implied elasticity estimates fit the data, Figure 1 additionally includes 10 elasticity
estimates that are obtained without imposing the structural restrictions based on Proposition 2. That is, a separate
parameter €” is estimated for each individual horizon & under a linear GMM framework based on the same sample
and IV. The results from this unrestricted version look similar to our model-based approach that only involves

three parameters, indicating that our structural estimates fit the data reasonably well.

5 Quantitative Applications

We illustrate the features of the model in two quantitative applications: the 2018 US-China trade war and the 2004
Enlargement of the European Union (EU). We treat the former as an example of an unanticipated trade shock
that highlights how our model diverges from the canonical EK benchmark by explicitly incorporating transitional

dynamics. The latter was a pre-announced accession process for which both new member states (NMS) and EU
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Figure 1: Horizon-Specific Trade Elasticity

Notes: The nonlinear estimates are translated from the three structural parameter estimates from the first column in Table 1 using
Proposition 2 and the delta method. The linear estimates are obtained by allowing a separate parameter for each horizon without imposing
any structural restrictions among them.

countries knew many years before the actual accession date what the liberalization schedule looked like, giving
rise to anticipatory behavior and allowing us to compare model responses with and without anticipation.

We recognize that in episodes of global trade integration or disintegration other dynamics may come into
play, including corporate reallocations and multinational production shifts (Ding et al. 2022, Arkolakis, Eckert
and Shi 2023, Freund et al. 2024), migration (Caliendo et al. 2021), and innovation (Gées and Bekkers 2022). We
hold those aspects constant and quantify welfare changes induced by tariff changes in the presence of anticipation

and sourcing frictions.

5.1 Calibration of the initial steady state

To calibrate the model, we assume that the world economy is in a steady state prior to the announcement of a
shock. As mentioned, we use the 2023 edition of the OECD Inter-Country Input-Output (ICIO) tables (OECD
2023). The ICIO database covers 45 industries in 76 economies along with a constructed rest of the world

(ROW). In the model, we allow 77 economies corresponding to those in the data.® From the 45 ICIO industries,

For China (mainland) and Mexico, the data separately record the input-output relations for a subset of manufacturing activities only
intended for export. To take advantage of this additional detail for China and Mexico in the model, we implement these two economies as
consisting of two types of producers for each industry. Concretely, for each industry-specific good in these two economies, there is a set
of regular producers delivering output for both domestic and foreign use; an additional set of producers produce special varieties that are
only delivered abroad. The technological parameters including those governing trade shares are allowed to be different across these two
types of producers. However, the value added generated from all these producers is pooled for computation of aggregate income. Labor
inputs are assumed to be perfectly mobile across the two types of producers. The producers therefore face possibly different prices for
intermediate inputs but identical wages.
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Table 2: Model Parameters and Variable Levels for Initial Steady State

Parameters or Initial Levels Notation Level of Variation

Matching Input-Output Data Exactly

Producer expenditure shares across inputs Qi Qlsj Producer region-industry
Initial import shares by source region Asdi User region

Initial level of bilateral trade flows Xsdi Industry-specific bilateral pair
Household expenditure shares across industries Ndj User region

Derived from Model Equilibrium

Initial aggregate labor income and profits wgLg, g Producer region
Deficit (difference between expenditure and income) Dy, User region-industry

we exclude three that are primarily for public expenditure or services that are hard to classify. We then aggregate
the remaining 42 industries into 32 industries by combining non-manufacturing industries. Table 2 summarizes
the parameters and initial levels for our calibration.

We set the technological parameters {{c; j}i, asj}s 4 so that the expenditure shares across production inputs
match those in the data exactly.10 We match the initial import shares {\4;}sq; and intermediate expenditure
{Xsai } sai exactly. We ensure that the aggregate expenditure (total trade flows) for a given region-industry pair
{Xi}si are as in the data before imposing the markup charged by the traders in model.

To derive final goods consumption while maintaining the accounting identities, we proceed as follows. We
first compute the expenditure shares across the final use of goods from each industry among the 32 aggregated
industries in order to obtain the household expenditure shares 15;. We then compute the aggregate wage and profit
income received by households which can be derived from the aggregate expenditures of each country-industry
pair and technological parameters.'! Lastly, we back out hypothetical trade deficits that ensure all equilibrium
relations to hold. These trade deficits enter into the resource constraints as discrepancies between the level of
household consumption and goods arrived in the destination country for each industry good so that the 7s; from

data can be respected while maintaining the model structure.

5.2 The 2018 US-China Trade War

Measuring the shock. On 1 March 2018, the Trump administration announced global tariffs on steel (25%) and
aluminum (10%), citing national security concerns — these would go into effect after temporarily exempting some
allied countries. In April 2018, China would retaliate imposing tariffs on agricultural products and aluminum
waste!'2. By September 2018, average applied tariffs had increased from 3.8 percent to 12.0 percent, covering

56% of total Chinese imports from the US; and from 7.2 percent to 18.3 percent, covering 47% of US imports

10The ICIO tables account for taxes and subsidies. We treat taxes and subsidies as special expenditures that are not contributing to any
part of disposable income. For this reason, the sum of expenditure shares across inputs is smaller than one.

'With the region-industry specific value added shares at hand, we compute the initial levels of aggregate labor income as wqLq =
> ier(1—aai)- (i —1) /0y - Xai, which is our model’s labor market clearing condition. We compute trader profits based on the markup
and total value of industry goods arriving in each destination.

12See blog post by Zhiyao (Lucy) Lu and Jeffrey I. Schott on the Peterson Institute for International Economics website: How Is China
Retaliating for US National Security Tariffs on Steel and Aluminum? link.
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Figure 2: Tariff Changes for Trade War Counterfactuals

from the China, respectively (Bown 2021). By late 2019, average applied tariffs would have stabilized at around
20%, covering between 58-66% of bilateral trade flows.

The time span between the announcement of tariff increases and its implementation was short, often just a
few months. Additionally, with a tariff distribution across sectors that ranges from 0-30%, depending on the
sector and initial tariff, we take this episode as a largely unanticipated trade shock.

The timing of our anticipated shock experiment works as follows: prior to the announcement, the system is
at its steady state, calibrated according to what was described in Section 5.1; on 2018, the US and China reveal
the tariff rates they will impose against each other, with increases in 2018 through 2020. We then trace out the
transition dynamics that happen after the tariff shock until convergence to a new steady state.

Tariff changes during the US-China trade war are from Fajgelbaum et al. (2020). Tariffs are reported at an
eight-digit Harmonized System (HS) code level. We compute weighted averages of these tariff changes within
each of the model industries over time. Tariff changes are aggregated across different HS codes and over the
months when they take effect. For aggregation across product categories, we determine the most relevant model
industry based on the associated industry classification and use the annual bilateral trade volume of each product
in 2017 as weight. Fajgelbaum et al. (2020) offer aggregates over months, using the shares of months within
a year for which the tariff changes are in effect as weights. Figure 2 shows the evolution of tariffs imposed by

either party at a 2-digit ISIC level. Tables C.1 and C.2 in Appendix C.3.1 present the underlying data.'3

Effects on trade flows. We begin with a description of how the trade war impacted trade flows between the
United States and China. Figure 3 depicts the counterfactual response of imports, in tariff-inclusive terms and
aggregated across industries. Tariff-inclusive import values drop slightly in the first periods, reflecting the low

degree of substitutability among suppliers implied by the short-run structural trade elasticity. However, as the

B3For model calibration, we rely on the OECD ICIO data, which reconcile trade data with national accounts To aggregate tariff changes,
we use the 8-digit HS-code level trade data from the US Census as weights. Given discrepancies in industry classifications between OECD
ICIO and the US Census, there are some discrepancies in import and export volumes. Many products were targeted by trade-war tariffs
only during the second half of 2018, so the aggregate changes at the annual level in 2018 are smaller than those in 2019. By the end of
2020, all tariff changes associated with the trade war were in place.
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Figure 3: Changes in Tariff-Inclusive Trade Flows

Notes: Tariff changes implemented gradually over the first two years. The model determines changes in trade shares at the industry level.
The country-level outcomes are based on aggregate trade flows summed across industries. “GE Response” and “PE Response” refer to
results generated from the full model involving factor price changes and results only based on the PE trade elasticity respectively. “Regular
Sectors” and “Export-Only Sectors” are only relevant to China and Mexico for according ICIO tables, as explained in Section 5.1.

trade elasticity increases over time, trade flows start to decline sharply. In the long-run, US imports from China
settle at a level that is 25 percent lower than in 2017, while Chinese imports from the US decrease by over 30
percent. As we will describe in further detail below, this discrepancy in the magnitude of trade adjustment in
part reflects differences in how shifts in world factor prices brought about by the trade war affect production and

trade.

Effects on prices. Figure C.1 in Appendix C.3.1 depicts the industry-level price effects of the trade war in China
and the United States. In the US, the increase in trade costs leads to an increase in prices across all industries and
time horizons. This pattern is qualitatively consistent with empirical studies that found that products targeted by
retaliatory tariffs from China experienced a high pass-through to prices in the United States 4. Due to sluggish
adjustment of demand, these price increases are particularly pronounced in the short-run, when traders could not
yet adjust the extensive margin. Some industries—notably textiles, basic metals, and electrical equipment—see
prices rise by over 4 percent once all retaliatory tariffs are in place. As sourcing decisions gradually adjust to the
initial rise in trade cost, prices partially decline but remain high.

In contrast to the substantial and uneven price hikes in the United States, domestic prices in China decline
across all industries. Price changes are smaller in absolute terms in the short-run, reflecting the limited scope for
demand reallocation in the short-run. There are many potential explanations for these divergences. Importantly,

we simulate both US imposed tariffs and Chinese retaliatory tariffs simultaneously — and tariffs imposed by the

“Fajgelbaum and Khandelwal (2022) is a comprehensive review of the economic effects of the US-China trade war. The bulk of the
evidence shows that the pass-through of retaliatory tariffs to import prices was complete in the Trade War episode. Fajgelbaum et al.
(2020), Amiti, Redding and Weinstein (2019), Amiti, Redding and Weinstein (2020), and Cavallo et al. (2021) all estimate a complete
pass through.
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Notes: Tariff changes implemented gradually over the first two years. “Real Wage” in year ¢ refers to real wage changes between ¢ and
the initial steady state generated by the full model. “Wage” refers to the corresponding change in the nominal wage. “Price” is the change
in the aggregate consumer price index.

US affected a larger share of imports from China than the retaliatory tariffs affected US exports to China'>. Trade
diversion to the domestic market is likely to decrease domestic prices.

Figure C.2 shows that the price responses of industries not directly exposed to tariff changes follow the same
qualitative patterns as those described above. This outcome reflects two main channels: the impact of the trade
war on both intermediate goods prices, since our model includes an input-output structure, and domestic factor

prices. We further elaborate on the latter below.

Effects on real wages and welfare. Figure 4 traces the counterfactual response of real wages, as well as
nominal wages and consumer prices in the United States and China. In the long run, the trade war reduces the
real wage in both countries—albeit for different reasons.

In the United States, the trade war increases prices and nominal wages. However, price levels increase more
than nominal wages, decreasing real wages. Conversely, in China, both nominal wages and prices decrease. The
counterfactual decrease in nominal wages is stronger than that of prices, leading real wages to decrease. In both
countries, the real wage responds gradually, achieving about a —(.24 percent decrease for the United States and
—0.22 for China over the medium term.

In Figure 4, we compare the transitory dynamics of real wages in our baseline economy to the equilibrium
response of real wages in a variant of the model with equivalent fundamentals but instantaneous trade adjustment

(¢ = 1).' In both countries, the presence of sticky sourcing and sluggish adjustment exacerbate real wage losses

'>The U.S. “raised tariffs on import transactions corresponding to about 2.6% of GDP [...] trade partners imposed retaliations on
exports corresponding to about 1% of US GDP” Fajgelbaum and Khandelwal (2022)
From Proposition 1 we know that shocks have identical long-run effects in both economies but cause transitory dynamics in the
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Figure 5: Horizon-Specific Impact on Real Wages

Notes: Tarift changes implemented gradually over the first two years. “Total Effect” in year ¢ refers to the real wage change between ¢
and the initial steady state generated by the full model. “No Friction” refers to the change in real wages under the assumption that the
economy reaches the long-run outcomes instantly (¢ = 1).

over the transition path.

In Figure 5 we use Proposition 4 to further elucidate how adjustment frictions contribute to the transitory
dynamics of real wages. We present the changes in welfare inferred from trade shares in our augmented ACR
formula. We plot in the dotted line the changes in welfare in the usual ACR formula, setting = = 1 and contrast
it to the changes in welfare in the presence of frictions. Intuitively, most of the deviations of welfare from its
long-run equilibrium are explained by frictions. Additionally, these deviations are larger over the short- and
medium-term. In the long run, as trade flows gradually realign and start to be driven increasingly by comparative
advantage, price distortions ultimately fully reflect the welfare effects of the trade war for US households, while

ameliorating the shot-term excess impact on real wages in China.

Effects on third-party countries. We conclude the discussion of the simulations by highlighting the impor-
tance of short-run adjustment frictions for assessing the welfare effects of the US-China trade war in third-party
countries. In Figure 6, we display the counterfactual real income responses in Mexico and Vietnam. Figure C.3
in the Appendix depicts the underlying aggregate price and wage responses.

Due to trade diversion, both countries ultimately stand to benefit from the US-China trade war. However,
traders are unable to freely adjust their extensive margins. Therefore, they have to adjust down their intensive
margins over the short-run and these countries face short-run losses despite long-run gains.

These initial income losses are substantial and, in the case of Mexico, the largest among all third-party coun-
tries. Over time Vietnam’s real wage increases by more than 0.15 percent between steady states—a magnitude

that is comparable in absolute terms to the corresponding losses borne by households in China and the United

baseline economy. The fact that the impact of the trade war on the friction-less economy is smaller during the first two years reflects the
fact that the tariff changes are not fully implemented until the end of 2019.
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Notes: Tarift changes implemented gradually over the first two years. “Total Effect” in year ¢ refers to the real wage change between ¢
and the initial steady state generated by the full model. “No Friction” refers to the change in real wages under the assumption that the
economy reaches the long-run outcomes instantly (¢ = 1).

States.

The cases of Mexico and Vietnam also illustrate a broader point: the welfare effects of trade disruptions
can change sign over time when adjustment is subject to frictions. Adjustment frictions imply that third-party
countries stand to gain little from bilateral trade disruptions in the short-run when supply relationships are sticky
and respond little to shocks. In the long-run, however, some countries stand to benefit from the realignment of
supply relationships. In the case of Mexico and Vietnam, this realignment leads to sustained increases in domestic
factor prices, reflecting both the reallocation of US and Chinese demand as well as their favorable positions in

the international production network.

28



| |
N - o

|
w

| |
o 4]

Trade Weighted-Average Decrease in Tariff
| |
~ £

Figure 7: Distribution of Tariff Shocks Across Source-Destination-Industry Tuples

Notes: Interquartile range of tariff shock source-destination-industry tuples. Data are from WITS with MFN and Preferential Tariff filled
according to the procedure described in the Appendix. Whenever data for 1995 were missing, we used the closest year to 1995 available
in the sample. More detailed summary statistics can be found in Table C.3 in the Appendix.

5.3 The 2004 Enlargement of the European Union

Measuring the shock. On May 1st 2004, ten countries joined the European Union (EU): Czechia, Estonia,
Cyprus, Latvia, Lithuania, Hungary, Malta, Poland, Slovenia, and Slovakia (the New Member States or “NMS”
for short). In order to become a member state, a country has to adhere to the corpus of the legislation of the EU,
called the acquis communautaire. After initial approval'’, the candidate country and the EU start negotiations
over a schedule to adhere to European legislation. As part of this process, the NMS have signed association
agreements with the EU that established a tariff liberalization schedule about a decade before their accession in
2004'3. Therefore, the EU Enlargement is a long, preannounced process. This is a useful scenario to illustrate
the forward looking aspects of our dynamic trade model.

The timing of our anticipated shock experiment works as follows: prior to the announcement, the system
is at its steady state, calibrated according to what was described in Section 5.1; on 1995, the EU and NMS
governments announce that on 2004, bilateral tariff rates across all members of the will go to zero, remaining
unchanged between 1995 and 2004!°. We then trace out the purely anticipatory responses — induced entirely by

the announcement of the tariff changes and realized before the tariff actually changes; and the transition dynamics

17“A country that wishes to join the EU addresses its application to the Council, which asks the Commission to submit an opinion.
Parliament is notified of this application. If the Commission’s opinion is favourable, the European Council may decide — by unanimity
— to grant the country candidate status. Following a recommendation by the Commission, the Council decides — again by unanimity
— whether negotiations should be opened.” Source: https://www.europarl.europa.eu/factsheets/en/sheet/167/
the-enlargement-of-the-union.

"®Each NMS signed an association “Europe Agreement” between 1991 and 1996. For instance, Czechia and Estonia signed their
Europe Agreements on 4 October 1993 and 12 June 1995, respectively. The full list of Agreements are available on EUR-lex.

We chose to keep tariff rates constant between 1995 and 2004 rather than feed in the whole liberalization schedule between those
countries in order to be able to disentangle the anticipatory responses from those induced by actual tariff changes.
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Figure 8: New Member States: Cumulative Changes in Domestic Expenditure Shares and Domestic Procurement
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Notes: The Figure shows the interquartile range of changes in domestic expenditure shares { Aqai,» —Adds, 1995 } and domestic procurement
shares {vqdi,n — Vddi,1995 } across industries ¢ and destinations d, for each horizon h € {1995, -,2014}.

that happen after the tariff shock arrives until convergence to a new steady state.

Figure 7 plots the distribution of tariff shocks fed into to the model. These consist of a reduction of tariffs
from the baseline year (1995) to zero. NMS experience tariff drops with respect to the EU but also among
themselves. Further summary statistics can be found on Table C.3 in Appendix C.2. In the remainder of this

section, we explore how these shocks pre-announced shocks induce anticipatory adjustments.

Effects on trade flows. We first explore how the anticipated shock affects sourcing of varieties and import
shares before and after the tariff changes actually happens. Figure 8 shows how the share of varieties and import
shares evolve after the shock is announced. Note that there are relevant anticipatory dynamics, as the share of
varieties and import shares move much before the shock is actually realized.

Outside of the steady state, the share of varieties imported from a given source-industry pair vgq; ¢ Will in
general differ from the expenditure shares on imported varieties source-industry pair Ayq; ;. They will only be
equal if the option values are the same across all sources. The intuition is that whenever the option value is
sufficiently high, traders will be willing to choose a source country s even if varieties from that source are not the
cheapest and hurt their short-term flow profits. Therefore, in anticipated shocks, changes in the share of varieties
vsdi,t Will be weakly larger than changes in expenditure shares \g; ; before the shock arrives.
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Figure 9: Changes in Real Wages Among NMS

In Figure 8, we plot the cumulative changes in domestic expenditure shares {\ggin — Addi 1995} and do-
mestic procurement shares {vqq; n, — Uddi 1995} across industries ¢ and destinations d, for each horizon h €
{1995, - - - ,2014}. Two facts stand out. First, there is non-negligible movement before the tariff changes, with a
median cumulative drop of expenditure and procurement shares of —0.13 and —0.25 percentage points, respec-
tively, by 2003. Second, procurement shares move before expenditure shares. Intuitively, assemblers solve a

static problem and shift demand from varieties with higher relative prices while traders might find it optimal to
Vsdit/Nogie 1+ Waqie

Vkdi,t/Ngiy LT Vkdit’
such that relative deviations between the share of varieties and expenditure shares currently being resourced de-

forgo current period profits for higher anticipated future profits. To see that, note that

pend only on the ratio of option values. As the system moves towards the new steady state, the two converge to

the same level.

Effects on real Wages and welfare. A perhaps surprising outcome of our experiment is that, despite much
movement in trade flows, real wages among NMS do not change substantially before the trade flows arrive. As
seen in Figure 5.3, real wages increase slightly prior to the tariff change and increase sharply when the measure
is actually implemented.

These results underline that observed changes in trade flows are insufficient to infer the welfare gains from
trade in our model. Proposition 4 shows how the ACR decomposition needs to be adjusted by the terms
(Bgj, )Y/ —1), which accounts for the deviations between observed expenditure shares and their optimal levels
if they were to be freely procured from the cheapest source.

Our model hence implies that if observed domestic trade shares were decrease but welfare does not move,
then it must be the case that the terms (Edj,h)l/ (@5=1) are moving in the opposite direction. To illustrate that fact,
we plot in Figure 5.3 a decomposition of this sort.

In blue, we show what one would estimate the changes in welfare to be if we evaluated the observed changes

in domestic expenditure shares with the traditional ACR formula. The dotted orange shows welfare adjustment
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Figure 10: Decomposition of Real Wage Changes for Hungary

necessary due to frictions to map observe domestic expenditure shares to welfare. As observed, the adjustment
term is negative (24 5, < 1 for some j) before the tariff changes happen and turns positive thereafter.

The intuition is the following: before the the tariff decreases, the traders in the destination country are procur-
ing from countries that do not necessarily have the cheapest variety. Therefore, while it looks as if welfare is

improving, due to decreases in domestic expenditure shares, that is not the case.

6 Concluding Remarks

To account for imperfect adjustment to global supply chain shocks, we develop a Ricardian trade framework
with frictions that result from staggered decisions of producers to change global suppliers. We obtain extended
formulas for welfare changes to trade openness and trade shocks over time, derive novel estimation equations for
a horizon-specific trade elasticities, and quantify the model. Counterfactual experiments of the US-China trade in
2018-19 war and the Eastern enlargement of the EU in 2004 suggest that rich sectoral dynamics ensue, resulting
in considerable short-term reallocations and substantive welfare fluctuations at variance with long-term welfare

predictions for economies with no sourcing frictions.
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Appendix A Model Details and Proofs

A.1 Ideal Price Indexes and Generic Trade Shares

The composite good in industry j is

gj—1 o';il
Yoj0 = / Yaji(w) 7 dw -
[0,1]
Product space 2; = [0, 1] can be exhaustively partitioned into disjoint sets with Q; = (J—, Qsj’t, so we can

rewrite the composite good as

73

-1 o;—1
Ydjt_<2/ i) 7 dw) . (A1)

The assembler’s associated cost minimization problem is

mln d] tYd] t - E Pd] tYdj t

{ydj t( )}wEQJ t’{ dj,t

e 3=t o5=1 oj—1 -1
st Yau= | S (V)| Vb= ([, w7 w)
k=0 de,t
Pc];j,tydl;,t = /Qk Pajt(W)ydaj ¢ (w) dw,

dj,t

where we define the partial composite good Yd] ) = ka  Ydj, (W) (0i=D/95dwy)?i/(7=1) for each partition k as
a helpful construct for derivations and implicity define the associated partial ideal price index P d] , that satisfies
Pd] tYdj t = fgk pd] t(w )yd] t(w)dw.

Under homothetlclty of the assembler’s production function, this problem can be solved in two steps. First,
the assembler decides which share of cost it allocates to each partial composite good Ydj7t' Given those choices,

the assembler then decides the optimal cost for each intermediate good yg4; +(w). Optimal demand satisfies

pPE\ "

)t

Vi, = <de> Yy+ and (A.2)
j7t
o) (@)

i (W) = (Pen9) ) yk _ (PEEETN Ty foreachw € QF. (A3)

djt 2 djt lj, djt

) de,t ) Pyt )

where the last equality also shows that the partitioned solution equals the standard solution under a constant

elasticity of substitution. Replacing the demand functions above in the definition of the budget constraint delivers
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the ideal price indices:

=
Pyjp = / Pajp(w)' ™ dw , Ph= /
[0,1] %

dj,t

lfo'j
pdj,t(w)l_(’f dw) . (A4)

We have now established that partitioning the product space into disjoint sets results in well-behaved demand
functions such that, given optimal choices within each set, we can analyze demand for each intermediate good
independently and then aggregate. In subsequent derivations, expenditure shares within each partition k£ will play

a crucial role, so we state a general definition here:

Xk Jor 1q{sisw’s source country} pg; ¢ (w)yaj+(w) dw
Ay = et ! ’ ’ . (A.5)
sdjit ngt > fQZ 1, {n is w’s source country} pg; +(w)ygj +(w) dw
2 jyt

A.2 Optimal Sourcing
A.2.1 Value functions

For k = 0, traders have the option to readjust their extensive margin decisions. Recall from Section 2.2.1 that a

trader’s value function is

Viit(w) = max Vai (W, n), (A.6)
where ¢ e
Vi (w,n) = Tpai(w) + ﬁlrtvdi,ﬂrl(w) + ﬁVdi,tH(wa n), forn e N, (A7)

is the net-present value of a trader in d that procures an intermediate good w from a country n at time ¢. Equa-
tions (A.6) and (A.7) restate the value functions (9) and (10) from the main text. Substituting Vy; ;11 (w,n) into

Vii+(w), we obtain

— Ci Vaii+1(w, ”)} .

Viig(w) = max {Wndi,t(w) + o

i
V .
T+r i1 (w) +

Iterate forward by one period

G
Vair(w) = Imass {Wndi,t(w) + Tzrtde‘,tH(W)
+ 1+ Tt <7rndz,t+1(W) + 1+ Tei1 dz,t+2(w) + 1+ e d’L,t+2(wa n)
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and rearrange to obtain

1-G
L+r

Gi Gi 1-G
+ (1 n Tt) Vait+1(w) + (1 n Tt+1> (1 n Tt) Vi t+2(w)
1-G 1-G
" <1 +7“t> (1 +’l“t+1> Vdi’HZ(w’n)}'

Similarly, iterating the value function forward up to period 7" results in

S
1-G
Vdi,t(w) = gleax {Wndzt + Z (H 1"'7“t+<’1> 7Tndi7t+§(°~’)

¢'=1

T -1
S (Y (T v
§:1 ]. + Tt+§_1 g’:l ]. + Tt+§/_1 )
T
1-G
+ (H W) le,T(w,n)}.

s=1

Vdi,t(w) = maj\)fi{ﬂ'ndzt( ) 7Tndzt+1( )

ne

Recall that we can express a trader’s anticipated profits for procuring intermediate good w from source coun-
try n as

1 <pndi,t+< (w)

—(03—1)
Tndigre(W) = ) Pi t+<Yait+¢

0 Puit+<¢
— PR ~ —(0'2'—1)
1 pndit(cu)) (1) o ( Brdigre (W) s o
_ 7 nas,t\""/ Pd'tYd't w) - ;7 Pd't ’Yd't /
Ui( Pit it e () H Pitre v
¢'=1 e

(B W)\

dit - -

= Tndit(w H Prdi o' () Pai i Yai t+¢
_ sz ¢’

IS N (Ui_l)
Cndi,t+¢’ A >
= Wndi,t(w)‘ H <A sz',t—i—c’Ydi,t—l—g’a

=1 Pdi,t-i—c’

where the last equality follows from the fact that

P (@) Pndit+c(W)  0i Coditic ( o Cndi,t+g—1>_1 _ Cnditts o
05t - - - = 05t :
nantte pndi,tJr(fl(w) o —1 ani(w) o;—1 ani(w) Cndi,t+c—1 nan e
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We can therefore write the limit 7" — oo of the value function as

[e) S ~ —(oi—1)
1-G Cndi,t+¢’ - A
Vaii(w) = may {W"divt(w) 1+ ; :1 H 1 ; < St > Poi i+ Yait+¢
= <

ne 1 + Tt+</71 pdi,t+g/
>0 c—1
Gi > 1—G
T 1. — > V. w
z—; (1 Tt Ti—1 :,l__‘[ 14+ rieq dZﬂH‘C( )
= ¢'=1
T G
: Trrn ) : A8
t oo <E 1+ Tt+§_1> dz,T(W,n)} (A8)

Finally, we invoke the transversality condition

T G
li i ) _
i (II 1+ rt+g1> Vasr(w,m) =0

s=1

to ensure that the present anticipated continuation value of having source country n as the origin of variety w
vanishes infinitely many periods into the future. As stated in equation (12), we define the option value of a

procurement relation between a trader in destination d and the variety producer in source country n with

00 S 1 P _(Ui—l)
_ ndi,t+¢’ A 5
Togie= > (1-G) | ]] T : Pi < Yaip o
s=1 =1 Tere' =1\ Plgip4c/

The option value represents a trader’s discounted anticipated profits from being locked-in with a supplier from
n under the anticipated equilibrium path of prices. Using the transversality conditions and the option values for

countries 7 in the value function above, we arrive at equation (11) in the text

00 s—1 .
Vaig(w) = gle%i{ﬂndi,t(w) (1 + Wi } +) (Hf;g) (H 19) Viip+s(w),

14+ rpo_
¢=1 ¢'=1 T Tte—1

which only depends on n through flow profits 7,,4; ;(w) and the option value W,,g; ;.

If we impose a time-invariant interest rate r; = r for all ¢, then the value function further simplifies to

Viig(w) = max {Wndi,t(w) (1+ Upin) } + G Z (1 — Ci) Vitit4c(w)

ne 1—@;:1 1+7

with

=1 P, di,t+¢’

1=\ |1 (& “(ey
— —_ > d’t / A ~
Undia = < 1 +TZ> 11 ( 5 +§> Pt Yai </
¢'=1

For k > 0, define lez +(w,n) as the value function of a trader in destination d who sources intermediate good

k . . . . . k. .
w e 4i+ from the same supplier in source country n since time period ¢ — k. Vdi’t(w, n) can be expressed in
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terms of past changes in trade cost, factor prices and demand as

1-G k+1

¢ . —(o:—1)
Cnds, ~ ~
lez,t(wv n) = Tndit—k(W) H (M) PuaicYaic| + (w, ).

— Vi1 (w) +
c—t—k+1 t

147

A.2.2 Sourcing probabillity

The second term in the value function (A.8) is independent of the trader’s choice of source country at time ¢, and
the third term vanishes by the transversality conditions. The trader’s optimal choice of supplier s}, ,(w) therefore
solves

) i, 1 (o
sqit(w) = arg glé\)f( {ﬂndi’t(w) (14 Vpgir) } = arg 7135{1/ { z,:(j;) (14 Ypait) Y(oi=1) }7

where flow profits are given by (8). The probability that a trader in country d sources an intermediate good

w € Qgi . from source country s hence equals

[ Crdi 1
Ugdi,t = Pr |arg min { ndi,¢ (14 Wpgip) @it } = 3]

neN | zni(w)
- 1 1
_ Pr Csdi7t (1 + \Ilsdi,t) 7i=t S Cndi7t (1 + \I’ndlﬂf) e Vn#s
| Zsi(w) “ni (w)

_ py | Vedit < Undi t Vn;&s} ,
_ZSi(w) an(&))

using the shorthand

Vedi,t = Codiyt(1+ \Ilsdi’t)_l/(ffi—l)‘

As in EK, the Poisson arrival rate of Pareto distributed productivity implies that the highest realized produc-
tivity zs;(w) for an intermediate good w in a country-industry si is an i.i.d. Fréchet distributed random variable

with the distribution function
Pr{zsi(w) < 2] = exp { 427"}

Maximum productivity zs;(w) is distributed Fréchet, so the random variable cyg; ¢ (1 + ¥ Sdi,t)fl/ (ei=1) / zsi(w) =

Vsdit/%si(w) is Weibull distributed with the distribution function

_ 1
Csdi,t (1 + \Ijsdi,t) 7t

P
' zsi(w)

< v] = Pr v /v < zsi(w)] =1 —exp {*Asi(’/sdz‘,t)_eivei} :

The minimum from a draw of N i.i.d. Weibull distributed random variables with common shape parameter

0; is also Weibull distributed with the same shape parameter and

. VUndigt 0,
Fyi¢+(v) = Pr |min — <ol =1-ex {—v’T~},
dl,t( ) |:’I’L€_/\/‘ Zni (w) — :| p d’L,t
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where
Yait = Y nen Ani(Vnait) 7%

The properties of the Weibull distribution then yield the probability that an intermediate good w € ng‘ , in
destination d is optimally sourced from a supplier in country s

0;

—0,; —0; —3
Vsdit < Undit Vn#s o ASi(Vsdi,t) 0; B ASiCSdi7t(1+WSdi7t) i—1

Zsi(w) o Zni(w) Zne/\/' Ani(yndi,t)iei E o Am'c_g'it(l +\I/ndit)%
n nasu, )

0.

—0; =3
Asicsdi7t(1 + q’sdi,t) it
T it

0 —
Usdi,t =Pr

By the law of large numbers, the probability U(s)di . coincides with the share of intermediate goods w € Qgi . that
a destination d optimally procures from a country s at time ¢.
As another implication of the Weibull distribution, the term T 4; ; encodes the average net return per unit sold

across intermediate goods w € ng‘ .

ni > 0;i — (0 —1
USdi’t = /0 arg max Zni(w) dw = / vd(l — Fy4(v)) =T <(U)) Yz
0

no Undi
it ndi,t

A.3 Demand for Optimally Sourced Intermediate Goods

Consider the partition of intermediate-goods space k& = 0, where traders can adjust their sourcing choice at
the extensive margin. To characterize destination country d’s expenditure allocation across source countries for

goods w € 7, ,, we start with the following auxiliary lemma.

Lemma 1. Let {a,})_; > 0 be a vector of non-negative constants and {X,,})\_, a vector of i.i.d. Weibull-
distributed random variables, each with cumulative distribution function Pr [X,, < z] = 1 —exp{—T,2%}. Then
the distribution of X conditional on s being the minimum realization among a set of draws from {aan}ﬁ;l is

given by

Pr [XS < z|arg min{a, X, } = s] =1—exp {—x%ﬁ E Tnane} .
n
n

an

0
Proof. For any value of T, Pr [Xs > f%ﬂ = exp {—Tn (E%> }, SO

—6
Pr {Xn > EE Vn#s] = H Pr [Xn > xas} = exp —7’ ZTn <an>
n n#s n n#s s
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We can therefore state the following joint probability

Pr|X, <7, s=arg min{aan}} = / Pr[X,; <t]-Pr [s = argmin{a, X, } | X = t] dt
n 0 n

T N

- / Tsé?t‘g*1 exp {—ths} exp —? ZTn (n> dt
0 Gs

n#s

= / T.0t° L exp {—t%‘j ZTna;Q} dt.

0 n

From Bayes’ rule and the fact that Pr [s = arg min, {a, X, }] = (Tsa;%)/(3, Tna,,?), it follows that the

conditional distribution Pr [ X < Z| arg min,{a, X,,} = s] satisfies

Prargmin,{a, X, } = s | X; < 7] - Pr[X, <7
Pr [arg min, {a, X, } = §]
Pr[X; <Z,s = argmin,{a, X,}]
Pr [arg min, {a, X, } = s]

T a=? 7
= w/ N exp{—teagZTna;G} dt
Tsas 0 "
T
= / gt0—1 [agZTna;G exp {—te(LEZTna;e} dt
0 n n

= 1—exp {—xeaz ZTSas_G} .
S

Pr [Xs <7 |argmin{a,X,} =s| =
n

O

A trader in d faces the following distribution of prices for intermediate goods w € Qgi ; sourced countries s:

ngi,t(p) = Pr (pait(w) <p ‘Srﬁ,t(w) =s)

; Csdi Cndi 1
=Pr ( 7i sdit <plarg min{ ndi,¢ (14 Wpgit) f’il} = s> .
i — 1 zpig(w) n | Znig(w)

1
Using Lemma 1 and substituting z = "j‘—_l P, Tn = Apiy an = (14+Wy4i¢) 71 cpaiy the distribution of

intermediate-goods prices becomes
0 0. g; — 1 0: _ 9 —0; Ll
Goair(p) =1—expq —p” o (1+ Wsair) o7 Z Am‘csdw (14 Wygip)oi™
v n

=1—expq —p” (0> (1+Wgiz) et Taip g
K3

To derive country d’s expenditure share for every potential source country of goods w € Q?t, we can invoke the
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law of large numbers and show

A0 fweggi,t La {SZi’t<w) - S} p(w)i(mil) dw ASledf t Ooo p_(ai_l) dGai t(p) (A9)
sdi,t — * _ —(0s—1) Z A (0i-1) d¥ ), .
2o f‘*’eﬂgit La Sdi,t(w) =n¢pw) @i~ dw niVp, dzt 0 pT ndi (D
where

Vsdijt = Csdiyt(1+ ‘I’sdi,t)’l/("ifl),

Use a change in variables

6, 6,

z = pli (U’C,:l> (14 Wpgiy) ° st Yir, sodx=0;pli~t <°—’(;1) 1+ Wpaie) ° 5T T g, dp.

Plug these results into the conditional distribution G° dit (p) above to find
—(oi—1) o (oi=1) g =1 (Ci — 1 b: _ b
/ % dGsdz t( ) = / p T 0ip” <0> (1 4+ Wagie) o7 Yqy
0 0 i

“expq —p" < p ) (1 +Wegir) ot Ygiy o dp
7

_o'ifl
9;

00
X
= / 7; 7 dz
0 (0271 -

L ) ( +\Ilsdzt) 7i~1 Tdi,t

UZ — 1 oi_l 1 o;—1 oo _cri—l
= ( ) (14 Vegie)™ (Taze) / r % e %dx
0

0

. oi—1 o;—1 . R
N (Uz 1) (1+ Wygiy) ' (Taiy) o T <W)'

o

Using this solution in )\gdi,t above establishes equation (16) in the text.

From equation (16) we can compute the partial elasticity of trade flows for goods w € ng’,t with respect to a
permanent change in trade cost 7,4; ; from time ¢ on. We ignore the general-equilibrium response of factor prices
and isolate trade cost changes from unit cost cg; ;, we condition on market access oY di ts and we hold the future

path of factor costs and prices behind the option value V4; ; constant, so

Oln )‘gdi,t

= —0,.
0InTegit

@Y, , Wsdi,t

Agents have perfect foresight. Beyond the concurrent effect of a change in trade costs on trade flows, we
can therefore also derive the effect of a future trade cost change by A percent on trade flows today. Suppose
that, starting at horizon ¢ + h + 1, trade costs permanently increase. To compute the partial-equilibrium response

of trade flows at time ¢ to such a future change from equation (16), we condition on current market aggregates
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{CIJQZ. +» Csdi,t } and on changes in trade and unit cost at horizons 0 < b/ < h + 1:

d1ln /\Qdi,t 0 —(oi—1) Oln(1+ W)
OIn{Tq t4n th/>n 8, ot o =1 Oln{Tsqeyn fr>n a9, ’
where
om |1+5%, (1 i>§ X [T, ( Cpturss T ¥
Oln (1 + \Ifsd,t) li ! o=t \ 14r s lle=1 pdi,t-‘rC/ di,t+! Ddit+d!
= lim
OIn{7satn th>n gy A0 Jln(1+ A)
s —(o5—1) R
Z?ih—i-l <1+r> (Hgf 1 <];j:§/> Pdi,t+g/Ydi,t+c’>
= — : ) 1
1+ \I/sd,t (UZ )
h
1—-¢; v
- < Cz) sd,t+h (Ui . 1)
1 +r 1 + ‘113th
for X, = ((1 + A)Hszhr1p) =71,
Turning to the price index for goods w € <I>2i ;» We use our previous results to show that
- z_l — PR
(P70 = [ St = s} paste) OV
dzt n
= paig(0) D — A /Oop (#-1) 4G9, (p)
= Hdi(
g - le . 0 ndi,t\P
o;—1
o;—1\"" 0‘— o, — 1) Apiv, d _ o;i=1
—asa(0) (P2 (BT S 1w ()
Oi n di,t
o;—1
o — 1\ 0; — (o7 — S 1 2=l
= lu’di,t(o) < lO'Z' > <) (Z Anzcndzt 1 + ‘llndz t)ol ! ) (Tdi,t) b .
@0 o;—1
- ai—l d 5 17
= ptai 1(0) 7 TV (Tgig) O

o;—1 0;

- 1/(oi—1)
where vggi ¢ = csqi0(1 + \Ifsdi,t)_l/(‘”_l), v = 2T ( (o 1)> . Alternatively, we can use the fact
0 (0:—1) .
that Agdi’t = [Adic;ji’t (14 Wggp)oi? 1} /(Pfl]i’t) to obtain:

—(04—1)
(PR =, 1+ Ty t)

)\ddz,t
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A4 Demand for Legacy Intermediate Goods

We turn to the partitions of intermediate-goods space k£ > 0, where traders cannot adjust their sourcing choice at
the extensive margin. For intermediate goods w € Qfﬁ’t with k£ > 0, traders last chose the optimal supplier t — k
periods ago. In order to account for changes in trade shares and price levels, we need to recall optimal sourcing
choices at period t — k and trace changes in parameters and prices from period ¢ — k£ onwards.

Suppose that in period ¢ — k intermediate good w was optimally sourced from country s to country d in

industry ¢. Then the destination price in period ¢ for this intermediate good is

. . t
O;  Csdit o; H —f_ Csdi,t—k Csdi, A
dei’t(w) _ 4 sdit 7 c=t—k+1 “sdr SaLs psdi,t*k(w) H Csdic) (A.10)
o —1zg(w) oi—1 zsi(w) c=t—k+1

which is the initial destination price adjusted for the cumulative changes in trade costs and factor costs. Using

this result, we can derive country d’s expenditure share by source country across intermediate goods w € th. '

Jog, 14 {S _ SZi’t_k(w)}deivt—k(W)f(arl) [To ki (Csaie) @ dw

k di,t

Asdi,t = .
Zn fQZl . 1,4 {n - 52,'7,5_]{;(50)}pndi,t—k(w)_(ai_l) szt—lﬁ_l (éndi,g) (oi—1) dw
—6; —(i— . —(oi—
[Asi’/sdz',t—k fo p~l ngdz’,t—k<p)] H2=t7k+1 (Csdirg) (es=1)

Xon {A"i’/r;fii,t—k Jo prloh dG(r)Ldi,t—k(p)} Hi:t—k-i—l (éndi,g)i(giil)

0 t 5
)‘sdi,tflc Hg:t—k+1 (Csdiys

t ~ “(oi—1)"
>on )‘%di,t—k Hg:t—k+1 (Csdirs) (o:=1)

)*(Url)

where /14; + (k) is the measure of the set Q’;i cand vggip = cqir(1+ W Sdi,t)_l/ (@:=1)_ The final equality follows
after dividing both numerator and denominator by ) Amiu;lffi : fo p(ei—1) dGnai(p) and using (A.9) for

Nodi -k
By the properties of CES demand, the ideal price index for goods in the partition Q’;M follows from the initial

price Pgi ,_, attime ¢ — k and subsequent changes in prices and varieties:

—(oi—1) . o
(Ph) ™ = [t = sk s @)} paseal)™ "

di,t N

= i (k) <Ui0_i 1>Oi_1 Z

n

i k —\0i— t C T\
- S s T e )

B Mdz‘,t—k:(o

Hdie (k) 0 —(oi—1) <k
— MY p0 P
tedi t—k(0) ( dit k)
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A.5 Aggregation

The aggregate ideal price level of the final good 7 can be rewritten as a combination of the price levels of the
partial price indices for the composites of intermediate goods purchased at time ¢ from suppliers chosen ¢t — k

periods ago:
1

—i
Puiy = [/ pd’t(w)_(gi—l) dw]
[0,1]

)

__1
_ (f; (p;z.,t)‘(”“”>

k=0

0o 0 —(0:—1) el
paie(k) [ Pair—n y
—(P° ) |1+ ’ ’ b |
( dz,t) kzl Mdi,t(o) < P,%t di,t

Under CES demand, total expenditure shares are simply the weighted average of trade shares across partitions:

00 Pf’t —(oi-1)
Asdint = Z <l> Nodit-

P,
=0 di,t

A.6 Dynamic Hat Algebra

We now restate the conditions for equilibrium at time ¢ in terms of past sourcing probabilities, trade shares,

expenditures as well as exogenous changes in trade costs and endogenous changes in factor prices.

Bilateral trade shifters.

~ N N . ~ MNsji
Csdi,t = Tsdit (wsi,z‘/)asZ H (st,t> 5 (A.11)
JE€T
-G\ ~—(0i—1) pHo; Y
1 ﬂ—/\IJ\ 1+ \I/sdi,t 1+ 230:1 < 1+r ) HZ’:l [Cndi7t+u’Pc‘lji,t—&-u’Ydi,t-l—u'} (A.12)
sdit = = m . .
’ 14+ Wi 1-¢ A—(0i=1)  po; ¥
* sdi,¢—1 1+ Zzozl ( 1+<r> HZ’:l |:Cndf,t+u’—IPz;i,t+u’—1Ydivt+U/*1:|
Supplier choice, trade flows and prices for optimally sourced goods.
&b (1 + U d‘,t) o —1
Dsdip = ——— , (A.13)
Y
A _0. —_ 971
Tait = Y Vndig—16mgs (1 F Wngit) 77, (A.14)
n
é_de'it(l -F/‘I’\sdit)%_l
10 saze, )
Asdit = %0 , (A.15)
dit
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0,

—1
d’Lt - Z)‘ndzt lcndz t(l + ‘Ilndz t)az ! )

n

2 —1/(o;—1)
. . ~1/6; ( Y,
=) (7))
Tais

Trade flows for legacy goods with £ > 0.

A—(0i—1)
Ak sdzt k Hg t—k+1 sdzg

sdit — (I)k; ’
di,t
t

k _ 0 A*(O'ifl)

(I)di,t - Z )‘ndi,t—k H Cndi,q )

n s=t—k+1

—(oi=1) ~(oi=1) (k)
(Pc]fz‘,t> = (Pc?i,t—k) m‘bgi,t-

Industry price index and trade flows.

2P o U T
vemi gt (%)

di,t

= 50
Paiy = Pdi,t

—(oi—1)
i, k POi —k—
o el ()

di,t—1

Market clearing conditions.

Xsit = Z Asdit—1Asdit—1 | NdiBat—1Faqr + Z agij Xdit |
deN JET

1 .
Iy = Z o NaiEat—1Eqs + Z agii Xdit |
i J
b - Wi 1Wq, ¢ — 1Ld+Hdt+Ddt
t Eqi1

g;

Wy —1Wat—1Lg = Z
1€

— (1= ai) Xsig-

)

A.7 Proof of Proposition 1

]—1/(02'—1)'

(A.16)

(A.17)

(A.18)

(A.19)

(A.20)

(A21)

(A.22)

(A.23)

(A.24)

(A.25)

In an economy that is in steady state factor prices and trade costs are constant so ¢sq;; = 1 and 1 + Wy =

(1+47)/(r+ ). Then, a destination d’s sourcing probability for different source countries s across intermediate

0 - : 0 _ 0 _ 0 ... _0
goods w € €1}, equals its expenditure shares, vg;, , = Ajyp = Aggipq = 0 = )\sdjp. For traders who cannot
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adjust their suppliers in steady state (k > 0), we can evaluate (24) using the same logic as above: /\’;dit =
)\Sdm_ p = )‘(s)di,o for all k. From (24), it is straightforward to recognize that Vsgit = Asgjt = )\gdﬁ, which
coincides with the static equilibrium of an EK economy with the same fundamentals ®, the same trade costs T,
and no sourcing frictions (¢ = 1).

To derive the stationary distribution of partition measures, start with the case k& = 0. Note that x(0) =

Pr [w € Q?h. t} = (; does not vary across destinations or over time. Now consider cases £ > (. Note that

Mﬂmzpr@eggwk>@ - E:HLmﬂﬁwk>OM€Q@FJP%wGQ@FJ
/=0

= (1-G)Priweahi ]

The remaining proof for £ > 0 then follows by induction. For & = 1, Pr [w € Q}ﬁ’t} = (1—¢;)¢;, and for k = 2,
Pr [w € th’t} =(1-¢)Pr [w € Q}M] = (1—¢;)?¢;, and so forth recursively. For an arbitrary & > 0 we must

therefore have Pr [w € Q’ji’t} = (1 — ¢)*¢;. This is the probability density function of a geometric distribution
with mean (1 — ¢;)/¢; and standard deviation /1 — (;/(;. By the Markov property, the distribution of partition
measures is stationary for all £k € Ny with

pr(k) =G (1—¢)".

A.8 Proof of Proposition 2.

o0
For ease of notation, we suppress industry subscripts throughout the derivation. Let {)\’;d i1 } denote the vec-

tor of destination d’s expenditure shares for a source country s across goods in each of the partitions {Q§7t}k_0
at time ¢. Now, consider a one-time permanent change in trade costs such that 754 # 1 and 754 ¢+, = 1 VA > 0.
To characterize the partial trade elasticity at horizon h, we first characterize the elasticity for trade shares of each
partition, then aggregate them up using the consumption shares derived from the CES preferences over partitions.

The change in expenditure shares on intermediate goods in the k-th partition in period ¢ + h, relative to period ¢

is given by
—(i—1)
~ X0 (cs t-‘,—h/PlC ) (ol
—(0 — 1) InTeqy + In 2hith=r ’ Lotth k>h
L ( ) sdt Al;d,t—l (Cs,tJrh*k/P;,thk) ’
A : —(05—1)
In Sohith  J g Ngrenon (_ Cotn/ P 1<k<h
)‘Isgd,t—l )‘]:d,tfl CS;tJrh*k/Pf,tJrhfk / T
In Agd,t+h71 (CS,tth/q)g,Hh) 1+Waq t4n 0/(c—1) k=0
)‘}scd,t—l (cs,t—1/<1>3,t_1) 1+Wsa,t—1 ’

The first line denotes intermediate goods that have not updated suppliers since the shock arrived. For such inter-
mediate goods, changes in expenditure shares still explicitly depend on the shock to trade costs. The remaining
intermediate goods have updated at least once, and a “new”” optimal sourcing share )\gd t+h—) from a time period

between t and ¢ + h encodes the “initial price index” relative to which changes in expenditure shares are updated
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as well as the effect of the shock in trade costs. Unit costs are the relevant GE variables.

To capture general equilibrium effects, we introduce the variables

A~

h
EK _ sd,t+¢
AGSd,t7t+h =—0ln H PU ’
¢=0 * sd,t+¢

and

h
0 — 0
Angd,tfl,tJrh - o—_1 In H <1 + ‘I’sd,t+c> (% ﬁ (\IJSd,t+h - ‘Psd,t1)>
¢=0

to summarize how current and future changes in unit cost affect trade flows for optimally sourced goods, respec-

tively; and
t+h ¢
k - sd,s’
AGsd,c,t—i-h - (1 - U) In H )
¢'=¢+1 " sd’

to summarize how past changes in unit cost continue to affect trade flows for goods sourced from suppliers chosen

at t — k. Then we can solve backwards to express all changes in trade shares above in terms of A2, , |, if possible:

. A ek

_(a—l)lnTSd,t—i—ln%+AGI;dtt+h k> h>0
2k o sd,t—1 "
Zsditth _ A Asdt—1 EK T &

. b =) T i PV TAG G hk T AGsgn-k T AG G kp1en ISR <D
sd,t—1 sd,t—
~ EK N\
—0InTsat + AGgy1n + AGgytin k=0

Use the fact that outcomes determined at ¢ — 1 and earlier do not respond to the change in trade costs. Hence, the

elasticity of )‘];d ¢+, With respect to a change in trade costs at ¢ is hence given by,

k
dAGY; 1 4n

dIn()\k \E —(0-1)+ dInTeq s Jk>h>0
n ,
( 8d7t+h/ Sd,t_l) ={ 9+ AGfdﬁfLthk dAG;IId,t—l,t+h—k dAG};d,t+h—k+l,t+h_|_ 1<k<h
dln Tsd,t g}? Tsd,t . dIn Tsd,t dlIn Tsd,t 7T —
0+ AG G 1aen | YAGS 14 k=0
dlnTSd,t dlnTsd,t 3 —

To derive the change in trade flows across all goods w € [0, 1], denote

k
Pd,t+h/Pd7t—1

k
AGY =1In
d,t—1,t+h k
Pii1/Pat+n

To a first order, the change in overall expenditures at time ¢ 4+ h caused by a one-time permanent shock to trade
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costs at t dIn7eq; = In74q, is given by

sd “+h k
dln sdi L i w dln )‘Isgd,tJrh/)‘];d,tq +(1-0) dAGilD,tfl,tJrh
dlIn Tsd,t F dlIn Tsd,t dIn Tsd,t

h EK 1 k
:Zw’f —0+ AGii-1t4h + AGgit 1 tihk I dAG G 14 hki1tth
dIn7eq, dIn7eq, dIn7eq,

i { | gy g AChaien 0 AGth—l,Hh,k}

£ dlIn Tsd,t dln Tsd,t
h 0o

SOt 10) 3
=0 k=h+1

h EK T
Z dAGsd t—1t+h + dAGsd,tfl,tJrh

= dIn7gq, dIn7eq,

h t+h t+h—k k
Z (1-o) Ymtan ki1 dIncCsae i PR dln Py
P dIn7gq, dIn7eq,

t+h
n Z (1 — o) >iso dIncsa iy
Farn i dIn7eq
h
- (1 o 0_) Zi:() dln Pd,t-‘r’i
dln Tsd,t
—(o;—1)
P(];jyt )\Ic )
h . de,t sdj,t Mt(k) de .
where wy, = D) :
Pk, i . T S m(RAE sdjt
2k Py Asdjt

If t — 1 was a steady state, then w;, = p*(k) = ¢ (1 —¢)" (following Proposition 1). Hence, the partial
horizon-h trade elasticity equals:

trh — O Asgiprn  dIn(Asapsn/Asar)

sd 7 9ln Tsd,t B dIn7eq, AGFE AGY {AGF}2 =0
h 9]
=0 uh)+ (=) 3 W (k)
k=0 k=h+1
——0[1- -+ - -
When ¢ = 1, so that supply relations reset instantaneously, in every period, then 625’1 = —0, so trade is governed

by Ricardian forces alone. If ¢ = 0, so that the extensive margin of supplier adjustment at all times, then 53:1’}‘ =

1 — o, so trade is governed by Armington forces. In the intermediate case where ¢ € (0, 1), then trade flows are
influenced by both forces 0 — 1 < ‘ t1h ‘ < 6. As more supply relations get to reset, Armington forces become

weaker over time and, in the long-run limit, trade is governed by Ricardian forces alone, lé‘t;h ) <

t+h+1
€ ’ and
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. t+h
limp_ o0 |4

‘ = 6, with rate of convergence governed by the rate of supplier adjustment:

54 A R e IR
lim =1-C
h—r00 —9@—(L—Qﬂ4ﬂl—oﬂl—0h+9

A.9 Proof of Proposition 3

We again suppress industry subscripts throughout the derivations. Let {A\sq¢—1 }ZOZO denote the equilibrium vector
of destination d’s expenditure shares for a source country s across goods in each of the partitions {Qg,t—l }k—o
at time ¢ — 1, given a path 7 = 74 _ U 7, U 7 4 for trade cost. Now, at time ¢, suppose that there is a change in
the path of trade cost to 7"f so that f = {t : 7+ # 7/}. To characterize the anticipatory trade elasticity at horizons
t+ f—afor0 <a < f, we follow steps similar to those we took to establish Proposition A.8.

For 0 < a < f, we have that

X
. mgzj+AGQmM k>f—-a>0
A s 0
sdit+f—a _ 0+1—0c 14+Vsg et f—ak Asd,t—l EK k
In Ne T ) e =y o T = AGa ok T AGaps fmakirprpn 1 SESf—a
sd,t—1 ’ sa,t—
0+1—0c 1+‘llsd,t+f—a EK -
o—1 In 0,1 T AGittfa k=0
¢ ¢ . .
where AGLf ), = —0In | 7o and AGh .y =(1—-0)ln [, Ij,f“//. Using the expression for
sd,t+¢ sd,s

OIn(1 + Vyq4)/0In{Tsq 1 }n>n derived earlier, we obtain

dln ()‘(s]d,t—i—f—a/)‘gd,t—l)
OIn{Tedtyrtn>r

=(-0+0-1) Vodrf L=y’ forl<a<f
14+ Wegpypa \1+7/) -

For k& > 0, approximating up to a first order around an initial steady state yields:

k k 0, ifk>f—a
Oln )\sd,tJrf*a/)\sdi,tfl N N )
~ Hln —5bt=1 I+ 7(1,&, é; e /q,o
aln{TsdﬂH_h}hZf aln()‘gd,t+f—a—k/)‘2d,t—1) n *Ed,t—1 s=t+f k41 Csd,s d,s 0 <k < f C
8ln{Tsd,t+h/}h’2f aln{Tsd,t+h}h2f ’ -

0, ifk>f—a

W, 1— a+k .
—(9+1—0)%<1+£) s 1f0<k7§f—(l

Letting h = f —a, the partial equilibrium response of bilateral expenditures at time ¢+ h to a one-time permanent

shock to anticipated trade cost at time ¢ 4+ f can then be written

h h
OIn(Nsd,t+1/Nsdyi—1) —(0+1-0) Vd ittt <1 — C) I=h o <1 — C) b Vg, i—1
OIn{Tsqn > 1+ W0 \1+7r ‘ L+r) Wegith—k

k=
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—(o;—1)
<Pﬁll€]'7f> Ak

Pajt St pue (R)NE
her = = odht
where wy, Pk \ (@i D Sk e ()N ko
S dj,t N Js
k de,t sdj,t

If h = 0, this expression simplifies to

Vg it 1-¢\/
52di,t-1,t+f:—<9+1—0)1j\1185t (1+T ¢

When ¢ — 1 is a steady state, we can use Proposition A.8 to further simplify the terms wy, = p*(k) =
k Vs
¢C(1-¢) ,andﬁzl—r—C.Hence:

0 1-¢\/
ei’f:—(0+1—a)(1—r—g“)<1+T> ¢

For the general case with => 0, :

sdz Z Oln Xsdzt

31HTsdt+<
-\ TG a-0%
—w+1—aﬁ<1+r> ;%(1+w >
(1_<)2 h+1
1—¢ *ﬁl—(iﬁf)
_(0+1—J)(1—T—C)C<1+T> 1_(11102 .

and when h = f — 1, then

g o (1-7
R (T3

A.10 Proof of Proposition 4

We begin by rearranging equation (24) to express the prices of composite goods in terms of home expenditure
shares

Y. 1-0; oY 1-0;
—(o;—1 di,t - di,t—k 0 - k k
)\ddi,tpd@(ta ) — Yipi(0) T Z (T?li,t) % )‘gdz’,t + Z Yipi (k) T Z (sz‘,t—k) % (I)di,t)‘ddi,t
di,t E>1 di,t—k
oY, , 1o Y., 1o Cai —(ei—1)
) . o 0 . 0 dd 7t
= ’Yi,uz‘(o) T - (ng t) % )‘gdz’,t + Z%‘Mi(k) T z (sz‘,t—k) % )‘ddz’,t—k < AZ >
dit 1 dit—k Cddit—k
9 1—0o; B 9 l—0o;
7o A —(03—1)
Cad.t Cadt—k Cdd,t
= 7ipi(0) | —— Vddit + Z Yiti (k) | —— Vddit—k < > ,
Vddit o1 Vddit—k Cdd,t—k
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&0 0 (14w gy ) D
di,t __ Vddi,t ( + \Ilddz t) and szt _ dd,t( ) )

=30 ,
Yas e it Vddi,t

where the third equality obtains from substituting
It follows that

og;—1

1-0; 1 a1 Vadip '\ O
chi,t ) = C&dt i) (Vadit) % SV i (0)vagi ¢ + Zm(k‘) — Vddi,t—k
ddi,t k>1 Vddit—k

where the price index is expressed in terms of unit cost, the share of domestic expenditures on domestically
produced goods and the allocation of extensive margin demand across source countries in each of the goods

baskets {Q t}k o- With the unit cost under Cobb-Douglas technology, the above equation can be rewritten as

Pai T 1/(oi 1) —ag Pye "

ZANt (V0 (N o 1/(o3=1) o, ~aai _ldjt

wa (Vadi) % (Nadit) Y (vi€air)™ ” 1:[ P
where -

ddi,t bi
Cait = pi(O)vaais + Y palk <V - > Vadit—k-
i1 ddi,t—k

Taking logs yields

P Ps 1t
In —** =1In By;; + § i In =222
Wyt J Ws t

1
where Bg; ¢ = o (H adﬂ ) (Vadi,t) % ()\ddiyt)l/(”"_l) ('yié“dijt)_l/(”i_l). In matrix notation, this leads to
(I—Ag)In Py =In By,

where A; = {ag;;} and In Ibd,t and In By ; are I x 1 vectors. Inverting this system of equations, we obtain

Pdi,t _ Bad]’i
o= 11847
Wyt ;

where dgj; is the (j,4) entry of the Leontief matrix (I — A4)~'. The consumer price index in country d can be

i 4iiMi Z_/ad..n.
Pag =] (Pu)™ = wdtHBdﬁ t=wa [ B
J

)

written as

It follows that the real wage is

wdt ad]znz
War = H dj.t

Taking the ratio between real wages int — 1 and ¢ + h yields

_ 1 _ 1 1
Waiin H <Vddj,t+h> 9 <)\ddj,t+h> 751 <£dj,t+h> 2
Wai—1 - Vddj,t—1 Addj,t—1 §djt—1

] >, Gajini
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If ¢ — 1 is a steady state, then vgg;;—1 = /\’d“djt_l = Adgjt—1 forall k € {0,1,2,...} and the above expression
simplifies to

- 1 _ 122, Gait
S+ lj,t+ Y lj,t+ J
W4 _H Vddji+h \ % (Addjt+h) 5"
W1 - Addj,t—1 Edjt+h
_ 1 1 1 72 G
B (/\ddj,t+h) o5 <Vddj,t+h> 5 <)\ddj,t+h) ;=1
; Addj t—1 Addj,t+h Edjt+h
r \ _9; L > i Adiani
ddj,t+h - o =1
, Addjt—1
j
where
lfaj
= _ &ajt+hn <Vddj,t+h> 7
Addjt+h \Addj,t+h
1—Uj 01_1,1
_ (Vddj,t+h> 7; ¢, Vdditth £ G- ¢) ( Vedj t+h ) G Vddjith
- J J
Addj,t+h Add],t—&-h = Vddj t+h—k Addj,t+h
0;j—0j+1 Oj—o;j+1

h
0.
Z (1-¢) <Vdd]t+h k> i

Addj t—1 %
; PG ()
ddj,t+h ddj,t+h

follows from combining the last two factors in the second line of (A.26). This completes the proof.

Appendix B Theoretical Extensions

B.1 Technology Change

In this section, we consider an extension that allows for productivity change. We provide explicit microfoun-
dations for time-varying Fréchet scale parameters and the resulting z,; +(w) that vary over time. Under this
microfoundation, the highest-realized productivity zs; +(w) among producers for a good may evolve for two rea-
sons, either because of innovation within existing producers; or, due to producer entry. As will become clear once
we integrate this theory into our model, this distinction between within- and across-producer technology change

is important when supplier adjustment happens gradually over time.
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B.1.1 Innovation and Diffusion

Suppose that at time ¢ = 0, the highest-realized productivity z,; o(w) among all potential producers for a good w

in country-industry s¢ follows a Fréchet distribution given by
_ _ Agi 0270
Fsio(2) = Prlzgo(w) < 2] = e .

The distribution Fy; o (2) evolves over time, governed by two processes; one that determines the productivity of
new potential producers and another governing the productivity of the incumbent producer behind the realization
Zsit(w). We now describe each of these processes in turn, starting with the arrival process for new potential

producers.

Produtivity of new potential producers. Following Kortum (1997) and Buera and Oberfield (2020), new
potential producers arrive stochastically and exogenously. The productivity z of a new potential producer for a
good w in industry ¢ arriving in location s at time ¢ is z = ¢ (2’ )ﬁ 3 , which has two random components. There is
an insight derived from an existing technique, z’, which is drawn from the distribution Fy4; ;—1, and an original
component ¢, which is drawn from an exogenous distribution. We assume that the arrival rate of new techniques
with original component greater than ¢’ is distributed Poisson with mean agtq’ —0i,

The diffusion parameter 3; € [0,1) governs the importance of existing knowledge for the productivity of

E
st,t

entrants. The parameter «_; , controls the contribution of entrants to overall technological progress.
Productivity shocks to incumbent producers. We extend Buera and Oberfield (2020) to allow for innovation
by incumbent producers. In contrast to entrants, incumbent producers receive multiple potential ideas for how to
improve their productivity.

When a new idea arrives to an incumbent at time ¢, its productivity is z is ¢ [z’ ]5 / , with the existing component
2~ Foii1, BZ-I € [0,1) and the original component ¢ drawn from an exogenous distribution. For incumbents,
the arrival rate of new ideas with original component greater than ¢’ is distributed Poisson with mean agi,tq’ =0,

with agi’t governing the contribution of incumbents to overall technological progress.

Evolution of the frontier of knowledge. We characterize the evolution of supplier productivity the intermedi-
ate goods in each of the partitions {€2;;}7° . Let Ffi’t 4 a(2) denote the probability that an incumbent in period
t — k will have a productivity less than z at time ¢t + A, which will coincide with source country s’s productivity
distribution for potential suppliers across goods w € Qf’t A

Given the frontier distribution at time qui,t’

exogenous arrival rate of ideas to incumbents agz- tz_gi, the frontier distribution at time ¢ + A satisfies

the exogenous arrival rate of new producers o 2% and the

o] —0 —0
1— Fg,t+A(Z) =1— F&t(z) + AFg,t(Z)/O [ait (Z/z’ﬂf) + Oégi,t (Z/z’/BiE> ] dz'

In words, the fraction of goods for which the frontier productivity exceeds z at ¢ + 1 is given by those for which

the frontier exceeds z at ¢, 1 — F©

= +(2), and, among the remainder, those for which a new idea with productivity
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exceeding z is received by either an entrant or an incumbent between ¢ and ¢ + 1. To find the arrival rate of these
ideas, note that given an insight 2/, the arrival rate of ideas that, in combination with that insight, would produce a
productivity greater than z is aszt (z / P ) o , for entrants; and o/, t <z / 287 > _Gi, for incumbents. Integrating
over possible insights gives the arrival rate of ideas with productivity greater than gq.

From the same logic, it follows that the productivity distribution among country s’s potential producers for a
good w € QﬁHA with k£ > 0 will satisfy

1_F£,t+1(z) Fslztl( )—I—AFZ;( )/0 |: szt(z/zlﬁ ) :|dZ/> for k > 0.

The following proposition shows that F*

st follows a Fréchet distribution for all k£, with k—specific location

parameter depending on entry.

Proposition 5. The frontier distribution at time t satisfies
Fs%t( ) e ” Asit—lA
where

! E Bl E BE
Aszt_1+A0 /0 |: szt (1_5 )( St,t— A) ’ +asi,tr( B )(Aszt A) Z}dA

st,t—1

The productivity distribution among potential producers for each good w € Qﬁt with k > 0 satisfies

F

szt( ) e ” Ay it | k+1AI

where

1
it Bl
Al = 14T ) | (A% 2" aa
t—1

Proof. The result follows from using Proposition 1 in Buera and Oberfield (2020) to evaluate the functional
difference equation for F t 1 at the limit A — 0, under the imposition that ag ;A = g to evaluate
fl dln Fg; AdA
0 dnA

]

Hence, we can flexibly accommodate different models technological change in the model by allowing for
country-industry-time-specific Fréchet productivity distributions across partitions of good {F£7t}z°:0. A model
where technological change is driven by incumbents only corresponds to the special case special case where
Fl,

Fsozt i forall &k > 0.

= F;; for all k. A model where all progress is due to entry corresponds to the special case where FS"; =
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B.1.2 Equilibrium characterization

Under Proposition B.1.1, we can specify the distribution of producer-level productivity across intermediate goods
w € O, as follows:

_ A0 0;

Asz tZ s k — O

Pr wEQ czsit(w) < z| = 0 vy
VLI | T PP

szt_

Under this specification, the prices pg; ; paid in destination d for goods w € QF i+ sourced from country s now

incorporate changes in incumbent producer productivity between ¢ and ¢ — k:

t

0; -
pase(@) = pasen@)  T] (ALie)” Gaid) ™7 k>0
s=t—k+1

Moreover, the productivity frontier among the potential producers for each good now evolves over time.

Demand for optimally sourced goods. Incorporating changes in incumbent’s productivity, the option value of

supply relations to country s for industry-¢ traders in d at time ¢ now accounts for future productivity changes:

S (1-6\") T Catis\
— G i sdi,¢ ~
Ugis = Z <1+7“> H Al ( : ) Paic  aais
u=1 s=t—k+1 di,s
From the above expression for option values, we obtain the same characterization of each country d’s extensive
margin demands, {ngi,t}se N,ieN', and expenditure allocations, {)‘gdi,t}se N,ieA, as in the main text. Setting
ASl - Asz A
baskets Q7. .

the same is true for the expressions for the price indices {PC%- +ydenien of each of the goods

Demand for legacy goods. A destination d’s trade shares and ideal price index for industry-: legacy varieties
with £ > 0 obtain from adjusting the trade shares {)‘gdi,t—k}ses and price index P§i7t_k at time ¢ — k for
subsequent changes in supplier productivities, trade cost and factory gate pricese:

t 1 A~ 1—0;
k )‘gdi,t—k Hg:t k+1 Agi,g (Csdirs) 7
Asdi,t = (I)k ,k >0
di,t
and /(100
(k) —0i
pk —po <“%t(¢>k. ) k>0
di,t di,t—k ,Ufz',t—k(o) dit
where

t

k _ 0 170’1'
(I)di,t - Z )‘ndi,t—k H nz S Cndl §) k> 0.
n s=t—k+1

57



Aggregation and equilibrium. Given the trade shares and price index for the goods in each of the sets
{Qf’t}z‘;o described above, the vector of trade shares {As4;+}sez in (24) and the price index Py ¢ in (23) of
the main text to characterize each destination d’s total demand for industry-¢ goods. Therefore, the conditions for

goods and factor market clearing within each period ¢ also remain unchanged, given by equations (25)-(27).

B.2 Imperfect factor mobility across industries

In this section, we consider an extension that allows for imperfect factor mobility across industries and resulting
transitional dynamics in labor supply as another source of gradual trade adjustment. Incorporating the dynamic
formulation of industry-specific labor supply curves by Caliendo, Dvorkin and Parro (2019), we show that our

model can accommodate transitional equilibrium dynamics in factor supply at no loss in tractability.

B.2.1 Households

We follow Caliendo, Dvorkin and Parro (2019) in assuming that households must choose their industry of em-
ployment one period in advance, under full information about the economic conditions in all industries and
subject to time-varying mobility costs. That is, a household in country s now starts each period ¢ working in a
sector s that was chosen during the previous period ¢ — 1. In period ¢, this household supplies its unit of labor at
competitive sector-wide wage wg; ¢, consumes the local final good and, then, chooses which industry to work for

in the subsequent period ¢ + 1. The value of a d resident employed in sector ¢ at time ¢ is given by:

Vgit = In <%’;) + I]ﬂgg( {BE [vai,t1] — maije + X€aj}
where m,;;; is the utility cost of moving from sector i to j facing each household in country d at time ¢, and
€qj,¢ are stochastic i.i.d. preference shocks drawn from a Gumbel distribution with zero mean and dispersion
parameter equal to 1. In writing this value function, we implicitly assumed that workers hold log preferences
over consumption of the aggregate final good whose local price is denoted by P, as in the main text.

The well-known characterization of the optimal discrete choice under Gumbel distributed shocks yields the

expected lifetime utility of a worker employed in country d’s industry ¢ at time ¢:

W _
Ugit = E[vgi¢) = In <dt> + xIn Z exp (BUgj 141 — mdiﬁ)l/x . B.27)

Pat JjeN

Moreover, the share of households in d transitioning from working for a producer in industry ¢ to working for a

producer in industry j is given by

= 1/x
€xp 5Ud‘,t 1 — Mdij¢
> kez XD (BUak 141 — Madik,t)

From the initial distribution of labor across industries and the labor flows at time ¢, we obtain the labor supply
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curve at t + 1:

Liit+1 = Z Pdjit Lij t-
jer

B.2.2 Industry-level trade flows and prices

Under the same formulation of technologies and sourcing frictions as in the main text, the vector of trade shares
{Asdit} sz in (24) and the price index Py; ; in (23) continue to characterize each destination d’s optimal within-
period demand for industry-¢ goods. The unit cost components behind these demand components now incorporate

industry-specific wage rates and can be written as:
Qg Qgji
Csdi,t = @siTsdi,t (wsi,t) o H (st,t) o
JjeJ

forall s,d € §,i € Zand t.

B.2.3 Within-period market clearing

At time ¢, the vector of labor supply {Lg; +}icz is predetermined by the optimal labor allocation decisions of
households in the prior period, described by (B.2.1). The vector of wages {wdi,t}de N ,iez 1s concurrently de-
termined with the vector of trade shares {As4; +}s denicz. To define the conditions for within-period factor and
goods market clearing, we can follow the exposition in the main text and express the total value of each industry’s

sales X; 1 as

Xeip =Y Asiat |naiBas+ Y aij Xt | » (B.29)
deN jET

A destination d’s total consumption expenditures now incorporate industry-specific wages and labor supplies:

Equ: = Z {wgi+Lait + gt} + Dy (B.30)

1

As before, each destination’s profit income derives from the sales of local assemblers and can be written:
1
gp =Y o | B+ > i Xaie | - (B.31)
JeET
Wages then solve the following set of factor market clearing conditions:

o, — 1

waitLaiy = (1 — ag;) Xgiy, fore e Z (B.32)

(oF}
B.2.4 Equilibrium

Definition 2. An economy is described by a set of time-invariant parameters summarizing technologies, pref-

erences, ©® = {0;,0;,{aji} jez, Pdis Adi, Vi }ieI’ sourcing frictions ¢ = {(;}icz as well as measures py =
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{1dito (k) Yienr.des kg and Lo = {Lgi, }ien des for some to. Given a path for trade costs T = {Tt}teN =

{Tsidt}s geniez rent

1. A static equilibrium at time t is a vector of wages wy = w (T4, W_¢, T—¢, O, (, pg, L) that solves equa-
tions (24), (25), (26) and (B.32) for all s,d € N, i € I, given L;, w_; = {wdi7§}dENiEI<EN\{t} and

T—t= {TSidvg}s,dGN,ieI,geN\{t} .

2. A dynamic equilibrium at time t is a path of wages {w;}, . and labor allocations { L.}, y satisfying
wy = w (T4, W_t, T—¢, O, ¢, Ly, pug) and (B.2.1) for for all t.

3. A dynamic equilibrium at time t is a steady state if wy = wy and Ly = Ly forall t > t.

Appendix C Detail on Quantitative Applications

The quantitative analysis proceeds in two steps. We first calibrate the model economy to an initial steady state.

We then feed in a path of shocks into the model and compute the path of counterfactual outcomes.

C.1 2018 US China Trade War Tariffs

Table C.1: US Tariff Increases on Imports from China

2017 Imports in Total (%)  Cumulative Increases in Tariffs (%)

Affected Sector in Model OECD ICIO  US Census 2018 2019 2020-
Agriculture, forestry and fishing 0.5 0.6 25 14.7 20.6
Mining and quarrying 0.0 0.1 1.0 5.6 7.4
Food products, beverages and tobacco 1.9 0.8 2.6 15.5 22.3
Textiles, textile products, leather and footwear 17.7 12.8 0.6 6.6 13.8
Wood and products of wood and cork 1.3 0.8 2.9 16.4 22.1
Paper products and printing 1.2 1.3 2.1 11.0 15.8
Coke and refined petroleum products 0.2 0.1 2.4 14.2 20.5
Chemical and chemical products 32 3.1 2.7 12.7 17.7
Pharmaceuticals, medicinal and botanical products 1.3 0.5 0.0 0.1 0.1
Rubber and plastics products 3.7 3.6 22 10.9 15.1
Other non-metallic mineral products 24 1.7 2.1 12.3 17.4
Basic metals 1.0 0.9 8.8 22.4 24.5
Fabricated metal products 3.8 4.1 34 15.0 20.0
Computer, electronic and optical equipment 29.0 36.3 2.0 8.1 11.2
Electrical equipment 9.1 8.9 39 14.9 18.8
Machinery and equipment, nec 6.9 7.3 6.1 18.3 22.3
Motor vehicles, trailers and semi-trailers 4.2 3.2 4.7 19.3 24.7
Other transport equipment 0.8 0.7 7.2 20.5 24.0
Furniture and other manufacturing 11.7 13.3 1.1 7.1 11.0

Notes: “Imports in Total” are the shares of industry-specific US imports in total imports from China. “OECD ICIO” refers to the input-
output table used for calibrating the model. “US Census” refers to the HS-level bilateral trade data accessed via USA Trade Online. The
tariff changes are aggregated based on weights derived from the US Census data. Tariff changes from Fajgelbaum et al. (2020).
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Table C.2: Retaliatory Tariff Increases on US Exports to China

2017 Exports in Total (%)  Cumulative Increases in Tariffs (%)

Affected Sector in Model OECD ICIO  US Census 2018 2019 2020-
Agriculture, forestry and fishing 14.7 15.1 11.9 31.1 31.3
Mining and quarrying 7.7 7.0 35 11.2 14.0
Food products, beverages and tobacco 4.2 2.8 10.4 19.9 21.0
Textiles, textile products, leather and footwear 0.4 0.9 2.5 12.1 15.3
Wood and products of wood and cork 1.5 1.5 2.7 12.9 16.3
Paper products and printing 2.0 2.5 2.1 7.7 8.8
Coke and refined petroleum products 2.6 1.0 10.2 26.0 26.0
Chemical and chemical products 10.6 9.6 3.7 12.5 14.3
Pharmaceuticals, medicinal and botanical products 2.5 2.8 0.3 1.6 2.7
Rubber and plastics products 14 1.3 2.3 10.0 12.4
Other non-metallic mineral products 0.6 0.8 4.0 13.7 15.8
Basic metals 10.7 1.9 4.1 15.4 18.9
Fabricated metal products 1.2 1.4 2.5 10.9 13.3
Computer, electronic and optical equipment 10.4 13.8 24 9.3 11.2
Electrical equipment 14 2.5 3.8 15.8 19.4
Machinery and equipment, nec 6.0 8.0 2.1 9.1 11.1
Motor vehicles, trailers and semi-trailers 8.6 11.0 10.5 21.5 21.7
Other transport equipment 12.4 13.3 0.0 0.1 0.1
Furniture and other manufacturing 1.1 2.8 4.1 12.8 14.2

Notes: “Imports in Total” are the shares of industry-specific US imports in total imports from China. “OECD ICIO” refers to the input-
output table used for calibrating the model. “US Census” refers to the HS-level bilateral trade data accessed via USA Trade Online. The
tariff changes are aggregated based on weights derived from the US Census data. Tariff changes from Fajgelbaum et al. (2020).

C.2 2004 Enlargement of the EU Tariffs

Table C.3: Distribution of Tariff Shocks Across Source-Destination-Industry Tuples

source — destination Mean Std. Dev. min Q1 Q2 Q3 max
NMS — NMS 4.2 6.0 0.0 0.0 1.2 7.4 60.0
NMS — EUI15 4.0 3.2 0.0 0.3 4.0 5.9 134
EU15 — NMS 4.3 52 0.0 0.0 2.7 7.4 84.2
EU15 — EU15 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Notes: Mean, standard deviation, min, max, and top boundaries for the first, second, and third quartiles of the tariff shock source-
destination-industry tuples. Data are from WITS with MFN and Preferential Tariff filled according to the procedure described in the
Appendix. Whenever data for 1995 were missing, we used the closest year to 1995 available in the sample.
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C.3 Additional Figures

C.3.1 2018 US-China Trade War
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Figure C.1: Price changes in industries directly impacted by the trade war
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Figure C.2: Price changes in industries not directly impacted by the trade war
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Figure C.3: Changes in Real Wages, Wages and Consumer Prices

Notes: Tariff changes implemented gradually over the first two years. “Real Wage” in year ¢ refers to real wage changes between ¢ and
the initial steady state generated by the full model. “Wage” refers to the corresponding change in the nominal wage. “Price” is the change
in the aggregate consumer price index.

C.4 Computational Algorithm

Given a path of changes in tariffs {%sdi,t}go from time 0 to H, the counterfactual outcomes are obtained by
solving a nested system of nonlinear equations that determine four sets of equilibrium paths: (1) the country-
industry-level total expenditure { X dj,t}fio; (2) the changes in country-industry-level price indices faced by pro-
ducers { de,t}fio; (3) the changes in country-level wages {wd,t}{fzo; and (4) the changes in country-industry-level

option value of supplier relations {1 ‘F/‘I’\sdi,t}f:o- The computational algorithm is outlined below.

Step 0 Start with an initial guess of {de7t}£0, {wd,t}go, and {1 -1'/‘1’\3(11‘,7&}1{10' We use the values attained in

the initial steady state as a staring point.

Step 1 For each period ¢ from 0 to H, solve X;;, de,t, and W, sequentially given {1 @i,t}io following
the steps below.

Step PWO0 Given the shocks {%sdi,t}fio, {de7t}£0, and {wd7§}2:0 obtained for any earlier period, com-

pute the cumulative changes in unit cost for each variety with legacy k£ > 0, {szt— k ésdis}{io.

Step PW1 Update the changes in price indices f’dji and wages g, for the current period using a fixed-

point solver.
Step PW2 Compute the changes in unit cost ¢sq; ; for the current period using Equation (A.11).

Step PW3 Compute the legacy-specific trade shares /\Igdi’t for varieties with legacy & > 0, using Equa-
tions (A.15), (A.16), (A.18) and (A.19).
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Step PW4 Compute the shares of varieties from country s chosen by traders in each destination coun-

try d, vsq; ¢, using Equations (A.13) and (A.14).

Step PW5 Compute the implied legacy-specific price indices Pc]fi,t for each k and country-industry-level
price indices de,t using Equations (A.17), (A.20) and (A.21).

Step PW6 Compute the country-industry-level trade shares \,4; ; based on )\’; dit> Pclfi o> and Py ;.

Step PW7 Compute the country-industry-level expenditures on goods for final use Eq¢—> ; 11g;¢ based
on the income computed from the guess on wage changes, trade deficits, before counting
profits from traders using Equation (B.30).

Step PW8 Solve X ; ; with the variables computed so far using Equation (B.29) and a fixed-point solver.

Step PW9 Compute the country-industry-level output Yy; ; based on trade shares, expenditures, tariffs

and markup.

Step PW10 Compute the profits earned by traders, wage income earned by workers and the implied wage
changes g ; using Equation (A.25).

Step PW11 Compare the price indices de,t from Step PWS and wages w,; from Step PW10 with the
previous updates from Step PW1. If they are not sufficiently close, go back to Step PW1
and repeat.

Step 2 Update aggregate price indices faced by households based on preferences.

Step 3 Compute the changes in country-industry-level option value of supplier relations {1 @i,t}go using

variables computed so far and Equation (A.12).

Step 4 Compare the {1 —i—/\II\&h’t}ffzo obtained from Step 3 with those from Step 1. If they are not sufficiently
close, update the guess for {1 +/\If\3di7t}fi0 using a fixed-point solver and go back to Step 1.
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