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Abstract
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use it to quantify the welfare impact of the 2018 US-China trade war. Staggered sourcing decisions
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such as Mexico can suffer welfare losses in the short run and welfare gains in the long run.
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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) 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 impact of shocks to global

supply chains.

This paper proposes a dynamic general-equilibrium model of trade with many countries and many
industries, where staggered sourcing 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 only 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 sourcing 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 a closed-form expression for the horizon-specific trade
elasticity, showing that our model rationalizes the estimates in Boehm, Levchenko and Pandalai-Nayar
(2023) as a convex combination of fundamental elasticity parameters with related implications for

horizon-specific gains from trade.

Specifically, we assume that intermediate goods are produced using constant returns-to-scale technolo-
gies and producers differ by productivity drawn from a country-sector specific Fréchet distribution.
Trade is subject to iceberg trade costs. An assembler of the final good at a destination d seeks to buy
from the least expensive global supplier, but may not be able to constantly switch from one supplier
to another. The assembler’s sourcing decision is governed by a binary random process: an assembler
either chooses the least expensive global supplier of an intermediate good from any source-industry, or
the assembler continues purchasing from the same producer as in the preceding period. We can there-
fore 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 iceberg trade costs



since the supplier was last elected. We show that a destination country’s expenditure shares by source
country across intermediate goods take an analytic form as in EK and similar Ricardian frameworks

that are consistent with the gravity equation of trade.

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 while a buyer-supplier relationship lasts,
cross price effects of substitution are governed by the short-run trade elasticity, similar to an Arming-
ton (1969) model. When all supplier-buyer relationships are reset optimally, the gravity expression
simplifies to the common gravity equation in an EK framework, so that the long-run trade elasticity
prevails. With the equilibrium relationships at hand, we compute impulse responses recursively, and
we analytically derive the trade elasticity ” for each time horizon h after a shock to the global supply
network:
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where Ay 5 1s destination country d’s expenditure share falling on intermediate goods from source
country s in industry ¢ in the hth period after the shock, 7,4; ¢ is the trade cost component that is shocked
at time 0, 6; is the long-term trade elasticity as in EK, o; — 1 is the short-term trade elasticity as in
Armington, and ¢; € (0, 1) is a parameter that describes the frequency at which buyers of intermediate
goods from industry i can switch suppliers. The prevailing trade elasticity ? increases over time in

absolute value from the short-run to the long-run level (for the common parametrization 6; > o; — 1).

In the long-run, the trade elasticity converges to the familiar Fréchet parameter 6; as in EK. The rate
of convergence depends on the frequency at 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 Boehm, Levchenko and Pandalai-Nayar (2023). This
characterization of the horizon-specific trade elasticity also implies a horizon-specific welfare formula
that nests the well-known formula from Arkolakis, Costinot and Rodriguez-Clare (2012) as a special

case.

We show how the above results can be used to derive a set of estimation equations for the relevant
parameters governing short and long-run trade elasticities, document how existing results from Boehm,
Levchenko and Pandalai-Nayar (2023) can be employed, and quantify our trade model for 12 aggregate
industries and 20 countries. We apply the model to the episode of the US-China trade war in 2018 and
show that rich sectoral dynamics can result, with consequential changes in welfare implications. For
instance, accounting for the dynamic costs of supply disruptions raises the welfare costs of the trade war
in the U.S. by about 70%, compared to a long-run model. Further, gains from trade can qualitatively

differ between the short-run and long-run. In the short-run, the 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 US or China;
however, such gains may materialize in the long-run. As a consequence, countries whose previous
trade linkages leave them most exposed to the US-China trade war, such as Mexico, experience large

initial welfare losses in the short-run, but sizeable increases in welfare in the long-run.

The wide discrepancy between a low (short-run) trade elasticity in international macroeconomics and
a high (long-run) trade elasticity 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), Boehm, Levchenko and Pandalai-Nayar (2023) and
Anderson and Yotov (2022) offer estimation procedures to separately identify short- and long-run trade
elasticities. 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 existing estimation methods with a mixture of the

Armington and EK elasticities.

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 deterministic contract ages to supplier relationships that end stochastically and to be reset
optimally. In a related approach, Arkolakis, Eaton and Kortum (2011) embed a consumer with no
knowledge of the identity of source 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.
We rationalize consumer behavior by introducing an assembler that operates similar to a wholesale or
retail firm in that it sources bundles of goods at lowest cost while the consumer cannot unbundle the
assembled final good. An assembler, in turn, cannot incur losses in imperfect capital markets and thus
sources from the current lowest-cost supplier. Our model allows us to derive a stationary equilibrium
distribution of supplier prices by age of contract beyond a binary characterization in Arkolakis, Eaton
and Kortum (2011).! Based on the mixture of the stationary equilibrium distributions of prices by
contract age, we can fully characterize steady states as well as transitionary 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.

I'The underlying stochastic process shares features with the so-called Sisyphos Process (Montero and Villarroel, 2016).



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 the allocation of economic activities during the adjustment path and the
welfare consequences, we present a case study of the US-China trade war in Section 5. Section 6 offers

concluding remarks.

2 Model

2.1 Fundamentals

Consider a world economy with N destination countries d € D := {1,2,--- N}, s € D source
countries of trade flows, and [ industries i, 7 € Z := {0,1,2,--- ,I}. Time ¢ is discrete. Subscripts
sdi,t denote a trade flow from source region s to destination d in industry ¢ at time ¢. Households
inelastically supply a single production factor (labor) to domestic firms, and markets are perfectly

competitive.

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

over the composite goods Cy; ; from each industry with

Caz =[] (Cain)™ . (1)

1€T

The coefficient 1), is the consumption expenditure share of industry i's composite good, with ) .7 74; =
1. Let Py, denote the price index of the industry ¢ good in d at time ¢. Country d’s consumer price
index is then given by P;; = HieI (sz',t / nd7i)ndi. We assume that households consume their income

in every period and discount future utility flows at rate 5 € (0, 1).

Intermediate Goods. Every industry ¢ consists of a continuum of producers of intermediate goods
w € [0, 1]. For each intermediate good, there is a large set of potential producers in each country with
different technologies to produce the good. In each industry, producers of an intermediate good w have

an individual productivity z and operate a constant-returns-to-scale technology to produce the good



using domestic labor ¢ and composite goods M ;; sourced from other industries:

yi(w) = z (O [ [ (M), )

JjeET

where y;(w) is the output of good w. The coefficient «; is the value-added share of industry ¢ and the

parameters cvg;; > 0 are such that ag; = ) e Qdji-

We assume that intermediate goods can be traded across countries subject to an iceberg transportation
cost, which implies that shipping one unit of a good in industry ¢ from country s to country d at time ¢
requires producing dsq; > 1 units in s, where dg4q4;+ = 1 for all d. Moreover, goods imported by d from

s at t may be subject to an ad-valorem tariff 7,4 ;. We combine both trade costs into one parameter

Tsdit = dsdi,t'fsdi,t .

Given this formulation of 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

Csdi t =S ®szsdi,t (ws,t)a“ H(PSj,t)asﬂv (3)
JjeJ
where ©,; 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 cgg; ¢/ 2(w).

Production technologies for intermediate goods arrive stochastically and independently at a rate that
varies by country and industry. In particular, we follow Eaton and Kortum (2012) in assuming that the
mass of intermediate goods w in country s’s industry ¢ that can be produced with a productivity higher

than z to be distributed Poisson with mean Ag;z~%.

Assembly of Composite Goods. In each industry, assemblers bundle intermediate goods into a com-
posite good for consumption or production. An assembler procures intermediate goods at the lowest
possible price and costlessly aggregates the sourced intermediates into Yy ; units of industry 2’s com-

posite good using the technology

Ydiﬂf — (/ ydi,t(W)(Ui_l)/Uidw> 7 (4)
[0,1]

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

o; is the elasticity of substitution between intermediate goods in industry 7. We let pg; +(w) denote

the lowest possible price at which an intermediate good w can be purchased at destination d. We will



explain the exact price at which this intermediate good is available in greater detail below. As we
elaborate in Appendix B.1, cost minimization given (4) implies that the price of industry ¢’s composite

good at destination d satisfies

_aifl

Puir = / pdi,t(dw)_(gi_l)dw . (5)
[0,1]

2.2 Sourcing Decisions and Trade Flows

Under the Ricardian trade tenet, assemblers seek to source an intermediate good from the least ex-
pensive global supplier. However, an assembler may not have the opportunity to adjust its choice of
suppliers at any given time due to a sourcing friction, which we describe now. For every intermediate
good w, there is a continuum of producers in every country. Under perfect competition, an assembler

optimally sources any given intermediate good w from only one source country when given the choice.

The assemblers’ choice of source country for any given intermediate good w is governed by an i.i.d.
random variable z;;(w) € {0, 1} for each industry. If x;;(w) = 1, that is if the global draw for an
intermediate good w from industry ¢ gives all assemblers worldwide the green light to switch to their
preferred source country, then all assemblers optimally choose to purchase from the least costly source
country for variety w in industry ¢ at time ¢. Between assemblers in different countries the optimal
source country can vary because of different trade costs. Else, if z;(w) = 0, that is if the global draw
for intermediate w turns to red for all assemblers worldwide, then all assemblers must purchase their
intermediate goods w in industry ¢ from the same producer as in the preceding period ¢ — 1. While the
identity of the source country does not change, the quantity procured and the price that the assembler
pays can differ from the preceding period if the factory gate price moves (because of changing factor

costs) or the currently prevailing trade cost moves.

This formulation of sourcing frictions captures search costs and other types of impediments that prevent
the optimal rematch of supply relationships at a moment in time. An 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 th denote the set of industry j goods whose supplier at time ¢

was last chosen k periods ago:

O, = {w: g 1) = 1, T Zaielw) = 0} (6)

where Ug{2:, = |0, 1]. e sets {27, mutually exclusively and exhaustive artition the unit interval o
h QF, =10,1]. Th QF, 1ly exclusively and exhaustively partition the unit i 1 of

intermediate goods for each industry 7.



2.2.1 Demand for Intermediate Goods with Newly Formed Supply Relationships

We now describe the global demand for intermediate goods in each of these sets, beginning with those

that are concurrently formed, w € Qgﬂ.

If country s is chosen by an assembler in destination d to supply industry ¢’s intermediate good w at
time ¢, the combination of the producer’s productivity w, factor cost in source country s and the trade

cost between s and d in industry ¢ must make the intermediate good the least expensive.

Let 2z, (w) denote the highest realized productivity by any producer in country-industry si. Similar to
Eaton and Kortum (2002), our distributional assumptions imply that z,; has a country-industry specific

Fréchet distribution given by?
Pr [Zsi<w) S ZlAsia 92} = exXp {_Asiz_ei} . (7)

For an assembler in destination d the price of an intermediate good w from the cheapest available source

country at time ¢ is

Paiy(w) = min { Codit } (8)

s€D | Zg; (CL))
for the common unit cost component c,q;; given by (3) and the producer with the highest realized

productivity z,;(w) in country-industry si.

As in Eaton and Kortum (2002), the distribution of paid prices across intermediate goods in the set Qgt

in destination d at time ¢ satisfies

Gt [paialw) < 9] = Pr [paia(w) < plosa(w) =1] =1 = exp { =0l "}, ©)
where
q)gi,t = Z Ap [Cndi,t]_ei (10)
neN

is a measure of destination d’s market access for intermediate goods w € Qgt, given trade cost and
factor prices behind the common unit cost component c,4; ; by (3). We relegate the derivation of these
results to Appendix B.2. To guarantee that the distribution of paid prices has a finite mean later, we

impose the standard parametric restriction that 6; > o; — 1 forall € 7.

The properties of the Fréchet distribution imply that Ggm also equals the distribution of prices for

20ur model could also accommodate productivity change over time with a country-industry-time specific Fréchet distri-
bution and resulting z; ;(w) realizations that vary over time. To focus most sharply on adjustment to trade shocks, we do
not specify productivity shocks.



intermediate goods w € Q?’t sourced from any source country s. As a result, country d’s expenditure
share for each potential source country s across intermediate goods w € Qgt must equal the probability

that this source country offers the lowest global price:

i

Asj [Csdi,t] -0
O

(11

0 _
)\sdi,t -

with the common unit cost component c,g; ; given by (3).

Within the set of intermediate goods that are sourced through concurrently and optimally formed supply
relationships, the partial equilibrium elasticity of trade flows with respect to trade cost is governed by
the familiar Fréchet parameter:

dlog )\(s)di,t

= —0;.
810g Tsdit !

0
di,t

2.2.2 Demand for Intermediate Goods with Continuing Supply Relationships

Intermediate goods w € Qf’t are purchased from a supplier that was chosen at time ¢t — k. To characterize
prices and expenditure allocations across these intermediate goods at time ¢, we denote changes over

time for a variable x; succinctly by &; = z;/x;_1.

Suppose an assembler in d first sourced an intermediate good w from s at time ¢ — k under the unit
input cost cyg; 11/ 2s:(w), which depends on equilibrium factor prices and parameters by the common
unit cost component (3). If the intermediate good is still sourced from the same producer at time ¢, its

price will then equal:?

t ~
Csdi,t Csdit—k H —¢—k+1 Csidg
Paajp(W) = —5 = o, (12)
Zsi(w) zsi (W)
which is the initial destination price adjusted for the cumulative changes in iceberg trade costs and

factor cost since t — k.

We show in Appendix B.3 that country d’s expenditure share by source country across intermediate

goods w € Qf, equals

1—0;
A0 1T Coi l
sdit—k c=t—k+1 “sid,s

ko _
)\Sdi,t - @k )
di,t

(13)

3Note that z; = xp_jp D=kl L0 2t
Tt—k Tt—1

change over time is Cyqi ¢t = Tsai,t Ws,t-

= %4_pLi—g+1 - - - L4 For a composite variable such as cqi 1 = Tsai,t Ws i, the



where
‘ 1—0 7

= Mar | L] @i (14)

neN s=t—k+1

reflects the mean price that a buyer pays for the set of intermediate goods Qiﬁt at time ¢ — k through the

0
trade shares { Aidit—k } .
neN

Comparing Equations (11) and (13) shows how cross-price effects differ across intermediate goods
depending on when a supply relationship is formed. If assemblers can source from the least expensive
global supplier of an intermediate good at time ¢, cross-price demand effects are governed the Fréchet

parameter 6;, and trade is governed by comparative advantage.

Conversely, if an assembler is unable to switch suppliers, then the extensive margin is shut down.
The only margin of adjustment is the intensive margin, which is captured by the terms that collect the
product of changes in unit input costs. Effectively, over those partitions, trade happens as if varieties
were differentiated across countries with the measure of varieties of each source defined at the last

period of adjustment —i.e. at period ¢ — k for partition th

In order words, for each partition Qﬁt, trade happens under Armington forces. Intuitively, the price
elasticity of demand is governed by the elasticity of substitution o; — 1, which captures Armington

trade:
dlog )‘lscdi,t

01og Tsdi X
@it

To close the model, we now show how aggregate global demand for industry i’s composite good follows

from aggregating the trade shares in Equations (11) and (13).

2.3 Aggregation

To find aggregate demand, we leverage the homotheticity of assembly. The partial price index for the
composite of intermediate goods purchased at time ¢ from suppliers chosen ¢ — k periods ago satisfies
(PE)0 = [ car, p(w)cll;f ’dw. The sets {Qﬁt}:;o form a partition of industry ¢’s product space, so
we can obtain country d’s price index for industry ¢ goods at time ¢ by aggregating these partial price

.. .. S 1-0;
indices over all partitions and find Pdli =50 <sz.¢) )

We establish in Appendix B.2 that the partial price index for the set of intermediate goods whose

10



suppliers are being chosen at time ¢ takes the familiar form

_1
0;

Pha = % maa(0)0770 (05, ) (15)

where y; = T ([6; — 0, + 1]/6;) 7% is a constant, ®Y, , is given by (10), and y1;,(0) denotes the measure
of the set Qgt. Following the previous discussion, the endogenous market access term (I)gi,t represents
the mean price of intermediate goods whose suppliers are chosen at time ¢. The measure 1, .(0) ac-
counts for gains from variety. This measure recursively evolves over time according to the stochastic

process that governs sourcing decisions, given by

Ci; k = 0
:ui,t(k) = (16)
(1—G)pir—1(k—=1), k>0.

As we show in Appendix B.3, the partial price index across intermediate goods whose suppliers were

last chosen at time ¢ — k£ is given by

() 1/(1-0;)
pto=po. 2R gk k> (17)
di,t di,t—k (/‘1’17tk(0) di,t

which is the period ¢ — k price index of the basket of intermediate goods €Y ,, adjusted for the subse-

quent change in variety composition, captured by 4; ¢ (k)/1::-1(0), and prices, captured by ®%; ,.

Given Equations (15) and (17), we can solve for the composite price index of industry 7 goods in

country d at time ¢:

1

l1—0; lfa'j

_% 0 (I)Oi 0;
Pase = (95,) ™ [11000) + D7 pig(h) (cpod’t ) i (18)
k=1 di,t—k

The term -; (Cbgi’f) e on the right-hand-side of Equation (18) captures the prices paid under flexible
supplier choice. The term in brackets quantifies the extend to which current aggregate demand is
affected by the stickiness of supply relationships. The terms <I>’§Z-’t capture differences in demand across
intermediate goods driven by differences in the age of their supply relationships and reflect their impact
on aggregate demand at time ¢. The term (@22-775 / c1>gi7t_,§)<1—0i>/ % measures the current demand of a
buyer whose supplier relationship from & periods ago differs from that of a buyer who just updated its

supplier.

11



Using the above price indices, we can readily derive country d’s expenditure share on industry ¢ goods

sourced from country s

1—0;
Nadit = ZAsd,t<Pdt> : (19)

where )\’;divt is given by Equation (11) if £ = O and (13) if £ > 0.

The set of trade shares {\g;+ }s aenicz fully characterize demand in the world economy at time ¢. To

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

2.4 Equilibrium

Denote the total revenue of an industry z in a source country s at time ¢ by X,;;. To define equilib-
rium, we express each industry’s revenue in terms of trade shares, given by Equation (19), and total

expenditures on consumption, F,, and intermediate inputs in the rest of the world:

Xoip = Z Asdit |NaiEas + Z Qi Xajt | - (20)
deN jET

A country’s national consumption spending is the sum of its factor income and trade deficit, £y, =
WatLar + Dag, with Y gen Pay = 0. We follow the conventional approach in the international trade
literature and treat aggregate trade deficits as exogenous. To clear the factor market, wages then adjust

to ensure that expenditures equal disposable income,

waLay =Y (1= ) Xais, 1)

i€
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 described by a set of time-invariant parameters summarizing technolo-
gies, preferences and factor endowments, @ = {Hi,ai, {aaji}jer, apdi,Adi,ndi,Ld}deN}iez, sourcing
frictions ¢ = {(}ier, as well as a measure p,, = {jiy(k)}refo,1,..y for some to. Given histories of

trade costs Ty = {71}t = {Tsid g} and their changes T, = {Tsai+}s.denicz as well as

s,dEN GET o<t
nominal wages wy_1 = {w et = {Wac taen c<t:

1. A static equilibrium at time t is a vector of wages w(7; X T,_1 U Ty_1,w;_1,(,©) = w, that
jointly solves Equations (19) to (21) for all s,d € N and i € T.

12



2. A dynamic equilibrium at time t is a history of wages w; so that, for all w, € wy, w, = w(Tc_1 X

Te—1 U Te—1,Ws—1 U W2, ga @)

3. A dynamic equilibrium at time t is a steady state if w(1nxnx; X 1 UT 1, wyUw; 1,(, 0) = wy.

2.5 Steady-State Properties

In the following, we show that our model preserves the class of quantitative trade models based on Eaton
and Kortum (2002) in the limit when the economy is in steady state, irrespective of the magnitude of
the frictions underlying imperfect supplier adjustment, (; € (0, 1). Intuitively, the transitory effects of
trade disruptions that arise in our model reflect how opportunities for finding new suppliers are limited
in the short-run but increasing over time. As assemblers get to adjust all supply relationships in the

long-run, we then obtain the EK-model as the limit of the equilibria along the transition path.

More formally, let w®% (T X T UTy—1, we_1, 1, ©) represent the equilibrium allocation in an economy

in which suppliers can be flexibly adjusted for all goods, (; = 1 for all <. We can then establish
Proposition 1. If w;- is a steady state equilibrium, then

— _ EK
1. Forany C, Wy = w<1N><N><IXTt* U‘rt*,l,wt* th*,l, C, @) =w (]-N><N><I><Tt* UTt*,l,wt*U
Wix_1, 1,@)

2. Forall k € {0,1,...}, the measure of goods w € O, equals ju; (k) = (1 — (;)*¢;, and trade
flows are given by Ny, . = Nsaiy = ALY where ALY denotes the trade shares in the frictionless

economy.

Proposition 1 provides numerous useful insights. The first part makes clear that the tools developed by
the literature studying the equilibrium properties of static quantitative trade models can be deployed to

establish the existence and uniqueness of steady states in our model.

The second part of Proposition 1 highlights properties of the steady states that we later leverage to
quantify the model. In particular, it shows that the process governing the evolution of the age distribu-
tion of supply relationships over time has a simple geometric stationary distribution. Further, it shows
that steady state expenditure allocations are equalized across goods within an industry, irrespective of

when their supplier was chosen.

13



3 Dynamic Adjustment to Trade Shocks

In this section, we theoretically characterize the economy’s dynamic response to trade disruptions.
In particular, we derive a new structural estimating equation for the trade elasticity at different time
horizons, and show that transitional dynamics can be characterized using the dynamic hat-algebra.

Finally, we provide a new formula for characterizing the horizon-specific gains from trade.

3.1 Trade Elasticity by Time Horizon

We begin by showing how the trade elasticity, that is the elasticity of trade flows with respect to transport
cost, varies over time. To do so, we let 5§di7t denote the trade elasticity at horizon h, which we define
by:

h _ dlog Xsdi,t+h
gsdi,t—l =

O log Tsqiy ’ (22)
LR G TR

which is the elasticity of trade flows in industry ¢ from country s to d at time ¢ + h , Xsg; 11/ Xsdit—1
with respect to change in trade costs at ¢, dlog Ts4;+ = log Tsa;+, holding fixed the general equilibrium
terms that summarize changes in market access for industry ¢ goods in destination d. The following

derives a closed-form expression for this elasticity.

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

horizon-h response of trade flows to a shock to trade cost at time t = 0 is given by:

== [1- (1= )] = (0= 1)1 = Q). (23)
If ¢ € (0,1), limy,_o €" = —0;, where the rate of convergence equals
ht1
By ehro, log(1 = ).

Following Proposition 2, the trade elasticity increases over time if §; > o; — 1. In the long-run, it is
equal to the Fréchet parameter 6;, where the rate of convergence, intuitively, depends on the frequency

at which buyers can establish a new sourcing relationship ¢;.

It is worth noting that Equation (22) is consistent with reduced-form estimates of the trade elasticity
at varying time horizons as in Boehm, Levchenko and Pandalai-Nayar (2023). Later, we leverage this
equivalence to identify the key structural parameters in our model. The horizon-specific formulation

of the trade elasticity implied by our model also induces a horizon-specific welfare formula, which we
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provide next.

3.2 The Horizon-Specific Welfare Gains from Trade

When supply relationships are slow to adjust to shocks, trade disruptions can put the economy through a
sustained period of readjustment. The following proposition shows that our framework yields a simple
formula for welfare analysis, giving changes in real wages associated with an initial set of foreign

shocks over varying time horizons.

Proposition 3. Suppose the economy is in steady state att = —1. Then, the change in real wages in
country d at time h = {0,1,...}, WP = Cy,/Cy_1, that follows a set of arbitrary shocks to trade cost

at time at t = 0, is given by

NiQdji
2 Addip \ -# (= \ 521
=TT | () 4 | e
i,j€T ddj,—1
where
o'v—l—Gj o'j—l—Gj o'j—1—9-
- Addj,h “ hat [ Addjh “ " w [ Addjn K
A V=" +(1-¢) SV +>G(1=¢) =0 , (25)
ddj,h ddj,—1 —1 ddj,h—s

and ag;; is the (j,1)-th element of the Leontief inverse (Id — Aq)™", with the elements of A, given by
. z . —N;Qdii /05
agji- If ¢ € (0, 1), then limy_oo W7 = limy, o0 HW-GI ()\ddj,t—‘rh/)\ddj,—l) midasi/%,

Although our model features transition dynamics on the supply side, Equation (24) shows that welfare
analysis can still be conducted using only a few sufficient statistics. These statistics delineate how the
impact of trade shocks on real wages varies over time due to staggered sourcing decisions, decomposing

the change in real wages associated with foreign shocks into two effects.

The first effect is captured by the terms (Aggj ¢+n/ )\ddj,_l)_l/ % on the right-hand-side of Equation (24).
Because the Fréchet parameter 0; gives the price elasticity of trade flows sourced from the currently
cheapest global supplier and the share of domestic expenditures the response of trade to prices, each of
these terms would give the change in a particular industry 7’s domestic price index if all goods were
optimally sourced. Because all supply relationships are flexible in the long-run, i.e., when h — oo,
changes in aggregate home expenditure shares and the long-run trade elasticity, thus, remain sufficient
for long-run welfare analysis in our model, as in Eaton and Kortum (2002). However, staggered sourc-

ing decisions spell additional welfare effects in the short-run, i.e., when not all goods can be sourced
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optimally.

Staggered adjustment of suppliers spells time-varying distortions in prices and terms-of-trade, captured
by the terms (=g, ») /(2= in Equation (24). Intuitively, these distortions manifest via expenditure allo-
cations, and will vary across goods depending on when their current supplier was chosen. If a good was
last optimally sourced k periods ago, the resulting distortion in its price at horizon /i can be informed
by the difference between the share of domestic expenditures on all goods time h and on optimally
sourced goods at time h — k, (Aaaj,n/Nz0_,) 71 7%)/% . Intuitively, a decrease in Agqjn/Niz5,_; indi-
cates that suppliers that were chosen £ periods ago are now, at horizon h, less competitive; the implied
deterioration in a country’s aggregate terms-of-trade is decreasing in the elasticity of substitution, o,

and increasing in the share of goods sourced from these suppliers, ¢; - (1 — Cj)k, is higher.

As an implication of Proposition 3, the trade elasticity relevant for welfare analysis varies over time. To

further illustrate this point, it is useful to approximate changes in industry-level prices up to a first-order,

which yields
Addjh \— 5 L 1 Nigh 1 i
log(~+"22) % (Bgip) "~ ——[1 — (1 —¢)" ] 1log —2% — 1— ) og 22— —gh
()\ddj7_1> ( lj, ) Qj [ ( J) ] )\ddj,—l o; — 1( J) )\ddj’_l dj
ho_ bl e 1 Nogin 1 M
where £ = > 21 (1= €)°¢ | 5= log T b log Sy

The first term on the right captures how changes in the prices of goods that were procured optimally at
least once contribute to the overall change in prices at horizon h, assuming that past changes in factor
prices were equal to those observed h periods after the shock. The second term, in contrast, captures
changes in aggregate prices due to changes in the prices of goods whose suppliers have never been
adjusted. The relative importance of these two effects varies over time, in tandem with the structural

trade elasticity.

The last term, £, captures how suboptimal sourcing decisions from the past continue to distort prices
at horizon h by distorting the equilibrium adjustment of factor prices relative to the long-run. Such
distortions are reflected in price differences between goods whose suppliers were adjusted before and

those that are procured optimally at horizon h.

Staggered sourcing decisions, hence, imply that the trade elasticity relevant for welfare analysis differs
from the structural elasticity in Equation (23) due the dynamic interaction of sourcing decisions and
factor prices. Due to these interactions, the welfare effects of trade shocks may, then, vary both quan-

titatively and qualitatively over time, even conditional on the structural parameters underlying the time
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variation in the trade elasticity. Viewed through this lens, Proposition 3 is fortunate in that it allows us
to summarize these dynamic effects in terms of a few statistics, which, as we will now describe, also en-
ables us deploy familiar tools from the international trade literature to solve exactly for the equilibrium

response of prices and wages to trade shocks implied by the model.

3.3 Characterization of Impulse Responses

We now show that solving for the responses of trade and production to shocks does not require knowl-
edge of the economy’s structural fundamentals (productivities, and trade costs). As an implication, the
so-called “hat algebra” of Dekle, Eaton and Kortum (2007) can be deployed to characterize impulse

responses in our model.

Trade flows at time ¢ can be expressed in terms of succinct changes in trade costs and wages, as well as
past changes in trade flows for optimally sourced goods, trade costs and wages:

) 1—0;+0;

~ A~ ~ k=0 A~ ~ —0;
[1 + (Tsdi,tw&t/wd,t wsdi,t—1i| /\sdi,tfl (Tsdi,tws,t)

Asdit = — -, (26)
1 ~ ~ S 1—0oi+0; )\k:() A A~ —0;
ZSIEN + (Ts’id,tws’,t/wd,t) Ws'id,t—1 sidt—1 (Ts’id,tws’,t>
where the wedges
o;—1 1—0;
0 / k=0 0; k=k' t—1 ~ —04
(1) pir(k") [ Addit— Asdit—1 L Wy
wsdi’t—l — 0 + 0 )\k):O )\kzo H Tsid,§A_ ) (27)
M’L‘at( ) k=92 /"Liyt( ) dd’iﬂf—k‘/ Sdi,t—l c=t—k'"+1 wd7§

summarize how prior distortions in factor prices continue to impact trade flows at time ¢ by distorting

the terms of trade.

Now suppose that the economy was in steady state at some time prior to ¢. Then, given bilateral country-
sector trade flows, industry-level consumption and intermediate good expenditure shares as well as
per-capita GDP, the only additional industry-level parameters that are required to recursively compute
changes in trade flows at increasing time horizons are given by {(;, 0;, o;} . Given this recursive formu-
lation for trade flows, we can express the market clearing conditions (21) in terms of changes in trade
costs and factor prices, as in Dekle, Eaton and Kortum (2007), and, hence, solve for the period-by-

period change in wages associated with (a sequence of) trade shocks.
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4 Estimation

We now turn to exploring the quantitative implications of our theory for the response of production
and welfare to trade shocks. In this section, we outline and implement our approach to estimating the
structural parameters that govern the time variation of the trade elasticity. In the next section, we will
use these estimates to provide a quantitative assessment ramifications of the 2018 US-China trade war

for trade, production and welfare.

4.1 Approach

Proposition 2 implies that we can express the trade elasticity at varying time horizons h as a function

of the set of structural parameters ©; = {6;, 0;, (;}:

0log Aggi ¢
h —) saz, h+1 h+1
(O = et = Froo et (1= + (1= o)1= ¢)
Our approach to recovering these structural involves, as a first step, obtaining reduced-form estimates
of the trade elasticity over varying horizons. Such estimates can be obtained from the following speci-

fication using local projection methods:

Xs 7) 7__5 )
log (#) = ﬁzh log (¢> + Ositth + Oditrh + Usdit+h,
sdit—1

where X + denotes the exports of industry ¢ goods from s to d at time ¢,and ¢4, ; is the associated gross
ad valorem tariff. The remaining terms denote source- or destination-industry-year-specific country
fixed effects, and w4, ; is an idiosyncratic error term. The coefficient BSL( captures the change in trade
flows h periods ahead that follows an initial one-period change in tariffs. Suppose that tariff changes
were always one-time permanent shocks. Then a consistent estimate of 3 would yield an estimate of
the structural trade elasticity at horizon h, €. We now show how to recover the structural parameters
governing the trade elasticity in our model, given a set of reduced-form estimates its behavior at varying
time horizons h. With a slight abuse of notation, let { Bf‘}tho denote a set of such estimates ranging up
to horizon H > 0.

Intuitively, the parameter o; governs the behavior of the trade elasticity in the short-run, while 6; pins
down its long-run value. The rate at which the trade elasticity converges to its long-run value, in turn,

depends on how fast buyers form new supply relationships, ;. More formally, we can use the structural
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Table 1: Trade Elasticity Parameter Estimates for the Manufacturing Industry

Parameter Estimate
Supplier adjustment probability ¢ 0.09
Long-run Trade Elasticity 0 3.16
Short-run Trade Elasticity o—1 0.11

expression for the trade elasticity to show that (;, at any time ~ > 0, satisfies

"(0) -6
log(1—¢) = %log <%> : (28)

which captures the rate at which the process governing the trade elasticity converges to its long-run
limit. Given a set of reduced-form estimates BZ = {Bf}tho, we recover our structural parameters by
minimum distance:
A ([ . (th Ah T h 5h
6u(B,) = argmin(f1(©) = Aien) "W (f1(©) - B) . 29)
(2
where W is a H-dimensional weighting matrix. Provided that the estimates of the trade elasticity are

consistent, the continuous mapping theorem implies that (:)Z(Bl) will provide a consistent estimate of

©.

4.2 Implementation and Results

To implement our estimation approach, we leverage a set of comprehensive reduced-form estimates
of the trade elasticity at different time horizons by Boehm, Levchenko and Pandalai-Nayar (2023).
Following the reduced-form empirical approach outlined above, they find that arguably exogenous tariff
changes in third countries predict a short-run trade elasticity that is substantially lower over shorter
compared to longer horizons h, where h = 0, 1, ..., 10. To recover our set of structural parameters, we
focus on matching the implied empirical behavior of the trade elasticity within the first two years, as
well as at horizons h = {8,9,10}. Specifically, we set the weighting matrix ¥ so that our estimator

targets the response of trade flows to an initial change in tariffs Table 1 presents the results.

We find that supply relationships reset at an annual rate of about 9 percent, indicating substantial sticki-
ness in supply relationships. The long-run trade elasticity across manufacturing industries, on average,
equals 3.2, consistent with estimates in the literature on gravity. Our estimate of the elasticity of substi-
tution equals 1.145, suggesting that trade elasticity, in the short-run, will be substantially lower, given

the stickiness of supply relationships.
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Figure 1: The trade elasticity at varying time horizons
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Notes: The red line depicts the structural trade elasticity in Equation (23) under the parameter estimates displayed in Table 1. The blue line plots the
corresponding reduced-form estimates by Boehm, Flaaen and Pandalai-Nayar (2023).

Figure 1 graphs the structural trade elasticity implied by these parameter estimates, along with the
reduced-form elasticity estimates by Boehm, Levchenko and Pandalai-Nayar (2023). On impact (h =
0), the structural trade elasticity is close to zero. Over time, it smoothly increases in absolute value,
reflecting the gradual resetting of supply relationship and reaching a level of —2.2 after 10 years.
Reassuringly, the structural trade elasticity matches the behavior of its empirical counterpart also at

horizons that were not explicitly targeted by our estimator.

To explore heterogeneity of trade elasticities across different industries, we implement our approach
to separately estimate parameters for 10 distinct H.S. product categories, utilizing the corresponding
reduced-form estimates found in Boehm, Flaaen and Pandalai-Nayar (2023). Our results, as shown
in Table 2, reveal significant variation in these parameters across industries. Across industries, the
parameter estimates for the rate of supplier adjustment (; range from as low as 2 percent to 36 percent,
while those for the Fréchet parameter 6; indicate values of long-run trade elasticities range from 1.8
and 7.2. The parameter estimates for ¢;, in comparison, vary little across sectors. This variation
in parameter estimates has implications for the magnitudes of short- and long-run trade elasticities,
governed by o; and 6;, and the rate at which trade elasticities converge to their long-run value, governed

by (;, as well as for welfare analysis, following Proposition 3.

5 Quantitative Application: The US-China Trade War

Armed with our structural estimates, we now apply our model to study the general equilibrium response

of trade and production to the US-China trade war.
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Table 2: Trade Elasticity Parameter Estimates across H.S. product categories

Industry Adjustment rate (; LR trade elasticity 6; SR trade elasticity o;
Plastics 0.08 1.8 1.44
Leather 0.09 7.2 0.9
Wood 0.15 39 1.5
Paper 0.18 33 0.4
Textile 0.29 3.5 0.5
Stone 0.12 59 0.4
Base Metals 0.08 3.6 1.2
Machinery 0.09 1.8 1.3
Optical Instruments 0.02 34 1.3
Others 0.36 3.8 1.6

5.1 Steady-State Calibration

We compare the country-level aggregate outcomes after the rise in tariffs between the United States and
China in 2018 with the outcomes in the absence of the U.S.-China trade war. To do so, we calibrate the
initial steady state to the observed trade flows in 2017.* With the structural estimates from the previous
section at hand, we, additionally, require information on aggregate trade flows, domestic production

and expenditures, by country and industry, to calibrate our model to the initial steady state.

Trade and Production Data Our calibration for the initial steady state is based on information on
trade flows that involve 44 countries (including a location for the “rest of the world”) and 170 industries
based on the 2016 release of the World Input-Output Database (Timmer et al., 2015) and the Interna-
tional Trade and Production Database for Estimation 2020 (Borchert et al., 2020). For consistency, we
aggregate industries to match the eleven HS categories for which we obtained estimates of the struc-
tural trade parameters. We further collapse industries whose goods are not subject to tariffs into an
aggregate services sector. In our baseline calibration, we assume that the services sector is not subject
to adjustment frictions, rendering the elasticity of substitution in this industry irrelevant for counterfac-
tual analysis. In keeping with the best practice in the literature, we assign its long-run trade elasticity a

value equal to 4.

Tariffs We measure the tariff implications of the trade war by constructing import-weighted averages
of the tariff changes documented by Fajgelbaum et al. (2020). The resulting set of one-period shocks

raises trade costs between the US and China between 2 and 13 percent across industries.

“We could, alternatively, choose another year as our initial steady state, and then solve for the exact changes in trade
costs and technologies that rationalize the trade flows in the year before the tariff escalations took place.
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Figure 2: US-China Trade War Counterfactual: Equilibrium trade elasticity of bilateral US-CHN trade
flows
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Notes: This figure displays the counterfactual elasticity of bilateral trade flows between the US and China at horizon h that follows tariff increases in
2018.

5.2 Quantitative Results

We simulate the dynamic general equilibrium responses of trade, production and welfare in all 44
countries to the initial changes in trade costs between the US and China in 2018. Before describing the
normative implications of the trade war for US welfare, we first show how trade flows and prices adjust

in response to the shock.

Trade flows As expected, bilateral trade between China and the US falls in response to the rise in
tariffs. As shown in Figure 2, the implied total trade elasticity, averaged across non-services industries,
increases in absolute value over time until it settles at a long-run value of about 2. In the short-run, the
responsiveness of trade flows to price shocks is well approximated by the partial trade elasticity in (23),
highlighting how factor prices, initially, respond too little to trade disruptions due to the sluggishness
of short-run demand. As this demand gradually adjusts over time, bilateral exports continue to fall;
however, trade flows fall by less than predicted by the structural trade elasticity due to simultaneous

adjustments in world factor prices.

Prices. The sluggish short-run response of US demand to the rise in trade costs induces a substantial
rise in its domestic price level. As shown in Figure 3, aggregate output prices rise across all industries
in the U.S, where some industries see prices rise by over 4% upon impact. As sourcing decisions
gradually adjust to the initial rise in trade cost, over half of this initial hike in prices will be undone 15

periods after the shock.
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Figure 3: Trade War Counterfactual: Changes in domestic output prices by industry

(a) US (b) China

4 @ Horizon O Price Change @ Horizon O Price Change
I Horizon 15 Price Change 06 I Horizon 15 Price Change

Percent

.u
Percent
°
&

]

& &
g &
& G?g

: L =m

0
&

¥
£

& &
= & &

Loy
e,
%"Er

Loy
e,

&
&
&
&

H
o = )
=1 " ¥

%,

o,

e
i -]
Mise
A,

@,

r

& & & &
A S #
£ g é &
- PR &
&

Notes: This figure displays the counterfactual changes in aggregate price indices for each industry in the US and China at horizons h = 0 and h = 15.

In contrast to domestic prices in the US, the responses of domestic prices in China vary by industry
and differ over time both quantitatively and qualitatively. As in the US, the increase in tariffs results in
higher output prices for Chinese consumers in the long-run. In the short-run, however, some industries
in China see a decline in domestic output prices, for example, plastics, leather, and services. Intuitively,
a rise in trade barriers can temporarily improve a country’s terms-of-trade when trade is not primarily

driven by comparative advantage.

Real Wages and Welfare. Figure 5 traces the horizon-specific responses of the real wage in the US
to the trade war. The red line displays the responses of the US’s real wage over the h = 0, 1, ... periods
that follow the initial onset of the trade war in 2018, h = 0, relative to steady state. To account for
the importance of sourcing frictions for these welfare changes, we also graph, in blue, the hypothetical
change in welfare if new suppliers could be found instantly, given realized changes in factor prices
(following Proposition 2).

In the US, the onset of the trade war leads to a decline of its real wage equal to -0.35%, reflecting
the previously discussed spike in domestic output prices. Frictions in sourcing decisions account for
more than 75% of this initial decline in real wages. In particular, our decomposition shows that real
wages would have only decreased by about 0.1% if all supply relationships could have flexibly adjusted,

holding fixed the changes in factor prices.

The transitory dynamics of real wages in the periods following the arrival of the shock reflect the
interaction of two opposing forces. On the one hand, as a growing number of supply relationships get
to be reset, the magnitude of price distortions decreases over time; on the other hand, they compound

for the subset of goods that continue to be sourced from previous suppliers. Figure 2 shows that the
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Figure 4: US-China Trade War Counterfactual: Response of Real Wages in the US
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latter initially dominates the former effect, resulting the real wage in the US to decline further in 2019
(horizon h = 1), falling -0.4 percent below its initial value. Price distortions only start to decline from
horizon h = 2 onward, resulting in a gradual rise of the real wage. The real wage will then continue to

increase up until it converges with that implied by the long-run model.

To quantify the welfare loss associated with these transitional dynamics in real wages, we adopt con-
sumption equivalence as a welfare measure, assuming that consumers have logarithmic inter-temporal
preferences, u(C') = log C' and a discount future utility flows at a rate § = 0.95. Given these assump-
tions, we then separately calculate the consumption equivalent welfare change corresponding to a given

counterfactual path of real wages at each time horizon h = 0, 1,2, ....

Figure 6 displays the results, showing the cumulative welfare effects of the trade war on the US and
China. The response of US welfare shows that the dynamic costs of trade disruptions are about 70%
higher than those implied by steady-state comparisons: While the long-run effects of the trade war
induce a consumption-equivalent welfare loss of 0.1%, the transitional supply disruptions that play out

over the short-run amount to a welfare loss of 0.17%.

The right panel in figure 2 shows that the welfare costs of the trade war born by China are an order of
magnitude smaller than those in the US. The overall consumption-equivalent welfare losses in China
is equal to -0.033%, compared to a steady state welfare loss of -0.028%. As a key point of departure,
we find that price distortions primarily affect welfare through current supplier choices, rather than
through the prices of old contracts. That is, transitory welfare losses, in China, primarily result from

the interaction of short-run distortions in world factor prices and current sourcing decisions.
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Figure 5: Trade War Counterfactual: Consumption Equivalent Welfare Changes
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Notes: Cumulative response of consumption equivalent welfare to an initial rise in tariffs in period h = 0, assuming logarithmic intertemporal utility and
a discount factor of 3 = 0.95. Total welfare effect is displayed in red. The blue line shows the change in welfare due to adjustments domestic trade shares
for optimally sourced goods, following Proposition 2.

We conclude by briefly discussing the welfare implications for countries not directly impacted by the
trade war, which we summarize in table 4. We find that the short-run effects of trade disruptions
negatively impact welfare across all countries, where losses are intuitively concentrated in major trading
partners of either the US or China, such as Mexico, Canada, or Japan. However, while short-run
welfare losses among third-party countries are largest in Mexico in the initial periods following the
trade disruption, Mexico also stands out as one of the few countries that gains from the trade war in
the long-run. Intuitively, in the short-run, price disruptions propagate through the international trade
network and negatively impact all countries. In the long-run, however, the readjustment of supply
relationships that follows a trade disruption can be beneficial for some countries. Mexico, in particular,
benefits by increasing its exports to the US, while becoming a major export destination for Chinese
goods.

6 Concluding Remarks

To account for imperfect adjustment to global supply-chain shocks, we develop a Ricardian trade frame-
work with frictions that result in infrequent decisions of producers to change global suppliers. We
obtain novel formulas for welfare changes to trade openness and trade shocks, derive novel estimation
equations for trade elasticity estimation at varying time horizons, and quantify the model. Simulations
of the so-called China-US trade war episode suggest that rich sectoral dynamics ensue, resulting in

considerable short-term reallocations and substantive welfare fluctuations.
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Appendix

A Additional Tables

Table 3: Quantification of the model

Industry Parameters
Gi v;  o0i TuscHN TCHNUS

Plastics 0.08 1.8 144 1.11 1.11
Leather 009 72 09 1.10 1.10
Wood 0.15 39 15 1.14 1.14
Paper 0.18 33 04 1.10 1.10
Textile 029 35 05 1.10 1.10
Stone 0.115 59 04 1.18 1.18
Base Metals 0.08 3.6 1.2 1.17 1.10
Machinery 009 18 13 1.10 1.09
Optical Instruments  0.02 34 1.3 1.09 1.18
Misc Manufacturing 036 3.8 1.6 1.06 1.05
HS Aggregate 0.09 3.16 1.14 1.06
Services 1 4 - 1.03 1.02

28



Table 4: The U.S.-China Trade War: Counterfactual Welfare Changes in Selected Countries

Country Cumulative Welfare Change (%)

h =20 h=10 h — o0
United States -0.35 -0.23 -0.18
China -0.03 -0.03 -0.04
Canada -0.03 -0.02  -0.003
Mexico -0.07 -0.02 0.01
Japan -0.02 -0.004  0.004
Korea -0.01 -0.002  0.000
Taiwan -0.006 -0.0015  0.000
India -0.009 -0.005  -0.000
UK -0.014 -0.0065  -0.01
Germany -0.012 -0.005  -0.001
France -0.012 -0.006  0.001

Notes: Cumulative welfare changes of country ¢ at horizon h: present discounted change in real wages over the / periods
that follow upon an initial rise in trade costs between the US and China

B Equilibrium

B.1 1deal Price Indexes and Generic Trade Shares
The composite good in industry j is

71 7
Ydj,t = / ydj,t (C:)) 75 d@ .
[0,1]

Product space €2; = [0, 1] can be partitioned into disjoint sets with Q; = [J;~ Q¥ , so we can rewrite

the composite good as

00 1 J

Yo=Y / yael®) e . (B.1)

k=0 7
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The assembler’s associated cost minimization problem is

oo
min PyiYaye = > PpYi,
{ydj,t(w)}weﬂj,tv{yg,t} 0 ’ '
o .
00 oj—1\ 9571 o1 oj—1
s.t. Yot = Z (Yd'j’t) % ,Yd’;t = (/ Yajr(@) 79 dw) ,
k=0 Q?,t

Py Y= /Q . Pajt (@) Yaje(@0)dw,

7,

73

751 o1
where we define the partial composite good Yd’;’t = < fQ,’f,t Yaj(w) 7 dw) " for each partition k as
a helpful construct for derivations and implicity define the associated partial ideal price index Péj-,t that

satisfies Py Y, = fﬂﬁt Pajt (@)Yt (@) dio.

Under homotheticity of the assembler’s production, this problem can be solved in two steps. First, the
assembler decides which share of cost it allocates to each partial composite good Y;zl;,t- Given those
choices, the assembler then decides the optimal cost for each intermediate good y,;.(w). Optimal

demand satisfies

Py
Yk = S Y, d B.2
d]vt de7t djvt an ( )
by [Pan@)) vk _ pas(@)\ Ve f ho e OF B3
Z/dj,t(w) = P—k - 4t toreachw € 3L, (B.3)
d]yt d]’t

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 results in the expressions for the ideal price indices:

1
Py = ( / Dajt( Py, = ( / pdj,t(o?)l"fd@> . (B.4)
[0,1] Ok

7,t
We have now established that partitioning the product space into disjoint sets results in well-behaved

&l
T
o,
IS
~_—
Tl

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
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within each partition £ will play a crucial role, so we state a general definition here:

. Xkd]t fm 1 {s is w’s source country } pg; :(w)yqj+(w) dw
N =31 = (B.5)
dj,t X(Iicj’t fgft Ddj.t ((U)ydj7t (w) dw

fQ% 1 {s is w’s source country } pg +(w)ya;+(w) dw

>on fQ?t 1 {n is w’s source country} p; +(w)yg+(w) dw

B.2 Trade Shares When Firms Are Sourcing Optimally (£ = 0)

Under perfect competition, the destination price for intermediate good w € Q?,t offered by country s
to country d is psgj(w) = Csqj1/%sj(w) for the common unit cost component c¢,4;, by (3) and supplier
w’s productivity z,;(w). Under the EK assumptions, the cumulative distribution function of prices is

therefore

Csdi —0. 0.
Foji(p) =P [psdjyt(w) < p] =1-F ( ;”) =1—exp {—Asj(csdm) Ggp%} ) (B.6)

The resulting probability that country d sources an intermediate good w € ngt from country s is
A )05
P |:S = arg mln {pndjt / H — ndjt i| dFsd] t( ) - (B7)
Dyt
where ®gi, = > Agji(csaie) ™%

For products in QY

;1> the distribution of prices ngj,t(p) paid in country d on products sourced from

country s equals the overall distribution of prices paid in country d: ng,t(p). For any given source

country s:

G0(p) = P [paia @) < pfs = argmin, {pugia(w)}] =1 = exp {~@gp" } .

The unconditional distribution is the same as the distribution conditional on each source country, so
Ghee) = 3P [pau(w) < pfs = argming {puge(@)}] P [5 = argmin, {pe(w)}]

- Z (1 — &Xp {_q)dj,tpej }) Asdjt — exXp {_(I)dj,tpej} ; (B.8)

S

where the last equality follows from the fact that ) A2 gt = L
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Putting these results together, we can now solve for the expenditure share within partition 0. Starting

from the definition of expenditure shares,

Jog 1 {s = argming, {pnaia (@)} } (paaw)) '™ dow
S0 Jop, 1{n = argmin, {pmaia(w)}

fQ‘?’t 1 {8 = arg min,, {pmgis(w) }
o Joo 1{n = argmin,, {pa ()}

Jog 1{s = argmin,, {pmaia(@)} } do 7 (0)' = dGug
S Joo 1{n = argmin, {prae()} } do 7 ()7 Gy
Joo 1{s = angmin,, {pmgia(w)} } dw

Jom 1{we 0} dw

P e

145.6(0)
Agj(coqin)™
Dyt ’

0 _
)\sdj,t =

J . (p>1iaj dG g5, dw
b 15 () G

~—

(B.9)

where 1;+(0) is the measure of the set Q?,t' The third line uses the fact again that the distribution of
prices conditional on the source country is the same as the unconditional distribution of prices, and the

last equality uses the probability that a given source country hosts the lowest-cost supplier.

We can derive the corresponding ideal price indices using

1—0; o
<P(%,t> = / pd]t “idio = / / 1 7dG g dw
Q7,0
= /0 / 1 7 0Py v 01 exp {—@dj7tp J} dp di.
Q

For a change of variables, define © = p’®,,, which implies that dz = 6;®g;,p% 'dp and p =
(z/ i) Yo, Denoting v; = I' ([0, + 1 — 0,]/6;), we can then rewrite the integral above as

1—0‘]'

1—0; o0 €T % J _ -
(P%7t> B /o / <<I> A ) exp{—a} drdo = 9 1;s(0) (Paie) 7 (B.10)
Q9,J0 djt

15.+(0) denotes the measure of the set Q(])-’t. The results show that, when firms are adjusting, trade shares
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operate as in the frictionless economy of EK.

Using standard hat algebra for changes in the common unit cost component Cggj; = Csgjt/Csdgji—1, We

can express trade shares and price levels within partition k£ = 0 as:

Do
Nys = T (B.11)
Zn ndj,tfl(cndjat)

07

Py, = Phoy D Ny (Cag)™ . (B.12)

We next derive an analogous result for partitions £ > 0 when firms are not adjusting their extensive

margin of suppliers.

B.3 Trade Shares When Firms Are Not Adjusting (£ > 0)

k
j7t’

In order to account for changes in trade shares and price levels, we therefore need to recall optimal

For intermediate goods w € 7,, assemblers last adjusted the least-cost supplier ¢ — k periods ago.

sourcing choices at period ¢t — k and trace changes in parameters and prices since ¢t — k.

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

industry 7. Then the destination price in period ¢ for this intermediate good will be:

t ~ t
Codi Tlici ki1 Csdjt—k Csaj, R
Pagia(w) = =P = SmthL 2R 280 — k@) [T (Coaie) s (B.13)
Z5j (W) Z5(w) i

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
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goods w € QF,

fm 1 {s = argmin,, { prgjs—r(w }} <psdjt k(W i t—k+1 ésdj,<>laj dw
> ka 1 {n = arg min,, {Ppmaj—k(w }} <pnd],t k(w Hz:t—k-i-l énd]‘&) o dw
fm 1 {5 = argmin,, {pmdj7t_k(Q))}} fooo( 1 77 dGygj p—rdw <H§ t— kg1 Csdj, g)laj
S ka 1 {n = arg min,, {Pmgj—k(w }}fo )' %7 dGlgj—pdw <H§ t— k41 Cndi, €)1_0j
fQ?,t 1 {s = arg min,, {pmdjyt_k(w)}} dw [ (p)' ™7 dG i (Hg —t—k+1 Csdj, <>10j
> fﬂﬁt 1 {n = arg min,, {pmdj,t_k(w)}} dw fooo (p) 1 " dGyji—k (Hg t— ka1 Cndj, g)l—"j
fQ?,t 1 {s = argmin,, {pmdj,t—k(w)}} dw (Hc t—k+1 Csdj, §> o
Zn fﬂﬁt 1 {n = argmin,, {pmdj,t—k‘(w)}} dw (Hg t—k+1 Cndj, €> o
1,0 () Asdj - (szt—k—&-l ésdj,c> o
Zn ﬂxt(k))‘ndjvt—k (Hizt_m éndjs) o
)‘gdj,t—k (szt—kﬂ ésdj&) o

— : — (B.14)
don )‘gdj,t—k: (Hc=t7k+1 Cndjs)

k pu—
sdj,t —

where p; ; (k) is the measure of the set th The third line again uses the fact that, at t—k, the distribution
of prices conditional on the source is the same as the unconditional distribution; and the last line uses

the result from the previous section that XJ,;, , =P [s = arg min, {psqj—k(w) }} :
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We can derive the corresponding ideal price indices using

1—0; o
(P) ™ = [ pwl@) s
QF
t

= Z/Qk 1{s:argminm {pmdj,tfk(W)}} Psaj k(W) H Codic dw

1-0;

s .t ¢=t—k+1
o] t 1=oj

= 3 [ a{s=aeming puas@}} [T 08 aGiste | TT e

s Q?,t 0 s=t—k-+1

o) ‘ 1—0;

= / (p)l—aj dGaj 1k Z /k 1 {5 = argmin,, {pmdj’t_k(w)}} dw Codjc

0 s Qj,t c=t—k+1

(k) - :

_ Mt % R
- Mj}t—k(()) ( djt— k) Z /\sdg t—k H Csdj,¢ (B15)

¢=t—k+1

- L
The price level change in partition 0 satisfies Py, = Py, [ZS )\gdj,tfl(ésdjjt)*ej} ” by (B.10), so

we can rewrite the ideal price for composite goods with the last supplier selection k& periods ago

1— 1—0;
t J

E >\sd] t—k H Csdj,s

s=t—k+1

1—0']' . (k‘) —O'J
Pk' ) _ ,uj,t (P ) /\ ~—67
< dj,t [hj.0—k (0) dj,t—k—1 E ndj,t—k— lcndj t—k

1—0o

l—O'j [
Denoting v; = I' ([¢; + 1 — 0,]/6;) and using the fact that (P%7t> = 11j1(0) (Pai) % 5. we

can rewrite the expression above as:

1—O'j

t
II éae (B.16)
s=t—k-+1

1—0o, 170_]‘

170-]» — ~_fJ T Ted
(P d’?t) = Ytje(k) (Pajes) D [Asdﬂ 1 AnCa ’f] 9

S

. 0 .
after expressing A, recursively.

B.4 Aggregation Over Partitions

The aggregate ideal price level of the final good 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
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chosen ¢t — k periods ago:

o o0 170’j
un)' 7 = [ pan@ o= [ =32 ()"
0,1

k=0

Using the price index expressions (B.10) and (B.16) from the preceding subsections yields

1-0; > ,1;%' 3 1
(det) b= ijw,t(l{) (cbdj,t—k) K Z [)\sdjt k14 Csdijt k} N
k=0 s
; 1-0;
xexpq 1{k>0}log [ ] éus
s=t—k+1
oo l1—0.;
154 (F) ( 0 )1—% [0 - ]—*
= —— (P, ., A c,
;/L]’,t—k(o) dj,t—k—1 ; dj,t—k—1"ndj,t—k
: 1-0o;
xexpd 1{k > 0}log [ > Ay o | [ Gewis . (B.17)
s s=t—k+1

Recall that, by optimal demand, expenditure shares of each partition relative to total expenditures are

1—0o;
k k k J
de,tYdj,t o de,t
PujtYajt Fuj

Total expenditure shares are therefore simply the weighted average of trade shares across partitions

1—0;
o0 Pk J
th d]7 k dj,t k
Nsdit = — T\ = — Nedits (B.18)
djt = Z pd] R bt kZ:o <de,t> djt
which can also be stated as

l—0;
1-0o; 1-0; 0 t ~ J
0 J A 97 0 k J )\ . Cos
)\ . (Pd],t) )\de t—1 Sd] t + de,t Sd],t—k <H§2t7k+l Sd],(
sdj,t — P _91 2 : P 1—0;°
. . t “ 7
dj.t Do )\nd],t 1Cndjt k=1 dj.t > )\gdj ok (ngt_kﬂ Cndj7g>
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. . 0 0 .
Writing A, and A}, recursively, we can express trade shares compactly as

. 1-0;
>~ [ pk 1=0; Agdj,t—k—lé;dg,t—k exp {1{k > 0} log <Hz:t7k+1 éscly's) }
(B.19)

. dj,t
Asdjt = Z -5 . . t - —
Zn /\ndj,tfkflcndj,tfk exp {1{1‘5 > 0} log (ngt—k+1 Cndjs) }

P

B.5 Convergence

Results in the preceding subsection imply that trade shares can be expressed a sum over infinitely many

partitions. We now establish regularity conditions for convergence.

. . . . t ~
Lemma 1 (Convergence). If cumulative changes in trade costs are finite-valued limy_, . | [ | e—t—kt1 Cndjc

<
00, then price levels Pfj’t < oo and trade shares 0 < \g;+ < 1 are finite-valued.
_1)/0. pi (05—1)/0; .

Proof. Note that (@djvt_k)(% V% < o and > Agdj,tfkflASjcsngtfk ’ " < oo are both finite-
valued, because they are equilibrium objects of a static equilibrium of the model. Also note that, for

. ¢ t
any k > m,if [[[._, ;. s=t—m+1
every term in the product up to m. Therefore, if limy .o | ][]

Cnajs| < 00, then | [ Cnaj.c| < 00, since the product up to k includes

t
s=t—k+1

k < oo, the product will also be finite. It follows that Pé;t < oo is finite valued for every k. Given that

Cnajc|] < 00, then, for every

limy oo py¢ (k) = limy_o0 (1 — gj)kgj = 0. These findings also guarantee that P, < oo. l

B.6 Proofs
B.6.1 Proof of Proposition 1.

When the economy is in steady state, then for any ¢ < changes must satisfy F, = F, and W, = Wy so
that ¢;; = 1 for all s € D. For the firms that are adjusting at ¢ (¢ = 0), evaluating Equation (19) at
those values, A0, = Ay, = --- = A for all ¢. For the firms that are not adjusting at ¢ (k > 0),
we have ¢ — k& > 0 in equilibrium as long as the partition exists and can evaluate Equation (19) using

the same logic as above: )\fdj,t = Adyjir = Aoy for all £. From Equation (19), it is easy to see that

AEK

Asdjt = Algj» Which shows that A, = in steady state.

To derive the stationary distribution of contract lengths, begin by noting that the case k£ = 0 is trivial,
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since £1(0) = P[K; = 0] = (; does not vary. Now consider the case £ > 0. Note that:

PIK,=k k>0 = Y P[K, =kk>0K_ =lP[K,_ =]
=0

= (1-¢)P[Ki1 =k —1]

The remaining proof for k£ > 0 then follows by induction. For K; = 1, P[K; = 1] = (1 — (;)(;, and
for K, = 2,P[K, =2] = (1 — ;)P [K,—1 = 1] = (1 — {;)?(;, and so forth recursively, for an arbitrary
K; = k we must have P [K; = k] = (1 — ¢;)*¢;. This is the probability density function of a geometric
distribution with mean (1 — (;)/¢; and standard deviation /1 — ¢;/¢;.

Finally, using the definition of the measure p, p;, (k) = P[K, = k| for t > k. Given the Markov
property of K, the following distribution will be stationary for all k£ € Np:

B.6.2 Proof of Proposition 2.

For ease of notation, we suppress sector subscripts throughout the derivations. Consider a one-time
permanent change in trade costs such that 7,5 # 1 and 7444+, = 1 Vh > 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 kth partition in period ¢+ h, relative to period

t — 1 is given by

. l1—0o
R A0 (cs,t4+n/Pf o in)
—(0 — 1) log Tyqs + log —2ith=k : ot k>h
( ) g sd,t g )‘Ist,t—l (Cs,t+h7k/PcIZt+h—k’) ’ -
log )\I‘:d’tJrh =<lo Nodtthk (es,t4n/ Py in) o 1<k<h
AE _ & Asd,i—1 (Cs,ern—k/ Py n—r) S
sd,t—1 0
log )‘gd,t+h—1 (Cs,t+h/Pé),t+h) k - 0
\ /\I;d,t—l (657*—1/]3«9,1571) 7

The first line denotes intermediate goods that have not updated suppliers since the shock arrived. For
such intermediate 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 )\gdi +h_y from a time period between ¢ and ¢ + h encodes the “initial price index” relative to
which changes in expenditure shares are updated as well as the effect of the shock in trade costs. Unit

costs are the relevant GE variables.
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Denote
h o .
Csd t+k
AGsdtt—i-h_ HlogHT
k=1 " sd,t+k

and
t+h .

AGH, = (1—o)log [] S

¢'=¢+1 sd !

Then we can solve backwards to express all changes in trade shares above in terms of /\gdytfl, if possible:

K —(0 —1)log 7sqy + log éds:;hl +AGsdtt+h k>h
sd,t+h A0
| )\k;dt . = _elogTsdt+lOg dz 1+AGsdtt+h k+AGsdt+h Kt th 71§k<h

_9 log %Sd,t + AGSd,tﬂH—h 5 k - O

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

Hence, the elasticity of A’;d’t 4, With respect to a change in trade costs at ¢, is hence given by,

dAGF
—(c—1)+ By T— . Jk>h
dlog(NE, ., JNE ) pr BT Gk
&\ Asdt+h/ Nsdt) AAGEE |\ dAAGE
=4 -0+ —57 41 A<k<h
d log Tsd,t 08 Tsd,t 08 Tsd,t
_h+ AAGES 1 h k=0
dlog Tsq,¢ y v

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

( k
Psd,t+hPSdJ

dlog(Asat+h/Asd,t) _ iw dlog /\];d,tJrh/)‘I;d,t +(1-0) dlog (PL) Psd,t+h)
dlog Tsq ¢ —~ F dlog Tsa4 dlog Tsa4
\
( Pk P
h= sdithsdit
o . 0 dAGii{?H—h dAG];d,t-i—h—k,t—i—h dlog (PL 1 Psa,t+n)
=29 T T dl =) —q
k=0 g Tsd,t og Tsd,t 0og Tsd,t
\
Pskd t+hP8dvt
s dAGE,, ., dlog (PE Poaion)
1_ sd,t,t+ o sd,t* sd,t+
+ ; @i q o)+ dlog Tsq 4 o) dlog 744
h—1 00
:—GZwk+(1 —U)Zwk
k=0 k=h
h—1 h—1 h t+h—k
dAGgiI,g,t-kh 1 Zzit+h—k+1 dlog csq Z;t dlog Pskd,g
AP Do BE Gl ET T
k=0 0og 7_sd,if k=0 0og Tsd,t 0og Tsd,t
- Ztto dlog cea,t44
+ Wi l1—0 L
; ( ) { dlog Tsq s

dlog 754+
l1—0o
pk.
dj,t .
(de',t> Nt pe(k)XE,. .
where wy, = — = “t If t was a steady state, then wy, = u(k), and the partial
Pk, . Dok e (R)ASy ’
2k Paj 1 Asdjt

horizon-h trade elasticity equals:

dlog Asy;. . >
= T = 0y (k) + (1= ) D (k).
& Tsdyt k=0 k=h

Using the stationary distribution of 1, (k) to substitute for (%), we obtain the expression stated in the

main text.
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B.7 Proof of Proposition 3.

We begin by rearranging Equation (19) to express the prices of composite goods in terms of home

expenditure shares:

1 79 — 1—0;
l—o; 0 9 Cad 5 0 92‘ Cddi,t ¢
AaditPyy " = pi(0)vi (q)ddzt Baais + 21 ibi(F) (q)ddi,t—k) )‘ddzt k\ Cagien
1 ‘71 l—0oy

—0;

T 1-0;
= T \k=0 » Cadit—k_ ‘ Cad1 i
N % < Nidt ) Ntk + g1 Yitti(K) <Addi,t_k) A - (cdd,t_k>
T

l—0o,;

k=0 Ty,
1—0; _ l-0; (k=0 I k=0 ‘ Addi,t N
Pdi,t = Cad t (Addz t) Mgz Vi M%(O)Addi,t—k + 21@1 pi(k) (,\ko ) )‘ddi,t—k

where the second line follows from using the trade shares across varieties with different adjustment

status & to substitute for the terms ®% . ,. Substituting for the common component of unit cost, we then

obtain: s
Pit o \# 1/(o;—1) 1/(1—03) Pui\
2 = )\ . ) ‘ )\ i ’ i ! ’ s
ot = (M) " )" () I,
where .
_ 0 )\gdi,t—k g 0
Eaip = 1i0) Agas s + Z (k) \0 Addi k-
k>1 ddi,t
Taking logs,
P Ps it
log == =log By + Y ag;ilog —2=
Wy ¢ ! z]: ! ws,t
_ 1, L . o
where By, = A, O ()\ddz t) K ()\ddz t)l/ (o5 =1) (ﬁdﬁ)l/ (1=03) In matrix notation, this leads to

(I - As) IOg Ps,t = log Bs,ta

where A; = {adji} and log Pd,t and log B, are I x 1 vectors. Inverting this system of equations, we

obtain
Pt days
Sdit _ T B
W 1;[ dj,t
where ag;; is the (j,7) entry of the Leontief matrix (I — A,;)~'. This implies

G s Gos
_ %sji%sji SJt asgz

A; ” <)\ddjt) v ()‘Ulfhkt)adji/(a'7 (Eae) 7

szt 1/(1 Ul)wdi,t H
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Hence, the consumer price index in country d is given by:

Nilsji
1

Py = H (Puig)" = Osway H A;asﬁ/ej (Add] t> v (Naagie) 77" (&aj) ™7 = ;

i ,J
where O; is a collection of time-invariant parameters. Consequently, the real wage is given by:

1 Nisji

War = % =0, H aéﬂ/e < de?t) % ()\ddyt) m1 (fdj,t)ﬁ ;

while the change in real wages between ¢ — 1 and ¢ + h equals:

1 NiGsji
6. T o.—1 o;—1

Wan )‘dd] t+h Addj t+h dj,t+h

Wa i /\de i1 Addji—1 Eaji—1

,

If t — 1 is a steady state, then A}, ; = Aagie—1 forall k € {0,1,2,...} and the above expression

simplifies to:

o . L NiGsji
Waten _ H Addj t+h 23 Addj,t+h To;1
Wi .3 Addj,t—1 Eaj t+h
N 1 1 NiGsji
— ddj,t+h \ T 65 (= . oi—1
- Hl,j |:<)\ddj,t—l ) ! (‘-‘d],t) ’ ‘| Y
where:
o'j—gl—ej W nj—el—Gj a'j—el—ﬁj
- _ Nddj t+h 7 ] e [ Addjt+h ! ] hat [ Addit+h g
Sae =G\ o +) G=¢) N +G(1=G) SV
ddj,t+h k=1 ddj,t+h—k ddj,t—1
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