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EPIGRAPH

If one assumes that the essence of economic development is just to do more of the
things that the economy already does, the costs of realistic trade distortions cannot be
too large.

Paul Romer, 1994

Innovative countries are the most productive, but their innovations also drive growth
elsewhere.

Jonathan Eaton & Samuel Kortum, 1999

Les toco en suerte una época extrafia. El planeta habia sido parcelado en distintos
paises, cada uno provisto de lealtades, de queridas memorias, de un pasado sin duda
heroico, de derechos, de agravios, de una mitologia peculiar, de préceres de bronce, de

aniversarios, de demagogos y de simbolos. Esa division, cara a los catégrafos,
auspiciaba las guerras.

Jorge Luis Borges, 1977
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This dissertation lies on the intersection between international trade and macroeco-
nomics. It brings together time and space. Its chapters embed growth or adjustment
over time, emphasized in macroeconomics, into trade models, which focus on the

distribution of economic activity over space.

Chapter 1 shows that a plausibly exogenous increase in market access increases the
probability of product innovation in the context of the enlargement of the European
Union. Then, it rationalizes these findings through a new quantitative framework that
integrates the forces of specialization and market size and nests the Eaton-Kortum
trade model and the Romer growth model as special cases. In this framework, the
product innovation growth rate increases with higher market access. The key result
is an analytical expression to decompose gains from trade into dynamic and static
components. A quantitative version of the model suggests that the EU enlargement
increased its long-run yearly growth rate by o.10pp; and dynamic gains account for as

much as 90% of total gains from trade.

Chapter 2 focuses on the potential effects of global and persistent geopolitical
conflicts on trade, technological innovation, and economic growth. In conventional
trade models, the welfare costs of such conflicts are modest. Using a dynamic trade
model, it shows that welfare losses of a decoupling of the global economy can be
drastic, as large as 12% in 20 years for some regions, with more significant losses
in lower-income countries. Two mechanisms are essential to capture these effects:
technological diffusion and input-output linkages, both of which magnify welfare

losses.

Chapter 3 proposes a new theory explaining why trade flows adjust slowly after a
shock. The model features staggered sourcing decisions, nests the Eaton-Kortum model

as the limiting long-run case, and provides a quantitative framework that accounts for

Xvii



the time-varying trade elasticity. In doing so, it microfounds the gap between empirical
estimates of the trade elasticity in the short and long run. Simulations in the context
of the US-China trade war suggest that the short-run welfare impact can be smaller
than the long-run level for the United States but larger for China despite the same
low short-run trade elasticity, while third countries such as Mexico and Vietnam may

experience welfare losses in the short run but welfare gains in the long term.
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Chapter 1

Trade, Growth, and Product Innovation

1.1 Introduction

Over the last decades, the trade literature converged to a broad consensus regarding
how to summarize the static gains from trade. But there is no similar consensus on
how to measure dynamic gains from trade’. In this paper, I address this topic by
examining the mechanisms through which trade integration can induce product
innovation. Economic theory presents conflicting viewpoints regarding this question.
Canonical trade theory typically suggests that increased economic integration should
cause countries to produce a smaller range of produced goods®. Models that emphasize
growth and innovation, such as those common in macroeconomics, often emphasize the
role of market size for having an incentive to innovate and produce a large range of

goods3.

'For a comprehensive review of the literature and the different mechanisms that link trade, growth,
and innovation, see the paper by Melitz and S. Redding (2021)

2In the class of Ricardian models, this follows naturally: as a country opens up to trade, it specializes
in a smaller set of goods. But this also happens in the class of Melitz models. As a country opens up
to trade, due to the selection effect, the least productive firms of each country exit the market, which
results in a smaller range of firms (or, equivalently, goods) in either market. This result holds with
asymmetric populations and symmetric productivity distributions or even with asymmetric productivity
distributions, as long as the countries are not too dissimilar —for the latter see Demidova (2008).

3This is true of a very large class of endogenous growth models in macroeconomics, both with and
without scale effects. See, for instance, Chapter 13 of Acemoglu (2008).



This paper integrates these two traditions by conceiving a global marketplace in
which the economic forces of specialization and market access are jointly operating and
developing tractable and intuitive ways of modeling them in a dynamic framework fit
for policy evaluation. First, I show that after large events of trade integration —the
expansion waves of the European Union (EU) —the countries that joined the EU started
producing more product varieties, investing more in research and development (R&D),
and trading more compared to candidate countries that did not join at a given horizon.
Additionally, I show that a plausibly exogenous increase in market access increases the
probability of a given country starting production of and exporting a given product.
These facts are all suggestive of a dynamic market access effect. Second, to rationalize
this reduced-form evidence, I propose a new dynamic general equilibrium model of
frictional trade and endogenous growth with arbitrarily many asymmetric countries
that nests the Eaton and Kortum (2002) model of trade and the P. M. Romer (1990)
growth model as special cases. Third, I provide analytical expressions decomposing
gains from trade into dynamic and static components; growth and welfare into “Romer”
and “Eaton-Kortum” parts; and show analytically that the product innovation and
R&D growth rates increase with higher market access, which is consistent the facts
I used as motivation for the model. Lastly, I use a numerical version of the model
to estimate the welfare effects of 2004 enlargement of the EU, in this framework: (a)
the enlargement increased its long-run yearly growth rate by about o.10pp; and (b)

dynamic gains can account for between 65-90% of total welfare gains from trade.

My focus on product innovation stems from two key reasons, one theoretical and
one empirical. From a theoretical standpoint, the new product margin can have large
welfare implications. Empirically, around trade liberalization episodes, the bulk of

trade creation comes from the extensive margin#.

4For the former, P. Romer (1994) has shown that in a simple trade model, adding extensive margin
can make welfare costs of a 10% tariff increase from 1% to 20%. For the latter, Kehoe and Ruhl (2013)



The paper starts by documenting a set of facts related to the Eastwards enlargement
of the EU. Compared to countries that selected into being candidates of the EU but
were not yet members, New Member States (NMS) started: (a) producing more product
varieties; (b) spending more on private R&D per capita; and (c) having larger trading

values.

Later, in order to go beyond correlational analysis, I exploit the fact that, once
NMS join the EU, they not only have preferential access to the European market, but
they also have to adhere to the Common Commercial Policy of the European Union.
NMS have immediate preferential access to third-party markets via pre-existing trade

agreements between the EU and these third-party markets.

Importantly, the NMS did not get to negotiate the tariff variation that they face
—these were only a byproduct of the EU accession process. In this context, through
an event-study design, a plausibly exogenous increase in market access leads to a
higher probability of initiating production and exporting a given product —i.e, leads

to product innovation in the extensive margin.

I develop a dynamic general equilibrium model that is consistent with both the
stylized facts and the market access mechanism to rationalize this reduced-form
evidence. Like much of the trade and growth literature, the model presented in this
paper incorporates forward-looking dynamics. However, unlike much of the literature,
it shies away from stylized simplifications, such as symmetric countries or two-country
cases. It encompasses an arbitrary number of asymmetric countries, costly trade, and
is fit for counterfactual quantitative exercises. Therefore, it fits neatly into the tradition
of quantitative trade models in international trade or policy counterfactuals using

dynamic stochastic general equilibrium models in macroeconomics.>

provide an extensive documentation of the empirical facts.
5In the trade literature, this is the modern world of “trade theory with numbers” (Costinot and



In the model, in each source country, there are producers of final goods varieties
that combine labor and intermediate goods using a constant returns to scale technol-
ogy. They source differentiated intermediate varieties from foreign countries. These
countries differ in their product spaces: some countries have a measure of intermediate

goods that are larger than others.

Intermediate goods are non-rival in the same spirit as in the endogenous growth
literature. As new varieties are invented, they can be simultaneously and immediately

sourced by final goods producers everywhere, inducing increasing returns.

In this framework, international trade induces substitutability across non-rival
goods. Trade also implies that the measure of intermediate varieties that effectively
diffuses to each country will be a price-weighted average of the measure of varieties
imported from all trade partners. If there are no trade costs, all countries will share
the same effective measure of varieties. Conversely, in autarky, each country will only

take advantage of its own varieties.

At each destination, final good varieties from every source are aggregated into a
final composite good with some probability. Those actually sourced for aggregation will
be only the lowest-cost varieties at each destination. Prices depend on productivities,

taken to be the realization of a random variable.

The final composite good is used for household consumption and as an input for
the production of intermediate varieties and research & development (R&D). Once
a new blueprint is invented, each intermediate goods producer has perpetual rights
over the production of its variety. They produce under monopolistic competition and

set prices optimal prices accordingly through market-specific price discrimination.

Rodriguez-Clare, 2014). In the macroeconomics literature, this is the use of macro models as “the leading
tool” for assessing the effect of policy changes in “an open and transparent manner.” (Christiano,
Eichenbaum, and Trabandt, 2018).



Since this model embeds an input-output structure, the optimal monopolist prices will

depend on the price of the final composite good at the intermediate source countries.

Forward-looking households use equity markets to invest their savings in the
R&D of new goods. For each unit of the final good invested in a new R&D project,
there is a risky return on investment with probability determined by a Poisson process.
At an aggregate level: domestic households hold a balanced portfolio of infinitely
many small firms, such that they face no idiosyncratic risk; savings equal investment;
investment flows determine the growth of varieties; and a non-arbitrage condition
connects the real interest rate (the asset market) to real returns on R&D (the equity

market).

Over the balanced growth path (BGP), I prove that the equilibrium will be charac-
terized by a stable distribution of income and measures of varieties, the real interest
rates will equalize across countries, and all countries will grow at the same rate. Even
though there are no international capital markets, trade acts as a vehicle that will
integrate R&D stocks and returns. Countries with larger labor forces will have larger
equilibrium measures of varieties, which is a fact also observed in the cross-section of

countries in the data.

Exploiting the linearity of income in the measure of varieties, I derive an analytical
decomposition for the BGP growth rate across labor and capital income shares of
GDP, whose elements can be further interpreted as “Romer” and “Eaton-Kortum”
components, giving intuitive meaning to the results. The Eaton-Kortum component
of growth is very much Ricardian, i.e., related to technology, while the Romerian is

related to market access, both domestically and internationally.

Another contribution of the paper is to provide a formula for welfare gains from

trade that decomposes welfare into static and dynamic components. The welfare



formula subsumes the static results of Arkolakis, Costinot, and Rodriguez-Clare (2012)
into a dynamic framework. Like the growth formula, the static component of welfare
also has Ricardian and Romerian margins, with the Romerian margin augmenting the
Ricardian one through an extensive margin. One of the technical contributions of the
model is a tractable way of integrating a new product margin into the Eaton-Kortum
framework, which is one of the workhorse models in the international trade literature

and lacks such a margin.

By comparing the static and dynamic components of welfare, the model clarifies
that they work through different mechanisms, rationalizing the two forces of market
access and specialization. The reason is that the former operates on households as

consumers and the latter on households as producers and investors

An additional theoretical insight lies in accounting for market access as an avenue
for growth and product innovation. Increased market access is related to a higher
steady-state equilibrium product innovation growth rate. This finding highlights the
positive impact of trade integration on fostering product innovation and is consistent

with the reduced-form evidence presented in the beginning of the paper.

The final contribution is to set up and calibrate a quantitative version of the model
that solves for the endogenous balanced growth path of the model with an experiment
of asymmetric country groups and costly trade. I then use this framework and apply
trade cost shocks to replicate the policy scenario of the 2004 Eastwards enlargement of

the European Union.

The outcome of the numerical exercise is a set of results and decompositions of
both static and dynamic welfare as a result of the EU enlargement. This toolkit suggests
that: (a) the EU enlargement increased its long-run yearly growth rate by about o.10pp;

(b) the share of “Eaton-Kortum” share in static gains from trade can vary widely across



countries, being as large as 90% for some countries and as small as 10% for some other
countries; (c) dynamic gains can account for a large share of total welfare gains from
trade; and (d) the share of dynamic gains also varies across countries, ranging from

65-90% of total welfare gains from trade.

Related Literature

This paper adds to the theoretical literature on trade and growth —and in particular
to trade and product innovation. The literature can be traced back to the seminal
paper by P. M. Romer (1990). While Romer does not develop a full model, he mentions
in the paper that a natural extension of his model “pertain to its implications for
growth, trade, and research.”® Extensions of the Romer model of endogenous growth
of product innovation to a two-country framework were later done by Rivera-Batiz and
P. M. Romer (1991a) and Rivera-Batiz and P. M. Romer (1991b) as well as Grossman
and Helpman (1990), in a very similar framework. I extend the Romer growth model to
a multiple asymmetric country framework and combine it with a modern quantitative

Ricardian trade model of Eaton and Kortum (2002).

The model is also related to the work by Acemoglu and Ventura (2002), who
proposed a model with Armington trade that features an AK-model of trade and
growth with a stable distribution of income over the balanced growth path. While
groundbreaking, they restrict their analysis to the costless trade case, while in this

paper trade costs can be positive with much more heterogeneity across countries.

Since modeling the complete state space of dynamics and countries is nontrivial,
most of the trade and growth literature has to make compromises. Part of the literature
simplifies by assuming a world of symmetric countries (Perla, Tonetti, and Waugh,

2015; Sampson, 2016) or a two-country world (Eaton and Kortum, 2006; Hsu, Riezman,

®This is in section VII of P. M. Romer (1990).



and Wang, 2019; Helpman, 2023). Another part, while adding the heterogeneity to
the cross-section, rules out forward-looking dynamics and models growth as some
external diffusion process (Buera and Oberfield, 2020, Cai, Li, and Santacreu, 2022).
My model departs from most of the literature by having both asymmetric countries

and forward-looking dynamics in a theoretical and quantitative framework.

As will be clear in the next section, it is a “true macro model” combined with
a “true trade model.” In this sense, it is more similar to the very recent models of
Sampson (2023) and Kleinman et al. (2023). However, unlike mine, the latter is a model
of convergence rather than a model of long-run growth and the former is a model of

tirm-productivity growth rather than product innovation.

My paper makes two sets of contributions to the empirical literature. First, it
documents a collection of facts using production-and-trade data around the enlarge-
ment episodes of the European Union. This first part of the analysis is more akin to
papers like Hummels and Klenow (2005), Andrew B Bernard et al. (2009), Kehoe and
Ruhl (2013), and Arkolakis, Ganapati, and Muendler (2020), which provide noncausal
documentation of novel stylized facts regarding the extensive margin. But the paper
also goes beyond that, using plausibly exogenous variation in an event-study design
using a very detailed source-destination-product-year dataset. In doing so, it relates
more papers like Goldberg et al. (2010), Bas (2012), Argente et al. (2020), and Rachapalli

(2021), which estimate well-identified empirical effects regarding product innovation.

The paper is organized as follows. Section 1.2 introduces the empirical evidence
that motivates the work, first summarizing some stylizing facts and then providing
some causal evidence on the relationship between market access and product inno-
vation. Later, Section 1.3 lays down the theory, introduces the model, defines the

equilibrium, and states the main results regarding the existence of the balanced growth



path and the equilibrium growth rate being decreasing in trade costs. Afterward,
Section 1.4 uses a numerical version of the model to estimate the dynamic welfare
effects of the 2004 enlargement of the European Union and decomposes them using
the key results of the previous section. Finally, I conclude by trying to relate the main

takeaways to the general literature and where the main advances were.

1.2 Empirical Evidence

This section describes the evidence related to international trade and product
innovation in the context of the different enlargement waves of the European Union
(EU). First, it describes the data. Then it presents some stylized facts comparing new
member states (NMS) of the EU relative to candidate countries. Finally, it uses an
event-study approach to isolate some plausibly exogenous variation of trade costs on

the probability of initiating production of a new product.

Data sources

Production data comes from Eurostat’s Prodcom (Production Communautaire), which
is an annual full coverage survey of the European mining, quarry and manufacturing
sectors, reporting the value of production of 4,000+ different product-lines of EU
members and candidate countries. Data are really high-quality and coverage error is
estimated to be below 10%. These data allows one to create a time-series of product
counts for products actually produced in each member state and candidate countries

of the European Union.

Bilateral tariff data come from WITS (World Integrated Trade Solution Trade
Stats). It consolidates tariff data from the UNCTAD’s Trade Analysis Information
System (TRAINS) as well as from the WTO. Bilateral trade flow data comes from
UNCOMTRADE.



I matched all of these to the production data using Eurostat’s concordance between
Prodcom product-codes, which are finer than Harmonized System (HS) 6-digit level,
to a HS-6 digit level. WITS and UNCOMTRADE data come natively at an HS-6 digit

level. Combined, these constitute a novel production-and-trade matched database.

I also collected data on (a) the dates of accession of new member states to the
European Union; (b) trade agreements existent and entered into force between the
European Union and third parties before 2004; and (c) expenditure in private research
& development expenditures per capita. The first two come from hand collecting
documents and tables from the European Commission’s official websites while the

latter comes from Eurostat.

Further details on the data used, data matching, and data construction are on

Appendix 1.7.4.

Institutional Context

Throughout this paper, the institutional setting will be expansion of the European
Union —or its enlargement, how it is typically called in EU language. The enlargement
happened in different waves as the EU included more members from the six original

members that created the group in 1957, as shown in Figure 1.1.

I use this setting in three ways. First, I exploit the staggered nature of the EU
expansion to summarize some stylized facts regarding some key statistics of New
Member States (NMS) of the EU relative to candidate countries who are not yet

members of the EU at a given horizon.

Then, focusing on the largest expansion wave in 2004, I show that that the adoption
of the EU’s Common Commercial Policy induced a plausibly exogenous variation in

market access between 9 NMS that joined the EU in 20047 and 12 third-party countries

7While ten countries joined the EU in 2004, I do not have product-level PRODCOM data for Malta.
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with previously existing trade agreements with the EU. Finally, in the numerical

quantification exercise, I will also use the enlargement waves as natural country groups

to estimate the welfare effects of the 2004 enlargement.

[=] Cyprus
Bl Czechia
B= Estonia
= Hungary
Latvia
= Lithuania
(M Malta
E= Denmark == Poland
W Hireland Bl Portugal Slovakia
EEUK = Spain @ Slovenia == Croatia
1973 1986 2004 2013
1957 1981 1995 2007 Future?
Belgium E= Greece &= Austria == Bulgaria B Albania
KN France HH Finland ¥ Romania Moldova
== Germany Sweden = Montenegro
N Italy N. Macedonia
Luxembourg = Serbia
Netherlands Turkey
== Ukraine

Figure 1.1. Institutional Context: Timeline of European Union Enlargement. The
EU enlargement comes in waves. The future cohorts serve as comparison groups, for
some time, to previous cohorts. The largest expansion wave is 2004.

Stylized Facts

My stylized facts compare two groups: countries that became new members of
the European Union relative to countries that self-selected into becoming candidates for EU
membership but were not yet members at a given time horizon, exploiting the staggered
nature of the enlargement. Here, one can think of countries that became EU members
as individual members of a “treatment group” and candidate countries that applied for
EU membership but had not yet become members by that time as individual members
of a “control group.” Of course, since treatment assignment, in this case, is not random,

this is not actually a true experiment.

In this paper, to avoid the potential biases of the Two-Way Fixed Effects (TWFE)

11



estimator in summarizing the data, I adopt the Callaway-Sant’Anna (CS) estimator®. In
a nutshell, CS calculates group-specific treatment effects by: (a) comparing the treated
group with either the not-yet-treated groups or the never-treated groups; and then
(b) aggregating them into an average treatment on the treated given a specific set of

weights. This estimator is consistent even if true treatment effects are heterogeneous.

Therefore, even if the objective is to simply summarize the data rather than to make
causal claims, one would still want to avoid making “forbidden comparisons.” The CS
estimator, in this case, will simply recover the average difference in outcomes for NMS
relative to countries that are candidate countries but are not yet members, at different
horizons around EU enlargement events. In Appendix 1.7.4, I formal description of

the CS estimator used here.

Given the weighting scheme of the CS estimator, in the estimates reported below,
the event that will have the largest weight will be the 2004 EU expansion, which
enlarged membership by ten countries, but only nine are observed in PRODCOM data.
The other episodes of expansion — Bulgaria and Romania, in 2007; and Croatia, in 2013
— influence the estimates with proportional weights for the horizons in which data
is available. It is important to highlight that throughout the sample, there is readily
available data for candidate countries that never became EU members, which serve as

a natural comparison group.

Here, I run the staggered difference-in-differences event study regressions for a set
of variables, using similar models. First, using the measure of produced varieties as the

dependent variable. Then with log of real private research and development expenditures

8Goodman-Bacon (2021) shows that the TWFE estimator is a weighted average of all possible two
period-two group comparisons and that, as emphasized by Borusyak, Jaravel, and Spiess (2022), it is
biased if treatment effects are heterogeneous. Sun and Abraham (2021) proposed a new estimator that
accommodates treatment effect heterogeneity, which was later generalized by Callaway and Sant’Anna
(2021).
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and the log of real value of yearly trade as dependent variables.

The frame of reference is to take these variables as aggregate macro moments.
Relative to a candidate country that did not fully integrate its economy with the
European Union and did not have preferential access to the trade partners of the EU,

what happens, on average, to these variables in New Member States?

As shown in Figure 1.2, fifteen years after membership, the expected differential
increase in varieties is 306, or about 17% relative to the year of membership®. The

differential effect seems to cumulatively increase after the year of membership.

The effects regarding private R&D, shown in Figure 1.3 show a clear break in trend
in the differential averages around the year of membership. Fifteen years after the

expected differential growth in private R&D expenditures is about 60%.

Finally, the results relative to trade also show a differential growth, as illustrated
by Figure 1.4. There are no signs of pre-treatment trends and, seven years after

membership, the expected differential growth in the value of yearly trade is about 50%.

9The average treatment on the treated is 306.23 and the conditional average number of produced
varieties in treatment year zero is 1804.6.
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Figure 1.2. Staggered difference-in-differences: Measure of Varieties. X-axis: years
around EU enlargement event. Y-axis: in number of produced varieties. This plot
shows the estimated coefficients 6(f) time-specific average treatment on the treated
coefficient described by equation (1.35) at the and aggregate level. The bars around
the red line denote 95% bootstrapped standard errors.
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Figure 1.3. Staggered difference-in-differences: Log of Private Research and Devel-
opment Expenditures Per Capita. X-axis: years around EU enlargement event. Y-axis:
in log value private yearly R&D expenditures per capita (thousand euro). This plot
shows the estimated coefficients 6(t) time-specific average treatment on the treated
coefficient described by equation (1.35) at the aggregate level. The bars around the red
line denote 95% bootstrapped standard errors.
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Figure 1.4. Staggered difference-in-differences: Log of Real Value of Yearly Trade.
X-axis: years around EU enlargement event. Y-axis: in log real value of yearly
trade (thousand US Dollars). This plot shows the estimated coefficients 6(t) time-
specific average treatment on the treated coefficient described by equation (1.35) at
the aggregate level. The bars around the red line denote 95% bootstrapped standard
errors.

Causal Evidence

Once NMS joins the EU, they not only have preferential access to the European
market, but they also have to adhere to the Common Commercial Policy of the
European Union. This means that these countries have immediate preferential access
to third-party markets via previously existing trade agreements between the EU and
these third parties. Furthermore, since these trade agreements previously existed,
while the NMS had immediate access to them, they did not get to negotiate the tariff

variation that they faced —these were only a byproduct of the EU accession process.

Figure 1.5 illustrates how this happened in a specific example: the Free Trade
Agreement between the EU and Mexico. The EU joined a FTA with Mexico in 2000,
but the NMS only joined the EU in 2004, so in 2004 the latter immediately adhered to
these previously negotiated tariff schedule. The product-level bilateral tariff variation

ATg4ip2004 Which was a by-product of the EU accession process is my measure of the
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market accession shock.

EU | Preferential Tariffs

|
2000: FTA EU-MX enters into force

NMS ‘ |
MEN Tariffs 2004

ATsdip2004

Figure 1.5. Event Study Design, Constructing the Trade Shock: I use the fact that when
the NMS joined the EU in 2004, they had immediate preferential access to third-party markets via
previously signed EU trade agreements which the NMS did not get to negotiate. The product-level
bilateral tariff variation ATyg;, 2004 which was a by-product of the EU accession process is my measure
of the market accession shock. In the example above, the EU joined a FTA with Mexico in 2000, but the
NMS only joined the EU in 2004, so in 2004 they immediately adhered to these previously negotiated
tariff schedule.

I focus on the largest wave of enlargement was in 2004. The source of variation is
at the source-country x destination-country x HS-6-code product level. The metric
of the tariff shock change is simply ATy 2004 = — (Tsdip,2004 — Tsdip,ZOO?))’ which is the
change in the level of effectively applied bilateral tariffs at the product level between

2003 and 2004. In each year, there are about 300 thousand observations.™

I estimate a sequence of cross-sectional local-projection linear probability models,
which estimate what is the marginal effect of a decrease in the tariffs on exports of a
given product p, conditional on that country s not producing that particular product before
joining the EU in 2003. The fact the data is highly granular permits me to exploit within

industry X source X destination X horizon (across product) variation.

Formally, I estimate the following equation:

P (Xsdip,h >0

Ys.ip,2003 = 0) = ap+ Bn - ATsdipp00a + Vsdip + Vsdip,h (1.1)

for 1 € {2000, --,2010}

°Leading up to 2004 there were no large changes in bilateral tariffs between NMS and third parties
but between 2003 and 2004 there was a median drop of about 2.5 percentage points. In the years after
the enlargement, there was also not a large change in the distribution of bilateral tariff rates, which is
shown in Figure 1.15 in Appendix 1.7.4. Figure 1.16 in Appendix 1.7.4 plots the distribution of ATy 2004,
excluding the zero-valued observations.
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where X4, 1s the market value of exports between country s and country d of
product p of industry i at horizon ; Y.ip 2003 is the market value of production in
country s of product p of industry i in 2003; «;, are horizon (time) fixed-effects; yg4;
are source x destination x industry interactions fixed-effects for each h. These types of
cross-sectional event studies with local projections can be interpreted as differences in

differences with continuous treatments?!®.

This strategy takes seriously the assertion in Baier and Bergstrand (2007) that
countries engage endogenously in free trade agreements (FTAs). The identification
assumption is that conditional on the very saturated fixed effects that this model
includes, the unobserved components vs4;, , are uncorrelated with the change in tariffs
ATggip2004- Intuitively, the identification is robust to a NMS (say, Poland’s) policymakers
endogenously targeting EU accession to have preferential access to a third-party’s (say,
Mexico’s) car industry (relative to other industries and countries), but not if they want
to have preferential access to compact cars relative to SUVs in Mexico. For further

details on the methodology, see Appendix 1.7.4.

As shown in Figure 1.6, an increase in market access by 1 percentage point increases
the probability of starting to produce and export a given product by about 1 percent
by 2010. To benchmark this result, it is about one-third of the conditional mean
E[Xsgipn > 0|Xs.ipp > 0,h > 2003] = 2.9%. There are no signs of a pre-existing trend
before 2004: both the magnitude of the coefficients and the standard errors are very

small before the treatment date.

Summary of Empirical Evidence
I have documented the following novel facts: as New Member States go through a

large trade integration event with the European Union, they start producing new product

1See Chodorow-Reich (2019) and Dube et al. (2023).
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Figure 1.6. Entry Regressions. This plot shows the coefficients B, of the local projection linear
probability models specified in equation (1.1). Each year is a different cross-sectional regression with
approximately 300 thousand observations. The whiskers show 95% confidence intervals with robust
standard errors clustered at the source-destination-industry level.

varieties; investing more in research and development; and trading more in real values relative
to candidate countries that are not yet members at a given horizon. Furthermore, I have
shown that as they are exposed to a plausibly exogenous new market accession shock, as it
happened due to the idiosyncrasies of the Common Commercial Policy of the EU, they

increase their probability of starting production of a new product variety, which suggests that

market access increases the rate of product innovation.

To rationalize this reduced-form evidence, I develop a dynamic general equilibrium
model that is consistent with both the stylized facts and the market access mechanism.

This is what I do in the following section.
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1.3 Theory

Here I present a dynamic multi-country model of the world economy with in-
tertemporal optimization, investment in research and development, and trade in final
and intermediate goods. In this economy, time is continuous with t € 7 = [0,00) and

countries indexed by se K= {1, ---,N}.

Every country has the ability to produce final goods w € [0,1]. However, they
differ in their ability to produce non-rival intermediate inputs v € [0, M;(t)], where the
upper bound of the interval M;(t) defines the product space of a particular country.
Intermediate goods are non-rival in the same spirit as in the endogenous growth
literature: new blueprints can be simultaneously used by multiple producers at the

same time, inducing increasing returns to scale'.

As intermediate goods are invented, trade acts as a mechanism that diffuses new
blueprints: producers expand their production function by sourcing newly minted
inputs from around the world. Exporters are monopolists in their intermediate varieties
and therefore have the incentive to invest in the development of new varieties, thereby
propelling growth. Therefore, international trade will work as a vehicle that integrates
global research and development stocks and induces growth-rate convergence over the

balanced growth path.

My goal is to make this model easily accessible and recognizable for someone who
is familiar with either modern trade theory or modern growth theory. This model
will recover, as special cases, the Eaton and Kortum (2002) model of trade and the
P. M. Romer (1990) model of growth. Some functional form assumptions will be such

that this nesting is clear.

12See Jones (2005) and Jones (2019) for extensive reviews.
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1.3.1 Demand

In each country s € K, there is a representative household the maximizes its lifetime

utility according to:

" exp{— dt
max /0 exp{—pt}log (Cs(t))

st PaD)L(t) + Pu(B)Cs(t) = rs(t)Ag(t) + ws(t)Ls

where Ps(t)Cs(t) are aggregate consumption good prices and quantities in country s;
I;(t) are instantaneous investment flows; and ws(t),7s(t) are wages and interest rates.

At any instant, the state of asset holdings is simply the cumulative investment flows:

As(t) = [ I(s)ds™.

Households choose a sequence of consumption quantities for the aggregate good,

satisfying the Euler Equation:

OO (1:2)

1.3.2 Production and Trade in Varieties

There are three kinds of producers in each country: those who produce varieties of the
final good, those who produce varieties of intermediate goods, and those who invest in research

and development. This section will focus on the two first ones.

Final Goods Producers.
In each country, a local assembler for the final composite good Y,;(t) who operates

under perfect competition uses the least expensive variety w € [0,1] available at d € K

13This, of course, implies that one can write investments as Is(t) = As(t), which clarifies the optimal
control problem at hand.
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with the following technology:

1 o—1 %
- [ / yd(t,wwm}
0

where ¢ > 1 is a constant elasticity of substitution across sourced varieties w. Under

these assumptions, the ideal price index of the final good satisfies Ps(t) satisfies:

Ps(t) = {/01 ps(t,w)l_”dw] o

A producer of each variety w € [0,1] of the final good is endowed with a constant
returns to scale technology that combines labor and intermediate inputs v € [0, M(t)]

coming from multiple countries k € K:

My (t)
ys(t,w) = z5(t,w)[ls(t,w)] ( 2/ [xys (t, @, v)]“dv) (1.3)

keK

where z,(t,w) is total factor productivity; ¢;(t,w) is factor demand for labor for variety
w € [0,1] located in country s; and x,(t,w,v) is the demand for a intermediate good
of variety v € [0, My (t)] sourced from country k for production as an input of a final

good in country s.

Non-rival intermediate goods varieties are differentiated across countries: an input

€ [0, Mi(t)] is different from v € [0, M, ()], even if it is indexed by the same symbol.
For instance, the first one may be a twelve-core computer chip from Estonia while
the second one may be a large language model from Malta. Additionally, note that
countries differ in their ability to produce intermediate goods, which is denoted by
the upper bound of the integral M (t). Optimal demand for an intermediate good

satisfies:
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1
pis(t,w,v) | 1
Xo(t,w,v) = | L~ A (t,w) - zg(t,w)T—= 1.
ks( ) [ Pss(t/w) S( ) S( ) (1-4)

Intermediate Goods Producers.
Each intermediate goods producer in country s has perpetual rights over the

production of each variety v € [0, M;(t)]. They are endowed with a linear technology

that transforms one unit of the final good into one unit of the intermediate good.

Assumption 1 (Trade Costs). Trade is subject to iceberg trade costs, which implies that
shipping a final or intermediate good variety from source region s to a consumer in region d

requires producing Tty > 1, where 155 =1 and T,3 = 74 for all s,d € K.

Given assumption (1), intermediate goods producers face heterogeneous marginal
costs and set optimal prices accordingly through market-specific price discrimination.
They take marginal costs and demand curves as given and choose optimal prices to
maximize profits, with the optimal price being a mark-up over marginal costs for every

variety v and w:

pii(t) = %k(t) Ve (0,1, ve0,M(t)

Note that this is the standard result of profit maximization under monopolistic
competition with two variations. First, as in most trade models, prices are differentiated
by destination and are inclusive of trade costs 7;;. Second, since intermediate goods use
one unit of the final good at the origin country k to produce one unit of the intermediate
good, its marginal cost is Pg(t). Optimal monopolist prices being independent of variety

v imply that demand for is symmetric:
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_ _ pss(t,w) T
Tps(t,w) = [zs(w) : W] As(t,w)  Yve|0,M(t)]

Given the result above, rewrite the final goods firm maximization problem in the

following way:

gnstax)%[pss(t,w) -zs(t,w)]ﬁ M (t) - ls(t,w) — Ls(t,w)ws(t) (1.5)

which comes from substituting for X4 (t) and defining:

1=
i B M 1
Ms(t) =Y. Mt) - Pis (£) where 7 = T (1.6)
N—— keK ~—— N—— — X
effective c meas.u{‘e of optimal monopolist
measure o varieties :
input varieties in each price from k to s

The effective measure of input varieties is a key object in this model that captures
the diffusion of non-rival intermediate goods to country s. It measures input varieties
sourced from each country weighted by marginal cost. The first term on the right-hand
side captures heterogeneity in the source-country measure of varieties since final
goods producers are sourcing intermediate varieties internationally. The second term
captures the substitutability across intermediate goods, controlled by the elasticity
of substitution 77. The exponent 1 — 7 < 0 down-weights the relative importance of
intermediate goods coming from source countries k with relatively more expensive

intermediate inputs.

This object also makes explicit how the model nests both the Eaton-Kortum model
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of trade and the Romer growth model. If « — 0, then there is no intermediate sector.
The technology (1.5) collapses into a linear production function as in Eaton and Kortum
(2002). If the world is in autarky —i.e., if 7,4 — oo for all d # s —then, after setting
P,(t) =1 as the numéraire of the home economy, M(t) = a7z M and the final goods

technology becomes linear in labor with an extensive margin M;, as in P. M. Romer

(1990)'4.

Even outside the limiting cases expressed above, one should observe that the final
goods producer’s technology in this model is related to those in both the Eaton-Kortum
and the Romer models. It is equivalent to a simple Eaton-Kortum model that uses
the final good as an intermediate input with an added extensive margin shifter M;(t).
It also is related to the technology of the Romer model, which is linear in labor (or
human capital), except that in this model the measure of varieties component is a

weighted average of inputs coming from domestic and international suppliers.

Note that with a slight redefinition, one can also interpret a transformation of
M;(t) as the price of a composite basket of intermediate goods, as it is standard in

many models that resort to a constant elasticity of substitution:

1

PM(1) = NI, (1) 77 = (ZMk Pre (1) ’7> _ (1.7)

kek

which is how, due to notational convenience, this object will appear throughout the
rest of the paper. Define the value in final goods in country d € K to be P;(t)Y,(t).
Then, using the definitions above and the properties of C.E.S. and Cobb-Douglas,

intermediate goods sales by country s in country d equal:

"For a more detailed description of the nesting, see Appendix 1.7.2.
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pli(t)
PY(t)

1=y
M (£) pag (£)xsa (1) = & - M ( ) - Pa(£)Ya(t) = o~ AL (H) - Pa(t) Ya(t)

The last equation follows from defining intermediate trade shares

_ MMt
AM(p) = sd .
Sd( ) Yrex Mippa ()11

In the standard P. M. Romer (1990) model, assemblers source intermediate goods
exclusively from domestic suppliers. One important implication of that assumption
is symmetry: the price of all intermediate goods will be the same. Conversely, in
this framework, when sourcing intermediate goods from multiple countries k € K, the

prices of these goods will no longer be necessarily the same.

Economically, it is this lack of symmetry in prices that will induce substitutability
across varieties sourced from different countries, which is reflected in the composite
price of intermediate goods above. The more dissimilar countries are in terms of their
relative unit costs, the more substitution across intermediate goods will occur. Hence,
accommodating asymmetric countries in a dynamic framework will be an important

feature of this model.

Trade in final goods.

The factory gate price pss(t,w) for a variety has three components: the unit
production cost ws(t), the price of intermediate goods PM(t), and a producer-specific
productivity zs(t,w). Destination prices also include iceberg trade costs. Under perfect
competition, consumers in country d choose the lowest price variety w available at the

domestic market:
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M o 1—a
palt,) =min {puy(t,w) } = min {Tapes(t, )} = min { L (”Z:E’;,(j}) Ll } (1.8)

seK

Assumption 2 (Productivity draws). Following Eaton and Kortum (2002), assume that

zs(t,w) is an iid random variable drawn from a market-specific Fréchet distribution

E(t)(z) = exp{—Tsz*G} .

where T is the the scale parameter and 0 is the shape parameter.

Given assumption (2), both prices and demanded quantities (which are functions
of productivity draws) are also random variables. By the law of large numbers, the

share of varieties sourced from s to d equals*>:

EE()  To(PM(t)*wy ()t 1yy) 0
ER()  Tuex Tu(PY (1) wn (£)1 ) ~°

(1.9)

where EL (t) denotes the expenditure on final goods going from country s to country

d; EL(t) denotes total expenditure on final goods in country d.

1.3.3 Research and Development

The research sector creates new varieties of the intermediate good. One can think
of this sector as investing in the invention of new machines, which result in new
blueprints. These firms use ¥ units of the final good as inputs to research and

development (R&D), but success is not guaranteed.

5Since there are infinitely many varieties w and productivities are iid random variables, by the law
of large numbers, the share of varieties sourced from s to d converges almost surely to the probability of
sourcing a specific variety from s to d.
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Assumption 3 (Research and Development Process). The success rate of R&D follows
a Poisson process with flow arrival rate equal to I (t)dt, where Is(t) is the research input,

measured in units of the final good per time unit.

Once researching firms invent a new machine, they hold perpetual monopoly
rights over the new variety v. They can either set up their own shop to produce and
enjoy the profits of producing such variety at the market or, alternatively, they can sell
the rights to this patent to an intermediate variety producer. In either case, domestic
households, that finance the invention of new varieties through capital markets, will

collect the profits.

The economic value of a new variety is the present value of producing the new
varieties and selling them as intermediate inputs to final goods producers, which is, at

period t:

Vis(t,v) = /t°°exp {_ tT ;SS((I]{C)) dk} ms(t,v)dt (1.10)

where 75(7,v) is the flow profit per variety per unit of time. Research firms will
only invest if the expected return of their investment is positive, that is
YVi(t,v)Is(t,v) — Ps(t) L (t,v) > 0. With free entry, this condition holds with equality

and in equilibrium it pins down the value of each variety: Vi(t,v) = Ps(t) /1.

Since the only asset market in this economy is the domestic equity market, domestic
households save by funding investments in new varieties through a balanced portfolio
of infinitely many small firms, such that they face no idiosyncratic risk. At the
aggregate level, then, M;(t) = ¢I;(t), where I;(t) is the level of aggregate investment
in the domestic economy measured in units of the final good. The value of aggregate

assets is simply the value of all invented varieties Ps(t) As(t) = M;(t)Vs(t) and, since
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the arrival rate of ideas is constant, the total stock of assets is at any instant a function

of the total measure of varieties As(t) = M;(t)/¢.

Taking the derivative of both sides of (1.10) with respect to time and noting that
both V;(t,v) and 715(7,v) are independent of v pins down the real interest rate in this
economy. The result is a non-arbitrage condition relating returns on assets to returns

on R&D:

rs(t) _ pemsty) Py(t)
Py (t) Py(t) Py(t)

flow dividend rate  capital gains

(1.11)

1.3.4 Market Clearing and Equilibrium
Factor Market Clearing

Let Y,;(t) denote the total output of the final good and X;(t),1;(t) denote the
use of the final good as inputs for the production of intermediate inputs and R&D,

respectively. Then total output in the final good for a given country must satisfy:

Ya(t) = Ca(t) + La(#) + Xa(t) (1.12)
where I;(t) and Cy(t) are pinned down by the dynamic problem, described below, and
X,(t) can be expressed as a function of aggregate demand in all destinations.

Expenditure Determination

Flow aggregate profits I'l;(t) = fOMs(t) 7(t,v)dv are a constant fraction of revenue:

T, () = ﬁ L AM(£) - Py(E)Yy(t) (1.13)
cK
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On the expenditure side, GDP of each destination country s € K country will be

exhausted as the combination of the total expenditures of labor and capital income:

Ps(t)Ys(t) = ws(t)Ls + T15(¢) (1.14)

From the income side, nominal GDP must equal the sum of total flow payments

received domestically and from the rest of the world:

P()Ys() = ¥ (1—a>A§d<t>+§AS (#) | Pa(t)Ya(t) (1.15)

Trade Balance
Since savings equals investment and there is no access to international capital
markets in this economy, GDP accounting requires that trade balances in each country

and net exports are equal to zero at any instant:

E GO0 +x T 0| T A% ()

d#seK d#seK k'eK
[1— AL ()]P(1)Ys(t) + all ledk’ )Py (t yk,()] (1.16)
k'eK

Dynamic Equilibrium
The dynamics in each of the countries of this world economy are governed by the

following system of differential equations:
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Eut) = [“(” —p] Ca(t) (117)

Ps(t)
Ms(t) ;‘)5;((?) M;(t) + QUZI(;SS((:)) Ls — ¢Cs(t)

As it is clear from the system above, the dynamics of the model are essentially
neoclassical. However, since openness to trade impacts the cross-sectional distribution
of wages and prices, it will also impact the path of consumption product measures

over time.

The first equation —the Euler Equation —states that the household in a country
s € K will choose an upward-sloping consumption path if the real interest rate is
greater than the rate of time preference. The higher this gap, the more a household
will be willing to defer current consumption and take advantage of higher returns in

the asset and R&D markets.

The second equation is less obvious to interpret in its current form, but it states
that the growth in the product measure in each country is proportional to the net
investment rate. Since expected profits of new varieties are always positive, the net
investment rate is also always positive, which means that new varieties are always

created, inducing growth in this model.

A more explicit way to observe the net investment rate is by writing the second

equation in its equivalent asset representation. Since M;(t) = PA;(t), then:

A== poa® + FHL - al)
~ S—~ real consumption

real capital income real labor income
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which, along with the discussion regarding the non-arbitrage condition in the previous

section, helps clarify that asset markets and varieties markets are two sides of the same

coin.

The assumption of log preferences substantially simplifies the dynamic problem.
In Appendix 1.7.2, I show that instantaneous consumption is always well-defined as a

constant fraction of lifetime wealth:

Cs(t)=p éi@ +/too z:((;) Ls-exp{—7s(7) - t}dt

wealth at ~~ d
PV of future labor income

where 75(7) = % tT Irjs((z)) dv is the average real interest rate between periods t and 7.

Once there is an explicit solution for consumption at every ¢, the differential equation
for M;(t) becomes autonomous, and also has an explicit solution as a function of the

path of prices.

It also shows that there is a unique initial choice of consumption that is consistent
with the optimal choices described by (1.17) and the transversality condition. Since the
other conditions to satisfy the Maximum Principle are satisfied, this is equivalent to

showing that the solution to the dynamic problem is unique.

Definition 1 (Dynamic Equilibrium). The dynamic equilibrium of the world economy is
defined by a collection of paths of consumption quantities, assets stocks, and profit flows
[Cs(t), As(t),I15(t)]; paths of final goods varieties output quantities [ys(t,w)]|; paths of in-
termediate goods varieties output quantities [xs(t,w,v)]; paths of prices [ws(t),7s(t), Ps(t),
pss(t,w), ps(t,w,v)]; and a vector of fundamentals (6,0, T, t)" where T = {Ts} is a collection
of location parameters of the Fréchet distribution and T = [ty is a matrix of trade costs, such

that: (a) households maximize utility given the path for prices; (b) final goods firms maximize
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profits given the path for prices; (c) intermediate goods firms choose prices to maximize profits
given demand functions and final goods prices; (d) trade balances; and (e) factors and goods

markets clear.

Homogeneity of Income in Equilibrium

One of the key properties of this model is that real income, real wages, and
real profits are a function of the measure of varieties M;(t) and of terms that are
homogeneous of degree zero in the distribution of the measure of varieties { My (t) } kck-
Note that for real aggregate labor and aggregate capital income, respectively, can be

expressed as:

ws()Ls Ms(t)-< T, )9“_”-(A?ﬁ(o)‘l-uzms(t)m;%t)

P(1) AL ()
() a (aPs(0)" Py()Ya(t) _ .
P(t) M0 U d;< Ywek My (toaPe ()" B(B) MR

which, of course, means that Real GDP is also a function of M;(t) times a term that is

homogeneous of degree zero in the distribution of the measure of varieties:

_ws(t)Ls  TIs(t)
— Pi(t) Ps(t)

= Mu(t) x [RY(H) + RE()] = My(t) x Ro(t)  (1.18)

This property is important because it is the mechanism that induces increasing
returns to scale in this model. It will also be important to characterize the existence of

the Balanced Growth Path (BGP).

Intuitively, even though R;(t) is a complicated function, the fact that real income
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is a function of M;(t) times a term that is homogeneous of degree zero in { My () }rex
means that this model falls within the broader class of AK-models in macroeconomics,
a property that is inherited from the Romer side of production. Many of the well-
behaved properties of AK-models about long-run growth will carry through to this

model.

Furthermore, as it will become clear below, trade will influence both the returns to
idea creation (Rs) as well as the stock of ideas (M;). But it is important to bear in mind
that some of the mechanisms behind growth in this economy are increasing returns to

scale exemplified by the linearity of the production function.

1.3.5 Balanced Growth Path
Autarky

Under autarky, which is a special case in which trade costs are prohibitively high
such that countries are isolated as single-country economies, the BGP exists and is

unique for each individual economy.

Proposition 1 (Growth rates under autarky). If 7,5 — oo for all s # d, then growth rates

rky

. . auta . . . .
in real consumption g in every country s € K are proportional to domestic market size:

autarky 0P YS(t*)
&8s =

Proof. Appendix 1.7.2. O

Intuitively, Proposition (1) characterizes the BGP in a collection of closed AK
economies with expanding varieties each of them as in the original P. M. Romer (1990)
model. Growth happens endogenously in each of the countries as households invest in

the equity market to fund new intermediate varieties. However, the mass of non-rival
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goods available for production will be completely different across different countries,
since final good producers only have access to domestic intermediate inputs and
are therefore less productive than they would be if they were trading internationally.

Similarly, in general, BGPs will be characterized by different growth rates. Note that

autarky Yo (t*) _ M(t*)xRs(H)
t*

growth rates g; are indeed constant because

Ma(F) ML(F) is homogeneous

of degree zero in M;(t*) for each s € K.

Zero gravity
Now move on to characterize the equilibrium growth rates under the polar opposite
case: zero gravity. This is one in which trade is costless and even geographical barriers

are nonexistent. The term comes from Eaton and Kortum (2002).

Proposition 2 (BGP under zero gravity). If 7,; =1 for all (s,d), then there is a unique

world equilibrium growth rate g%° 8™™Y that satisfies:

zero gravity __ & - lP . ZdeK Yd(t*)

1 TaexMa(t) F (1.19)

8

Proof. Appendix 1.7.2 O

By comparing g%° &"Vity and g;”‘“""y , it is immediately clear that while the latter is

proportional to domestic value added per variety Ys(+*)/M;(t*), the former is propor-
tional to global value added per variety Y jex Ya(t*)/ Yacx Ma(t*). Intuitively, under

zero gravity, growth happens as if the world were a single integrated Romer economy.

It is clear that the growth rate must be common under zero gravity because

the expression on the right-hand side of (1.19) is the same for each country. Since

Ya(t")  _ Mg(t")xXR4(t)
Yaex Ma(t) Yaex Ma(t)

be homogeneous of degree zero in [Mj(*)]|rck. This, in turn, implies that returns

g7er 8rVitY myst be a constant, each element in the sum must

equalize and R;(t*) = R(t*).
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In the absence of trade costs, the world economy is fully integrated in terms of
tinal goods varieties suppliers and the law of one price holds in the final good. As
the final good serves as an input for intermediate varieties, the price of intermediate
varieties equalizes globally. A corollary is that the effective measure of input varieties
M;(t*) also equalizes globally, indicating that non-rival inputs fully diffuse across the

world.

Note, however, that income levels need not be the same in this world economy.
In fact, those countries that have a higher relative wage at the start of the BGP will
have a higher wage relative forever. Therefore, under zero gravity, this model features
a stable global distribution of income as in the model of Armington trade and capital

accumulation-driven growth of Acemoglu and Ventura (2002).

Using the linearity of income in equilibrium, the growth rate over the BGP be
decomposed into the following expression, which relates how growth affects labor and

capital income, respectively:

gZero gravity _ o Tsﬁ Z{Js(t*)f)(l—zx) ) I, M (t*) n & Y jek Yy ()
Ve Wi ()01~ Ykex Mi(t*) 1 Laex Ma(t*)

The second term within the square brackets, which is related to capital income,
shows that profits per variety equalize under zero gravity, with every country having
the same level of market access due to the absence of trade frictions and equalization
of global prices. The first term within the brackets relates to labor income and shows
how wages ws(t*) and the measure of varieties M;(t*), which are endogenous objects,

interact with parameters such as the labor force size Ls; and technology Ts.

Since growth rates must be equal for all countries, those countries with better

technology and higher labor forces will have a proportionately higher real wage and a
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higher share in the global measure of varieties. The relationship between the size of a
country’s labor force and the measure of varieties can also be observed in the data, as

seen in Figure 1.7.

4000

3000

2000

1000

Number of produced varieties

QO Measure of Varieties

0O LUX — Line of Best Fit

1 2 3 4 5 6
In Employment

Figure 1.7. Measures of Variety and Labor Force. Long Run Averages between
2000-2020 for the cross-country correlation between the Size of the Labor Force (In of
Employment) and the Measure of Produced Varieties. Data come from the Penn World
Tables 10.10 and Prodcom, respectively.

Costly but finite trade

I now arrive at the more realistic case of a BGP of positive but finite trade costs.

Proposition 3 (Balanced growth with costly trade). Given a vector of fundamentals
(0,0,T,7), if T4 € (1,00) for all s # d, there exists a balanced growth path world equilibrium

growth rate satisfying:



_ .\ Ls o o Pa()Yy(t)
gS_lpp (m) Xlxl UW+_ZA$(t)W (1.20)

\ L e— U deK g
Eaton-Kortum Romer. Romer
Domestic Global

and where g5 = gy (Vs,s’ € K). Furthermore, the growth rate can be decomposed into

“Eaton-Kortum” and “Romer” components.
Proof. Appendix 1.7.2. O

Like in the previous subsection, equation (1.20) shows how growth affects both
components of GDP. One can further interpret these components and relate them to

the two canonical models that are the building blocks of this framework.

I termed the capital income part, which is the second term within the square
brackets, the Romer Global component. The reason is that this component is increasing
in each country’s market access —i.e., proportional to each country’s share of the
global intermediate goods market (AM). Intuitively, profits will be related to a firm’s
sales and to markets all over the world and, therefore, to its market share in each of
those destination markets. This component is also decreasing in the price of the final
good (P;) in the source country since due to the input-output structure embedded
in the lab-equipment version of the Romer model the price of the final good is the

marginal cost of R&D investment.

Real labor income can be partitioned into two components: an Eaton-Kortum
component and a Romer Domestic component. The Eaton-Kortum component is very much

Ricardian: real labor income improves with technological improvements (T5) and as
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the domestic trade share in final (AL,) decreases, consistent with the Ricardian intuition

that specialization leads to gains from trade.

The Romer Domestic component incorporates domestic market size effects, by
integrating the size of the domestic labor force Ls. But it also adjusts for the diffusion
of differentiated intermediate goods, which is embedded in the summary statistic of

domestic intermediate trade share (A})©,

The different components of (1.20) make it clear why a BGP requires common
growth rates. Both AM(#*) and AL (t*) are homogeneous of degree zero in [My (t*)]rek

and prices Ps(t*), Ps(t*) must be constant along a BGP. For a BGP, g; must be a

Ya(t") _ Mg(t")xRy(t)
M, () M ()

constant, and therefore = must be homogeneous of degree zero in
[M(#*)]xek- This can only happen if R;(t*) is homogeneous of degree zero in each d,

which implies that R;(t*) = R(t*).

Intuitively, along the BGP, the real interest rate equalizes globally'’. Even though
there are no international equity markets, the fact that households can invest in new
varieties through equity markets and earn expected profits that are linked to exports
means that trade acts as a vehicle to integrate international R&D and equity markets.
In a balanced growth equilibrium, then, prices and the endogenous distribution of the
measure of varieties [M;(*)]sex will adjust to make sure that returns and, therefore,

growth rates equalize.

How are growth rates related to market access?
After characterizing the existence of the BGP, one can turn to the discussion of

what happens to the equilibrium growth rates after there is a change in trade costs.

P (") Mi(#) 188
7One way to see that is through the Euler equation. Since the Euler Equation governs the growth
rate in consumption and over the BGP g. = g for all countries, a corollary is that the real interest rate
must equalize globally.

* 177] *
16To see that, note that: AM(+*) = M (+*) (pé\g(t )> = Mt )pM(t*)l’”.



Here, these trade costs are directly related to market access, since the mechanism that
propels growth is the incentive to have equity claims in the profits of variety exporters.
The growth rate is a general equilibrium object that depends on the whole distribution
of prices across countries and periods. Therefore, characterizing changes to it is not a

trivial task.

Nonetheless, in order to connect the theory to the empirical and quantitative
analysis, to gain some intuition, first consider what happens to the long-run equilibrium
growth rate after a permanent change in trade costs in a world of symmetric countries.
While that is an important restriction, it allows for a closed-formed intuitive solution:
in that case, g* can be shown to unambiguously increase in the long run after an

episode of trade liberalization.

Proposition 4 (Effects of changes in trade costs over the long run in symmetric
economies). Suppose there exist a collection of symmetric economies that grow over the BGP

with costly trade with trade costs T > 1. Then % <0.
Proof. Appendix 1.7.2 O

In this model, the long-run growth rate will change after a permanent change
in trade costs if there is a change in the effective market size, represented by how
much of the global market exporters can tap into —that is why foreign aggregate
demand Y P (#*) Y, (t*) is modulated by intermediate trade share Yy, AM(+*) in the

profit formula.

In a symmetric world, it can be shown in closed form that real profits increase when
trade costs go down. The intuition translates to numerical exercises with asymmetric
countries. As an example plot in Figure 1.8 shows how these results look like in a

numerical exercise with two asymmetric countries.
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Figure 1.8. Long-run growth in two asymmetric economies as a function of changing
trade costs. Results from a numerical simulation of the equilibrium growth rate ¢g* of
two asymmetric economies that differ in their populations but are otherwise equal.

Parameters are the following: L =[1,1.03], ¢ =0.77,0 =2.12,a = 1/3,0 = 0.03,T =
1,1],4 = 2.46.

1.3.6 Welfare

With log preferences, at any moment, consumption over the BGP is a fraction of
assets plus real labor income. Since such consumption flow grows at a constant rate g*
and the measure of products is simply a linear transformation of assets, as shown in
Appendix 1.7.2, welfare along the BGP can be decomposed between a product measure

component, a real income component, and a growth component.

/t* exp{—p(t — ")} log (exp{g*t}Cs(t*)) dt (1.21)

1 1, (w()L\ g
= log | =M;s(t*) | +=log [ =2 )+ S5
g (lp S > 0 g ( Ps(t*) ) PZ

- > ~ P , v

product measure real income growth

N -~ - 7/ N ’—/.

transitional static dynamic

Consider what happens to welfare after a change in trade costs from 7 to T +d7, as

40



in Arkolakis, Costinot, and Rodriguez-Clare (2012) —hereinafter ACR. In this dynamic
setting, to make a comparison to the static framework, I need to compare what happens
across the two BGPs, comparing the preserved value of discounted lifetime utility
across the beginning of the two initial equilibria. For that, let me introduce some
notation: suppose t* is the initial period of the original BGP; t** is the first period of

the final BGP and let £ = x(+**) /x(t*).

Then, relative level changes in the first component of welfare across two BGPs can
be expressed as log (]\715) Changes in the equilibrium product measure will depend
on whether the measure of varieties in country s expands or contracts, relative to the
distribution of varieties across countries, across BGPs. There is no general prediction in

the model regarding the direction of this effect.

Countries that have started with a measure of varieties above optimal (relative to
other countries) will see a shift in exports (and therefore R&D expenditures) towards
other countries and will see their measures of varieties shrink. The opposite is true for

countries that started with a measure of varieties below optimal.

Importantly, however, this first component will not compound over time, as high-
lighted by the fact is not multiplied by the factor p~! or p~2. This means that it will
only change the (relative) income level that a given country arrives with at the BGP and
it will have no impact going forward. Therefore, this is a transitional effect of welfare.
For most reasonable calibrations of p, the transitional effect will have a very small

weight on total welfare changes.

The second component will be familiar to most trade economists. It looks like the
traditional static welfare formula in ACR. In the same spirit as ACR, one can also write

the static welfare component in changes:
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1 ws) 1 = e 1 9 P
—log| =) =-log| A +—1o M- | =22 1.22
S<PS 0 g( dd o1 g ZP‘k k (1.22)

keK
—_———— N
Eaton-Kortum

where i = =
p(#)
Lkex My () Ps(F)
This component preserves the standard feature that changes in consumer welfare
are decreasing in changes in domestic trade share AL®. This captures the Ricardian
intuition of the model: at the margin, there are static gains from specialization in this

model.

Like the growth formula, the static component of welfare also has Eaton-Kortum
and Romer components. Here, the Romer component impacts welfare by augmenting
Ricardian gains through an extensive margin. It is represented by the weighted change
in the measure of varieties, accounting for previous weights i, changes in the measures

of varieties in each country k € K across equilibria My, and changes in the prices of

. D M
foreign intermediate goods relative to the domestic consumer price index ( ng((t*))> at

the domestic market.

Note that this welfare impact from product innovation resembles how the change
in the measure of varieties shows up in the ACR formula in Melitz-type models. This
highlights that the nested structure of production featured in this model effectively

adds an extensive margin to the Eaton-Kortum framework.

While they do not compound over time, both of these effects have an impact in

8The elasticity of this effect is — m rather than the standard f% due to the input-output structure
of the model.
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every period over the BGP as it is made clear by it being multiplied by the factor p~'.

For that reason, these can be understood as a level effect or static effect of welfare.

The third and last component is the common growth rate ¢*. Importantly, since it
compounds the BGP level of consumption, it is multiplied by a factor p~2 rather than
p~1 and it will in general have a larger weight on welfare. This is a metric of dynamic

gains from trade, which is a growth effect of welfare.

Changes in the growth component of welfare will be defined as the change in the

growth rage: & **p;g*_ Since growth rates equalize along the BGP, changes in the growth

component of welfare will also be shared across all countries. However, since the other
components will differ, the share of the dynamic component of welfare in total gains

from trade will therefore be different across countries.

The discount rate p will have an important role in attributing weights across
the dynamic, static components, and transitional components of welfare. Intuitively,
the lower the p, the more patient the agent is, and the more relevant the dynamic

component of welfare will become.

Welfare as buyers and as sellers
Comparing the dynamic and static components of welfare yields important in-
sights regarding the economic mechanisms behind this model. In fact, the forces of

specialization and innovation are reflected in these two components.

To see that, note that, as made clear by (1.22), since 1 —# <1 country s’s static
welfare is decreasing in the price of foreign intermediate goods. The static welfare
formula captures the effect of s as final producers and consumers. As s purchases
more foreign intermediate varieties for a cheaper price, it becomes more productive by
increasing its effective measure of varieties M;(t). The other side of the coin is that it

decreases the local price index Ps(t), which directly benefits consumers and increases
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welfare.

By contrast, the growth component of welfare is increasing in the price of foreign
intermediate goods coming from k, in each destination markets d, relative to the price

of intermediate goods from the source country s at those same destination market:

-1

]
gt T RO | ¥ My (”’ﬁ“))

dek keK pM(t)

The intuition for this contrast is quite straightforward and underscores the different
underlying economic mechanisms of the model. The Romerian part of growth captures
the effect of d as forward-looking investors in the R&D market and intermediate
good producers. Since the intermediate goods are substitutes, all else equal, demand
for intermediate goods from s and maximized profits are higher when the price of
intermediate goods of foreign competitors from third-party countries k relative to

domestic producers from s at each destination market d is higher.

Intuitively, the growth effect captures that, from a seller’s perspective, the domestically
produced and exported intermediate variety s is more attractive and competitive when
foreign varieties k are more expensive. Conversely, the static effect captures that, from
a buyer’s perspective, when foreign varieties k relative to one’s domestic purchasing
power at d are more expensive, the domestic consumer is worse off. Both channels are

economically sensible and the model captures both mechanisms.

Along the BGP, prices and measures of varieties will adjust to make sure that
growth rates equalize such that g; = gy for every s,s’ € K. While the economic

mechanisms are still operating under the hood and take over if there is any shock that
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drives the system off the BGP, these different effects will wash out once differences in

prices, measures of varieties and wages endogenously adjust towards a BGP.

1.4 Quantification and Policy Exercise

This section describes a numerical quantification of the model, which solves for
three endogenous objects along the Balanced Growth Path: (a) the distribution of
wages; (b) the distribution of Measures of Varieties; and (c) the common equilibrium
growth rate. I calibrate the model to EU-15 countries and the New Member States

(NMS) that joined in the 2004 expansion.

To simplify the exercise, I group these countries into six sets: corresponding to the
six waves of the expansion of the European Union of to 2004". The country groups

are asymmetric both in terms of labor force and productivity. The groups are:

1. 1957: Belgium, France, Germany, Italy, Luxembourg, and the Netherlands —the

original members;
2. 1973: Denmark, Ireland, and the United Kingdom;
3. 1981: Greece;
4. 1986: Portugal and Spain;
5. 1995: Austria, Finland, and Sweden;

6. 2004: Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Slovakia, and
Slovia —the New Member States (NMS).

19This simplification is just a matter of computational tractability. As described in Appendix 1.7.5, each
guess of my solution algorithm solves for a static version of an Eaton-Kortum model with input-output
linkages, which itself has multiple steps for solutions. So the problem grows quite fast in complexity in
the number of countries. Improving the solution algorithms for this new class of dynamic models is a
fruitful avenue of future research.
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The solution method is straightforward. I calibrate the model to a baseline sce-
nario and then change iceberg trade costs to induce a trade liberalization shock. By
comparing the endogenous equilibria along the Balanced Growth Path of these two
scenarios, which include distributions of the measures of varieties [M;(t")]sex and
wages [ws(t*)]sex as well as a common equilibrium growth rate ¢*, I can infer the

welfare consequences of a change in this parameter along the BGP.

Model Calibration

My estimates of the short-term (¢) and long-term () elasticities of trade come
from Boehm, Levchenko, and Pandalai-Nayar (2020), which are ¢ = 0.76 and 0 =2.12,
respectively. The results are not very sensitive to using a 6 = 4.0. The vector of labor
force {Ls} comes from Penn World Tables. The share of intermediate goods a = 0.36 is
set to equal the average share of intermediate goods in the sample of countries between

2000-2003 from the World Input-Output Database.

I use observed trade flows to infer trade costs. The strategy goes back to Head and
Ries (2001). According to the handbook chapter by Head and Mayer (2014), the index
is called the Head-Ries Index (HRI) since 2011 (when the working paper version of
Eaton, Kortum, et al. (2016) was published). As shown in Appendix 1.7.5, I can write

trade costs as:

(1.23)

where each flow ESF (") defined to be an average between 2000 — 2003. The data on
bilateral expenditure values EL,(t*) comes from the World Input-Output Database.
Figure 1.9 plots the change in trade costs before and after the 2004 enlargement

of the European Union, calculated from an average of for the years 2000-2003 for the
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immediate “before” period and an average for the years 2004-2007 for the immediate
"after” period. Calculations confirm that there were large reductions (—15 — 20%) in
trade costs between NMS and the Western European countries during this period,
which is consistent with bilateral tariff data between the NMS and Western Europe
from TRAINS and the WTO?°. Changes in trade costs across the other groups have
been comparatively small except for one calculated increase in trade costs between

Greece (31981) and Austria, Finland, and Sweden (g1995).

{g2004} I _ 0.0 -
(a5} - -00 0.09 0.14 0.05 0.0 -005

—0
{q986} - 004 0.05 -0.05 0.0

——0.05
{q9s1} | -0.05 -0.05 0.0

——0.10
{1973} -00 00

-0.15
{g1957} - 00

-0.20

{91957} {g1973} {g1981} {91986} {91995} {92004}

Figure 1.9. Changes in Trade Costs Before and After 2004 EU Enlargement (in
percentage terms). This matrix shows the bilateral changes in trade costs, calculated using the
method inferred from equation (1.23), before and after the 2004 EU Enlargement. The before period is
an average for the years 2000-2003 and the after period is an average for the years 2004-2007. Underlying
data comes from the World Input-Output Database.

This is important because these changes in trade costs will act as the main shock

across calibrations of BGPs in my numerical exercise. It is relevant that the key driver

of changes across equilibria is the enlargement of the EU.

The location parameter of the Fréchet distribution {Ts} and ¢ are free parameters

that I vary to match the distribution of wages and the average growth rate of the EU-15

29See the Appendices from Caliendo et al. (2021) for a detailed description of the data.
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countries in the 1989 — 2003 period —i.e., fifteen years prior to the 2004 expansion of
the European Union. The rationale is that I am calibrating this model to BGP growth
rate and the EU-15 countries were very likely closer to the BGP than the transition
economies of Eastern Europe, so it is reasonable to match the model to their growth

rate.

Model Validation

To validate the model, there are some untargeted moments one can look at. First,
compare the relative change in real wages across the two BGPs. The predicted changes
in the distribution of wages across equilibria in the model can be compared with the

relative income growth of each country group around the EU enlargement.

Since the wages distribution is only pinned down up up to the distribution, if
real wages of a given group take a larger share of the distribution in the later BGP,
an implication is that it must have grown faster than average between those periods.
To compare the data with the model, a natural comparison is to use GDP per capita
growth rate net of the average of the EU, which yields a income that is normalized for
the periods of 1998-2003 and 2005-2010. The way to interpret the data is to see whether
or not each group’s income per capita grew faster (slower) than average across these

periods.

Here, one can see that the model in fact matches the data quite correctly. It predicts
relative a catch-up of the New Member States (g2004). The model predicts that real
wages in NMS would grow about 5.1% faster than the average of the Western European
countries, which is very close to observed in the data (5%). As seen in Figure 1.10,
most of the other country groups also fall very close to the 45-degree line, suggesting

that the model’s predictions are reasonable.

One exception is the 1981 wave, for which the model substantially over-predicts
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Figure 1.10. Model Validation: Changes in Real Wages, Relative to the Average.
In the model, the distribution of wages Ay - [ws(*)]sek is normalized with a choice of Ay, such that

Yok Ws(*)Ls = 1. What is shown in the chart is the percentage change across equilibria % -1,
where L; is assumed to be fixed. In the data, for consistency, I calculated annual GDP per capita then

subtracted it from the average of the group for the periods of 1998-2003 and 2005-2010. I then calculated
changes and plotted the data. Data comes from the Penn World Tables 10.01.
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relative real income growth. The reason being that such a wave consists of a single
country: Greece. And the aftermath of the EU enlargement 2005 — 2010 includes the
tirst years of the Greek debt crisis. Naturally, the model cannot anticipate the negative

shocks of the deep recession of the late 2010s in Greece.

Second, compare the (endogenous) distribution of the number of produced varieties
in the model to the distribution of the number of produced varieties in the data for the
2000-2003 period. Once again, the observations fall mostly along the 45-degree line,
suggesting that the model does a good job in replicating the empirical distribution.
As one exception, now the model underestimates the actual share of total produced

varieties in the NMS (g2004).

Finally, compare the changes in trade shares across equilibria. The model captures
changes in trade shares really well, as shown in (1.12). Trade expands particularly in
exports from NMS to Western European countries, which is captured by the upper
quadrant observations that lie close to the 45-degree line. Here, the exceptions are the
trade flows from Western Europe towards the NMS. The model predicts a symmetrical
response in terms of trade expansion, while in reality, the gains were much more a

relative market access from the NMS into the EU market than the other way around.

Results
The main result of this exercise relates to the theoretical welfare decomposition
in equation (1.21). One can compare two paths of consumption along the BGP and

decompose them into:
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Figure 1.11. Model Validation: Distribution in the Number of Produced Varieties
Across Regions. In the model, the distribution of measures of varieties Ay - [Ms(#*)]sek is normalized
with a choice of Ay such that Y icx M;(#*) = 1. For consistency in the comparison, what I show in the
data bars are the relative shares of each country group in the total universe of the product measure, or:
M;(t)/ Yscx Mg (t). This assumes, as in the model, that product varieties in the data are differentiated

across countries, so the global product space is ) ¢cx My (t). Data comes from Prodcom (Eurostat) and
are averages for the 2000-2003 period.
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Figure 1.12. Model Validation: Changes in Trade Shares. The model object is plotted is A’}:
the change in the final sector trade share. In the data, this is total trade shares renormalized to account

for the fact that there is no rest-of-the-world in the sample. The before and after periods are 1998-2003
and 2005-2010, respectively.
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/T exp{—p(t — 1)} [log (exp{g™*t}Cs(t**, 7)) —log (exp{g*t}Cs(t*/T))} dt =
. 1 /\s *% ok

log <Ms> +—log (%) + g—zg

— L,_S/ P

transitional static dynamic

where C;(t*,7),Cs(£**,7) are the paths of consumption along the original and new

BGPs, respectively.

For all countries, the transitional component is negligible. They never contribute

with more than 0.03% of total absolute value of welfare, in the largest case.

Static gains from trade can be as large as 5-6% of domestic income in the case
of NMS (g2004) or Greece (g1981) or even negative or close to zero in the case of
the Western European countries such as Portugal and Spain (g1986). In the case of
Greece and the NMS, they account for 38% and 32% of total welfare gains from trade,

respectively.

These changes can be further decomposed into “Eaton-Kortum” and "Romer” parts
of static welfare using equation (1.22). Results in Figure 1.13 show a wide variation
of the Ricardian component share in total changes in static welfare. While for most
country groups that share is about 10% of total changes in static welfare, for Portugal
and Spain (31986) it accounts for nearly 25% of static welfare changes while for Greece

(g1981) the Ricardian share accounts for more than 9o% of changes in total welfare.

Finally, the main numerical outcome of the exercise is the differences in growth
rates across BGPs ¢** — ¢*. In the current calibration, the trade liberalization embedded in
the 2004 enlargement of the European Union induced the EU long-run yearly growth rate to

increase 0.10pp. One implication is that the dynamic part of welfare accounts for the
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Figure 1.13. Static Welfare Decomposition. Static Welfare Decomposition Across its Eaton-
Kortum and Romer Components, according to equation (1.22).
most of gains from trade for all countries. Therefore, not accounting for this channel

ignores the majority of gains from trade.

However, the share of total welfare gains it accounts for varies across country
groups. According to this model, in the current parametrization, the share of dynamic
gains in total welfare gains is between 65% and 90%. This is in line with estimates from

Hsu, Riezman, and Wang (2019) (78%) and Perla, Tonetti, and Waugh (2015) (85%).

However, in this model, the change in the equilibrium measure of varieties (and
hence the real wage) between one BGP and the other can actually decrease, which
implies a negative static welfare share. Therefore, for some countries, such as Portugal
and Spain (g1986) the share of dynamic welfare in total welfare is larger than 100%.

These decompositions are in Figure 1.14.

In monetary terms, a back-of-the-envelope calculation suggests an additional 0.10%

yearly growth rate to the aggregate GDP of the Western European plus the New
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Figure 1.14. Total Welfare Decomposition. Welfare Decomposition Across its Transitional
Static and Dynamic Components, according to equation (1.21).

Member States since the year of accession —that is, between 2004 and 2023 —would
have induced an additional current production level of approximately $332 billion in
the continent, which accounts for 2.0% of the total level of production of the European

Union.

1.5 Conclusion

I focus on the long-lasting question of the relationship between trade and growth
and, in particular, trade and product innovation. I make several contributions: theoret-

ical, empirical, and quantitative.

On the theoretical front, my main contribution is a new framework that reconciles
the forces of specialization and market size, rationalizes foreign market access as a
rationale for growth in a dynamic framework, and provides an analytical formula for
dynamic gains from trade. In all of those points, I maintain active dialogues with the

literature, such as nesting the Eaton-Kortum model of trade and Romer growth model
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as special cases of my model and subsuming the ACR static welfare formula in my

dynamic welfare formula.

In my empirical work, I rely on the eastward expansion of the European Union
and document several new facts that are consistent with the mechanisms of my model.
Compared to countries that selected into becoming candidates but had not joined at
given horizon, countries started producing more product varieties, investing more in

R&D, and trading more.

I go beyond these facts and exploit plausibly exogenous variation to show that
a plausibly exogenous increase in market access leads to a higher probability of
initiating production and exporting a given product, which is consistent with the main

mechanism of the theoretical model.

Finally, I solve for a quantitative model and replicate the 2004 expansion of the
European Union in the computer. The results of the simulation imply that: (a) the EU
expansion increased its long-run yearly growth rate by about o.10pp; and (b) dynamic
gains from trade account for somewhere between 65-90% of total welfare gains from

trade.

This paper points to the fact that dynamic gains from trade are likely too large to
be ignored. The big generalizable takeaway is that the previous literature has largely
underestimated gains from trade, perhaps by as much as one order of magnitude.
Advancing on this agenda, perhaps by understanding the transition dynamics, is a

fruitful avenue of future research.
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1.7 Appendix

1.7.1 Timeline of EU Trade Agreements

Partner Signed PI‘OV?SIO.I‘I al Full entry into force
application

Switzerland 1972 1973
Iceland 1992 1994
Norway 1992 1994
Turkey 1995 1995
Tunisia 1995 1998
Israel 1995 1996 2000
Mexico 1997 2000
Morocco 1996 2000
Jordan 1997 2002
Egypt 2001 2004
North Macedonia 2001 2001 2004
South Africa 1999 2000 2004
Chile 2002 2003 2005




1.7.2 Mathematical derivations

Optimal control problem

In the dynamic optimal control problem, the household chooses an optimal path
of Cs(t) at every instant, taking as given prices. The problem of choosing varieties
cs(t,w) is separable and can be solved conditional on a path for Cs(t), such that only
aggregates matter for the dynamic path. Therefore, the current-value Hamiltonian for

this problem is:

rs(t ws(t
H(t,C,L,u) =log (Cs(t)) + us(t) PS((t)) Aq(t) + Ps((t)) Ls — Cs(t)
with optimality conditions satisfying:
1
Cs(t) - ‘uS(t)
fis(t) = p- rs(t)
ps(t) Ps(t)
and a transversality condition:
: Ers(v) B
lim [exp{— /0 B @I B(0As() [ =0

ji(t)

Taking time derivatives of the first optimality condition and then replacing for o)

yields the Euler equation:




Solution to the dynamic problem

Growth in each of the s € K of the national economies evolve according to the

following system of differential equations:

— 9Cs(t)

In this subsection, I will first derive this system of equations, then solve it. First,

one sees that consumption evolves according to a first-order differential equation. Let

a(t) = [zr;s((?) — p} and write the Euler equation as:

Multiplying both sides by the integration factor exp{— fo T)dt}:

(t)exp{— / T)dt} —a(t)Cs(t) exp{— / T)dt} =0

Now, using Leibnitz lemma, note that the time derivative of

exp{— fo T)dt}Cs(t) is Cs(t) exp{— fo T)dt} —a(t)Cs(t) exp{— fo T)dt}. There-

fore, integrating both sides with respect to time:

exp{— / T)dt}Cs(t) = C(0)
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where C(0) is the constant of integration. Dividing both sides by exp{— fot a(s)ds} and

replacing for a(t) yields the solution for the consumption path:

which can be rewritten as:

Cs(t) = Cs(0) exp { [Fo(t) — o] t}

where 74(t) =

% Ot lrf((f/)) dv is the average real interest rate between periods 0 and ¢. Now

recall that the budget constraint is:

Py(t)Is(t) + Ps(t)Cs(t) = 7s(t) As(t) + ws(f)Ls (1.24)

and that ¥I5(t) = M;(t) and P As(t) = M;(t). Replacing above and solving for M;(t)

results in:

ws ()

M,(t) = rs(t) M,(t) + ¢ P:(t)

Ls — ¢pCs(t)

which, after replacement, yields the following equation:

FL(0) = ML) + 90 L yCO) exp { [1(1) o] 1}

In turn, this equation has a solution satisfying:
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My(t) = MS(O).exp{/Ot;SS((Z))dV}
Fows(S) ¢ rs(v) Frs(v)
+ /Ol/JPS(g)LS.exp —/0 Ps(v)dv}dg.exp{/o Ps(v)dv}

t §rs(v Ers(v
a /0 lPCS(O)eXp{[fS(g) _P} C} .exp{_ 0 Ps((U))dU}dg'eXp{/O Ps((V))dV}

which, using the definition of 7(t), becomes:

Ms(t) = M;s(0) -exp {7(t) -t}
o) L R E) . EY 4E - exp (F(E) -
+ /O¢PS(C) Ls-exp{—F(¢)-C}dC-exp{r(t)-t}
- lPCs(O) /0

t

exp { [Fs(6) —p] & - exp {—7(2) - £} dE - exp {F(t) -t}

simplifying the last integral:

M;(t) = M;(0) -exp {F(t) -t}

- /ot‘/ﬂ;f((g)) Ls-exp{—F(Z) - ¢}dZ-exp{r(t) -t}

— 4C(0)- [ exp{—pt}dc-exp {7(1) 1)

Finally, note that both Ps(t) and r4(t) are functions of wages. Therefore, given the
initial measure of varieties M;(0) and the wages for all countries, which are defined at

every instance through the trade equilibrium, paths for consumption C(t), varieties
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M;(t) and assets As(t) =1/ Ms(t) follow the equations above.

As a final step, one needs to pin down the starting values. M;(0) is given and
calibrated to reflect the technological level of country s. Choice of Cs(0), by contrast, is
an endogenous object that guarantees that, given lifetime income and the initial level
of assets, consumption as governed by the euler equation will be optimal. Start from

the equation above, multiply both sides by exp { —7(¢t) - t}:

ws(g)
Ps(¢)

— 4C(0) [ exp{—p} iz

exp{—7(t) -t} Ms(t) = M;(0)+ /Otw Ls-exp{—F(¢)-C}de

Now evaluate this equation taking the limit t — co.

lim (exp{—f(t) : t}Ms(t)> = M;(0) + /OOOIPZIU):—&?LS cexp {—F(t) - t}dt

t—00
~ 9C(0)- [ exp{pt}at

Recall that the transversality condition is:

=0

lim [exp{— /0 t ;((Z)) v Py(H) As(t)

t—ro0

which states that the value of assets cannot grow faster than the interest rate, the
standard no-Ponzi scheme condition. Using the fact that A (t) = M;(t), noting that

prices Ps(t) are always positive and finite, and dividing both sides by Ps(t) /1, we can
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rewrite this as:

tle lexp{—7s(t)t} Ms(t)] =0
Using the fact that lim;_; <exp {—7(t) - t} Ms(t)) =0, we can then solve for Cs(0)

as:

-1

Cs(0) = [ M;(0 —I—/ :L -exp { —7s(t .t}dt][/oooexp{—pt}dt}

. o0 . 1 .
Using the fact that [;"exp {—pt}dt = 7, then:

Cs(0) = p %MS(O) + /Ooo ZIUD:((;)) Ls-exp {—7s(t) - t} dt] (1.25)

= é@ +/OOOZ1‘;:((:)) s t)-t}dt

initial wealth d

PV of real labor income

Therefore, at any instant ¢, consumption is proportional to lifetime wealth:

Cs(t) = p +/ B T)) -exp{—?s(r)-r}dT] -exp{[?s(t)—p]t}(1.26)
)

= p +/ X ; Ls-exp{—?s(r)-r}dT]



Final varieties producers problem

Each final goods producer chooses intermediate inputs and labor to maximize

profits according to:

max pss(t/w)zs(t/w)[ES(t/w)]l_a (1 Z /OMk(t) [xks(t,w,v)]“dv)

Cs (tw) {xes (Bew,v) } X rek

Mi(t)
— wOh(t0) = ¥ [T ) (tw,v)dy
keK 0

There are infinitely many first order conditions for this problem: one for each

variety v and one for labor. These satisfy:

w(D(tw) = (1-a) pul@)z(b@) b)) (22 ™ a0y
0

a keK

Prs (£, V) xps (L, 0,v) = oc-pss(t,w)zs(t,w)[Es(t,w)]lf"‘ (%[xks(t,w,v)]"‘>

Solving for xi(t,w,v) yields equation (1.4):

1
S(tw,v e 1
Xis (F, w0, 1) = [%] As(t,w) - zg(t,w) =

Intermediate varieties producers problem

Each intermediate varieties producer holds perpetual rights over variety v, which
they sell to final goods varieties in every country d € K. For each destination, they take

demand as given and choose prices to maximize profits at every moment:



1
max — pys(t,w,v)xks (t,w,v) — Pre(t) x5 (¢, w,v)
pks(tlwlv) TkS

Replacing for xy(t,w,v):

1

Prs(t,w, V) e 1

J(tw,v) — T Pe()] | P ) As(t,w) - zs(t w)Ta
I —5on0] [ B )50

which, after taking the FOC and solving for py(f,w,v) yields the optimal price as a

mark-up over marginal price, which is independent of w or v:

Tkst(t)

" Vw € [0,1], Vv e [0,Ms(t)]

Pks (t, w,v) =

Flow aggregate profits I'l;(t) = fOMs(t) 7(t,v)dv are a constant fraction of revenue:

(f) = = Y AM(E) - Py(t)Ya(t)

deK
-
(o)

M
deK Pd
17
MS (Tsdpsd) 7
1_
dek ek My (ToaPe) "

- Pa(£)Ya(t)

- Pa(£)Ya(t)

IR IR

Profits per variety 7s(t,v) = mﬂs(t) are independent of v.
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Trade in Final Goods

Trade shares

In this model, since there are infinitely many varieties in the unit interval, the
expenditure share of destination region d € K on goods coming from source country
s € K converge to their expected values. Let Ay (f,w) denote the probability that

consumers in region d € D source variety w from region s € D. For each each n, let

AN tw) = ;?SZ((?), with x.4(t) = (PM(t))*ws(t)' ~*1,,4. This probability will satisfy:

Asq(t,w) = Pr| s is the lowest cost supplier of w to d)

s <mn{aaa))
- /0°° F(zs(t,w) = 2)Pr(za(t,w) < 2An(t))dz

= [ AOEM e Fa0)(A2)dz

_ / 0T,z 1+9exp{ (n&TA ) }dz

7~ N 7 N

EneK Ty (fnd(t)) -

Ty (ws (#)'~*PM (t)“Tsa)
ZneK Tn(wn(t)l_“Pr]zw(t)“Tnd)_e

(1.27)

Now note that Ay;(t,w) is independent of w, so the probability of sourcing each
variety from s to d is identical. A corollary is that aggregate expenditure trade shares
of final goods from s in d will be equal to the probability of sourcing an arbitrary

variety from s in d.



Price distributions and ideal price index
Recall that, under the assumption of perfect competition, prices equal their

marginal costs, such that the price of a variety w produced in country s and shipped

TP (1) ws (1)

to d satisfies pyy(t,w) = Zs (b0)

Since zs(t,w) is a random variable, py;(t,w) is also a random variable. We can

derive the distribution of prices through the following steps. First, note that z;(t,w) =

M () 1—a
Tl ()" Then note that:
psd(w)

thrx 1—a thlX 1—a
psd(t/w) <p= Tsd s (Z) Wy — zs(t,w) > 7= Tsals (p) w;

Therefore:

Gsa(t,w)(p) = Pr(psa(t,w) <p)

PM AL 1—«a
= Pr (zs(t,w) > Bl (8)"e, )

p
— 1 exp{—T(wPM () ws(t) *p’}  Vwe o]

which is the distribution of prices of any variety w conditional on s being the lowest
cost supplier of such a variety to d. To derive the unconditional distribution of prices

at d, realize that:
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Gn(t,w) Pr(ps(t,w) < p)
= Pr((3s) for which psd(t,w) < p)
= 1— Pr((s) for which pyy(t,w) < p)

= 1-[IPr(psalt,w)>p)

seK
= 1— I—I[<€XP{—Ts(TsdPsM(t)mwS(t))_epe
= l—exp{—)_ Ts(Tea P (1) ws (1)) %}

seK

Recall that the price index is defined as:

Pty = | [ patt)de

= | [ pdca(tp)

seK

— |:/()OOP109P91eXp{ ZTS(TsdPS]\A(t)awS(t)la)gpg}dp]

Using a change of variables, let v = Yy g Ts(Tog PM(£)*ws (t)1=*) =% p? and note that

dv = 0p® 1 L ek Ts (g PM (£)% w5 (£) =) P pPdp. Then:



1
1-0c

Falt) = /0 (zseKTs(rsdP%(t)“ws(t)l—“r@) Pl
_ r(“%f)@ Ts<rsdpy(t>“ws<t>1—“>-9> (1.28)

1
_ T
= F(—9+}9 a) X

e (1—w)6
Z TS(TdeS(t)l—tx)—G (Z Mn(t) [Tnspn(t)] )

seK nek &

1
0

which shows that, given parameters T;.7,; and the vector of state variables M;(t) =
[My(t),---,Mn(t)]’, the closed form solution for the ideal price index P;(#) is a function

of the vector of wages w(t) = [wy(t), -, wn(t)]'.

Market Clearing and Trade Balance
Market Clearing

Let Y,;(t) denote the total output of the final good and X;(t),I;(t) denote the
use of the final good as inputs for the production of intermediate inputs and R&D,

respectively. Then total output in the final good for a given country must satisty:

Y(t) = Ca(t) + Li(t) + Xa(t)

where I;(t) and C4(t) are pinned down by the dynamic problem, described below, and

X;(t) can be expressed as a function of aggregate demand in all destinations:
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—y 1
xd<t>sZMd<t>-(p%(”) -a-(PkM“’) Yilh)

(K PY(H) Pk(t)

Combining the equations, one can express aggregate output as a function of the
state variable M,(t), parameters, and wages (both r;(t) and P;(t) are functions of

wages in every country):

Mpy\ 7 My
Yd<t>:rd<t>+cd<t>+):Mdu)-(Zﬁzig) (%k(f))) 220

keK

Expenditure Determination

Flow aggregate profits I1;(t) = fOMS(t) 7t(t,v)dv are a constant fraction of revenue:

T, () = 5 L AM(E) - Py()Yq(t)
cK

On the expenditure side, GDP of each destination country s € K country will be

exhausted as the combination of the total expenditures of labor and capital income:

P(1)Ys(t) = ws(t)Ls + Is(2)

From the income side, nominal GDP must equal the sum of total flow payments

received domestically and from the rest of the world:

P = T (1—a>A§d<t>+§A£§<t> Py(£)Ya(t)
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Trade Balance

Total exports are equal to:

EXd Z A +IX Z /\ Z /\dk’ Pk/ Yk’( )
d;éseK d#seK kKeK
exports inznal goods exports in mermediates

Total imports are equal to:

IMy(t) = [1 = AEOIR(OYa (1) + a1 — A1) | T2 A ()P ()Y (1)

N~ k'eK
imports in final goods ~ c ~ -

imports in intermediates

Since there are no international capital markets in this economy, trade will be

balanced at any instant. This means that:

Y. Asa(t)Pal )t Y Ay [ZAdk/ )P ()Y (1)

d#seK d#seK k'eK
[1— AL (D)]Ps(1)Ys(t) + afl [Z AL ()P (1) Y (t )]
k'eK

Homogeneity of Income in Equilibrium

The trade share for final goods is:
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o —u —0
Eqy(t) To(PM(t) ws () 150) ™ Ts(PsM(f)Pﬂg;gf_); Tsd)
halt) = EL() ~ Lex Tn(PY (6 wu (1)1 1,9) s

@) _ p ) x a7 ( Agzt)) T (e) =M <RI (a9

(1) = = Y AM()P(E)Ya(t)
’7deK )1_’7
o o Ms(t) (a7 TaPi(1)
I(t) = Edg (PM ) Py(t)Ya(t)
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Therefore:

Ps(t) U PM(t) Ps(t)

The budget constraint then is:

GO+ = Bl
= M;(t) x

- 1=
BVIOEES) ("‘ 1TsdPS<t)> POYa®) _ vy xRE) (130)

deK

= M(t) x [RY(t) + R (£)] = Ms(t) x Rs(t)

Balanced Growth Path

Autarky
Proof of Proposition (1)

1 1-7
(T, \w a e P\ Pyt Ya(t)
{M(AWQ (w) e ] 2( Td( ) 820 ]
(

Proof. Without loss of generality, choose an arbitrary country s € K. Since this world

economy is under autarky, evaluate (1.2) replacing for the real interest rate using

equations (1.11) and (1.13) and taking the limit 7,; — 0o(Vs # d). By assumption (1),

Tss = 1(Vs). Therefore, (1.2) collapses to:

S =

autark Q- Y (t
gutarky _ 171/}' (t")

for a BGP inclusive of each period t > t*.

The next step in the proof is to show that gy, = gy, = gc. = Jw,
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Since real wages, real profits, assets, and real output are linear functions of M;s(t)
in each period, it follows that g, = gy, = gw, = ga,- Since, with log preferences,
consumption is a constant fraction of output, gc, = gv,. Since the choice of s was

arbitrary, this holds for any s € K.

To show uniqueness, one needs to solve for growth rate in terms of parameters. In
order to do so, a few intermediate steps are necessary. First, note that one can express

the demand for intermediates as:

Tss(Hw) = X5 (t,w,v) = [azs(w) pss (t,w) ] = As(t,w)

which, in turn, implies that the optimal price of intermediate varieties is pss(t,w,v) = %

and I can rewrite the production function of the final goods producer as:

ys(w) = zs(w)ﬁs(t,w)l_"‘ (1 /OMS(t)[sts(f,CU)]adv>

o

= zg(w)ls(t,w)™* (1 /OMS(t) [[azs(w)pss(t,w)] s -Es(t,w)] “dv>

o

= [2@)] T 2 pus(6@)] 7T () - M)

Replacing for pss(t,w) using the assumption of pricing under perfect competition:

o

1—a,—a(l—n) pqa | 1-#
ys(w) = [zs(a])}ﬁ. awS(t) « Mg -Es(t,w)-l

o M;(t)

a - zs(w)

= a1z (w) - ws () - My (1)1 - £ (t,w)
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By GDP expenditure clearing, total expenditure is equal wages plus profits:

11—«

Ya(t) = ws(t)Ls + %Ys(t) — Y(t) = ws(t)Ls = Yu(t) = ws(t)Ls

where the last equation states that, in the last equation, GDP is labor income because
labor is the only factor of income in this economy. Hence, value added is equal to

labor income.

Integrating the production function over w and using the fact above gives us:

_o_
oc—1

1 —1
Y, (t) = [ /0 zs(w)es(t,w)”adw] ca ) L (D)% My (D)7 = Lyws (#)

solving for w;(f):

ws(t) = ({/Ooozﬁs(t,z)‘TEldPs(z)} ”Ul> a . Ms(t)L;ﬁ

The term in the integral denotes the joint product of productivity and labor
allocation across firms. In aggregate terms, since both the distribution of productivity
and the population are fixed for every t; and relative wages are fixed along the BGP,

this term will be constant.

Following Alvarez and Lucas (2007), note that all goods enter symmetrically in
the definition of the aggregate final good and they differ only by their productivity

level. Therefore, one can express the BGP growth rate of the economy fully in terms of
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exogenous objects:

0o (7% T—a  a
g:“”afky:%.q [zttt (o) ) L (32)

Since neither the productivity distribution F;(z) nor the demand functions /5 (+*,z)
will change along the BGP and all other terms in the growth rate are parameters, this
pins down the uniqueness of the BGP under autarky, which completes the proof. [
Zero gravity
Proof of Proposition (2)

Proof. Without loss of generality, choose an arbitrary country s € K. Since this world
economy is under zero gravity, evaluate (1.2) replacing for the real interest rate using

equations (1.11) and (1.13) and evaluating 7,y = 1(Vs,d).Therefore, (1.2) collapses to:

zero gravity a-y Y keK Yk(t*) (
— . — 1.33)
& 1 P(P) T Mi(£)  F =
for a BGP inclusive of each period t > t*. Since there are no trade costs, the law of
one price holds, and P;(t*) = P;(+*) = P(t*) for every s,d € K. Choosing P(t*) to be

numéraire of this economy shows that the growth rate will follow the stated equation.

Since the choice of the s of arbitrary and the expression in the right-hand side
of the equation is equal for every s € K, it follows that the g& gravity g7ero gravity
for all s € K, which shows that the growth rate must be common across all countries.
Furthermore, since Yy (t*) = My (+*)Ri(t*) and the fact that ¢; must be constant along
a BGP, ZZ:;K—Z\m will only be homogeneous of degree zero in [M,(t*)],ck if Rx(t*) =

R(H).

With log preferences, households will consume a constant fraction (1 — p) of their
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income and invest a fraction p. The non-arbitrage condition shows that real interest

rate and returns to R&D equalize globally along the BGP:

rs(t*):llms(t*,V): Pl () __ ¥
R(F)  P(F)  M(EIP(E) | My(F)

Mq(t") x RE(t) = ppR(+)

zero gravity

The next step in the proof is to show that gp. = gv, = gc. = §uws = g4, = s
Since real wages, real profits, assets, and real output are linear functions of M;(t)
in each period, it follows that g, = gy, = gw, = ga,- Since, with log preferences,
consumption is a constant fraction of output, gc, = gv,. Since the choice of s was

arbitrary, this holds for any s € K.

For uniqueness, one needs to show that the cross-subsectional equilibrium is
unique. Start from equation (1.15). Evaluating it under zero gravity and noting that

prices of final goods and intermediate goods equalize in that situation results in:

. Tsws(t*)—(l—a)ﬁ ® Ms(t*)
dek Yrek Treop(t*)~(1=08 i Ve My ()

Pa(£7)Ya(£)

Recall that Ps(#*)Ys(t*) = ws(t*)Ls + I15(+*) and note that, under zero gravity,

I(t") = %%Rj(t*)l@(t*). So, given M;(t*) the expenditure determination

system becomes a simple system in wages:

ws (H —(1—a)6
w0t = Y [(1— o) el

wa(tL
deK ZkeKTkwk(t*)*(lfﬂt)G a(t")Lg

Define the excess demand function:



Tsws (t*)—(l—a)()
Y rex Tewy(£+)~ (1=«

)9] wa(t")Lg — ws(f*)Ls)

and note:

Zwit) L 1y iy (1,4 2aal®)
dwg(t*) ws(t*)(l )Asa(t) (Ld+ wd(t*)> >0

which shows that it satisfies the gross substitution property and the cross-subsection

equilibrium is unique. Therefore, the BGP under zero gravity will be unique.

General case
Proof of Proposition (3)

Proof. Without loss of generality, choose an arbitrary country s € K. From (1.18), real

GDP is a linear function of M;(t):

IT(t)
Py(t)

Colt) + (1) = Z;((f)) Lo+

— M(t) x Rs(t)

Over the BGP, with log preferences, consumption is a constant fraction of GDP:

Cs(t*) = (1 — p)Ms(t) x Rs(t). From the Poisson arrival process,

M, = A]éfs((t :)) =1p Z\I/i;(é:*)) Since trade is balanced, I;(+*) = %Cs(t*) and varieties grow

at the following rate:
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- B T, 8(1—a) R Q . P (t*)y (t*)
SMs = le ‘Xl 1 (AF (t*)) ()\é\f(t )> L5+gd;<)\é\g(t )I):'(T]Vi(m

The following statements are true:

1. AL(+),AM(+*) are homogeneous of degree zero in { M, (t*)};

2. (%ﬁgig) , (Pd(t*)> are homogeneous of degree zero in {M,,(t*)};
d S

Ya(F)  M(F)xRe(t*)
3 M,(F) T T M.(P)

is homogeneous of degree zero in { M, (+*)} if and only if

Rs(t*) is homogeneous of degree zero in { M, ()} for all s € K.

Therefore, for g, to be consistent with a BGP it must also be homogeneous of
degree zero in [M,(t*)],ck. As a result, if gy, is consistent with a BGP, R,(t*) must be
homogeneous of degree zero in [M,(t*)],ck for all s € K. As a result, it must be that

varieties grow at the same rate across countries, which implies that R, (t*) = R(t*).

With log preferences, households will consume a constant fraction (1 — p) of their
income and invest a fraction p. The non-arbitrage condition shows that real interest

rate and returns to R&D equalize globally along the BGP:

rs(t) _yms(tv) . PIL(E) ¢ * (%Y _ *
PE) TR M) - (e ) X R ) = e R

The next step in the proof is to show that gu1. = gy, = gc. = Sw, = 4, = gs- Since
real wages, real profits, assets, and real output are linear functions of M;(t) in each

period, it follows that g1, = gy, = gw, = ga,- Since, with log preferences, consumption
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is a constant fraction of output, gc, = gv.. Since the choice of s was arbitrary, this holds

for any s € K.

Changes in trade costs
Proof of Proposition 4

Proof. The equilibrium growth rate of varieties:

o) B . )
S, = ¥p (AFT&*J (AM() L +% y A%(t*)%

Recall that:

oAM= M (TogPs ()T Py(#)Yy(t%)
dek i Y M (Tg P ()11 Ps () Mg ()

Since these economies are symmetric, then: Ps(t*) = Py(t*), ws(t*) = wy (¥),
M;(t*) = My (t*) for every s,s’ and 7,3 = T for every sd. Evaluated with symmet-

ric economies, the expression above becomes:

o (N —1)tl=7 1 B
;‘(Aé\g(t ) = 1+ (N —1)t!=7] + 1+ (N-1)tt-1 1

Therefore, denoting Ps(t*) = P(t*), Ms(+*) = M(t*) and noting that Y,;(t*) =

M, (+*) x R(t*) the growth rate becomes to:
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Then, take the derivative of ¢* wrt T:

— -1
ag* % 1 0(1—a) 1
= (1-a) L
oT IPP(TS) (1+(N_1)T1—9> 1+(N_1)T1_;7 s X

(1—n)T" gr—0-1
(1+ (N—D7 1+ (Nl)re) <0

which is negative because (1 —7) < 0 and every other term in the parenthesis is

positive.

Welfare

Recall that Cs(+*) can be expressed as a constant fraction of total lifetime wealth:

As(t) + ~ ws(T) L -exp{—7s(7) - t}dt

Cs(t*) =p b PS(T)

where 7 = 1 [[r,(t)dt is the average interest rate between t* and 7. Since this

ws(t) _ exp{(t—t")guw, s () : rs(t)
holds along the BGP, Pt = L) . Furthermore, since P.(F) 18 constant

along the BGP, 75(7) = % for all T > t*. Replacing those above results in:
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() L
() )

Ws
= pA(t") +
PA(F) +pp

Since gw, = gc, and gc, = Irjs((t;)) -0, Irjs((t;)) — Qw, = p. Hence, over the BGP, real

consumption is a fraction of assets plus real labor income:

ws (1) Ls

Ci() = pas() + 5 )

Welfare over the BGP is:

[ exp{p(t = £)}log (explg"t}C:(t)) dt = [~ exp{—p(t — ")} og (C.(t")) dt

+ /t* exp{—p(t —t*)}g"tdt
log (Cs(t* *
og (Cs(t")) 8

P P

= log (A:(t) + 3 log (wp(ﬁt)f) +&

Finally, using the fact that ¢ As(+*) = M;(t*), I can write:



Static welfare

/too exp{—p(t — t*) }log (exp{g™t}Cs(t*)) dt =

AR A
log<¢Ms(t )) +plog< P, (") >+p2

For real labor income, start from equation (1.9) evaluated at s = d and use the fact

that, as shown in equation (1.28) of Appendix 1.7.2,

where y =T (
by:

Solving fo

Replacing

S

Ps(t) =y - [%Tn(wn(t)l_“P%(t)“Tnd)_e

1
—9+(19_‘7) "7 Then, own trade share in a given country can be represented
AE (1) — . Ta0s(0) (a0
[Pa(£)]°
T ZI‘;;—((:)) delivers:

—
o

for the definition of Péw(t) = {ZkeK My (%"(tg _Hl " results in:



1—a

Ta
iy = e o o (2) |
Consider what happens to welfare after a change in trade costs from 7 to T +dt, as in
Arkolakis, Costinot, and Rodriguez-Clare (2012). In this dynamic setting, to compare
the static component of welfare, I need to compare what happens across the two BGPs,
comparing the two initial equilibria. Suppose t* is the initial period of the original
BGP while t** is the first period of the final BGP. To fit this framework to the general
trade literature, I will compare the static component of these BGP as if they happened

in the same period, and compound the difference over time.

Let £ = x(t**)/x(t*). Then cumulative changes in static welfare are:

1 (et

1 o= D (pkx 1=y
%10‘5 <A§d(t**)_“j"‘>9) + %log Y () My(£7) (depk<t )>

keK Py(t)

1-y
T.1 P
Mk(f)‘< kgdﬁgt))

1-y
.1 P
ZkeKMk(f)'( kﬁd(’igo)

where pi(t) =




Nesting of Romer and Eaton-Kortum

In this subsubsection, I will briefly describe how to recover the canonical P. M.
Romer (1990) and Eaton and Kortum (2002) models from the framework described

above.

Eaton-Kortum

Setting « = 0 implies that the value of new varieties is zero since the demand for
and profits of varieties is also zero. Therefore, I;(t) = 0 and As(t) =0 for all t and
s. While the Eaton-Kortum model is a static model, here it can be thought of as an
infinite sequence of static models with no intertemporal decision, since there are no

longer asset markets that permit households to save:

max /OOO exp{—pt}log (Cs(t)) dt

Cs(t),cs(t,w)we[o/l]
st Po(D)Cs(t) = ws(H)Ls

Co(t) = {/01 cs(t,w)vdw]

P(HCs(t) = /Olps(t,w)cs(t,w)dw

Furthermore, since & = 0, the intermediate and research and development sectors

disappear. The problem of the final goods producer becomes:

max pss(t,w) - zs(t,w) - ls(t,w) — ls(t,w)ws(t)
ls(t,w)

which is identical to the one in the standard Eaton-Kortum model. Equilibrium will

take the form of a system of labor market determination equations that solve for N
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wages using trade expenditure shares.

Romer

Setting 1,5 — co for s # d implies trade costs are prohibitively high internationally,
such that varieties of both final goods and intermediate goods become sold only locally.
Normalizing the price of the domestic final good to be the numéraire in each country,

I write the dynamic household problem as:

max /Oooexp{—pt}log (Cs(t))dt

Cs(t)/cs(t/w)we[o,l]
st I(t)=A(t) = rs(t)As(t) +ws(t)Ls

C(t) = [

— Gs(t)

1 o—1 o-1
/ cs(t,w)vdw]
0

Furthermore, redefine assumption (2) in the following terms:

Assumption 4 (Productivity draws to recover Romer). To recover the Romer model
as a special case of the general model, I need to specify productivity terms zs(w) which are
homogeneous across firms in each country. In order to do so, redefine the cumulative distribution
function Fs(t)(z) of the baseline case to be one of a degenerate random variable with a point

mass concentrated at a certain scalar for each country. Formally:

0 for z < T
Fs(t)(z) =
1forz>T,

Using the symmetry assumption above, the numéraire normalization and the
unavailability of foreign intermediate goods in the domestic market, the final goods

assembler technology becomes:



s(t)
ys(t,w) = TS[ES(t/W)]l_IX (1 /OM [xss(t,w,v)]”‘dv>

o

which is identical to the single-country Romer model. Profits and demand per variety
v € [0, Ms(t)] will be constant and growth will be driven by the domestic R&D sector.
Equilibrium will take the following form: labor markets will clear; total final goods
produced being equal to total final goods used for consumption, intermediate pro-
duction; and R&D production; and optimized household optimal dynamics will be

described by an Euler equation and an asset/measure accumulation equation.
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1.7.3 Qualitative evidence: life among product innovators

As an initial exploratory part of this research, I conducted a qualitative survey of
managers in firms of New Member States. I first collected a list of notable firms from
publicly available sources, restricted the sample to those who were active for at least
two years before the time their respective countries joined the European Union, and
then crawled through their English-language websites to collect the publicly available

contact information. I sent the questionnaire below to 221 firms.

My goal was to assess if the description of the world that macro theorists set forth
aligns with the practical intuitions of entrepreneurs. And it turns out that, at among
the group of managers that responded to my email, they do. I will highlight two

illustrative cases in the text.

For instance, the dynamic mechanism that propels growth, as I have described in
the theory subsection is that increased access to foreign markets increases expected
profits, thereby increasing the incentive to invest in research and development. This is

entirely consistent with the description of the facts by one Czech biotech entrepreneur:

“Once we joined the EU [...] this allowed us to increase our exports and
fund our own genetic programmes.” CEO of a Czech Biotech company
In their comments, they went on to specify the importance of having access of not
only to the European market itself, but also third party markets. They mentioned that
after the Czech Republic joined the EU, his firm had immediate access to the standards
for labeling and certification in existing trade agreements between the EU and third
parties, which facilitated their firm’s exports. These kinds of non-tariff barriers are

typically considered part of trade costs T in most trade models.

In this firm’s particular case, product innovation came through the invention of

breeding of new varieties of farm animals, that were then commercialized. But we see

89



a similar story in a very different market: alcoholic beverages:

“In 2004, we first started producing the ultra-luxury variation of our
signature vodka, which became a popular export product [...] and later
started production of 18 new products.” —Spokesperson of a Latvian
liquor manufacturer
In this case, the firm reported having used the European market’s exports as a
platform for global expansion. For context, 2004 marks the year Latvia accessed the
EU —and also the year that this manufacturer decided to expand its product line by

introducing the ultra-luxury versions of its signature product, which they claimed was

adequate to the Western European market.

Once again, this is qualitatively consistent with the theoretical mechanism proposed
in the model, with market access likely inducing product innovation. Of course, these
individual experiences are not necessarily representative of a large universe of firms,
which is why in the next two subsections I will perform a detailed quantitative
exploration of the data, first detailing some stylized facts, then going into causal
inference. Nonetheless, the type of qualitative evidence presented here is useful to

show to that the big picture is consistent with the individual experiences.
Qualitative Questionnaire

1. After your country joined the European Union, did your company:
e start producing more products/services or varieties;
e start producing fewer products/services or varieties; or
¢ keep producing about the same number of products/services or varieties?

2. If your company changed the number of products/services or varieties after EU

accession, how was the change implemented and what were the results? Please
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include any important information or relevant anecdotes.

3. If your company changed the number of products/services or product/service
varieties after EU accession, was the decision primarily motivated by access to

new technologies/imports, access to new markets/exports, or both? Explain.
4. After your country joined the European Union, did your company:
¢ stay in the same industry;
* expanded to another industry; or
¢ move completely to a new industry?

5. If your company expanded to another industry or moved to a new industry.

Please explain whether the change was related to your country’s EU accession.

91



1.7.4 Data and Empirical Appendix
Extensive Description of the Data
Production data

Production data comes from Eurostat’s Prodcom (Production Communautaire), which
is an annual full coverage survey of the European mining, quarry and manufacturing
sectors, reporting the value of production of 4,000+ different product-lines of EU
members and candidate countries. Prodcom reports, for each product line, country,
and year, the value (in euros) and volume (in kg, m?, number of items, etc.) of
production. Product lines follow the Statistical Classification of Products by Activity in

the EU (CPA).

The target population of the full coverage sample is every enterprise that manu-
factures some good in the Prodcom List. Data quality is good for member countries
since European Law?' mandates National Statistical Institutes to collect enterprise-level
information on the value and volume of production covering at least 9o% of national
production in each NACE class, defined as the first four digits of each product code.
In practice, reporting goes beyond this minimum threshold and, according to Eurostat,

the coverage error is estimated to be below 10%.

Let n,1, p,t index countries, sectors, products, and periods, respectively; and denote
Yinpt as the market value of production of product p**. The set of varieties produced in
each sector is M,;; = {k: Y,ix; > 0}. The measure of varieties is simply the cardinality
of the set of produced varieties My = [ M| = X Ly, ,,~0)- The overall measure

over varieties produced in a country is, then: M,; =Y ; M,;;;. These measures can be

2*PRODCOM statistics are compiled under the legal basis provided by Council Regulation (EEC) NO
3924/1991 of 19 December 1991 and by Commission Regulation (EC) No 0912/2004 of 29 April 2004
implementing the Council Regulation (EEC) No 3924/91 on the establishment of a Community survey
of industrial production. Additionally, a Commission Regulation updating the PRODCOM classification
is available annually since 2003.”

22To construct sector codes, I use Eurostat concordances to map Prodcom product codes to Harmonized
System (HS) product codes. I then used the respective HS-2 division codes as sector codes.
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directly calculated from Prodcom’s table.

Oftentimes, the value of production is labeled as confidential information by the
National Statistical Institute, particularly in cases in which production is concentrated
on a few enterprises. In those cases, while the value and volume are not publicly
available, Eurostat reports this number as confidential, which still allows one to infer

that Y,;x; > 0 for that particular variety k, implying that the variety is produced.

Typically, production information at the variety level is not available, which pushed
researchers to use product-level trade data instead. Some exceptions include Gold-
berg et al. (2010) and Rachapalli (2021), who use firm-product links from the Indian
Survey of Manufacturers; A. B. Bernard, S. J. Redding, and Schott (2011), who use US

Manufacturing Censuses firm-product data.

Tariff and trade flow data

Bilateral tariff data come from WITS (World Integrated Trade Solution Trade Stats).
It consolidates tariff data from the UNCTAD’s Trade Analysis Information System
(TRAINS) as well as from the WTO.

To construct effective tariff rates, one starts from baseline tables of most favored
nation tariffs at the source-country x destination-country x HS6-code x. Then, one
superimposes every bilateral product level preferential tariff available in the WITS
database on each of these tables. Furthermore, whenever there are gaps between two
identical bilateral preferential tariffs, one fills in those gaps. The result is a dataset of

effectively applied tariff rates.

Bilateral trade flow data comes from UNCOMTRADE. These data, which are
widely used in research, come natively in a source-country x destination-country x
HS-6 product-code x year format, which makes it readily compatible with the tariff

data mentioned above.
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Let s,d,i,p,t index source countries, destination countries, sectors, products, and

periods, respectively; and denote X,y;,; as the market value of bilateral trade of product
p.

The set of traded varieties in each sector is X,,;; = {k : Xs4i; > 0}. Analogously as
with production, one can observe the total number of traded varieties ) 4 1(.x, ,,~0}-
To make sure these are comparable to PRODCOM'’s codes, whenever possible, I used
concordances and restricted the set of goods to create a dataset that matched both

trade and production.

Other data

I also collected data on (a) the dates of accession of new member states to the
European Union; (b) trade agreements existent and entered into force between the
European Union and third parties before 2004; and (c) expenditure in private research
& development expenditures per capita. The first two come from hand collecting
documents and tables from the European Commission’s official websites while the

latter comes from Eurostat.
Formal Description of the Callaway & Sant’Anna Estimator

Formally, let a “treatment” group g be defined as being treated for all periods
t > g. Note that, since the EU enlargement happened simultaneously for more than
one country, there is more than one country n for each g, = g. If some country cluster
is in group g, then G, = g (Vt). If it is never treated, it is in the control group, and

The parameter of interest is the average treatment on the treated for a given

treatment group ¢ and horizon t, i.e.:
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ATT(g,t) = E[Mnt(g) — Mut(0)|Gnt = g] (1.34)

where M,;(g) is the potential outcome of country n at period ¢ if treated at period
2 Myut(0) is the potential outcome country n at period t if untreated; Xng_l are

pre-treatment time-invariant covariates; and G,; = g is a group indicator.

Note that the ATT(g,t) is group and period-specific. It can be recovered under
assumptions similar to the standard difference-in-differences framework: parallel
trends and no-anticipation®3. The next step is to summarize the ATT across groups by

appropriately weighting the results as:

0(t) =) 1{g < t}wa ATT(g,1) (1.35)
8

for some weights wg;. Callaway and Sant’Anna (2021) propose the weights we; =
P(Gnt = g|Gut < t), which is the share of country clusters from group ¢ > t out of all

country clusters being treated at time ¢.
Further Details on Causal Inference

Since the largest wave of enlargement was in 2004, in this analysis I will fo-
cus exclusively on that wave. The source of variation is at the source-country x
destination-country x HS-code product level. In each year, there are about 300 thou-
sand observations. Figure 1.15 shows the interquartile range of bilateral product-level
tariff rates between NMS and the set of countries that had concluded trade agreements

with the EU prior to 2004.

*3Formally, parallel trends is the assumption that potential outcomes evolve almost surely equally to
the untreated group: E[M;;;(0) — My;—1(0)|Gut = g] = E[My¢(0) — Myy;—1(0)| Gt > g] for all t > g. No
anticipation means that potential outcomes for a treated group are equal to the untreated group for any
date before the treatment —i.e., for all t < g, E[M;t(8)|Gut = 1] = E[M¢(0)|Gy¢ = 1] almost surely.
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It shows that there is not much change in tariffs leading up to membership and
then a median drop of about 2.5 percentage points between 2003 and 2004. In the years
immediately after membership, there is also not a large change in the distribution of
bilateral tariff rates. There are some changes after 2007, possibly because some future

provisions in trade agreements kick in.

O
o o ©

Tariff rate (pp)

Uy
NS

IQR

[N
o N

\

Median

S N H» O ©®

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 1.15. Distribution of Tariff Changes Over Time: Interquartile Range Bilateral HS6-
Product-Level Tariff Rates Between New Member States (2004 EU Enlargement) and Set of Countries
that Concluded Trade Agreements with EU prior to 2004. Data were constructed from WITS Preferential
and MFN databases.

The metric of the tariff shock change is simply ATy4;; 2004 = (Tsdip,2004 — Tsdl’p’2003),
which is the change in the level of effectively applied bilateral tariffs at the product level
between 2003 and 2004. Figure 1.16 plots the distribution of ATy 2004, excluding the

zero-valued observations. The average Aty;p 2004 is 2.14% and the standard deviation

is 12%.

I estimate a sequence of cross-subsectional local-projection linear probability mod-
els, which estimate what is the marginal effect of an increase in the tariffs on exports
of a given product p, conditional on that country s not producing that particular product

before joining the EU in 2003. The fact the data is highly granular permits me to exploit
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Distribution of Tariff Changes in 2004
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Figure 1.16. Tariff Shock: Distribution of the (non-zero) observations of the changes in Bilateral
HS6-Product-Level Tariff Rates Between New Member States (2004 EU Enlargement) and Set of Countries

that Concluded Trade Agreements with EU prior to 2004. Data were constructed from WITS Preferential
and MFN databases.

within industry x source x destination x horizon (across product) variation.

Formally, I estimate the following equation:

p <Xsdip,h > O‘Ys-ip,2003 = 0) = ap+ B - DTsdippo0a + Vsdin + Vsdipn  (1.36)

for i € {2000, - - - ,2010}

where X4, is the market value of exports between country s and country d of
product p of industry i at horizon ; Yj.ip 2003 is the market value of production in
country s of product p of industry i in 2003; ), are horizon (time) fixed-effects; y.4;

are source x destination X industry interactions fixed-effects for each h.

Note that, since these are local projections, the right-hand side coefficients, the

Tegressor Tyjip 2004 18 fixed for all horizons, and the coefficients B, change. As initially
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argued by Chodorow-Reich (2020) and later formalized by Dube et al. (2023), these
types of cross-subsectional event studies with local projections can be interpreted as
differences in differences with continuous treatments. If consistently estimated, the
estimated coefficients pj, then, are simply the average treatment on treated compared
to the potential outcomes of not being treated, normalized to a treatment of intensity

of one unit.

This strategy takes the assertion in Baier and Bergstrand (2007) (henceforth B&B)
that countries engage endogenously in free trade agreements (FTAs) and one needs
to look for a plausibly exogenous source of variation to check whether or not FTA
“actually increase members’ international trade” seriously. Here, I rely on their strategy

of running dynamic panels with fixed effects to control for unobserved heterogeneity.

Importantly, while they estimate their models at the aggregate country level
with source x destination x period fixed effects, I have enough variability and data
availability to estimate it at the product-level adding industry x source x destination x
period fixed effects. Hence, this approach adds granularity to B&B's strategy, thereby

controlling for more unobserved heterogeneity.

The identification assumption is that conditional on the very saturated fixed effects
that this model includes, the unobserved components vg4;, ;, are uncorrelated with
the change in tariffs Aty 2004- Intuitively, the identification is robust to a NMS (say,
Poland’s) policymakers endogenously targeting EU accession to have preferential
access to a third-party’s (say, Mexico’s) car industry (relative to other industries and
countries), but not if they want to have preferential access to compact cars relative to

SUVs in Mexico.

The identification strategy is plausible. In general, neither lobbyists of industry

trade groups nor trade negotiations work in such a disaggregated product-level setting.
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Typically, lobbyists consolidate the interests of the producers of many products under
the same umbrella and try to influence negotiations. Similarly, even when governments
are negotiating tariffs schedule changes —which was not the case in this particular
case —these negotiations typically also happen in blocs, with governments exchanging
positions in some products for others. Hence, the fact that this is a highly disaggregated

dataset at the product level adds a lot of strength to the identification strategy.

As shown in Figure 1.6, an increase in market access by 1 percentage point increases
the probability of starting to produce and export a given product by about 1 percent
by 2010. To benchmark this result, it is about one-third of the conditional mean
E[Xsgipn > 0|Xs.ipp > 0,h > 2003] = 2.9%. There are no signs of a pre-existing trend
before 2004: both the magnitude of the coefficients and the standard errors are very

small before the treatment date.

The related set of continuation regressions, is very similar to the model estimated

in equation (1.1), except that now it conditions in initial production being active:

P <Xsdip,h >0

Ys.ip,2003 = 1) = ap+ B DTsdippoos + Ysdin + Vsdipn  (1.37)
for I € {2000, - - ,2010}

In this case, there are no effects observed on the extensive margin. When countries
already have the ability to produce a given product, additional market access produces
very noisy results in the extensive margin. The coefficients are large and bounce
between positive and negative and the confidence bands are even larger. One potential
explanation is that the countries possibly already had market access before 2004, as

illustrated by the positive (albeit insignificant results) for 2000-03, since they already
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had the production capacity. It is possible that most of the effects concentrate on the
intensive margin, something that futures iteration of this paper would need to check.
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Figure 1.17. Entry Regressions. This plot shows the coefficients B, of the local projection linear
probability models specified in equation (1.1). Each year is a different cross-subsectional regression with
approximately 300 thousand observations. The whiskers show 95% confidence intervals with robust
standard errors clustered at the source-destination-industry level.
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Figure 1.18. Continuation Regressions. This plot shows the coefficients f, of the local projection
linear probability models specified in equation (1.37). Each year is a different cross-subsectional
regression with approximately 300 thousand observations. The whiskers show 95% confidence intervals
with robust standard errors clustered at the source-destination-industry level.
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1.7.5 Computational Appendix
This computation appendix explains how I solve for the BGP growth rate.

1. Inner loop (Prices of Final Goods). Given parameters {6,9,«,L, T, 7} and
guesses for wages w, measures of varieties M and some common return R,

use the input-output structure of the model to solve for the prices of the final

goods.

Ps(t) = 7 ZKTH <P£A(t)awn(t)1_aTns>_6] E

Pi(t) = - Z T, <wn(t)1“’fns>9 2 M () (M) o

nek keK a

-
withy =T (%’) ™7 The last equation makes it explicit that, given parameters,

wages, and measures of varieties, this is a system of |N| equations and |N]|

unknowns in final goods prices. A simple grid search algorithm finds a fixed

point for final goods prices.

2. Intermediate loop. Given parameters {6,9,a,L, T, T} and guesses the measures
of varieties M, some common return R, and the prices from the following step,

use the expenditure determination equation to solve for final demand.

PY() = T (1—a>A§d<t>+§A£ﬁ<t> Py(£)Ya(t)

Update the guess for usages using a constant fraction (1 — p) of income over the
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BGP and taking advantage of returns Ré and measures Mf :

ws()Ls(t) = (1 —a) Y As(£)" (1 — p) REM (£)8
keK

Re-normalize w;(t) ws(t) - to ensure it always maps onto a compact

— LeYexwi(t)L
space, it is an operator and converges according to the contraction mapping

theorem.

3. Outer loop (Growth rates). Given parameters {6,¥,a,L, T, T}, prices, wages, and

trade shares calculated in the previous steps, update the guesses for M$ using:

ARGV T v Nt ME o (g Srek A () (1 — ) MS
<—> () Le ) B (MO,

Again, to make sure it always maps onto a compact space, it is an operator

and converges according to the contraction mapping theorem, renormalize the
/
M¢
/
Po(t*) ke MS Ps(t)

/
measure of varieties: M§ =

And update the guesses for the global return rates:

_— 1

Yrek M Ps(t*)

A test of this algorithm is, starting from a random guess, knowing that a group of
symmetric countries will eventually converge towards the same measure of varieties

within some tolerance criterion < e. One numerical illustration of this convergence is
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the Figure below, for a group of 4 symmetric countries, starting for a random guess,
that eventually converge to 0.25 (the sum of the measure of varieties is normalized to

sum to 1).

Equilibrium measure of varieties

Il Il Il
0 10 20 30 40
Iterations
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Calibration of Trade Shocks

I use observed trade flows to infer trade costs. The strategy goes back to Head and
Ries (2001). According to the handbook chapter by Head and Mayer (2014), the index
is called the Head-Ries Index (HRI) since 2011 (when the working paper version of

Eaton, Kortum, et al. (2016) was published).

Expenditure in final goods is defined as:

0
To ( Ms()17%) (ws (1) %154) 7
( ) WS T v

EL (1) = AL, () Py (1) Yy(t) = .
01 T (W (£)) (a0 (£)1 = T0)

The ratio between EI,(t) and EL,(t) is, then:

Analogously, the ratio between E! (t) and EL(t) is:

EE) T (Ma()=) (oa(0)' =)~

EE(t) T, (Ms(t)l—rx) 6 (ws ()1 2755)

Therefore:
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Using Assumption (1), Tss = T4 = 1 and T,y = 145. Hence, I can express the trade

cost 7,4 as:

F F T 20(1-a)
Tsd = (ESd(t) : Eds(t)) (1.38)
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Chapter 2

The Impact of Geopolitical Conflicts on
Trade, Growth, and Innovation (joint
with Eddy Bekkers)

2.1 Introduction

The last decade has witnessed the beginning of a backlash against global trade
integration. Political scientists conjecture that the emergence of China as a new super-
power against the incumbent U.S. might lead to strategic competition between these
countries —one in which geopolitical forces and the desire to limit interdependence
take primacy over win-win international cooperation'. Rising support for populist
and isolationist parties in many Western countries points towards the same direction?.
Additionally, the 2022 War in Ukraine and the subsequent strong retaliation of the
European Union, the United States, and their allies against Russia suggest that the
international economic order based on open markets and expanded globalization could

be replaced by a more fragmented international economic system.

*See Wei (2019) and Wyne (2020) for a review of the debate among respectively Chinese and American
scholars about the shift in foreign policies toward each other.

2For evidence of the impact of trade shocks on the rise of populist parties to power, see Colantone
and Stanig (2018).
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Using these facts as motivation, this paper aims to determine the potential effects
of increased and persistent large-scale geopolitical conflicts on trade, economic growth,
and technological innovation. Some of the adverse effects are well-known. Increased
trade barriers decrease domestic welfare and gains from trade by shifting production
away from the most cost-efficient producers and leaving households with a lower level

of total consumption.

However, some of the main concerns of policymakers and practitioners regarding
potentially detrimental effects of limiting trade are abstracted away in standard models.
For instance, these models typically assume a fixed technology distribution for domestic
tirms, limiting gains from trade to static gains. This assumption renders it impossible
to address one of the most important long-term consequences of continued geopolitical
conflicts or receding globalization —namely, reduced technology and know-how

spillovers that may happen through trade.

In order to realistically assess the impact of trade conflicts on global innovation,
we build a multi-sector multi-region general equilibrium model with dynamic sector-
specific knowledge diffusion. We model the arrival of new ideas as a learning process
for producers in each country-sector cluster. By engaging in international trade, i.e.
importing intermediate inputs, domestic innovators have access to new sources of
ideas, whose quality depends on the productivity of the countries and sectors from

which they source intermediates.

This dynamic mechanism substantially alters the incentives in the face of trade
conflicts. In a static setting, countries with large domestic markets are likely to have
limited welfare losses if they cut trade ties with a foreign trade bloc. This is usually
true even if this foreign trade bloc is of higher productivity and even more so if such a

loss can be compensated by decreased trade costs with a third group of countries —as
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it would be the case with countries aligning in geopolitical blocs. This is no longer true
in our model. If those countries lose access to high-productivity suppliers, they also
forgo the idea-diffusion aspect of trade. As such, over time, the cumulative dynamic
costs of trade conflicts become much larger, especially for countries away from the

productivity frontier.

In our model, idea diffusion is mediated by the input-output structure of produc-
tion, such that both sectoral intermediate input cost shares and import trade shares
characterize the source distribution of ideas. Innovation is summarized by describing
productivity in different sectors as evolving according to a trade-share weighted aver-
age of trade partners” sectoral productivities. This process is controlled by a parameter
that determines the speed of diffusion of ideas, which we calibrate using historical

data on output growth.3

Our approach implies that the strength of ideas diffusion is a function of the
strength of input-output linkages in production. Productivity thus evolves endoge-
nously in each sector as a by-product of micro-founded market decisions —i.e., an
externality that market agents affect with their behavior but do not take it into account
when making decisions. In this framework, the outbreak of large-scale trade conflicts
will have spillover effects on the future path of sectoral productivities of all countries.
Changes in trade costs induce trade diversion and creation, which, in turn, impact

productivity dynamics in a way that is not internalized by agents.

After characterizing the model, we solve it recursively and use it to perform policy

experiments in the context of heightened geopolitical conflicts. We explore the potential

3Trade costs are calibrated targeting observed trade shares as in new quantitative trade models
applying exact hat algebra, whereas initial productivity is calibrated based on actual labor productivity
data. With this approach and the chosen calibration of the ideas diffusion parameter, we stay close to
observed data. As such, baseline values to which counterfactual experiments are applied are identical to
actual values, ensuring that the impact of counterfactual experiments is not distorted.
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impact of a “decoupling of the global economy,” a scenario under which technology
systems would diverge in the global economy. We divide the global economy into
a Western bloc and an Eastern bloc based on differential scores in foreign policy

similarity. In doing so, we provide the first set of estimates for dynamic losses of

economic decoupling.

We provide four sets of estimates. First, we simulate increased trade costs arising
from geopolitical circumstances, which increase frictions prohibitively if one country
wants to trade with another one outside its bloc. Second, we simulate a scenario of a
global increase in tariffs, in which all countries move from a cooperative tariff setting
in the context of the WTO to a non-cooperative tariff setting#. Third, we explore the
potential effect of moving one of the regions from the Western Bloc to the Eastern
Bloc. Fourth, we limit decoupling to electronic equipment, the sector displaying
so far the most decoupling policies. These four policy experiments are essential to
analyze the impact of decoupling, the difference between different ways to decouple
(with resource-dissipating iceberg trade costs or rent-generating tariffs), the role of
technology spillovers in the model by analyzing bloc membership, and decoupling in
the sector most scrutinized. To limit the already large number of policy experiments,
we focus on the hypothetical scenario of a complete decoupling into a Western and

Eastern Bloc. Hence, we do not explore a scenario with a “neutral” bloc.

Our analysis leads to five main findings. First, we show that the projected welfare
losses for the global economy of a decoupling scenario can be drastic, as large as 12%
in some regions; and are largest in the lower-income regions as they would suffer the
most from reduced technology spillovers from richer areas. Second, the described

size and pattern of welfare effects are specific to the model with diffusion of ideas.

#Nicita, Olarreaga, and Silva (2018) estimate to increase global tariffs, on average, by 32 percentage
points. For simplicity, we use this average number as a reference and we assume that countries in
different blocs raise tariffs against countries in the other bloc by this average amount.
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In a dynamic setting with diffusion of ideas welfare losses are larger and display
more variation. Fourth, if one of the middle income regions, Latin America and the
Caribbean (LAC), would switch from the higher-income Western bloc to the lower-
income Eastern bloc, its welfare costs of decoupling would be significantly higher. This
experiment illustrates that policymakers in low- and middle-income countries would
face difficult decisions if decoupling would aggravate. Fourth, the welfare costs of
decoupling only in electronic equipment, the sector where decoupling is already taking
place, would be much smaller than under full decoupling, albeit sizeable, ranging
from 0.4 — 1.9%. Finally, a multi-sector framework exacerbates diffusion inefficiencies
induced by trade costs relative to a single-sector one and due to differences in either
trade costs, unit costs and/or productivities between sectors in a country’s trading

partner; we explore this issue both through theory and simulations>.

We make five main contributions to the literature. First, we build a multi-sector
model of the global economy with Bertrand competition, profits, and technology
spillovers which can be solved recursively and permits assessing realistic trade policy
experiments. Second, we analyze idea diffusion inefficiencies in a multi-sector frame-
work both analytically and numerically. We show analytically that such inefficiencies
come from differences in trade costs and unit costs between sectors and numerically
that such inefficiencies tend to be larger in a multi-sector framework. Third, we cali-
brate the strength of the diffusion of technologies through trade with a tight fit between
simulated and historical GDP growth rates, which is appropriate for counterfactual
simulation. Fourth, we examine the long-run effects of real-world policy experiments
related to the decoupling of the global economy. Last, we draw insights from the

Political Science literature to incorporate geopolitical conflicts into a workhorse trade

5Before conducting simulations with the multi-sector, multi-region model calibrated to real-world
data, we explore the discrepancy between actual and optimal levels of idea diffusion. This comparison
shows that to maximize the total diffusion of ideas, trade shares must be at their optimal point in every
sector.
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model.

Our model builds on the work that evaluates the impact of trade on innovation and
shows that trade openness can increase the level of domestic innovation, particularly
on the single-sector model of Buera and Oberfield (2020). Compared to previous work,
we present a recursive model with input-output linkages as in Caliendo and Parro
(2015); calibrate the strength of the diffusion of ideas to target historical GDP growth

rates across all regions; and explore diffusion inefficiencies in a multi-sector setting.

In our model productivity growth is driven by an autonomous component and a
diffusion component which is a function of intermediate trade linkages. Other models
such as Cai, Li, and Santacreu (2022) in the spirit of Eaton and S. Kortum (1999) assume
that technology diffusion is an autonomous process with the strength of diffusion
calibrated to data on patent citations. Since we calibrate the strength of diffusion
to target GDP growth controlling for labour and capital growth, in our model trade
plays an important role in productivity catch-up. As such our approach constitutes an
upper bound for the potential welfare losses associated with trade decoupling through
less diffusion of ideas. Furthermore, our results focus on the adjustment costs over
the counterfactual transition path after some exogenous shock rather than a long-run

balanced growth path.

Related Literature.

Our paper is closely related to the literature that adds dynamics to trade models by
incorporating knowledge diffusion channels. The earliest explorations of this topic go
back to Eaton and S. Kortum (1999), who developed a multi-country dynamic model in
which firms innovate by investing in research and development (R&D) and knowledge

diffuses, after some lag, to other markets. In this model, diffusion happened somewhat
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mechanically, was unrelated to trade, and eventually reached all countries®.

More recently, Alvarez et al. (2013) combined the Eaton and S. Kortum (2002)
Ricardian model of trade with an idea diffusion process first presented by S. S. Kortum
(1997). Importantly, the authors conjectured that the diffusion process is proportional
to the quality of managers of firms whose products reach a given destination market.
Ideas flow from one market to another in proportion to the trade linkages between
them. Therefore, impediments to trade have not only static but also dynamic costs

—as they decrease knowledge diffusion.

From a theoretical perspective, our work is related to Cai, Li, and Santacreu (2022)
and Deng and C. Zhang (2023), who develop multisector dynamic trade models of
knowledge diffusion. Cai, Li, and Santacreu (2022) extend Eaton and S. Kortum
(1999) to a multi-sector model of trade, innovation, and knowledge diffusion with
lag-diffusion dynamics, exploring how the welfare gains from trade are affected by
knowledge diffusion through their impact on changes in comparative advantage. There
are three main differences between their work and ours. First, our model emphasizes
the nexus between trade and idea diffusion, whereas Cai, Li, and Santacreu (2022)
model technology spillovers as being independent of the amount of trade. Additionally,
while they calibrate knowledge spillovers with data on patent citation, we calibrate
the strength of the diffusion of ideas based on the fit between actual and simulated
historical GDP growth rates. Third, the papers have a different focus: we focus on
policy questions and explore how the effect of potential trade policy changes are
affected by the inclusion of ideas diffusion in the model, while they highlight how

patterns of comparative advantage change with technology spillovers.

®In differentiated varieties of trade models, knowledge diffusion shows up in papers like Romer
(1990), Rivera-Batiz and Romer (1991), and Grossman and Helpman (1989). In the text, we focus on
papers that incorporate knowledge diffusion to Ricardian models, which is the class of models that this
paper falls in.
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Deng and C. Zhang (2023) integrates Buera and Oberfield (2020) in a Levchenko
and J. Zhang (2016) multi-sector framework, finding strong convergence in comparative
advantage, dynamic gains from trade about 1/3 larger than static gains, and identifying
central players in technology diffusion. There are two main differences with our work.
First, Deng and C. Zhang (2023) employ a different way to calibrate the model,
following Levchenko and J. Zhang (2016) to estimate trade costs and productivity
parameters. We instead infer trade costs and productivity based on observed data and
target GDP growth rates with the diffusion of ideas parameter. Second, they explore
issues like convergence in comparative advantage and central players in technology
diffusion in a backward-looking non-recursive model, whereas we explore the costs of
geopolitical decoupling and the repercussions of bloc membership besides studying
the inefficiencies of ideas diffusion in a multi-sector recursive framework fit for policy

experiments.

Our work is also related to the literature on the costs of economic decoupling. We
share in common with Eppinger et al. (2021) and Felbermayr, Mahlkow, and Sandkamp
(2023) that we also use a Ricardian model with input-ouput linkages, as in Caliendo
and Parro (2015). The former distinguishes between trade costs for intermediate and
tinal goods (as in Antras and Chor (2018)) to simulate a decoupling in global value
chains. The latter simulates a set of scenarios for East-West decoupling by increasing
trade costs in all sectors, and shutting down cross-bloc trade. We differ in that we add
dynamics and knowledge diffusion to that framework, extending Buera and Oberfield

(2020) to a multisector framework.

Attinasi, Boeckelmann, and Meunier (2023) calibrate a Baqaee and Farhi (2024)
model of trade and economic networks to a scenario of economic decoupling. Like us,
they divide the world in geopolitical blocs using foreign policy similarity indices and

simulate decoupling through an increase of iceberg trade costs. However, they focus
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on short-term static rigidities and abstract away from knowledge diffusion. Instead,

we estimate long-run dynamic losses.

Organization.

This paper is organized as follows. In Section 2.2 we present the model, detailing
production, demand, and consumption of the global economy. We also describe the
dynamic evolution of productivities in different regions and sectors. In Section 2.3
we describe the discrepancy between the actual and optimal diffusion of ideas in a
multi-sector framework. In Section 2.4 we discuss the calibration of the model and
underpin the examined policy experiments. In Section 2.5 we present the results of
our main policy experiments and some alternative simulations. Finally, we conclude in

Section 2.6 summarizing the key takeaways.

2.2 Environment

Time is discrete and indexed by t € 7. There are d € D regions in the global
economy, which cover every part of the world economy, either as a stand-alone country,

or a regional aggregate of countries. In each region, there are multiple industries i € Z.

2.2.1 Demand

In each region d and each period t a representative agent maximizes Cobb-Douglas

preferences over consumption of goods in different sectors i € Z, g7/

max Z(q;’it)"fi st Y k=1

{QZ,t}ieIieI icT
Z szl,tqiz',lt < (1 —s544)Ya,
i€l
Yar = wailas +rarkar + Toe+ Y 1T, (2.1)

i€l
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Y;; is gross income determined by w,,,¢;;, the wage and measure of workers;
ra kg, capital income; Ty, transfers; and Hii ., profits. We set s;; to be an exogenous

savings rate.

Part of the literature assumes capital (sometimes labeled “structures”) has a fixed
stock?. Since we will simulate the model many periods into the future and the labor
force is expected to grow, assuming capital stock as fixed structures would induce
decreasing returns. As our focus is idea diffusion, an exogenous savings rate is the
simplest possible assumption to prevent running into decreasing returns. We abstract
from intertemporal optimization and set the exogenous path of savings to keep the

capital stock per capita constant.

The preference structure above implies the following demand function for goods

in sectori € 7:

(1 - Sd,t)K[ijyd,t

ci
a4 = : (2.2)
! Pa
with the aggregate price index satisfies:
P, =K- HieI(Pfi,t)Ké (2.3)

where K = HieI(K;)’Kfi is a collection of Cobb-Douglas coefficients.

2.2.2 Production

There are many producers of different varieties w of each commodity i. Firms
are endowed with identical technology and combine factors of production f:, and

intermediate inputs mfi,t to produce variety qfi,t (w):

7See, for instance, Caliendo, Dvorkin, and Parro (2019).

119



‘ j i, =\
(@) = 2y () | CE) () 0+ (i) () (2.4)
The cost of the unit input bundle, c["i ., is a function of the prices of factors of
production, p fé ., and prices of commodities used as intermediates, pfi E
1

¢y = [T (pfi ) P ()] T (2.5)

Firms combine factors of production ( f;/t) and intermediate commodities (mfi,t)

according to the following sub-production functions:

- 1

vfl vlfl v;—1
fio= | CEEY TR 4 (E )0, ] (2.6)
__ Hi
i Bi\E o mijy B Hil
my, = | ) ()M (qy)7) 7 (27)
jez

The first aggregator combines capital, k;;, and labor, 44, as factors of production,

while the second one uses sectoral commodities g/, it ) as intermediate inputs.

2.2.3 Supply of Factors of Production

The supply of the three factors of production changes over time. They are perfectly
mobile and thus have a uniform price across sectors. For each country, an exogenous
path of endowments of labor is imposed based on external projections from the United

Nations and the International Monetary Fund as described in the data section below.

Aggregate capital, k;;, is a function of capital in the previous period, k;;_1,
depreciation, é, and investment, in;;, evolving according to the following law of

motion:
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ki = (1—08a)kgp—1 +ing, (2.8)

Investment in region d is a Leontief function of sectoral investment, qu”;i implying
the following expression for sectoral investment demand and the corresponding price

index of investment, pi/’;:

in,i

Qi = Xfii”d,t (2.9)
i =Y xipl (2.10)
i€l

We assume that the ratio of a region’s trade balance to its total income is fixed.
Abstracting from other components of the current account, the capital account is equal
to the trade balance. Assuming a fixed trade balance ratio (relative to income) thus
implies that the investment rate is equal to the savings rate minus the trade balance

rate, tb; ;. Hence, in equilibrium we have:

Piing = (Sar — thar) Yy (2.11)

2.2.4 International trade

Trade happens through demand for varieties used as inputs in the production of
sectoral goods Clé,t' These goods, in turn, are used in two different ways: as intermediate
inputs in the production of varieties and investment goods; and in final consumption.
Consumers, investors and firms demand sectoral commodities q{i,t by amounts q;”];,

q;n;] and qu;] , respectively.

A local producer sources the cheapest landed variety {qé,t(w) cw € [0,1]} from

all countries s € D and produces the sectoral commodity according to the following
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technology:

‘7{“ = /[0,1] ‘1{1 (W) I dw (2.12)

7

The price of commodity j € Z thus satisfies:

Ju
| |
-~

pZ;l,t = [/[0,1] Pé,t(w)lgjdw] (2.13)

Let x! 4+(w) be the landed unit cost of supplying variety w of commodity i € Z

produced in source region s € D and delivered to region d € D:

i i i =i i i
_ tmsd,t Tsd,t Csd,t . Tsd,tcsd,t . xsd,t

zg 4 (w) zy(w)  zg(w)

(2.14)

where tmé 4+ are gross import taxes, which can be source and destination specific;
Tsi 4+ = 1 are bilateral iceberg trade costs; and zL,(w) is the firm’s productivity. The last

equality follows from defining ! e tm! it 7! it cé,t as the landed input bundle costs.

Since varieties can be sourced from every region s € D, consumers in destination
region d € D will only buy variety w from the source with the lowest landed price.
Following Bernard et al. (2003), producers engage in Bertrand competition. Hence, the
tirm with the lowest price of a variety captures the entire market for that variety. The
tirm will set the price either equal to the marginal cost of the second most efficient firm
(domestically or from other regions) or equal to its monopoly price if the marginal cost
of the nearest competitor is higher than the monopoly price. More formally, for each
country, order firms k = [1,2,---] such that z} slw) > zés,t(w),- --. If the lowest-cost
provider of the variety w to country d € D is a producer from country s € D, the price

in d satisfies:
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i i i
pi ((U) — min Ui xsd,t xsd,t min xnd,t
dt o .1 / i ’ i
0i =12, (w) oilw) s 2, (w)
—_——— —— —_——
optimal monopolist price MC of 2nd most MC of most productive
L productive firm from s firm from other countries )

(2.15)

Assumption 5 (Productivity draws). We follow the canonical Eaton and S. Kortum (2002)
assumption that and take zé,t(w) to be the realization of an i.i.d. random variable. Productivity

is distributed according to a Type II Extreme Value Distribution (Fréchet):

si,t(z) = eXP{—Aé,tZ_Gi} (2.16)

The country-specific Fréchet distribution has a region-commodity-specific location

i

parameter A ;,

which denotes absolute advantage (better draws for all varieties), and a

sector-specific scale parameter 0;, which governs comparative advantage®.

We show in the Appendix that prices in the destination region d € D will be:

‘ 1
Par = T1(Pyy) (2.17)

_ o e
where I't is a constant %; @}, , =Y cp Ay (%5,,)

As there are infinitely many varieties in the unit interval, by the law of large

8As in a standard Eaton and S. Kortum (2002) model, the location parameter, Aé,t, describes the
productivity of region s in sector i and thus determines its absolute advantages, whereas the dispersion
parameter 0; governs the variation of productivity within sector i between countries and thus determines
the strength of comparative advantage. A higher 6; implies less variability in productivity and thus
lower potential for diversification according to comparative advantage.

(7,‘71

9Specifically, I'; = [1 - 01'9: LN ‘71'9? ! ( g ) }F(Hgf(%), where I'(+) is the Gamma function
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numbers, the expenditure share of destination region d € D on goods coming from
source country s € D converges to its expected value. 7', , denotes the expenditure
share of demand in region d € D on goods coming from region s € D as a share of

total expenditure on commodity i € Z:

. —0.

i As(Eg )"
ﬂSd,t q)l
d,t

(2.18)

Sectoral commodities can be used both for final consumption and as intermediate
inputs. Given the assumptions above, 7'ct , which is the expenditure on goods coming
from s to be used as intermediate inputs in sector i of country d as a share of their total

expenditures on goods from sector j is equal to the trade shares for final consumption,

e: (Vi ), sdt = "idt

In the presence of Bertrand Competition, we show in the Appendix that source
firms realize a profit that is proportional to the total expenditure of destination

countries. In particular, profits are:

i ﬂg,
S,f 1 _|_9 Z nsdf dt’ Cap = Z dt (2'19)
tdeD age{c,inm}

. ag i agi
with ed, pd dt -

2.2.5 Equilibrium

Our model is characterized by a sequence of cross-sectional equilibria satisfying
equilibrium equations in each of the periods t, consisting of equilibrium in the product
market and the factor market, detailed in Appendix 2.8.3. The state variables that

link each period are the capital stock k;; and the country-sector-specific technology
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i
parameters A ;.

First, given {k;;_1}4ep, the capital stock in period t is determined by investment
in period t and depreciation of previously existing capital, as specified in equation

icT

(2.8). Second, given the country-sector-specific technology parameters {/\fi,t—l} HeDr

technology evolves according to equation (2.21), specified in the following section.

We abstract from intertemporal optimization of consumption, imposing instead a
fixed savings rate. This makes the model computationally more tractable and leads
to a more straightforward interpretation of the simulation results, as we focus on
the counterfactual trajectory of technology given a change in trade costs. However,
abstracting from intertemporal optimization implies that potential effects through

changes in savings rates on capital accumulation are also abstracted from™.

2.2.6 Dynamic innovation

Unlike in the standard Eaton and S. Kortum (2002) model or in the Bertrand
competition version developed in Bernard et al. (2003), we assume that each region’s
location parameter evolves over time. Each commodity i € Z and each country d € D

has a different period-specific productivity distribution Fé’t(z).

Our model follows a strand of the literature that models ideas diffusion through
random matches between domestic and foreign managers''. Seminal examples of this
work include Jovanovic and Rob (1989) and S. S. Kortum (1997). More recently, Alvarez

et al. (2013) explored how idea diffusion is intertwined with trade linkages. Like Buera

1°The assumption of a fixed trade balance implies that the capital stock is also not affected by
potential changes in the capital balance in response to shocks. However, the international finance
literature suggests that standard open economy models with intertemporal optimization have generated
counterfactual predictions on the direction of capital flows between developed and emerging countries
in the 1990s and 2000s. Capital was flowing on net from emerging to developed economies instead of
capital flowing to emerging economies with higher growth rates as predicted by the standard models.

"For a detailed review of this literature, see the comprehensive review chapter published by Buera
and Lucas (2018).
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and Oberfield (2020), we assume that a manager draws new insights as a by-product

of sourcing a basket of inputs.

We extend this framework to a model with diffusion of ideas in a multi-sector
context and solve it in a recursive fashion that permits the assessment of the long-run
effects of policy experiments. The idea diffusion mechanism is mediated by the input-
output structure of production, such that both sector cost shares and import trade

shares characterize the source distribution of ideas®?

Assumption 6 (Idea formation). New ideas are the transformation of two random variables,
namely: (i) original insights o, which arrive according to a power law: O(o) = Pr(O <
0) =1 — a0~ (ii) derived insights z', drawn from a source distribution Gfi,t (z). After the
realization of those two random variables, the new idea has productivity z = o(z')P, where o
is the original component of the new idea, z' is the derived insight, and B € [0,1) captures
the contribution of the derived insights to new ideas. Local producers only adopt new ideas if
their quality dominates the quality of local varieties. Therefore, for any period, the domestic

technological frontier evolves according to *3:

Faa@= B x (1= [ [aat@Rach (@)

N——
Pr{productivity<z at t}

/

Pr{no better dmws in (t,t+A)}

Lemma 1 (Generic Law of Motion, Buera and Oberfield, 2020). Given Assumption 2, if,

for any t, F} (z) is Fréchet with location parameter A}, = [* _ac [(2)PO idG} (z')dt and

2As mentioned earlier, our work is closely related to Cai, Li, and Santacreu (2022), who extend
S. S. Kortum (1997) to a multi-sector framework. We differ in that they model diffusion as happening
separately from trade, rather than as a trade-externality.

3Here we simply use the fact that 0 = z(z'~# and note that, given an insight z’, at any moment ¢
the arrival rate of ideas of quality better than z is Pr(O > 0) = Pr(O > z(z'~F) = a;z79(2')P?. We then
integrate over all possible values of z’.
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scale parameter 6;, the former evolving according to the following law of motion:

ANy, = at/(zl)ﬁeidGé’t(z’) (2.20)

where w; is a parameter that controls the arrival rate of ideas and f is the sensitivity of current
productivity to derived insights. The integral on the right-hand side of the equation denotes the

average productivity of ideas drawn from source distribution G ,(z')'4,

To fully characterize (2.20), we need to define the source distribution. We assume
that managers learn from their suppliers, such that Gé’t(z’ ) is proportional to the
sourcing decisions in the production of commodity i in country d. Productivity
thus evolves endogenously as a by-product of sourcing decisions. Additionally, we
assume that insights take time to come to fruition. Rather than drawing insights from
interactions with suppliers in the current period, we assume that insights take one
period to materialize. Intuitively, we are assuming that entrepreneurs have to study
their purchases for one period and only then draw insights. This assumption will
be convenient because it will allow us to compute the law of motion for technology
without relying on present-period trade shares. Therefore, we will be able to solve
the model recursively and use it for counterfactual analysis of the long-run impact of

policy experiments.

Assumption 7 (Source Distribution from Intermediates). The source distribution
V(2 =Tier Yy, Lsep HY} 1 (2'), where ¥}, is the intermediate cost share of sector j

when producing good i in region d; and H ¢

1 +_1(2') is the fraction of commodities for which the

lowest cost supplier in period t — 1 is a firm located in s € D with productivity weakly less

than 7.

Equation (2.20) is a discrete-time approximation of the continuous-time law of motion derived in
the Appendix.
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One final assumption is required to make sure that the law of motion converges:
that the rate of arrival of new ideas —and, therefore, the growth rate in productivities
—across sectors is not too dissimilar. Provided that f6; < 0;, the law of motion is

guaranteed to converge, as shown by Deng and C. Zhang (2023)*

Assumption 8 (Divergence in Arrival Rates of Idea). The arrival rates of ideas across
sectors are not too dissimilar. We consider the two cases that yield the same analytical result:

either 0; = 0; or, for each insight that a buyer from sector i draws from supplier sector j, new

>

ideas have productivity z = o(2')P%®i, where 0; = ¢

Proposition 5 (Law of Motion in a Multi-Sector Framework). Given Assumptions 1-4, in
the multi-sector multi-region economy described in the previous section, the country-sector-

specific technology parameter evolves according to the following process:

j p

A
st—1
vy g =0l (1— ZTdt Y nsdt 1| 5 (2.21)
jez s€D TCsd,t—1

where T'(-) is the gamma function, ¥ i1 are cost shares, and 7'cs i 11 are intermediate input

trade shares.
Proof. Appendix 2.8.4. O

This result extends the learning from sellers specification of Buera and Oberfield
(2020) to a multi-sector framework that can be solved recursively for policy counter-
factuals. Diffusion of ideas is proportional to intermediate trade shares from source
country-industry pairs, s,j, into destination country d and use industry i. Total dif-

fusion incorporates intermediate cost-shares ¥/ Embedded in this specification

dt—1°

>We thank an anonymous referee for suggesting including the adjustment term of as an alternative
specification to keep the baseline law of motion of a previous version of this paper consistent with
heterogeneous trade elasticities.
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is the fact that whenever trade flows are small only the most high pig; ;1 is small,
producers are drawing insights from the most high quality marginal firms that are able
; P
)
to export, i.e. (M> will be higher. We will use equation (2.21) and a calibrated

ij
sd,t—1

path of a; = agexp{7t} to solve for an endogenous path for A/, .

Another feature of this multi-sector framework is that, for most empirical applica-
tions, dynamic losses will be larger with multiple sectors. In the proposition below, we
derive a sufficient condition for average diffusion in a multi-sector framework to be

smaller than its single-sector counterpart.

Proposition 6 (Diffusion Losses with Multiple Sectors). Suppose that, for some arbitrary
t—1,
Yier ¥y, 4 ZjEI‘PZ{t—l/\Z‘;,Fl < Agt_1 for each s and d. Then:

Diffusion Optimum
i i Diffusion Optimum
(Z‘P:i,t—lAAtli,t) < (AAgy) i y (2.22)
i€l
and
Market Allocation
i i Market Allocation
(Z‘PZ,t—lei,t> < (AMgy) (2.23)
ieZ
i _ 4
where ‘I’d,t_1 =
Proof. Appendix 2.8.4. l

The proposition above states that if aggregate productivities A;;_; in each source
country s are at least as large as the cost-weighted average of its sectoral productivities

in every destination country d, then: (a) the maximum diffusion rate in a single-sector
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framework will be strictly larger than what happens in a multi-sector framework;
and (b) diffusion of ideas under the market allocation in a single-sector framework is
guaranteed to be weakly larger than what happens in a multi-sector framework. In the

next section, we discuss the intuition behind this result.

2.3 Discussion and Intuition of Ideas Diffusion in a
Multi-sector Framework

In this section, we provide some intuition regarding how the idea diffusion mech-
anism operates in the multi-sector framework. More specifically, we will show how
differences in trade costs, unit costs and productivities between sectors lead to devia-
tions between the actual and diffusion maximizing import shares - i.e., diffusion losses.

For each sector i, the diffusion maximizing trade shares satisfy the following program:

max ZTdt 1 ;o]it—l) ’B(A]st 1)ﬁ (2.24)
{ﬂsdt 1}]zeIseD]€I SGD
sit. V(i,j)eIxT Znsdt L=
seD

The trade shares that maximize diffusion, which we refer to as diffusion maximum

and under the market allocation, satisfy, respectively:

(ni’ j ) Diffusion Optimum B A]s, ¢ ( ij > Market Allocation B )\]s,t (f ) ) —b

- 7T -
sd,t j’ sd,t j /= —0:
Y keD Ak,t YkeD /\k,t(xkd) /

The point that maximizes diffusion sets trade shares proportional to the source

country productivity in the source industry, A,; , as a proportion of the global produc-

jos
As,t
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tivity stock, ) yep )L{c ;- Under the market allocation, price differences induce deviations
from the diffusion maximizing point. Trade will be skewed towards source countries

with relatively lower input and trade costs.

Consider what happens in some sector i of country / in an economy that is fully
symmetric, both across countries and sectors, but where trade costs are present. The
strict concavity of the diffusion equation implies that idea diffusion is not uniform as
nj varies. The optimal diffusion point is (7r}; )Piffusion Optimum — At /(A1 4 /\}) =1/2.
Under the market allocation, trade costs induce home bias such that domestic share is
(n;;;l)ACtual Trade — 1 /(14 77%) > 1/2 and ideas diffusion is below the optimal point. If
trade costs increase and T — oo, the home country moves to autarky, and deviations
from the optimal idea diffusion reach a maximum. We plot the optimal, actual trade,
and autarky points along the ideas diffusion function for sector i on the left-hand side

panel of Figure 2.1.

The right-hand side panel illustrates what happens when the home country has
a lower productivity in sector i. The curve shifts down at the autarky point and the
optimal solution moves to the left (smaller domestic trade share)'®. When AZ <AL,
diffusion losses from high trade costs are higher. This highlights a key characteristic
of this class of models: countries that are less productive in a given sector have higher

dynamic gains from trade'’.

Now, why does a multi-sector framework induces lower diffusion than its single-

sector counterpart? The answer hinges on the strict concavity of the diffusion function

6Formally, once countries are no longer symmetric, we need to make the following regularity
condition to guarantee convergence to the autarky equilibrium: lim e (Tx}) /xj, = +00 . Most models
make this assumption either explicitly or implicitly.

7In fact, for any 7} € (0,1], the marginal change in diffusion as 7t} increases will be increasing in a

country’s productivity. To see that, take % =a-T(1-B)-Y(1-B) [(ni{i)’ﬁ(AZ)ﬁ -(1- nZi)’ﬁ(Aj()ﬁ},
h

which is increasing in AZ.
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Figure 2.1. Within sector idea diffusion functions in a two-by-two economy. Both
panels plot the idea diffusion functions for the home country in a two-by-two model within sector i:
Yi(m ) P(ADP+ (1 - 71,11’1)1’5(/\?)5]. The left-hand side panel shows the optimal, actua'ﬂ trade, and
autarky points along the ideas diffusion function when countries are fully symmetric (A} = )L}-). The
right hand side panel plots the functions and diffusion optimal points for the cases when countries have

identical productivities A;; = )Lj, and the home country is less productive AL < )\j[.
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(2.21) in trade shares and productivity terms. If one substitutes the solution for
diffusion maximizing trade shares, as shown above, into the diffusion function, this

will be proportional to:

-

single sector diffusion optimum

seD

B
( A Ad,t) Diffusion Optlmurri - ( Z )\s,t1>

. ) Diffusion Optimum

y . p
Y, (s, « L T (D)
se

ieT ieZ jeT

NV
average multi-sector diffusion optimum

If aggregate productivities A; ;1 in each source country s are at least as large as
the cost-weighted average of its sectoral productivities in every destination country d

—ie, Agp1> Yier ¥hy 1 Yjer iy ALy, then:

p

(Tr) = (D B D) > Do Evh (D)
se

s€D icT jel icT jexl s€D

where the last inequality follows from the properties of strict concavity: it is an
application of Jensen’s Inequality to this particular functional form. A restriction
over the parameter space of sectoral productivities is sufficient to guarantee that a
single-sector framework will lead to higher maximum diffusion than a multi-sector
one. The first inequality follows from the assumption and the fact that the function is

increasing.

By a similar reasoning, we can show that the allocation in the single-sector model

under the market allocation will be greater than under a multi-sector framework. Note
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that the diffusion function is strictly concave in both trade shares and productivity

states:

. > Market Allocation

- - y ENEINERY.
i j j
Y i (AAZ,t o<} Yo 1) ¥ihs <7Tsd,t) (As,t—1>
€T €7 jeT s€D

S

average multi-sector diffusion under mkt allocation

Aggregation guarantees that the aggregate trade share must be a weighted average
of sectoral expenditure shares and assures that, for homogeneous productivities across
sectors, the market allocation under the multi-sector framework is smaller than in the

single-sector framework.

In Figure (2.2), we plot the multi-sector to single-sector diffusion ratio under the
market allocation. Extending the two-country example above to two multiple sectors
i, —1, we assume that each use-sector in / has identical degrees of openness with respect
to each supply-sector but they may differ across sectors. We then compare it to its

single-sector counterpart.

Intuitively, the more different the degree of openness of sectors are, the lower
the level of diffusion in a multi-sector framework is, compared to its single-sector
counterpart. In the upper left quadrant of Figure (2.2), sector i sources almost all
of its inputs abroad, while sector —i buys most of its inputs domestically. Over the
counterdiagonal, the trade shares of the sectors are identical, and differences reach

zero.

The explanation again lies in the concavity of the diffusion function. By definition,

the aggregate trade shares a convex combination of the sectoral trade shares'®. The

BThat is, g, = ¥je {i—i} b4 Yieli—i} ¥ Yse{hf} 7 ., where the cost-shares can take any value
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Figure 2.2. Ratio between Market Allocation Diffusion with a multisector and a
single-sector framework. Multi-sector to single-sector diffusion ratio under the Market Allocation.
Here, we assume each sector use-sector to have identical degrees of openness with respect to each
supply-sector (7'(2'" = n;'l'fi, T, = T, 1) but they may differ across sectors. By definition, the aggregate
trade shares a convex combination of the sectoral trade share. In the upper left sector i sources almost
all of its inputs abroad, while sector —i buys most of its inputs domestically and losses induced by a
multi-sector framework reach a maximum. Over the counterdiagonal, the trade shares of the sectors are

identical, and differences reach zero.
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higher the differences across sectors, the more the concavity of the diffusion function

plays a role in inducing diffusion losses in a multi-sector framework.

The assumption stated in Proposition (6) guarantees the same condition on the
productivity states. Since productivities are not directly observed and must be cali-
brated, the assumption stated in the proposition is then a sufficient restriction in the
state space that ensures that the comparison satisfies Jensen’s Inequality also in its

second argument.

It rules out situations in which the calibrated aggregate productivity of a source
country is not at least as large as the expenditure-weighted average in each destination
country (because diffusion flows from source to destination countries) *9. If this condition

is satisfied, then we achieve the result in Proposition (6).

2.4 Calibration and Setup of Policy Experiments

In this section, we first outline the employed baseline data and behavioral pa-
rameters. The parameter determining the strength of diffusion of ideas is calibrated
by minimizing the difference between the historical and simulated GDP growth rate
across many countries in the world economy. We then motivate and describe the

detailed setup of the experiments.

9This restriction does not require, however, aggregate productivities to be arbitrarily large. Con-
sidering a limiting case (which is not sustainable in equilibrium), helps us to place a natural upper
bound. The most restrictive situation would be if some destination country d had the expenditure

share ‘-I’Zi ;_1 = 1 for some arbitrary i and the cost share ‘I’Z] ;_1 = 1 for some arbitrary j. In that case, a
sufficient (but not necessary) condition is that aggregate productivity states in source countries are at

least as large as all sectoral productivities Ag; > )‘i,t for all j.

136



2.4.1 Data and Behavioral Parameters

Baseline Data

The model is calibrated to trade and production data from the 2014 version of the
GTAP Data Base, Version GTAP10A. This means that all spending and cost shares are
set equal to the shares in the 2014 database, following the same calibration procedure
as in models employing exact hat algebra (Dekle, Eaton, and S. Kortum, 2007). The
data are aggregated into 10 regions and 6 sectors as specified in Table 2.1. The model
is solved until 2040 in a sequence of recursive dynamic simulations, thus solving
the model period per period, using the model solution in the previous period as
the starting point for the next period. Population grows based on UN population
projections and labor supply grows based on International Monetary Fund projections
for employment (until 2025) and United Nations projections regarding working age

population (from 2026 until 2040).

Table 2.1. Overview of regions and sectors

Region Sector
Code Description Code Description
chn  China pri  Primary (agri & natres)
e27  European Union 27 lmn  Light manufacturing
jpn  Japan hmn  Heavy manufacturing
ind  India elm  Electronic Equipment
lac  Latin America tas  Business services
ode  Other developed ots  Other Services
rwc  Rest of the World - Eastern bloc
rwu  Rest of the World - Western bloc
rus  Russia
usa  United States

The data in the GTAP Data Base do not include profit income as in our model
with Bertrand competition. Therefore, we have to modify the baseline data employed,
considering that profit income I, is a share ﬁ of the total value of sales in sector i

in region s. We have done this as follows, proceeding in two steps. First, we reduced
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the value of payments to the production factor capital (capital income) by 50% and
reallocated it to profit income. With this step the share of profit income in the value
of sales is not yet equal to ﬁei. Therefore, in a second step we employ our model to
modify the base data to target the share of profit income in the value of sales for each
country and sector. The reason to proceed in two steps is that capital income in some
cases is smaller than profit income required by the model. This is especially the case
in sectors with large intermediate linkages and a small trade elasticity, because profit
income is a share of gross output in the Bertrand model, whereas capital income is part
of net output. The fact that capital income is for some countries smaller than profit
income also implies that numerical problems in finding balanced data with profits can
appear when raising the number of countries and sectors. Therefore, the number of

countries and sectors is limited in the simulations presented here.*°
Behavioral Parameters

The dispersion parameter of the Fréchet distribution, 6;, equal to the trade elasticity,
is based on the estimates of trade elasticities in Hertel et al. (2007). The substitution
elasticity between value-added and intermediates, p, between intermediates from
different sectors, y, are equal to zero, implying a Leontief structure. As such we follow
the approach employed in most CGE models, which finds empirical support in recent
estimates with US data (Atalay, 2017). The substitution elasticities between production

factors, v;, are based on the values in the GTAP Data Base.

Table 2.2 displays the values of the dispersion parameter of the Fréchet distribution,

8; and the substitution elasticity between production factors v;.

29As an alternative approach, we can reduce the value of payments to factors of production by an
identical share for all production factors and reallocate this to profit income. The reallocation is set
such that profit income Hé/t becomes a share ﬁ of the value of sales. However, this approach is not
followed because there is a risk that factor income in the data is smaller than profit income implied by
the model. As discussed, this is especially a risk in sectors with large intermediate linkages and a small
trade elasticity.
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Table 2.2. Behavioral parameters

bi Vi
Primary (agriculture & natres) 10.09 0.27
Light manufacturing 4.60 1.20
Heavy manufacturing 5.99 1.26
Electronic Equipment 7.80 1.26
Business services 2.80 1.26
Other Services 2.90 1.42
Source Hertel et al. (2007) Hertel et al. (2007)

Even though the location parameters of the sector-country specific Fréchet dis-
tribution /\;,t evolve endogenously in this model, their starting values need to be
calibrated. We calibrate the starting values { A;,o} seD,iez using the assumption that this
parameter is proportional to PPP-adjusted labor productivity in each sector-country
in our baseline year, 2014. This approach is similar to Buera and Oberfield (2020)
who infer the location parameters based on total factor productivity calculated as
Solow-residuals. An alternative approach would be to estimate both trade costs and
the location parameters based on the gravity equation as in Levchenko and J. Zhang
(2016). This is the path taken by Deng and C. Zhang (2023), who use historical data for

this calibration and decomposition of effects.

We focus on forward-looking policy experiments. With our approach and the
chosen calibration of the ideas diffusion parameter, we stay closer to the initially
observed data. With an alternative approach, we would need to make assumptions
about the autonomous part of growth, not driven by the model mechanism, to set forth
a counterfactual. Therefore, we have chosen to identify the location parameters of the

Fréchet distribution based on sectoral labor productivity data.

We constructed a database of sectoral productivity by combining two sources: the
World Input-Output Database and the World Bank’s Global Productivity Database. We

provide details of how we aggregated sectors and country groups in the Appendix.
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Figure 2.3 shows the distribution of the calibrated A! , parameters across industries i

of each region s in our model.
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Figure 2.3. Distribution of the calibrated /\é,o parameters across industries i of
each region s in our model. We assume that this parameter is proportional to PPP-
adjusted labor productivity in each sector-country. After the initial period, the location
parameter of the sector-country-specific Fréchet distribution Aé,t evolves endogenously
according to the model.

Buera and Oberfield (2020) set the growth rate of a; equal to the population growth
rate of the US. We adopt the same heuristics and set the growth rate of the autonomous
arrival rate of ideas a; at 1.18% per year, equal to the projected global population

growth rate from 2021 to 204o0.

The idea diffusion parameter f is uniform across sectors and determined based
on model validation, using simulated methods of moments, as described below. The
variance of the growth rates of GDP rise as 8 increases, because at higher levels of
there is more diffusion of ideas leading to convergence of income levels thus implying
larger differences between growth rates of poor and rich countries. As discussed in
Section 2.3, countries starting with lower productivity parameters have larger dynamic

gains from trade. That effect increases in the value of f**.

*1In the limiting point f — 1, ideas diffuse instantly and every country not in autarky experiences
equal productivity gains in absolute terms. With equal gains in absolute terms, those countries with
lower productivity experience larger growth in relative terms as 8 increases.
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We simulate the model from 2004 to 2019 imposing historical growth rates of
population and the labor force (based on IMF data) without further policy changes
varying the level of B and evaluate for which values of B the mean and variance of the
growth rates of GDP are closest to the mean and variance in historical data.>> Formally,
we are minimizing the following loss function with m the historical moment and m (B)
the simulated moment for either real GDP per capita growth or real GDP growth in

the 2004-19 period 23

Figure (2.4) plots the loss function for values of § € [0.4,0.5]. Tables A1-A4 in the
Appendix display additional summary statistics (mean, standard deviation, maximum
and minimum) of average growth rates of GDP and GDP per capita between 2004 and
2019. Regardless of the weight, the loss function takes a minimum when g € [0.44,0.45],
a rather short interval. Taking an agnostic stance and setting the weight wC®PPr¢ =1/2,
we find that the loss function is minimized for p = 0.44, but results are virtually

unchanged by setting it to any value in the aforementioned interval.

Figure 2.5 compares projected GDP growth rates for f = 0.44 in individual re-
gions with historical GDP growth rates. This figure shows that the simulated GDP
growth rates are relatively close to the historical growth rates, suggesting that also for
individual regions the model does a good job at replicating historical growth rates.
Furthermore, these results can also be interpreted as an analysis of the under- and
overperformance of different regions compared to the projections of the model with

diffusion of ideas through trade.

??In this exercise the growth rate of «; is set at 1.18% per year, the global population growth rate
between 2004 and 2019.

23We minimize: ming) e (0} W
wGDPpc) (m(ﬁ)GDP,model _ mGDP,hist)Z GDPpc

GDPpc(m(ﬁ)GDPpc,model _ mGDPpc,hist)Z 4 (1 _

where w is the exogenous weight put on real GDP
per capita growth, rather than aggregate real GDP growth. As a first step, we raise 8 in steps of 0.05
from 0 to 0.6. For values larger than 0.6 the variance in the simulations becomes unrealistically high, so
these are disregarded. This exercise indicates that the simulated growth rates are closest to historical
growth rates for § between 0.4 and 0.5 (See Appendix Table A2). Therefore, as a second step, we
simulate the model raising § in steps of 0.01 from 0.4 to 0.5.
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Figure 2.4. Plots the loss function for values of B € [0.4,0.5]. The solid grey line
shows the loss function with the parametrization of w“P*P¢ = 0, which is minimized
at B = 0.44. The dotted grey line shows the loss function with the parametrization of
wCPPPe = 1, which is minimized at 8 = 0.45 . The thicker black line shows the loss
function with the parametrization of w“PPP¢ = 1/2, which is minimized at g = 0.44.
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Figure 2.5. Historical and simulated (for g = 0.44) GDP growth rates (average 2004-
2019)
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In Appendix Table A3 we display the same summary statistics for f ranging from
0 to 0.6, in steps of 0.05. This table makes clear that calibration to historical data is
important. An excessively high value of B will lead to higher than historically observed
growth rates in low-income regions. Conversely, a too low value B will fail to show the

convergence patterns exhibited in the historical data.

In principle, the described approach could be employed to identify variation in
the ideas diffusion parameter between sectors employing data on growth rates of
sectoral output. However, consistent data on sectoral growth rates of real output are

not available for a broad set of countries employed in this study.

A possible concern of the employed method to calibrate B is that variation in
growth between countries is not only driven by ideas diffusion through trade implying
technological catch-up. However, the calibration does take variation in labor force
growth into account and considers capital accumulation as a source of growth. Fur-
thermore, we follow an approach similar to Buera and Oberfield (2020) who calibrate
B based on targeting US growth rates and find a value of  substantially larger than in

our calibration, 0.6.

Nonetheless, since we are targeting past GDP growth, it is certainly possible that
our calibration over-estimates the impact of this mechanism on growth in the baseline
scenario. For that reason, our results should be seen as an upper bound of the impact

over the transition path.

Finally, we needed to perform some adjustments in the underlying data to make it
consistent with the model. In the calibration we want to make sure that the baseline is
consistent with a balanced multiregional input-output dataset, the GTAP Data Base.
This has implications for the set-up of the model and the chosen aggregation. First,

since a share of household income is saved, savings are incorporated in the model.
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Second, since considerable share of factor income constitutes capital income in the data,
this production factor is included in the model. Relatedly, investment is a sizeable share
of final expenditures and is therefore also incorporated in the model. As explained in
the exposition of the model in Section 1 savings and investment are modelled using
recursive dynamics. Third, following from the theory the share of income coming
from profit income is determined by the dispersion parameter of the productivity
distribution which is equal to the trade elasticity in our model. In the calibration we
start from an existing balanced database and rebalance this database by assuming that
a share of capital income constitutes profit. This limits us in the number of regions
and sectors that can be included to avoid that there is not sufficient capital income to

be allocated to profit.

2.4.2 Motivation and Set-up of Policy Experiments

Motivation of Policy Experiments

Our main motivation for simulating large-scale trade conflicts is the possibility of
receding globalization due to a political backlash. Challenges to the international trade
regime (and to globalization at large) might seem like some circumstantial discontinuity
in a long-run trend toward increasing openness. However, as we show below, political
scientists argue that there is reason to believe that strategic geopolitical rivalries could
trump economic gains —at least partially— in their relationships between the U.S. and

its allies with China and Russia their allies.

There is ample evidence of substantial gains from trade openness, which can be
as large as 50% of national income (Ossa, 2015) even in a static setting. At the same
time, recent empirical evidence about frictions in local labor markets (Autor, Dorn,
and Hanson, 2013; Dix-Carneiro and Kovak, 2017) highlights the distributional aspects

of trade liberalization.

144



These concerns can translate into political grievances and may have led to an
increase in the number of populist and isolationist parties in Western countries calling
for less open trade policies (Colantone and Stanig, 2018). An increasing number of
political parties use anti-globalization rhetoric to rally the support of constituents
that have grievances against the distributional consequences of automation, structural
change, offshoring, and trade opening, as shown in the review of the political science

literature by Walter (2021).

A clear example of the shift in the consensus during the last decade is the trade
conflict between the U.S. and China, which started under the Trump Administration.
The economic discourse shifted away from emphasizing the gains from trade to a
framing of trade as a zero-sum game and to the use of national-security provisions of

the international trade regime to engage in protectionist policy-making?+.

These geopolitical disputes are exemplified not only in the trade conflict between
the U.S. and China but also in industry-specific policy changes, such as the U.S.
government pressuring allies against allowing the participation of Chinese telecom-
munications companies in new infrastructure developments or limited cooperation in

science and education between the two countries (Tang et al., 2021).

Wei (2019) provides a review of debates among Chinese scholars. Some Chinese
analysts see an escalating and continuous conflict between China and the U.S. as a
natural and “structural” development of a shifting international system that is moving
from a unipolar (the U.S. being the only superpower) to a bipolar (China becoming a

superpower on an equal footing to the U.S.) balance of power®>. They tie a scenario of

24For a contemporaneous review of the policies implemented, see Bown and Irwin (2019).

35In the context above, the balance of power between functionally equivalent states (the “international
structure”) provides incentives for strategic behavior by governments that try to maximize their power.
We can interpret the unipolar or bipolar configurations as equilibria and disruptions between such
equilibria as transition paths. This is known as the “structural realism” theory of international politics,
developed by Kenneth Waltz (2010).
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a continuous confrontation between the U.S. and China either to strategic geopolitical

forces or to domestic political forces in America (Zhao, 2019).

In the West, political scientist Joseph S. Nye Jr. (2020) highlights that, while an
abrupt decoupling between the U.S. and China is unlikely, both parties will try to
decrease their (inter-)dependence with respect to each other’s actions, except where

the costs of disengagement are too high to bear?®

. American policymakers and
academics also motivate the conflict between China and the U.S. on geopolitical
grounds. Although the tone of confrontation is stronger when coming from right-of-
center policymakers and scholars®’, both sides of the political spectrum in the U.S.

discuss the readjustment of the economic relationship with China due to geopolitical

concerns (Wyne, 2020).

The 2022 War in Ukraine and the global-scale retaliation against the Russian
Federation that followed is another example of how geopolitical interests can take
precedence over gains from economic integration. The escalation began in 2014, after
Russia’s annexation of Crimea. The U.S. and its allies approved several rounds of
sanctions against Russia, culminating in its expulsion from the G8. The confrontation
reached another level in the aftermath of Russia’s invasion of Ukraine. Western
countries imposed sanctions on banking transactions, froze foreign reserves, and
closed the airspace for Russian planes. In March 2022, the G7 and the European Union
revoked their recognition of Russia’s most-favored-nation status, opening the door for

large tariff increases, and limited the operation of multinational corporations Russian

26Nye Jr. is mostly known for his joint work with Robert Koehane on “complex interdependence”
during the post-World War II era (Keohane and Nye Jr, 2011). The authors focus their analysis on the
creation of international rules and practices in a world in which the use of military force is very costly
due to interdependence between multiple agents that engage both internationally and domestically.
For instance, a great degree of trade integration increases the costs (and decreases the probability) of
outright military conflict.

?7See, for instance, the remarks of former White House Trade Council Director to Congress (Navarro,
Peter, 2018) or a policy blueprint for decoupling by Scissors (2020), who is a scholar at the America
Enterprise Institute, a right-of-center think tank.
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subsidiaries?S.

Like in the case of China, the relationship between Russia and the West can also be
interpreted through the lens of a strategic game among great powers. Scholars argue
about the geopolitical nature of the conflict (Mearsheimer, 2014) and the “reawakening”
of geopolitics (Weber and Scheffer, 2022). Therefore, in either case, sanctions and
trade conflicts fall within the larger backdrop of a strategic confrontation. These
simultaneous conflicts can potentially be interpreted as a larger clash between the U.S.
and its allies — a Western bloc; and Russia, China, and their allies — an Eastern bloc.
As scholars have argued, we could be observing the emergence of a “China-Russia

entente” (Lukin, 2021), which could lead to a “New Cold War” (Abrams, 2022).

We use these facts as motivation to apply our model to conduct hypothetical policy
experiments of trade decoupling between East and West: namely, to simulate the
effects of large-scale geopolitical conflicts between these blocs, in which players try to
limit the level of interdependence between each bloc due to political drivers, even if

that leads to economic costs.

The policy experiments focus on the potential effects of decoupling between an East-
ern and Western Bloc, since this is most discussed scenario in policy discussions (Aiyar
et al., 2023). We do not model the emergence of geopolitical conflict endogenously.

The focus of this paper is on the potential consequences of economic decoupling.
Set-up of Policy Experiments

We are agnostic about the degree of future decoupling between East and West.
Nonetheless, the fact that international relations scholars envisage disengagement as a

real possibility underscores that estimating the potential economic consequences of

28For a timeline of sanctions against Russia in the context of the War in Ukraine, see this web-
site maintained by the Peterson Institute for International Economics: https://www.piie.com/blogs/
realtime-economic-issues-watch /russias-war-ukraine-sanctions-timeline

147


https://www.piie.com/blogs/realtime-economic-issues-watch/russias-war-ukraine-sanctions-timeline
https://www.piie.com/blogs/realtime-economic-issues-watch/russias-war-ukraine-sanctions-timeline

decoupling is an important exercise. As our model highlights, changes in trade patterns
and sourcing decisions have not only static effects, but also dynamic effects with respect
to potential growth and innovation. Our policy experiments try to disentangle the

static and dynamic costs of decoupling.

In order to develop the decoupling scenarios, we classify different regions as
belonging to either a Western or an Eastern bloc. We do so by resorting to the Foreign
Policy Similarity Database, which uses the UN General Assembly voting records for a
large set of countries to calculate foreign policy similarity indices for each country pair
(Héage, 2011). Intuitively, the index takes countries who vote similarly in the United
Nations (compared to the expected level of similarity of a random voting pattern) as

being similar in their foreign policy.

We ordered country groups in terms of their foreign policy similarity with China
and the United States in order to place the ten regions of our model either in a Western
(U.S.) or Eastern (China) bloc. Figure 2.6 shows that Europe, Canada, Australia, Japan,
South Korea fall in the Western bloc. Latin America and Sub-Saharan Africa fall
somewhere in between, with the former being closer to the U.S. than the latter. India,

Russia, and most of North Africa and Southeast Asia fall closer to China.

As a robustness exercise, we repeated the same procedure but replaced China for
Russia as the center of gravity of the Eastern bloc. We plot the two Differential Foreign
Policy Similarity Indices for each country in our sample in Figure (2.7). Most countries
fall very close to the 45-degree line (i.e., the regression coefficient is close to 1) and the
correlation between the two series is very high. This suggests that, qualitatively, results
will be very similar using either Russia or China as the main country in the Eastern

bloc.

After classifying the countries into Eastern and Western geopolitical blocs, we
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Figure 2.6. Differential Foreign Policy Similarity Index Map. Values are normalized
such that 1 represents maximum relative similarity with the U.S. and —1 represents
maximum relative similarity with China. The map shows the difference between pairwise
similarity indices ; ;s — &; cpina- The parameter x; ; represents the foreign policy similarity of countries
i,j, based on vote similarity in the United Nations General Assembly. Given vote possibilities n,m €
{1,---,k}, one can calculate a matrix P = [p,;], where entry p,, represents the share of votes in which
country i took position 7 and country j took position m. Given matrix P, x;; =1 — Y, Pmn/ Xyt PmPn,
where py,, pn are expected marginal propensity of any country to take position m,n at a random vote.

For more details, see Hége (2011).
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Figure 2.7. Differential Foreign Policy Similarity Index relative to the U.S. and
China. Values are normalized such that 1 represents maximum relative similarity with
the U.S. and —1 represents maximum relative similarity with China or Russia. See the
caption of Figure 2.6 for further details on the indices.
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design two different policy experiments. We first increase iceberg trade costs T; it toa
point where virtually all of the trade happens exclusively within each bloc. In total, we
increase bilateral trade costs by ~ 160 percentage points. We assume that the increases
in trade costs is permanent. We label this scenario full decouple. This provides an

important limiting case that can be useful for putting bounds on potential effects.

The second scenario relies on work by Nicita, Olarreaga, and Silva (2018), who
estimate that a move from cooperative to non-cooperative tariff setting would increase
average tariffs by 32 percentage points globally. We simulate what would happen if
countries kept cooperative tariff setting within their trade blocs but moved to non-
cooperative tariff setting across trade blocs. For simplicity, we assume that regions
in different blocs increase bilateral tariffs tm! 4 by the globally average increase in
tariffs when moving from cooperative to non-cooperative tariffs: 32 percentage point
increases in tariff rates against regions outside the bloc. Again, we assume that the
increases in trade costs are permanent. These tariff increases seem high. However, the
average tariff increase in the China-U.S. trade war was higher than 21pp. We call this

scenario tariff decouple.

Besides the full and tariff decouple scenarios, we explore two additional policy
experiments. First, we evaluate the impact of a switch of the region Latin America and
Caribbean (LAC) from the Western bloc to the Eastern bloc. This sheds some light on
the question many countries would face if the decoupling would aggravate: which

bloc to stay closest to?

Second, we explore a less hypothetical scenario: trade decoupling only in the
electronic equipment sector. We perform is a full decoupling between the original
blocs (with LAC in the Western bloc) but restrict the increase in iceberg trade costs

T; 4+ only to the electronic equipment (elm) sector. This scenario is motivated by U.S.
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and Chinese authorities being increasingly at loggerheads with each other in the

technological arena.

One important example of this process has been the conflict involving Chinese
telecom giant Huawei Technologies. Since 2019, American corporations have been
banned from doing business with Huawei. In a similar move, the New York Exchange
delisted China Unicom, China Mobile, and China Telecom. Despite legal challenges

and a new administration, as of April 2021, neither decision has been reversed.

Additionally, the U.S. has been using its foreign policy arsenal to pressure allies to
join them in limiting Chinese telecom companies’ reach. In particular, there is a desire
to limit Chinese participation in 5G technology auctions, citing national security and
privacy concerns®. So far, Australia, the United Kingdom and some European allies

have chosen to ban or limit Chinese participation in technological auctions.

This conflict suggests that a large increase in trade costs between the U.S. allies and
Chinese allies regarding technological equipment is a positive probability scenario in
the future. In this case, decoupling would mean a near-total separation of the electronic

equipment sectors of the two blocs.

Huawei and Google break of their business connections after the U.S. government
sanctions against the Chinese corporation is a good illustration of what this separation
could look like in real life. Huawei used Google’s Android ecosystem in their smart-
phones, which gave their users access to Google-approved updates and apps. After the
ban issued by the Trump administration, however, Google announced it would comply

with the U.S. government directives and Huawei was forced to shift away from Google

?»9North American Treaty Organization (NATO) researchers Kaska, Beckvard, and Minarik (2019)
review the arguments put forth from a Western national security perspective. This topic is extremely
contentious and some Chinese commentators argue that the U.S. is using national security concerns as
an excuse to implement industrial policy.
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software and design their own operating system HarmonyOS.

Since this separation is driven primarily by regulation rather than tariffs, it is
appropriate to think of it as an increase in iceberg trade costs T/, , between blocs in the

electronic equipment sector and so this is the scenario we will explore.

2.5 Main Results

We have four main scenarios. We simulate full decouple and tariff decouple,
defined as explained above. We simulate either scenario both with and without
diffusion of ideas, in order to assess the additional impact of the diffusion mechanism.
After a discussion of the results of the full and tariff decouple scenarios, we compare
the impact of decoupling on productivity in a multi-sector and single-sector setting.
We finish this section with a description of the results of the two additional policy
experiments that restrict decoupling to the electronics and equipment sector or change

LAC from the Western bloc to the Eastern bloc.

In the results below we report the results of a comparison of the simulation results
with and without policy experiments. We first simulate the dynamic world economy
with no policy change, then do the same with the policy change, and report the long-
run cumulative percentage difference between the two: £ = 2?:p(x; —xt)/ ZtT:p Xt,
where p is the date of the first policy change, x}, x; are the values of variable x with

and without the policy change, respectively.

2.5.1 Full and Tariff Decouple

As expected, all scenarios show large negative impacts on cross-bloc trade after the
introduction of the policy intervention. In the full decouple scenario, trade between the
countries in the Western bloc and the Eastern bloc is virtually shut down, with imports

and exports dropping by 98%. Those countries also shift a substantial part of their
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trade to the U.S., with trade flows increasing anywhere between 10 — 42% depending
on the region and scenario. The domestic spending share in the U.S. increases by
about 7%. The converse happens in the Eastern bloc but with larger dispersion across
regions. Trade with the U.S. drops by 65 — 90% while trade with China increases by
9 — 60%. The domestic trade share in China increases by 3%. The tariff decouple
scenario yields qualitatively similar results but with smaller magnitudes. We show the

results by region and scenario in Figure 2.8.

One of the reasons behind the asymmetry in trade decreases between blocs is the
assumption of a fixed trade-balance-to-income ratio in all regions but one. This implies
that regions with large trade surpluses will shift proportionally less of their trade
flows away from regions in other trade blocs in order to satisfy the fixed trade balance

assumption.

Figure (2.9) shows that both the increases in iceberg trade costs (full decouple)
and retaliatory tariff hikes (tariff decouple) induce substantial welfare decreases for all
countries. The effects, however, are asymmetric. While welfare losses in the Western
bloc range anywhere between —1% and —8% (median: —4%) in the Eastern bloc it

falls in the —8% to —12% range (median: —10.5%).

The underlying factor driving the divergence in results between the two blocs is
a difference in the evolution of productivity, represented by the scale parameter of
the Fréchet distribution of different sectors. Sourcing goods from high productive
countries puts domestic managers in contact with better quality designs that inspire

better ideas through innovation or imitation.

Importantly, the dynamics governed by equation (2.21) incorporate the input-
output structure of production, such that domestic managers in each sector innovate

in proportion to the quality and share of their inputs. Losing access to high quality
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Figure 2.8. Cumulative Percentage Change in Trade Flows with China and the
United States, respectively, after the policy change, by 2040. Full Decouple increases
iceberg trade costs Tg 4+ by 160 percentage points. Tariff decouple increases bilateral tariffs tm; {4 ACTOSS
groups, by 32 percentage points. f is a parameter that controls the diffusion of ideas according to
equation 2.21, assumed to be homogeneous across sectors. Country codes: chn, China; ind, India; rus,
Russia; rwc, Rest of Eastern bloc; rwu, Rest of Western bloc; lac, Latin America; e27, European Union;
ode, Other Developed; usa, United States. Tables with the values for these charts can be found in the
Appendix.
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Figure 2.9. Cumulative Percentage Change in Real Income, after the policy change,
by 2040. Full Decouple increases iceberg trade costs Tsid/t by 160 percentage points. Tariff decouple
increases bilateral tariffs tm; ,, across groups, by 32 percentage points. f is a parameter that controls
the diffusion of ideas according to equation 2.21, assumed to be homogeneous across sectors. Country
codes: chn, China; ind, India; rus, Russia; rwc, Rest of Eastern bloc; rwu, Rest of Western bloc; lac,
Latin America; e27, European Union; ode, Other Developed; usa, United States. Tables with the values
for these charts can be found in the Appendix.

designs does not only lead to static losses, but also to a lower level of future innovation,
which implies larger dynamic losses. Additionally, the input-output structure of
the model implies that cutting ties to innovative regions is particularly costly if the
destination country sources many intermediate inputs from such regions prior to the

policy change.

For those reasons, in our policy experiments, countries in the Eastern bloc that
currently have a lower level of productivity and have larger ties with innovative
countries have larger losses. By looking at results in Figure 2.10, one can see the stark
contrast between the differential evolution of /\Z,t for those countries in the Western
bloc and those in the Eastern bloc. By cutting ties with richer and innovative markets
such as OECD countries, destination countries such as China, India, and parts of
Asia and Africa shift their supply chains towards lower-quality inputs, which, in
turn, induces less innovation. By contrast, while countries in the Western bloc do

suffer welfare losses, their innovation paths are virtually unchanged after decoupling,
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Figure 2.10. Cumulative Percentage Change in the Fréchet Distribution location
parameter )Lfi’t, after policy change, by 2040. Full Decouple increases iceberg trade costs 7l , by
160 percentage points. Tariff decouple increases bilateral tariffs tm' 44 ACross groups, by 32 percentage
points. f is a parameter that controls the the diffusion of ideas according to equation 2.21, assumed
to be homogeneous across sectors. Country codes: chn, China; ind, India; rus, Russia; rwc, Rest of
Eastern bloc; rwu, Rest of Western bloc; lac, Latin America; e27, European Union; ode, Other Developed;
usa, United States. Sector codes: elm, Electronic Equipment; hmn, Heavy manufacturing; 1mn, Light
manufacturing; ots, Other Services; pri, Primary Sector; tas, Business services. Tables with the values
for these charts can be found in the Appendix.

suggesting that nearly all of their losses are static, rather than dynamic.

There is large dispersion across both sectors and countries in differential produc-
tivity losses. The two most affected regions are India and the “rest of the Eastern bloc”
region. Starting from a lower income level than China and Russia, those regions have
a much slower productivity catch-up after severing trade ties with the West. Sectors
with larger supply chain linkages to the West prior to the policy change, such as

manufacturing in India, experience larger losses.

Among those regions in the Eastern bloc, differential productivity losses are
larger in the manufacturing sectors (—1.5% and —3% with full decoupling and tariff
decoupling, respectively; this includes elm, 1mn, and hmn) than in the services (—0.8%
and —1.6%, respectively; ots tas) or primary (—0.5% and —1%, respectively; pri)

sectors.



Finally, we address the contrast between the static effect (when the diffusion of
ideas mechanism is shut down) and the dynamic effect. For the two poorer regions of
the Eastern bloc, dynamic losses far outsize static losses, which can be explained by
the loss of access to higher-quality inputs. In the right panel of Figure (2.9), we show

the dynamic losses for each region.

In India, static welfare losses amount to 1 — 2% while dynamic losses range from
7 — 10%, depending on the decoupling scenario. Static losses to real income are small
because India is a relatively large country and its domestic trade share in the market
equilibrium is large, which limits the range of goods affected by changes in terms of
trade. However, because it is relatively poor, its losses in the diffusion of ideas version
of the model are very large. By severing ties with the Western bloc, it limits the role
of trade-induced innovation, which is a by-product of having access to high-quality

suppliers.

By contrast, in Russia including dynamics leads only to small additional effects:
welfare losses are very similar with or without the ideas diffusion mechanism. As
explained above, this stems both from a higher income starting point and relatively

limited input-output linkages with the West.

2.5.2 Diffusion Inefficiencies a Multi-sector vs. a Single-sector
Framework
In Section 2.3, we stressed that, except in knife-edge cases, within- and between-
sector inefficiencies accumulate as the number of countries and sectors increase. The
concavity of the diffusion process implies that total trade shares being at their optimal
points is no longer sufficient for optimal diffusion. Optimal diffusion requires trade
shares to be at their optimal points in every sector. This suggests that, in most cases,

diffusion inefficiencies should increase with the number of sectors.
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Figure 2.11. Multi-sector vs. Single-sector: Cumulative Percentage Change in the
Fréchet Distribution location parameter A}, ,, after policy change, by 2040. Full Decouple

increases iceberg trade costs Tsi 1+ by 160 percentage points. Tariff decouple increases bilateral tariffs tmé Qb

across groups, by 32 percentage points. Country codes: chn, China; ind, India; rus, Russia; rwc, Rest of
Eastern bloc; rwu, Rest of Western bloc; lac, Latin America; €27, European Union; ode, Other Developed;
usa, United States. Sector codes: elm, Electronic Equipment; hmn, Heavy manufacturing; 1mn, Light
manufacturing; ots, Other Services; pri, Primary Sector; tas, Business services. Tables with the values
for these charts can be found in the Appendix.

Our numerical results confirm that theoretical intuition. Figure 2.11 contrasts the
results of either the full decouple or the tariff decouple scenarios under the baseline
specification presented in the previous section and an alternative simulation in which

we collapse the model to a single-sector framework.

In both scenarios, countries in the Easter bloc face higher cumulative diffusion
inefficiencies (as measured by the reduction in the Fréchet parameters Afj’t) in a multi-
sector framework. In fact, the single-sector dynamic productivity losses are outside
the min-max range of the sectoral productivity changes for all countries in the Eastern
bloc. These results underscore one important takeaway of this paper: modeling
trade diffusion in a simplified single-sector framework can underestimate the level of

dynamic losses induced by an increase in trade costs.
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2.5.3 Consequences of Bloc Membership

In this section, we consider the consequences of moving one of the regions —
Latin America and the Caribbean (LAC) —from the Western to the Eastern bloc.
Intuitively, we expect that, by losing access to the highest productivity suppliers, LAC
will experience less productivity growth. Nonetheless, the quantitative exercise allows

us to have a sense of the magnitude induced by the change in group membership.
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Figure 2.12. Left Panel: Cumulative Percentage Change in Real Income in LAC
Region, by scenario. Right Panel: Cumulative Percentage Change of the Fréchet
Distribution scale parameter /\é/t in LAC Region, by scenario. Full Decouple increases
iceberg trade costs Tsi 4+ by 160 percentage points. Tariff decouple increases bilateral tariffs tm; {4 ACTOSS
groups, by 32 percentage points. In all cases, we set the parameter that controls the diffusion of ideas to
B =0.44. Sector codes: elm, Electronic Equipment; hmn, Heavy manufacturing; 1mn, Light manufacturing;
ots, Other Services; pri, Primary Sector; tas, Business services. Tables with the values for these charts
can be found in the Appendix.

Figure 2.12 compares the results of identical decoupling scenarios, simulating
either full decouple or tariff decouple. The only difference is LAC bloc membership. As
expected, most of the changes are concentrated in the LAC region. The left panel of
Figure 2.12 shows that welfare losses in LAC are about 100 — 150% larger when it is
included in the Eastern bloc, for both scenarios. The domestic trade share in LAC is
virtually identical under both settings (with LAC in the Western or in the Eastern bloc),

implying similar static welfare losses. This suggests that the increased losses from
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switching blocs stem almost entirely from dynamic losses.

Moving LAC to the Eastern bloc reduces the welfare losses of decoupling in India
and China by about 2p.p. (16%) and 1p.p. (15%), respectively (results not reported).
The reason is twofold. First, LAC has a higher income than India and the Rest of
the Eastern bloc. All else equal, on average, its inclusion in the bloc raises average
productivity and decreases dynamic losses. Second, lower tariff or iceberg trade costs

between the Eastern bloc and LAC induce lower static losses for those countries.

The right-hand side panel of Figure 2.12 shows the differential productivity changes
in the LAC region for different sectors. When LAC is included in the Western bloc,
there are essentially no dynamic productivity losses in any sector: the evolution of the
Fréchet Distribution scale parameter Af;l, ; in the LAC Region behaves very similarly to

a scenario with no policy changes.

In contrast, all sectors have dynamic productivity losses weakly greater than 1%
when we simulate decoupling with LAC as part of the Eastern bloc. There is large
sectoral heterogeneity. Under full decoupling, productivity losses range from 1% in
Electronic Equipment (elm) to 0.4% in Business Services (tas). These differences are

induced by input-output linkages.

This experiment underscores that the costs of decoupling might be unbearably
high for low and middle-income countries that are excluded from the Western bloc.
Many countries in Latin America and Africa benefit from increasingly large trade ties
to China through both having larger market access and access to lower input costs.
However, as the dynamic costs of severing ties with the West would be very high, and
political leaders in those countries might have the incentive to keep an equidistant
relationship between East and West, by preserving both mid-term gains from the

relationship with China and longer term dynamic gains from having access to Western
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supply chains.

2.5.4 Electronic Equipment Decoupling

Finally, we compare our baseline scenario of full decouple in all sectors with a full
decouple restricted to the electronics equipment sector. In both scenarios, we assume
that the ideas diffusion mechanism works as described by equation (2.21) and we set

B = 0.44, according to the calibration described before.
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Figure 2.13. Cumulative Percentage Change of the Fréchet Distribution scale param-
eter Afi, ;» by scenario. Full Decouple increases iceberg trade costs ., , by 160 percentage points in
either all sectors or only in the Electronic Equipment (elm) sector. In both cases, we set the parameter
that controls the diffusion of ideas to f = 0.44. Country codes: chn, China; ind, India; rus, Russia; rwc,
Rest of Eastern bloc; rwu, Rest of Western bloc; lac, Latin America; 27, European Union; ode, Other
Developed; usa, United States. Tables with the values for these charts can be found in the Appendix.

Note that, due to the multi-sector structure of the model, an increase in iceberg
trade costs in one particular sector potentially has an indirect effect in all sectors of the

economy. The magnitude of such impact in a given sector can be split between a direct
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effect (proportional to input use from the elm sector as intermediates) and an indirect
effect (proportional to the use of the elm sector in the production of intermediates

inputs).

Results in Figure 2.13 show the productivity losses induced by policy changes
represented by the evolution of the Fréchet Distribution scale parameter Aé/t for those
regions in the Eastern bloc. Contrasting the full decoupling in all sectors and one
restricted to electronic equipment shows that, across all regions, productivity losses

are substantially reduced and mostly restricted to the elm sector.

While there is some negative spillover effect to other sectors due to input-output
linkages, particularly to business services (tas), these are very small for most regions.
Regions such as Russia, which already had limited exposure to Western intermediate
sourcing in the main scenario, see productivity losses go down to nearly zero across
all sectors under the scenario that limits decoupling to the elm sector. China’s losses in
the elm sector are roughly similar to losses when decoupling happens in all products,

but other sectors are not substantially affected.

All other regions have non-negligible losses in the elm sector. The largest changes
happen for India and the Rest of the Eastern bloc. Those regions have a lower
productivity starting point and benefit proportionately more from exposure to higher-
quality intermediate inputs. For that reason, full decoupling in all products leads
to large differential losses in productivity in those regions. The more restricted full
decoupling in elm scenario limits losses, since those are proportional to the use of

Western electronic equipment as inputs in the production of other sectors.

Changes in productivity map into changes in welfare, pictured in Figure 2.14.
While welfare losses are substantial, ranging from 0.4 — 1.9%, they are very different

in magnitude to the devastating results of a full decoupling in all products, in which
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Figure 2.14. Cumulative Percentage Change in Welfare (Real GDP), by scenario. Full
Decouple increases iceberg trade costs T’ 4+ by 160 percentage points in either all sectors or only in the
Electronic Equipment (elm) sector. In both cases, we set the parameter that controls the diffusion of
ideas to § = 0.44. Country codes: chn, China; ind, India; rus, Russia; rwc, Rest of Eastern bloc; rwu,
Rest of Western bloc; lac, Latin America; e27, European Union; ode, Other Developed; usa, United
States. Tables with the values for these charts can be found in the Appendix.

losses range between 8 — 12%.

These results underline two important observations. First, the costs of sector-
specific decoupling might be limited enough for this scenario to be feasible. Second,
input-output structures play an important role in magnifying dynamic losses. Limiting
decoupling to one specific sector tapers down indirect magnification effects that happen

through the input-output network.

2.6 Conclusion

We build a multi-sector multi-region general equilibrium model with dynamic
sector-specific knowledge diffusion in order to realistically investigate the impact of
large and persistent geopolitical conflicts on global trade patterns, economic growth,
and innovation. Canonical trade models typically start from a fixed technology
assumption, which thus misses a crucial source of gains from trade through the

diffusion of ideas.
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In our theoretical contribution, we show that large trade costs can lead to dynamic
inefficiencies in sectoral knowledge diffusion. Furthermore, we show that in a multi-
sector framework deviations from optimal knowledge diffusion happen both within
and between sectors. Additionally, sectoral deviations accumulate, such that total trade
shares being close to their aggregate optimal diffusion points is no longer sufficient
to guarantee optimal diffusion. A takeaway of our theoretical discussion is that, as
the number of sectors increases, so do the number of deviations from optimality and

diffusion losses tend to be higher with multiple sectors.

We then use this toolkit to simulate the trade, innovation, and welfare effects of
potential receding globalization characterized by economic decoupling between the
East and West, yielding three main insights. First, the projected welfare losses for the
global economy of a decoupling scenario can be drastic, being as large as 12% in some
regions, and are largest in the lower-income regions as they would benefit less from
technology spillovers from richer areas. Second, the described size and pattern of
welfare effects are specific to the model with diffusion of ideas. Without diffusion of
ideas the size and variation across regions of the welfare losses would be substantially
smaller. Third, a multi-sector framework exacerbates diffusion inefficiencies induced

by trade costs relative to a single-sector one.

This has important implications for the role of the multilateral trading system. First,
the current system with global trade rules guaranteeing open and free trade between
all major players is especially important for the lowest-income regions. Second, if
geopolitical considerations would lead to a split of the big players into two blocs,
it would be important that an institutional framework remains in place for smaller
countries to keep open trade relations with both blocs, in particular for the lowest

income regions.
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The toolkit we have built is versatile and can be employed for many other research
questions, in particular, focused on the analysis of policy. Future research could be
extended in various directions. We mention two. First, there is ample empirical
evidence for spillover effects from FDI, so the model could be extended with FDI and
sales by multinational affiliates. Second, the framework with both technology spillovers
and profits can be employed to analyze the economic effects of subsidy policies in

different regions, an important policy topic in the multilateral trading system.
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2.8 Appendix

2.8.1 Additional tables calibration exercise

Table 2.3. Growth Rate of Real GDP and Real GDP per Capita, respectively, Historically
and in Simulations, using different values of

B Mean St.Dev. max min
GDP

Historical 3.60 2.66 8.90 0.67
0.40 3.09 2.02 6.26 0.41
0.41 3.21 2.13 6.58 0.43
0.42 3.34 2.26 6.94 0.44
0.43 3.48 2.40 7.34 0.46
0.44 3.64 2.56 7.78  0.48
0.45 3.82 2.73 8.26 0.50
0.46 4.02 2.92 8.79 0.53
0.47 4.24 3.13 9.36  0.56
0.48 448 336 997 059
0.49 4.75 3.60 10.62 0.63
0.50 5.04 3.87 1132 0.68
GDP per capita

Historical 2.70 2.51 8.36  0.75
0.40 2.20 1.65 4.91 0.47
0.41 2.32 1.76 5.23 048
0.42 2.44 1.89 5.59 0.50
0.43 2.59 2.03 5.98 0.51
0.44 2.75 2.19 6.41 0.53
0.45 2.92 2.36 6.89 0.54
0.46 3.12 2.55 7.41  0.57
0.47 334 276 797 059
0.48 3.58 2.98 8.57 0.62
0.49 3.84 3.22 9.22 0.65
0.50 4.13 3.48 9.91 0.69
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Table 2.4. The squared difference between the sum of the historical and simulated
mean and standard deviation of GDP, GDP per capita and their sum

B GDP GDP pc Sum
0.40 0.67 1.00 1.67
0.41 0.43 0.72 1.15
0.42 0.23 0.46 0.69
0.43 0.08 0.25 0.33
0.44 0.01 0.11 0.12
0.45 0.06 0.07 0.13
0.46 0.25 0.17 0.42
0.47 0.64 0.46 1.10
048 1.28 0.98 2.26
0.49 2.22 1.79 4.01
0.50 3.54 2.96 6.50
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Table 2.5. Growth Rate of Real GDP and Real GDP per Capita, respectively, Historically
and in Simulations, using different values of 8 between 0 and 0.6

B Mean St.Dev. max min
GDP

Historical 3.60 2.66 8.90 0.67
0 2.17 1.10 3.79 0.32
0.5 2.19 1.12 3.84 0.32
0.10 2.20 1.13 3.87 0.32
0.15 2.23 1.16 3.93 0.32
0.20 2.27 1.20 4.02  0.33
0.25 2.34 1.26 4.19 0.33
0.30 2.46 1.39 4.49 0.35
0.35 2.68 1.61 5.08 0.37
0.40 3.09 2.02 6.26 0.41
0.45 3.82 2.73 8.26 0.50
0.50 5.04 3.87 1132 0.68
0.55 6.89 5.42  15.39 1.01
0.60 9.50 7.32  20.53 1.66
GDP per capita

Historical 2.70 2.51 8.36 0.75
0 1.29 0.72 2.27  0.40
0.5 1.31 0.75 2.33 0.40
0.10 1.32 0.76 2.36  0.40
0.15 1.35 0.78 241  0.40
0.20 1.39 0.82 2.53 0.40
0.25 1.46 0.89 2.74 041
0.30 1.58 1.01 3.10 0.42
0.35 1.80 1.24 3.75 0.44
0.40 2.20 1.65 4.91 0.47
0.45 2.92 2.36 6.89 0.54
0.50 4.13 3.48 9.91 0.69
0.55 5.96 5.02  13.92 0.98
0.60 8.54 6.88 18.97 1.55
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Table 2.6. Growth Rate of Real GDP and Real GDP per Capita, respectively, Historically
and in Simulations, using different values of B between 0 and 0.6 with an Autonomous
Technology Growth Rate of x = 2.36

B Mean St.Dev. max min
GDP

Historical 3.60 2.66 8.90 0.67
0 2.17 1.10 3.79 0.32
0.5 2.19 1.12 3.84 0.32
0.10 2.21 1.14 3.88 0.32
0.15 2.23 1.16 3.94 0.32
0.20 2.28 1.21 4.04 0.33
0.25 2.35 1.28 4.23  0.33
0.30 2.49 1.41 4.56  0.35
0.35 2.73 1.65 5.22  0.37
0.40 3.17 2.09 6.48 0.42
0.45 3.95 2.85 8.60 0.52
0.50 5.23 4.03 1176 0.71
0.55 7.16 5.62  15.92 1.08
0.60 9.84 7.52  21.17 1.77
GDP per capita

Historical 2.70 2.51 8.36 0.75
0 1.29 0.72 2.27  0.40
0.5 1.31 0.75 2.33 0.40
0.10 1.33 0.77 2.36 0.40
0.15 1.35 0.79 2.43 0.40
0.20 1.40 0.83 2.56 0.40
0.25 1.47 0.91 2.79 041
0.30 1.61 1.04 3.18 0.42
0.35 1.85 1.28 3.89 0.44
0.40 2.28 1.72 5.13 0.48
0.45 3.05 2.48 7.22  0.56
0.50 4.32 3.64 10.35 0.72
0.55 6.22 521  14.45 1.04
0.60 8.87 7.08  19.56 1.66
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2.8.2 Construction of Initial Sectoral Productivity Parameters A}

In our model, the location parameter of Fréchet distribution of a given industry-
country Aé/t evolves endogenously according to a law of motion, as described by
equation (2.21). To calibrate the model, we need initial values (Afi,o) deD,icT- We proxy
for the initial values using labor productivity in different sectors for each aggregate

region and industry in our sample in the base-year 2014.

We do so by combining two different databases: the World Input Output Database’s
Social Economic Accounts (WIOD-SEA —http://wiod.org/database/seas16) and the
World Bank’s Global Productivity Database (WB-GPD —https://www.worldbank.org/
en/research/publication/global-productivity). WIOD-SEA a reports value added in
local currency and employed population for 42 countries and 56 industries. WB-GPD
reports value added in local currency and employed population for 103 countries and
g industries. For countries whose data are available in both databases, we use the data

from WIOD-SEA, which is more granular.

The first step is to create a cross-walk between WIOD-SEA industries and the
more aggregate sectors in our model, namely: elm, Electronic Equipment; hmn, Heavy
manufacturing; 1mn, Light manufacturing; ots, Other Services; pri, Primary Sector;
tas, Business services. We then convert value added in local currency to PPP-USD
and market-rate USD using a panel of PPP and market exchange rates from the World

Bank’s World Development Indicators.

Afterwards, we did a similar cross-walk for the country-sector pairs in the WB-
GPD database. The detailed cross-walk can be found at the end of this Appendix.
However, WB-GPD only reports one aggregate manufacturing sector, while our model
disaggregates manufacturing into three subsectors. In order to make them compatible,

we take the following steps: (a) we classify countries as advanced and emerging
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markets in both the WIOD-SEA and the WB-GPD databases; (b) we calculate the
average share of value added and employed workers in total manufacturing for each of
the manufacturing subsectors (elm, hmn, and 1mn) for emerging markets and advanced
economies, respectively, in the WIOD-SEA database; and (c) we use those shares and
reported value added and employed workers from the WB-GPD database in order to
input, for each country, a disaggregation of total manufacturing into elm, hmn, and 1mn.
We then convert value added in local currency to PPP-USD and market-rate USD using
a panel of PPP and market exchange rates from the World Bank’s World Development

Indicators.

Finally, we collapse PPP-USD value added, market-rate USD value added, and
number of workers for the regions of our model (chn, China; ind, India; rus, Russia;
rwc, Rest of Eastern bloc; rwu, Rest of Western bloc; 1ac, Latin America; €27, European
Union; ode, Other Developed; usa, United States), and calculate, for each region-

industry pair, labor productivity as:
,  PPP$VA},
a0 1i
Lio

using PPP-USD value added per worker.
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Table 2.5. Cross Walk Between WIOD-SEA and Model

WIOD-SEA Sector Model Sector
Ao1-03, B pri

C10-19, C31-32 Imn

C20-25, C28-30 hmn

C26-27 elm

C33, D35, E36, F, G45-47, H50-53, 1, L6§, N, O84, P85, Q, R, S, T, U | ots

J58, J61, K64-66, M71-73 tas

Table 2.6. Cross Walk Between WB-GPD and Model

WB-GPD Sector Model Sector
1.Agriculture pri

2.Mining pri
3.Manufacturing (see methodology)
4.Utilities ots

5.Construction ots

6.Trade services tas

7. Transport services ots

8.Finance amd business services | tas

9.0ther services ots

¢ Countries in WIOD-SEA: Austria, Belgium, Brazil, Bulgaria, Canada, China,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, India, Indonesia, Ireland, Italy, Japan, Korea, Rep., Latvia,
Lithuania, Luxembourg, Malta, Mexico, Netherlands, Norway, Poland, Portu-
gal, Romania, Russian Federation, Slovak Republic, Slovenia, Spain, Sweden,

Switzerland, Turkey, United Kingdom, United States.

¢ Countries in WB-GPD: Angola, Argentina, Australia, Austria, Azerbaijan, Bel-
gium, Burkina Faso, Bangladesh, Bulgaria, Belize, Bolivia, Brazil, Botswana,
Canada, Switzerland, Chile, China, Cameroon, Colombia, Costa Rica, Cyprus,
Czech Republic, Germany, Denmark, Dominican Republic, Algeria, Ecuador,
Egypt, Spain, Estonia, Ethiopia, Finland, Fiji, France, United Kingdom, Georgia,

Ghana, Greece, Guatemala, China, Hong Kong SAR, Honduras, Croatia, Hun-
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gary, Indonesia, India, Ireland, Iran, Iceland, Italy, Jamaica, Jordan, Japan, Kenya,
Republic of Korea, Lao People’s Dem Rep, Saint Lucia, Sri Lanka, Lesotho, Lithua-
nia, Luxembourg, Latvia, Morocco, Mexico, Montenegro, Mongolia, Mozambique,
Mauritius, Malawi, Malaysia, Namibia, Nigeria, Netherlands, Norway, Nepal,
New Zealand, Pakistan, Philippines, Poland, Portugal, Paraguay, Qatar, Romania,
Russian Federation, Rwanda, Senegal, Singapore, Sierra Leone, Serbia, Slovakia,
Slovenia, Sweden, Eswatini, Thailand, Turkey, Chinese Taipei, United Republic of
Tanzania, Uganda, Uruguay, United States, St. Vincent and the Grenadines, Viet

Nam, South Africa, Zambia.
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2.8.3 Market Clearing

In every region, factor markets must clear, such that the use of each factor of
production summed over all sectors i € Z in region s € D by producers of varieties

must equal its supply:
Zké,t =ks, Z Eé,t =Lt (2.25)

i€l i€l

The main equilibrium conditions are |D| - |Z| expenditure equations that satisfy:

=Y 7l | S el b (1= s )Y+ =T (Sae — thas) Yar | (2.26)

. —i
deD i€l 140 icT Xd

final goods )
intermediates investment

The part of (2.26) denotes the purchasing by firms of intermediate inputs. 7T£ iy is

the trade share of s in varieties demanded by the producer of sectoral good j in region
d; ‘F;’] ; is the cost share of sector j in the total intermediate expenditure use in sector i;
‘P;T is the cost share of intermediates in total cost in sector i; and %’éieé ; is the total

cost payments3°.

The second part represents expenditure related to the use of varieties in the
production of sectoral goods for final consumption. «’, , is the Cobb-Douglas parameter

that denotes expenditure share in sector i as a fraction of total final goods expenditures.

The last part represents expenditures on investment goods. )_(Zi are Leontief weights

and the paths of savings s;; and the trade balance tb,;; are given exogenously.

Prices of factors of production are proportional to their use and total cost. Since
factors are used in every sector, we aggregate over sectors to calculate aggregate

payments to each factor of production:

3°The cost shares are, respectivelly: ‘I’fi’{t — TZ{t(PQ,t)P”" /(ZkeI‘Piz'ﬁ (plucl,t)liyi) nd \P;T _
W (py )10 (Y (p )10+ Y (o)1),
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. il ~gif j i i

ws,tgs,t =Y 4ep ZiGZTs,t ) ‘Ps,t ) 1+19i Tlsdt " Cdt (2.27)
. ik wi.f 6 i i

rstks = YaepYier Yo Yot - 150 Toap " €as (2.28)

where Y ; f is the cost share of value added in total cost; and, for each factor of
production ne {{k}, ‘Y;’; is the cost share of factor n in total expenditure on factors

of production3’.

The government collects tariffs and other taxes and directs them to the representa-

tive household as lump-sum transfers:

T= L e L g 229
sepiez  Msdt
Recall that profits are:
2.30
S,f 1+91d§) sdtdt (2.30)

This completes all elements necessary to characterize domestic income:

Ys,t = ws,tgs,t + rs,tks,t + Ts¢ + Z HJS,t (2-31)
jez

Replacing (2.27), (2.28), (2.29), and (2.30) into and the latter into (2.26) provides a

system of equations in expenditures eii ; that solves for the cross-subsectional equilib-

3'Once again the mathematical expressions for the cost shares are: ‘I’;J; =
‘I’i’f(pftflt)l’Pf /(¥ (pfdt)1 Pi —|—‘I’ (Pdt)l fi); and, for each factor of production n € {/k},

‘{’i n_ g d(pniy )t “u / Laetei ‘I’d/t(pqd,t) ¥, with pnl;, standing for the price of factor .
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rium of this model.
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2.8.4 Mathematical Derivations

Evolution of the Productivity Frontier

In this subsection, we largely follow the steps of the mathematical appendix to
Buera and Oberfield (2020) to the particularities of our model. In the proofs, for
simplicity, we initially abstract away from sectoral specific elasticities, using 6 rather
than 6;, but at the end generalize the results to accommodate them. For any period,

domestic technological frontier evolves according to:

. X t+A
Fl,a(2) = Fi (2) <1 _ / / ez ()G (2 ’)dr)
-
Pr{productivity<z at ¢}

Pr{no better draws in (tt+A)}

Rearranging and using the definition of the derivative:

. Fi Fi\(z .
%lnpszlt(z) _ ili_n)O St—i—A(Fl) (Z) S,f( ) _ —/Oétze(zl)‘gedGZd,t(Z/)
st

Define AL, = o X1 ﬁgdGl "dt and integrate both sides wrt to time:
st g

t .
O%lnP;T(z)dT _ / [ ¥aGi (i
Fsi,r(z)) L 1
n (FSZ'/O(Z) - Z ( st s,O)
Fi(z) = Fg(z)exp{—z (AL, — Ao}

Assuming that the initial distribution is Fréchet F! ,(z) = exp{—A! 5,02 ~91 guarantees
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that the distribution will be Fréchet at any point in time:

i

L1(2) = exp{-ALz %) (232)
Law of Motion of Productivity

As seen above, we have defined:

st—/ e [ ()P 4GLA(2 )T

Differentiating this definition with respect to time and applying Leibnitz’s Lemma

yields:

)\é,t = Dét/(zl)ﬁeidcé,t(zl)

We use these results and work with a discrete approximation of the law of motion

for productivity:

ML = [ ()PdGl, () 23))

The source distribution Gfi’t(z’ ) = Z]'GI\PZ{t—l YoeD H;é ;_1(2'), where Tzi’ft is the
expenditure share of sector j in the cost of intermediates when producing good i
in region d; and H, c]l ,_1(2') is the fraction of commodities for which the lowest cost

supplier in period t — 1 is a firm located in s € D with productivity weakly less than z'.

. . o i,j
We focus our attention on the integral [ zP? dH; d/t(z). Let

Fi\(22,22) = exp{—AL,z, ~o' }and Fl\(z1,22) = (1+ Aé/t[zz_ ])exp{ ALz ~o' } are,

179



respectively, the probability that a productivity draw is below z, and that the maximum
productivity is z; and the second highest productivity is z3*. Let for each n, A;,t =
bl d,tfé 4 such that s will have a lower cost than 4 iff Al 2l (w) <zl ,(w). Region s
with highest productivity producers z,z will supply the commodity i € Z in region d

with the following probability:

.. Zn : . . ;
‘7:51;{,1‘71(21’22) = /0 Hn#sPr]z,t1<A§1,t%A§a,ty>dPs],t1(yfy)

Z1 . . . d .
+ / Hn#spyjl,tfl <A;1,t22/ A;MZz) EFS{,F1 (z1,22)
22 1

The first term in the right hand side denotes the probability that the lowest cost
producer at destination d is from s and has productivity lower than z;, while the
second term accounts for the probability that the lowest cost producer at destination
d is from s and has productivity in the range [z,z1). We will evaluate each integral

separately. First, take the first term:

32To see the latter, note that:

Prob(z1 < Z1,2p < Zp)

i %L 4 N
F1(Z2) + /0 /Z for(W) for(y)dy' dy
2

Psi,t(zz) + st,t(zz)(st,t(Zl) - st,t(ZZD
= (1+AL[Z,° = 27 ) exp{ AL, Z, %}

180



/ Hn;és nt— 1( nt— 1Y, Ant— 1]/) s,f— 1(]//]/)

) . . -0 . .
- eXP{DL,M(AzMy) }9%’?@/ Texp{~AL, v~ }dy

n#s
P[P0 AR
= As,t—l/o 93/ exp ZAnt 1( n,t—l) Y dy
1 _pi Y=z
‘ ‘ i
- Aé,ffl —oi EXP Z/\nt 1( iz,tl) y
Zn nt—1 (An f— 1) y=0
- pu :
— A—1 __—¢gi
=TT 1 exp{ ZS] zZ5 }
sdt 1

Now consider the second term.

/ Hn;és nt—1 <A;1,tZZIA§1,tZZ) d—21PS]lt71(Zl,Zz)

—o

21 . . . . .

o m,j_—0/—1 ] -0/

—/Z exp Z/\nt 1( nt122> 9])‘s,t 21 exp{—/\slt,lzz }dzy
2 n#s

—o

N N
_ st—1 _—@/ ] —0 —gi
_exp{—TZ2 }/\st (27 —27)
Therefore:
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ij _ st—1 _—pi ij j e __gi
Far-1(21,22) = eXp{ i~ } (”sd,t—1 T A1(z7 — 7 )) (2.34)

Note that:

18 .F (21,22)
o i,j ,39 sd,t—1
/ dH' (2 / / e dzidz (2.35)

and that we can calculate the joint density explicitly:

az}—sid,tfl(zl’zz) d _ )\]s,tfl _pi
02102 029 '

Plugging this into (2.35):

j
®© o0 g 1 A 3 B L i
/0 / Zf ij exp{—% 91}(9 /\]t 1# 9] 1)(91/\;#12291 Ydzidz
Z 7T

2 di—1 TCsd t—1
© 1 Ay
A= —91 _91 1 0l—0i—1
:/0 ij exp{ - T }(6]/\Jst 1% )/\]st 1/ (6/z) P )dz1dz;
sdt—1 nsd t—1
© 1 My 1 g
- i Iz ) poi—6i
_/ T eXpy T =% (0]/\5t 12 JAg 1 T dzy
J ! po
sdt—1 sd,t—1
e - ; . . Al _oi .
Now, if either 6" = 6/ or Using a change of variables, let v = nf";lzz 9], which
sd,t—1
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implies that dy = —i 221 z=0/~14;

sdt 1

Replacing above:

‘ ij 5 1 0 B
WPt )P [T ] o prt A
' i g 1
— WPt ) T p)

= (AL, P, )VPT(—B)  (T(y+1)=yI(y))

Therefore, replacing into the law of motion for the location parameter of the Fréchet

distribution:

ANy, = as [ 4G, (2)
_ Bo ij
= “fZTdt 12/ dHg, 4(
jeT seD

B ij 1-
= aT(1-B Z‘Pdt 12 (A 1)ﬁ(”sd,t—1) P
jeT SED

which is the same expression as in equation (2.21).
Proof of Proposition 2

Proof. (a) Diffusion Maximum

The trade shares that maximize diffusion solve the program:
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max Z‘th 1 s,é t—1)1iﬁ()‘ét 1)ﬁ (2.36)

{T[sdt 1}]zeZseD]€I SGD

st V(i,j)eIxT Znsdt 1=
seD

whose solutions satisfy:33:

. e . N
L] Diff Opt _ s,t—1
(ﬂsd,tfl) 1rrusion p imum — (237)
ZkeD /\k,t—l

Replacing (2.37) into the objective function results in the following diffusion func-

tion:

, 1-B
R . A :
i ion im g1—1
(Ax)Psion Optimal =y | ) (AL )f
jel s€D ZkeDAk,tq
| ~(1-p)
_ )
- £ B (S
jeT s€D keD
p
= ZTdt 1<ZAst 1)
jeT seD

33Let ¢ be the Lagrange multiplier. Then, for each (s,i,j) first order conditions satisfy:

(1- 5)7%71 (néz,tfl)ﬁ()‘i,t—l)ﬁ = ¢
.. . . . ] 17 1 i
(n,;,é,t_l)lefuswn Optimum  _ ¢ [(1 — :B)Td]t 1] B /\/ -1

using the constraint:

1

_1 THEN _1
%((P ﬁ[(l—ﬁ)‘l’féﬂ_ﬁ”ﬁ,t_l):l = ¢ F=[1-p) :li]t TR Z)‘st 1
se
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whose single-sector analog is: (AA,)Piffusion Optimal — (y~ As,t—l)ﬁ . Let h(x) = xP for

B €[0,1), a strictly concave function. Then:

(A/\d)Diffusion Optimal _ lXtr 1— (Z)Lst 1>
seD
> aT(1-p)h| Y ¥, 12‘% 12% )
il JET s€D
> al(1-PB)Y ¥, 1Z‘I’dt . xh(Z/\St 1)
i€l JET s€D
= “tl"(l — ’3) quél,t—l(A/\ii)Difquion Optimal

icT

where the first inequality comes from the fact that
YeepAsi—1> Lier ¥, 4 ZjeZ‘I’th_l YD /\i ;1 and k() is an increasing function; and
the second inequality comes from applying Jensen’s Inequality in the context of strictly

concave functions.
(b) Market Allocation

Let ¢(71,A) = ' ~PAP. Note that g(71,A) is strictly concave in both of its arguments.
Denote 7154, As the value for aggregate trade shares and aggregate productivity, respec-
tively, in a single sector mode. For ease of exposition, we omit time subscripts below

whenever possible. Due to the concavity of g(-,-):

g( ;]1//\]) < g(nsd//\S) +g7T(7Tsd/AS) (71—;’,; - nsd) _’_g)\(”sd/)\s) <)\]s - As) (2-38)
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ij
Let ‘I’” = ed and ‘I’; E —d denote the cost shares in the destination country. By
d

definition, gy = Yic7 Y ier ¥ ¥ . 7734 Multiplying both sides of (2.38) by ¥, -
ieTLjel Tg 1y "7ty plymng y 1,

and summing over i and j results in:

Z‘Yd Z‘Y ;é/)\] < g(nsd//\ )"’gﬂ Ttsq, A ZTZ ZT”T(; Tlsd
icl  jel icl  jel

+ gl ds) | Y ¥E Y WAL -
i€l  jel

= g(T[Sd, )"’g)\ TTsq, A Z‘}” Z‘{”]/\]
icT  jeT

where the equality follows from the fact that sy =) ;7 Z]d‘l" ‘I’” ni’é.

Recall the definition of the law of motion for productivity in a multi-sector frame-
work: (2.21):

,] /\]

Ay =a Y T(1- )Yy Y () P(A)P = aT (1 - B) Y ¥y g (),

jET s€D jeT
In a single-sector framework the law of motion of productivity is:
ANy =al' (1 — B) Ysep §(7s4,As). Using these definitions, multiplying both sides of the

inequality above by aI'(1 — ) and summing over source countries results in:

Y WL AN S AN+ T(1—B) Y ga (a1, Asi—1) | YW, 12Tdt AL = Asi
icl s€D icT jeT

(2:39)

. e ZEIZezed el e”eZ ij z]
34To see that, note: gy = EL: = 71 JE2 s ZIGIZ]EI es ; f] ZZGIZ]GIT T
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Since g (754, As) > 0, if EiGI‘Yfi,t—l ZjEZTZ{t—l/\]s.,t—l < Ag,4—1 for each s and d, then:

Market Allocation
1 ] Market Allocati
(Z ‘Y:i,tlA)\:i,t) S (A/\d,t) arke ocation (2.40)
i€l
which completes the proof.
O

Summary Statistics

Note that the aggregate diffusion function is:

Ma=al(1-B) Y () P (As)P
deD

Hence:

aA)\d 1-8 B 1 87rsd
— — o I(1 — 1-— 7T Ag)P ——=
o7, M (1-B)( ﬁ)d;)( sd) | (As) 9T,
Now calculate ggj‘; :

7T . 0

A7, —0%,5 [1—ryy], ifs=s
0ty _

s —f—@%ffsld, if S 7é S/

Hence:
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JAA . _ _
S0 k(1 ) (v) P A — () ()P ()
To'd keD\{s'}

_ 1-g B
where ¥ = 6(1 — ﬁ)%atf(l — B). Finally, define wy; = o T(1 ﬁ)(ﬁz) )" the

pairwise diffusion term. Then:

AN, Ty
- = 01— B) |(1 - mag)weq — (g w
0Tay MMy (1-p) {( 1) Wsg — ( d)kd%y} kd]

AN, Ty
af's’: As)jj - _9(1 N 'B) [(1 - nsld)ws'd - ns’d(l - ws’d)]
ot Ay, 00— B)lwsa = e
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2.8.5 Optimal Diffusion Levels

Two-by-Two Economy

If a Benevolent Planner were to choose domestic trade shares to maximize idea
diffusion to a given sector at the home economy, she would solve the following concave

programming problem:

max () (AP + (1= ) P (AL)P]
(i)

+ (=¥ )l PP+ (=) P (AP

For 7/, the first-order condition satisfies:
h

¥i(1 - B)[(mr) P (AP — (1 — ) P(ALF] = 0
(M) PP = (A=) PAp)P
A,

N+ A,

( 7_[;'1,1‘ )Diffusion Optimum

This result is the building block of the ratios that we express in subsection 3. If we
want to calculate the within sector ratio of total domestic trade expenditure, we can

write:

o Diffusion Optimum . A 1 i
i i l n !

Yi(1— ) CAHAL T NN AL

Similarly, if we want to write a cross-sector ratio of total domestic trade expenditure
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shares, we can write:

. Diffusion Optimum ) ) i i
11;1 1,1 11}1 )\;l )\h + )\ f
Z = == i X — X — —q (2'41)
- f
cost share Quctivit h ~~
OWR-productivity i qustry-wise productivity

which is the same as equation (22)

Multi-Sector, Multi-Region Economy

For each sector i, the diffusion maximizing trade shares satisfy

n ) P, )P (2.42)

max ZTdt 1 Tlsd t—1
seD

{nsdt 1}]1€Is€D]€I

V(Z,])GZXI Znsdt 1=
seD

s.t.

Let ¢ be the Lagrange multiplier. Then, for each (s,i,j) first order conditions satisfy

) L P = e

1]
(1- IB>Td,t71(nsd,t71
.’. 'ff . O . l ." l .
(e )P optmem —ghi(1 - gy )AL
using the constraint:
1 ij j _1 1
> (9 ﬁ[(l_ﬁ)‘yd,t—l]ﬂ)\st D=1+ ¢ F=[1-p)¥7_ ] 5 ZDAst 1
se

seD
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Therefore:

j
/\s,tfl

(n_i, ] )Diffusion Optimum __ ‘
]
YkeDMer 1

sd,t—1 (2.43)

If we want to calculate the within sector ratio of total domestic trade expenditure,

we can write:

Diffusion Optimum

i,j ij j ] -1 j
Y11 A o ( Aut—1 ) Ay

i,j i o m,j m,j Y
Y171 YkeD i1 YkeD i1 Asi—1

Replacing 2.43 into the objective function results in the following diffusion function:

‘ 1-B
o . ¥ A, ‘
(A)\;)lefusmn Optimal _ Z TZ{tfl L]l (/\{s,t—l)'g
jeT s€D ZkeD /\k,t—l
N ’ ' —(1-B)
o i ] ]
- £ B (D)
jez s€D keD
. . . ﬁ
o L,] ]
- de,t—l <Z As,t—l)
jeT seD
Recall that under the market allocation:
] = b
(n;,é',til)Market Allocation _ /\s,t—l (de) ] (2.44)

Ykep Al g (Fra) Y

Replacing that in the diffusion function results in:
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1-p
, . A %)% .
(AAQ)MarketAllocatlon _ qudt ) s,t— 1( Sd)~ — (/\]s,t—l)ﬁ
ez seD \ LkeD /\k,tfl(xkd) J

‘ —(1-p)
= ZTdt 1 ZDA]s,tl(fS (ZAkt 1 )

jeT keD
» -6; -(1-p)
- Z%mZ%m(ZMm( > )
jez seD keD Xsd
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2.8.6 Other Mathematical Derivations

Trade shares

In this model, since there are infinitely many varieties in the unit interval, the
expenditure share of destination region d € D on goods coming from source country
s € D converge to their expected values. Let 7’ 1+ denote the share of expenditures of
consumers in region d € D on commodity i € 2" coming from region s € D and, let

for each n, (An )i=x d,tf; 4 This share will satisfy:

~.

Mot = Pr(zs,:é;) <(Ir?7gsl){ n(déf?)})
~ /°°Pr<'<> 2)Pr(z), (w) < zAL)dz

= / fst n;és Fﬂf(ZA )d
= / 9)\51‘2 1+6) (ZneD/\iz,t(Ail)ie)Zfedz
Aop(T) "
ZneD)‘n,t( md,t)_e
)‘Zst(’zédt)fg

= — =7 (2.45)
i

Similarly, since countries use the same aggregate final goods as intermediate
inputs, cost shares in intermediates for each supplying sector j and region s used in

the production of good i in region d satisfies:

j ~] -
i,j _)‘st( sdt) ’

Tl ¢ ; (2.46)
P

which are the same as expressed in (18).
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Price levels

Recall that the prices of commodities and intermediate goods can be expressed,

respectively, as:
a1
i [/ i (w)l—adw} o
Pa, 0.1] Pa,

Let O, and Q;é ; denote the subsets of () = [0,1] for which the regions € Dis a

supplier in destination region d € D. We can then rewrite price levels above as:

.. i i,j
Similarly, we restate d,t(zl,zz) and the analogous measure J é,t(ZLZZ):

. Al . .
Fulam) = el = 250w+ 0@ -5)  Gan)
sd,t

which denote the fraction of varieties that d purchases from s with productivity up to
z1 and whose second best producer is not more efficient than than z,. Recall that, from

the Bertrand competition assumption, we can write, for each variety w:

=i =i
o Xod t Xsd t

0 =1z (w) 2 (w)

So we can rewrite the equation [, pfi ,(w)177dw in the following fashion:
sd,t 4
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| pie)de
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. ?F! (z1,22)
= i \l—oZ T sdt\ TR
- /0 /Z2 (pd,t) 821822 ledZZ

. . 1-c
00 00 ) o fl fl 1 Al B . L
= / / min sdt Zsdt —exp{ — Lz 0 L(OAL 270 (0AL 2,0 ) dzdz,
0 Jz c—1 z1 " 2z 7r; it 7Tt ¢
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A A
With a Change of variables, denote ¥ = 9 and ¥, = nf't zZ, 9 and
sd t sd,t
9/\ zy OAL 25
d‘}rl 2 1 le , d‘Fz s,;—z

= - dzp, which allows us to rewrite the equation
sd,t—1 sd,t—1

above as:

- )?id fid 1-0c
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" o1 z1 'z exp{ 2} 12

I
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E
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&
e
S
——

1o

[
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. i B Y. *l
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Therefore:
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Which is the same as (17) after allowing the elasticities to be sector-specific.
Marginal costs and profits

From equation (2.12) we can derive standard CES demand functions as:

‘ pi (w) —0 ei

I e (249)
Pat Pat
m,j o L

P4, (w) €4

C;{t(QJ) = ( tm,]‘ ) nf’] (2.49)
Pat PCay

where pé/ ; satisfies equations (17); e;/ ; denotes expenditure on commodity i of macro-
sector m in country d; and eZ] ; denotes expenditure on intermediate input j used in the

production of commodity i of macro-sector m in country d.

As in previous subsubsections of the Appendix, we will derive the expression
for the marginal cost and mark-up for the production of variety qfi (w) and state
a corresponding expression for cfi’jt(w). The marginal cost of producing variety w

sourced in country s and consumed in country s is:
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Xat
m%u(w)

and total cost of varieties sourced in country s and consumed in country s can be

expressed as:

X X pl(w)\ ¢

dt dt dt dt
/i —qélt(w)da):/, < Z. ) —dw
a,, 21(w) a,, 21(w) Pas Pt

As in the previous subsection of the Appendix, we let Q! , and Q;Ji ; denote the
subsets of () = [0,1] for which the region s € D is a supplier in destination region

d € D. We can then rewrite the integral above as:

/ T (Vt{,tv(w)) ”d: At g
Joi, 21(w) Py pdt

1
sd,t
T (z1,m)

= -Edt / / P T dzydz
z) ) 0z102)
Toap % oy AL
0, sdt st 0\ gri —0—1y(gri ,—0-1
= . -, —— ex] — z ALz OAL ,z dzydz.
= U/ / (7—1 2z =9 P{ 2 }( stz )OAgz" T )dzdzy

/\‘ )\
Once again, use a change of variables, denote ¥ = — and ¥, = Lz, % and
sd,t sd t

9)‘5 tzl 9)‘5 t 2

d‘Yl = le, de

nsz:lt 1 sdt 1
above as:

dzz, which allows U.S. to rewrite the equation
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Therefore, total cost equals:

xd pill(w) _”eé
st = Z/ at, ( ti ) it eznsdtdt (2.50)

deD Pat Pat deD

Profits can be expressed compactly as total revenue minus total cost:

0 o 1 o
ot = Z . dt€ dt Z nld,teii,t =T Z nld,te(li,t (2.51)
deD ’ 1+9deD ’ 1+9deD ’

Analogously, total costs and profits of intermediary producers are, respectively:

ét:1+9d§)ﬂsdtedt' S/t 1+9d§)ﬂsdtedt (2.52)

These are allow analogous to the expression in the paper after allowing the elastici-

ties to be sector-specific.
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Chapter 3

Dynamic Adjustment to Trade Shocks
(joint with Junyuan Chen, Marc
Muendler, and Fabian Trottner)

3.1 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 S.
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 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 sourcing decisions give rise to horizon-

specific trade elasticities. Under the Ricardian trade tenet, products are sourced
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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 S. Kortum (2002, henceforth EK). We characterize im-
pulse 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 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. Furthermore, we derive a novel charac-
terization 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 at any time horizon under a

time-varying 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-sector specific Fréchet distribution. Trade is subject to iceberg trade costs.
An assembler of an industry’s final good at a destination d seeks to buy from the
least expensive global supplier, but may not be able to instantaneously switch from
one supplier to another. The assembler’s sourcing decision 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
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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. 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 Armington (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 at time ¢t = 0:

n_ 0logAsin
l —

: ;1= (10" — (- 1)1 - 5",

dlog T4 0

where Ay, is destination country d’s expenditure share falling on intermediate goods
from source country s in industry 7 in the hth period after the shock, 7; ¢ is the trade
cost component that is shocked at time t =0, 0; is the long-term trade elasticity as in EK,
0; — 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
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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
0; 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, which
we derive in closed form. The horizon-specific welfare formula features a dynamic
adjustment component, which fades 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-run trade elasticities, document
how existing results from Boehm, Levchenko, and Pandalai-Nayar (2023) 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 the episode of the US-China
trade war started in 2018 and show that rich industry-level dynamics can result, with
consequential changes in welfare implications. First, despite the low trade elasticity in
the short-run, the United States main suffer a smaller welfare loss over the short run
relative to the long-run outcome, when the sourcing frictions are no longer relevant.
China, on the other hand, may suffer a short-run welfare loss that exceeds the long-
run loss. A lower short-run trade elasticity therefore does not necessarily imply a
larger short-run welfare impact in this world economy. 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
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time-varying trade elasticities, can induce substantive and shifting deviations from
the long-term welfare outcome. 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. 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 large initial welfare losses in the

short-run, but marked and potentially 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 (n.d., 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. 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 existing estimation methods with a mixture of the Armington and EK elasticities.

The importance of staggered contracts for trade and exchange rate dynamics has
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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. In a related approach, Arkolakis, Eaton, and S. S.
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 assemblers that operate similar to a wholesale or
retail firm in that they source 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 S. S.
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 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 3.2, with details on mathematical derivations relegated to the Appendix. In
Section 3.3 we turn to the dynamic analysis of the model. Estimation of the key
parameters follows in Section 3.4. 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 3.5.

Section 3.6 concludes.

'The underlying stochastic process shares features with the so-called Sisyphos Process Montero and
Villarroel (2016).
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3.2 Model
3.2.1 Fundamentals

Consider a world economy with N destination countries d € D := {1,2,---,N},
s € D source countries of trade flows, and I industries i,j € Z := {0,1,2,---,I}. Time ¢
is discrete. Subscripts sdi, t denote a trade flow from source region s to destination 4 in
industry 7 at time t. Households inelastically supply a single production factor (labor)

to domestic firms, and markets are perfectly competitive.

Households.

In each period t, 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 w ;.
Household utility in country d at time ¢ is given by 1(C,;), where C;; is the final good:

a Cobb-Douglas aggregate over the composite goods Cy; ; from each industry with

Car= H (Cdi,t)ndi- (3.1)

i€l
The coefficient 774 is the consumption expenditure share of industry i’s composite
good, with } ;-714 = 1. Let Py;; denote the price index of the industry i good in d
at time t. Country d’s consumer price index is then given by Py ; =[T;c7 (Pdi’t / ﬂd,i)m“-

We assume that households consume their income in every period and discount future

utility flows at rate g € (0,1).

Intermediate Goods.

Every industry i 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
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constant-returns-to-scale technology to produce the good using domestic labor ¢ and

composite goods M;; sourced from other industries:

yi(w) =z ()" ] [(Mj;)™r. (32)
jez
where y;(w) is the output of good w. The coefficient a; is the value-added share of

industry i and the parameters ay; > 0 are such that ay; =1 — Yje T Xdji-

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 i from country s to country d at time t requires producing dy;; ; > 1 units
in s, where dj4;; = 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

Todit = Asdi t Todi 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

Codit = OgTogip (ws )" T T (Pjr) ™7, (33)
jeJ

where O;; 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

Csdi t /Z(w) .

Production technologies for intermediate goods arrive stochastically and indepen-
dently at a rate that varies by country and industry. In particular, we follow Eaton and
S. Kortum (2012) in assuming that the mass of intermediate goods w in country s’s
industry i that can be produced with a productivity higher than z to be distributed

Poisson with mean Az .
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Assembly of Composite Goods.

In each industry, assemblers bundle intermediate goods into a composite 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 i’s composite good using the technology

Yi

-1
Yyir = (/ ]/di,t(@wi_l)mdﬂd) , (3-4)
01

where y;; /(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
i. We let py; +(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 3.8.1, cost
minimization given (3.4) implies that the price of industry i’s composite good at

destination d satisfies

o;—1

Py = ( /[ o pdi,t(dw)_(""_l)dw> : (3-5)

3.2.2 Sourcing Decisions and Trade Flows

Under the Ricardian trade tenet, assemblers seek to source an intermediate good
from the least expensive 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.
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The assemblers’ choice of source country for any given intermediate good w is
governed by an i.i.d. random variable x;;(w) € {0,1} for each industry. If x; ;(w) =
1, that is if the global draw for an intermediate good w from industry i 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 i at time f. Between assemblers in different countries the optimal
source country can vary because of different trade costs. Else, if x;;(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 i from the same
producer as in the preceding period t — 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 Q;‘ ; denote the set of industry j goods whose supplier at time ¢ was last chosen k
periods ago:

OF, = { @ xaip 1 (@) = 1L, TTE Ly Kaig(w) =0}, (3.6)

where UkQ;?/ ; = [0,1]. The sets Qi‘ ;, mutually exclusively and exhaustively partition the

unit interval of intermediate goods for each industry i.
Demand for Intermediate Goods with Newly Formed Supply Relationships

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

0

beginning with those that are concurrently formed, w € Q) i
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If country s is chosen by an assembler in destination d to supply industry i’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 i must make

the intermediate good the least expensive.

Let z;j(w) denote the highest realized productivity by any producer in country-
industry si. Similar to Eaton and S. Kortum (2002), our distributional assumptions

imply that z; has a country-industry specific Fréchet distribution given by?>

Pr[zs(w) < z|As;,0;] = exp {_Asiz_gi} : (3-7)

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

available source country at time ¢ is

Pdi,t(w):min{ Csdit } (3.8)

s€D | Zgj (w)

for the common unit cost component cy; ; given by (3.3) and the producer with the

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

As in Eaton and S. Kortum (2002), the distribution of paid prices across intermediate

goods in the set Y, in destination d at time f satisfies

Gt [Paip(w) < p] =Pr [Pdi,t(w) <plxip(w) = 11 =1—exp {_q>2i,tp_6i}/ (3:9)

where

(I)gi,t =) Au (i) " (3.10)
neN

2Our 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. To focus most sharply
on adjustment to trade shocks, we do not specify productivity shocks.
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is a measure of destination d’s market access for intermediate goods w € Q?’t, given
trade cost and factor prices behind the common unit cost component c,4; ; by (3.3).
We relegate the derivation of these results to Appendix 3.8.2. To guarantee that the
distribution of paid prices has a finite mean later, we impose the standard parametric

restriction that 6; > 0; — 1 for all i € 7.

The properties of the Fréchet distribution imply that Ggi,t also equals the distri-
bution of prices for intermediate goods w & Qgt sourced from any source country s.
As a result, country d’s expenditure share for each potential source country s across
intermediate goods w € Q?,t must equal the probability that this source country offers

the lowest global price: ‘
Asjlesais] ™

0
CI>111',t‘

/\Sdi,t = (3.11)

with the common unit cost component cyy; ; given by (3.3).

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 )‘gdz‘,t
= —9]~.

dlog Tygi +
dit

Demand for Intermediate Goods with Continuing Supply Relationships

Intermediate goods w € Q;‘ ; 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 £; = x;/x;_1.

Suppose an assembler in d first sourced an intermediate good w from s at time

t — k under the unit input cost cyy; s /zsi(w), which depends on equilibrium factor
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prices and parameters by the common unit cost component (3.3). If the intermediate

good is still sourced from the same producer at time ¢, its price will then equal:3

, (3-.12)

Pk ' (w) _ Csdi t _ Csdi,t—kHé:t_k+1@sid,g
sdjt 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 3.8.3 that country d’s expenditure share by source country

across intermediate goods w € QF, equals

0 t A 1=0;
Asdit—k <Hg:tfk+1 Csid,g>

ASaie = (3.13)
sdit k ’
q)di,t
where
; 170’,‘
ko 0 A
Dy = Z Avdi H Cnid,g (3.14)
neN ¢=t—k+1

reflects the mean price that a buyer pays for the set of intermediate goods QF, at time

t — k through the trade shares {/\21. i t—k} N
/ ne

Comparing equation (3.13) and (3.11) 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
t, 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

Xy A A . .
3Note that x; = x;_p =k ... X =x, %, .1 -%. For a composite variable such as cy4; s = Togi ; Ws ¢,
t—k"x,_ X1 t—kAt—k+1 sdi,t sdi,t Ws,

the change over time is C4; 1 = Tyg; ¢t Ws -
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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.

. oy k
at period t — k for partition €0} .

In order words, for each partition Qi‘ ., trade happens under Armington forces.
Intuitively, the price elasticity of demand is governed by the elasticity of substitution
0; — 1, which captures Armington trade:

dlog A

sdi,t
N T =—(0;—1) fort—k t.
dlog Tygi (i =1) for ses

Dt

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 (3.11) and

(3.13).
3.2.3 Aggregation

To find aggregate demand, we leverage the homotheticity of assembly. The partial

price index for the composite of intermediate goods purchased at time t from suppliers

. . e —0 1-0; e
chosen t — k periods ago satisfies (PZZ‘Z./t)1 % = fwenﬁﬁt p(w)dlf]dw. The sets {Q?’t}kzo

form a partition of industry i’s product space, so we can obtain country d’s price

index for industry i goods at time t by aggregating these partial price indices over all

= Y=o <P gi,t)

1—0;

1—0‘j i

partitions and find P, ,

We establish in Appendix 3.8.2 that the partial price index for the set of intermediate

goods whose suppliers are being chosen at time ¢ takes the familiar form

_1
6;

sz',t = ;134 (0)1/ 17 (q)gi,t) ’ (3-15)
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where 7v; =T ([6; — 0; + 1]/9017@ is a constant, CI>2Z.,t is given by (3.10), and p;;(0)
denotes the measure of the set Q?,t‘ Following the previous discussion, the endogenous
market access term CDgilt represents the mean price of intermediate goods whose
suppliers are chosen at time t. The measure y;;(0) accounts for gains from variety.
This measure recursively evolves over time according to the stochastic process that

governs sourcing decisions, given by

gil k=0
Vi,t(k) = (3.16)
(1= Cipip-1(k—=1), k>0.

As we show in Appendix 3.8.3, the partial price index across intermediate goods

whose suppliers were last chosen at time ¢ — k is given by

(k) 1/ (1 _Ui)
P =P, | Pk, k> 1 1
dit = Laip—i ( e (0) Vit (3.17)
which is the period ¢t — k price index of the basket of intermediate goods Q?_ i adjusted
for the subsequent change in variety composition, captured by y; (k) /u;¢—x(0), and

prices, captured by CIDZi’t.

Given eq:price-index-o and (3.17), we can solve for the composite price index of

industry i goods in country d at time ¢#:

1 q)O % =5
,97 0 d‘, i
Pa =i (05,) " |1 (0) + Lpia(k) | 52 ) o, (318)
k=1 CI)di,t—k

~1/6;
The term ; (q)gi,t) on the right-hand-side of (3.18) captures the prices paid under

flexible supplier choice. The term in brackets quantifies the extent to which current
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aggregate demand is affected by the stickiness of supply relationships. The term CIDIljli/ ;
captures 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 t. The terms (Cbgi’t/ (IDSi/tfk)(l_‘Ti)/ % measure the current demand of a buyer
whose supplier relationship from k periods ago differs from that of a buyer who just

updated its supplier.

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

on industry i goods sourced from country s

1*(7',‘
o (P
1,
Asdip = Z /\sdi,t P, . (3-19)
k=0 dit

where Als(di,t is given by (3.11) if k =0 and (3.13) if kK > 0.

The set of trade shares {Ag;;}sgen ez fully characterize demand in the world
economy at time t. To close the model, we now describe the conditions for market

clearing and define a general equilibrium.
3.2.4 Equilibrium

Denote the total revenue of an industry 7 in a source country s at time ¢ by X;;;. To
define equilibrium, we express each industry’s revenue in terms of trade shares, given
by (3.19), and total expenditures on consumption, E;, and intermediate inputs in the

rest of the world:

Xit = Y Asaip |MaiEar+ Y waijXajs| - (3.20)
deN jez

A country’s national consumption spending is the sum of its factor income and trade
deficit, Ejy = wy¢Lj¢ + Dy, with Y e ar Dy = 0. We follow the conventional approach

in the international trade literature and treat aggregate trade deficits as exogenous. To
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clear the factor market, wages then adjust to ensure that expenditures equal disposable

income,

waLar =Y (1 —agi)Xgip, (3.21)
ieT

and goods market clearing is guaranteed by Walras’ law.
We are now ready to define a dynamic general equilibrium and a steady state.

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

nologies, preferences and factor endowments, @ = {91',(71', {zxdﬁ} ez, Pair Adis Ndis Li}ace N}. 7
ie

sourcing frictions § = {{;}iez, as well as a measure p, = {pity(k) treqo,...y for some to.

Given histories of trade costs Ty_1 = {T}c<t = {Tsid’g} and their changes

s deNiel,c<t
T = {Tsdit }s den ieT as well as nominal wages wy_q = {w}cct = {wd,g}deNth:
1. A static equilibrium at time t is a vector of wages w (T X T—1 U Tp_1,w;_1,{,0) = w;

that jointly solves (2?) for all s,d € N and i € T.

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

3. A dynamic equilibrium at time t is a steady state if w(Inxnx; X Tt U Tp—1,w¢ U

wt_1, g/ ®) = Wt.

3.2.5 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
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in the long-run, we then obtain the EK-model as the limit of the equilibria along the

transition path.

More formally, let wER (8 x 1 U Ty, w_1,1,0) represent the equilibrium allo-
cation in an economy in which suppliers can be flexibly adjusted for all goods, {; =1

for all i. We can then establish
Proposition 7. If wy« is a steady state equilibrium, then

1. For any (, wp = ZU(lele X T U Ty 1, Wy U wt*_l,g,@)) = ZUEK(lele X T U

Ty, W Uwp_1,1,0).

2. Forall k € {0,1,...}, the measure of goods w € Qi."t equals p; (k) = (1 — g;)*¢;, and

k

trade flows are given by AX,. . = Ay v = AEK where AEX denotes the trade shares in the

frictionless economy.

Theorem (7) 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 Theorem (7) 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 distribution 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.
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3.3 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.

3.3.1 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 5de' ; denote the trade

elasticity at horizon i, which we define by:

no o 9log Xsditin

Esdit—1 = 9108 Tuti , (3.22)

k
q)di,tJrg}fSGSh,k

which is the elasticity of trade flows in industry i from country s to d at time t +h,
Xsgi t+n/ Xsqi 1—1 with respect to change in trade costs at ¢, dlog 7,4; ; = log %54 +, holding
fixed the general equilibrium terms that summarize changes in market access for
industry i goods in destination d. The following derives a closed-form expression for

this elasticity.

Proposition 8. Suppose that the economy is in steady state at t = —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:

el =0, [1— (1 )" | = (o = 1) (1 - ¢y, (3:23)
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IfZ; €(0,1), limy, s? = —0;, where the rate of convergence equals

et 49,

lim L =log(1— 7).
P g(1—2i)

Following Proposition (8), the trade elasticity increases over time if 6; > 0; — 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 (3.22) 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 provide next.

3.3.2 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 9. Suppose the economy is in steady state at t = —1. Then, the change in real
wages in country d at time h = {0,1,...}, Wg = Can/Cq_1, that follows a set of arbitrary

shocks to trade cost at time at t =0, is given by

YieT Adjilli

" Aggi _ 1
Wh — H ( dd'],h ) 5 (Edj,h> -1 ’ (3.24)
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where

o;—1-0: oi—1-60

] ] oi—1-0;
9. ] ] 5
_ Addi ! Addi % L Addin !
Sdjh = C]- (/\kjo ) + (1 _ g}.)hﬂ ] + Z:lgj(l . gj)k Ak:oj
g:

ddj,h Addj,—1 ddj,h—¢

(3-25)
and agj; is the (j,i)-th element of the Leontief inverse (Id — Ag) ™!, with the elements of A
given by ag;i. If i € (0,1), then
im0 W = limy, o [Tz </\ddj,t+h/ Addj,—l) el
Although our model features transition dynamics on the supply side, (3.24) 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 ()\ddj,h/ Add]',_l)*l/ % on the right-hand-
side of (3.24). Because the Fréchet parameter 60, 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 j’s domestic price index if all goods were optimally sourced.
Because all supply relationships are flexible in the long-run, i.e., when i — 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 S. Kortum (2002).
However, staggered sourcing decisions spell additional welfare effects in the short-run,

i.e., when not all goods can be sourced optimally.

Staggered adjustment of suppliers spells time-varying distortions in prices and

h)l/ (=1 in (3-24). Intuitively, these dis-

terms-of-trade, captured by the terms (ZEy;,
tortions manifest via expenditure allocations, and will vary across goods depending

on when their current supplier was chosen. If a good was last optimally sourced

224



k periods ago, the resulting distortion in its price at horizon & can be informed by
the difference between the share of domestic expenditures on all goods time h and
on optimally sourced goods at time & — k, (Agqjn/ A’;d:j?h_k)(‘fj_l_ej)/ %. Intuitively, a
decrease in Ay / /\sd:j?h—k indicates that suppliers that were chosen k 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, ¢}, and increasing in the

share of goods sourced from these suppliers, ;- (1 — ¢;)F, 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

k=0
Addjh |~ g1 1 R
]/ 0: (= i—1 ~ h 1 ],
log(5——) "(Eqn)7 ~ —g[1—(1-¢)"" |log
ddj,~1 J o
. k=h+1
il ddjh h
- (1) log S gl
j ddj,—1
h_ gl 1 Magh 1100 M
B i, j,h+1—¢
where 5d]- = 2521 (1-0)¢¢C o1 log A’;jj(’hfg‘ﬂ N Q_J'IOg /\2(1]'—1
7! ] !

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 #,
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, ng, captures how suboptimal sourcing decisions from the past

continue to distort prices at horizon h by distorting the equilibrium adjustment of
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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 wel-
fare analysis differs from the structural elasticity in (3.23) due the dynamic interaction
of sourcing decisions and factor prices. Due to these interactions, the welfare effects
of trade shocks may, then, vary both quantitatively and qualitatively over time, even
conditional on the structural parameters underlying the time 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 enables 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.

3.3.3 Characterization of Impulse Responses

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

S. Kortum (2007) can be deployed to characterize impulse responses in our model.

Absent inter-sectoral linkages, trade flows at time t 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:

. k=0 R . —0
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where the wedges
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summarize how prior distortions in factor prices continue to impact trade flows at

time t by distorting the terms of trade.

Now suppose that the economy was in steady state at some time prior to t. 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 {(;,6;,0;}. Given this recursive formulation for trade flows,
we can express the market clearing conditions (3.21) in terms of changes in trade costs
and factor prices, as in Dekle, Eaton, and S. Kortum (2007), and, hence, solve for the

period-by-period change in wages associated with (a sequence of) trade shocks.

3.4 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 for
a quantitative re-evaluation of how the 2018 US-China trade war impacted trade,

production and welfare.

3.4.1 Approach

Proposition (8) implies that we can express the trade elasticity at varying time

horizons h as a function of the set of structural parameters ©; = {6;,0;,(; }:
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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 specification using local projection methods:

Xsdi t+h I Todi ¢
log <. . ]= Bilog | ——— | + sittn + Odit+h + Usdit+ns
sdit—1 Tsdi t—1

where X ;;; denotes the exports of industry i goods from s to d at time t,and ty;;
is the associated gross ad valorem tariff. The remaining terms denote source- or
destination-industry-year-specific country fixed effects, and ug; ; is an idiosyncratic
error term. The coefficient g% 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 ﬁf‘ 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 { ,3?},?:0 denote a set of such estimates ranging up to horizon H > 0.

Intuitively, the parameter ¢; 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 expression for the trade
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elasticity to show that {;, at any time h > 0, satisfies

H _ 0.
fi (®) 91)/ (3.28)

log(1—¢;) = %108 (m

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 B8; = { B?}fzo, we recover

our structural parameters by minimum distance:

&:(B,) = argmin(f]'(©) — Blicz) "W (f1(©) - ) (3-29)

ier’

where W is a H-dimensional weighting matrix. Provided that the estimates of the
trade elasticity are consistent, the continuous mapping theorem implies that ©;( ,BZ)

will provide a consistent estimate of ©.

3.4.2 Implementation and Results
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Figure 3.1. Horizon-Specific Trade Elasticity

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 ap-
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Table 3.1. Trade Elasticity Parameter Estimates for the Manufacturing Industry

Parameter Estimate
Supplier adjustment probability g 0.10
Long-run Trade Elasticity 0 1.89
Short-run Trade Elasticity c—1 —0.63

proach 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 I = {8,9,10}. Specifically, we set the
weighting matrix W so that our estimator targets the response of trade flows to an

initial change in tariffs Table 3.1 presents the results.

We find that supply relationships reset at an annual rate of about 9 percent,
indicating substantial stickiness 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 substitution equals 1.145,
suggesting that trade elasticity, in the short-run, will be substantially lower, given the

stickiness of supply relationships.

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.
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3.5 Quantitative Application: The 2018 US-China Trade
War

We now apply our model to examine the general equilibrium responses of trade

and production to the 2018 US-China trade war.

3.5.1 Calibration of the Initial Steady State

We assume that the world economy is in a steady state prior to the announcement
of tariff changes due to the trade war. The remaining model parameters and initial
levels of certain quantities are therefore calibrated so that trade activities implied
by the model equilibrium in the absence of any shock match the data in 2017. For
this purpose, we utilize the 2017 table from the 2023 edition of OECD Inter-Country
Input-Output (ICIO) tables. Table (3.2) summarizes the parameters and initial levels
obtained for the calibration.

Table 3.2. 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 asij, &sj  Producer region-sector
Initial import shares by source region Asdi User region

Initial level of bilateral trade flows Xsai Sbelclgct’zrzlﬁf;flrc

Derived from Model Equilibrium

Household expenditure shares across sectors 1dj User region
Initial aggregate labor income wsLs Producer region
Deficit (difference between expenditure and income) Dy User region

The ICIO table covers 45 industries in 76 economies along with the constructed rest
of the world (ROW). In the model, we allow 77 economies corresponding to each of
these in the data. For China (mainland) and Mexico, the data additionally record the

input-output relations for a subset of manufacturing activities only intended for goods
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to be exported separately.* To take advantage of these additional details for China
and Mexico in the model, we view these two economies as consisting of two types of
producers for each industry respectively. Namely, 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 are pooled together for computing
the aggregate income in these two countries. Furthermore, labor inputs are assumed
to be perfectly mobile across the two types of producers. These producers therefore

tace possibly different prices for intermediate inputs but identical wages.

Among the 45 industries, we exclude three of them that are primarily for public
expenditure or services that are hard to classify. We further aggregate the remaining
42 industries into 32 sectors by combining certain non-manufacturing industries. A
list of the sectors can be found in Appendix. Since we do not cover all industries in
the ICIO table, the remaining data values no longer satisfy all restrictions imposed
by accounting identities exactly.® For this reason, we need to take a stance on how
we recover the identities. In other words, it is impossible to match the original ICIO
table in every aspect. We choose certain dimensions of the data that we target exactly
but use the model equilibrium conditions to derive those that cannot be targeted

simultaneously.

We set the technological parameters {{ag;j};,&sj}sj so that the expenditure shares

4These are available in the extended version of the ICIO tables for addressing heterogeneity of
producers that do not directly deliver output in the domestic markets.

5Depending on the calibration procedure, any (residual) domestic final use generated for output
from the second type of producers are treated as arising only from exogenous deficit but not labor
income.

®The output from a region-sector pair must be identical to the sum of intermediate or final use of the
region-sector good around the world.
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across each production inputs match those in the data exactly.” We also match the
initial import shares {4 }s4; exactly. Notice that these parameters already determine
a complete input requirement matrix for the world economy. However, we still need
to determine the relative levels of output across all region-sector pairs and there
are alternative approaches. Since the exposure of each economy to the trade war
depends on the initial levels of bilateral trade flows, we choose to target the levels
of bilateral trade flows exactly, which include self trade.®> From these bilateral trade
flows, we immediately obtain the levels of output from each region-sector pair and
the total expenditure on each sectoral good in each region.” From the levels of output
and the technological parameters, we obtain the level of total expenditure on each
intermediate input in each region. Subtracting these levels of intermediate use from
total expenditures yield the levels of final use for each sector in each region that ensure
all accounting identities hold. We set the household expenditure shares across goods
from different sectors based on these derived final use. Lastly, with the region-sector
specific value added shares, we compute the initial levels of aggregate labor income.™
The discrepancy between total expenditure and total labor income in each country is

treated as exogenous deficit that our model does not address.

3.5.2 Measuring the Tariff Changes

The tariff changes associated with the trade war are obtained from Fajgelbaum
et al. (2020). Since the tariffs are determined at a detailed Harmonized System (HS)

code level, we compute weighted averages of these tariff changes within each of the

7The ICIO tables contain the margins for taxes or subsidies. These margins are treated as special
expenditures that are not contributing to any part of the disposable income. For this reason, the sum of
the expenditure shares across inputs are smaller than one.

8 Alternatives include targeting the levels of sectoral final use, or sectoral value added, etc.

9Again, because the input-output relations no longer hold after excluding some industries, these
values implied by the subset of bilateral trade flows can be different from the original values in the ICIO
table which cover all industries.

°Without dealing with other factor income, we abstract away from heterogeneity in the labor income
shares within the value added components.
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model sectors across different years. The tariff changes are aggregated both across
different HS code and across months when they take into effect. For the aggregation
across product categories, we determine the most relevant model sector based on their
associated industry classifications and use the annual bilateral trade volume of each
product in 2017 as weights. For the temporal aggregation across months, it has already
been implemented by Fajgelbaum et al. (2020) using the shares of months within a year
for which the tariff changes are in effect as weights. Table (3.3) collects the aggregated
tariff changes on US imports from China along with the sectoral composition of
US imports from China in 2017. Table (3.4) collects the aggregated retaliatory tariff
changes on US exports to China. Notice that for model calibration, we have relied on
the OECD ICIO table, which reconciles trade data with national accounts. However,
for aggregating tariff changes, we require the 10-digit HS-code level data from US
Census. It is therefore inevitable to see some discrepancies of the relative importance
of sectoral imports or exports between the two types of data. Fortunately, for most of
the sectors, the discrepancies seem to be small. For the tariff changes, we see that since
many products were affected only after the second half of 2018, the aggregate changes
at the annual level in 2018 are much smaller than those in 2019. By the end of 2019, all

tariff changes associated with the trade war had been in place.
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Table 3.3. 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 2.5 14.7 20.6
Mining and quarrying 0.0 0.1 1.0 5.6 74
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 3.2 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 2.2 10.9 15.1
Other non-metallic mineral products 2.4 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 3.4 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 3.9 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).

Table 3.4. 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 3.5 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 1.4 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 2.4 9.3 11.2
Electrical equipment 1.4 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: The same notes for Table (3.3) apply.
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3.5.3 The General Equilibrium Impact of the Trade War

We are interested in how the 2018 US-China trade war had affected the aggregate
economic activities around the world and how its welfare impact had evolved over
time. To that end, we conduct a general equilibrium counterfactual experiment in
which we compute how the model outcomes evolve following the tariff changes we
measure in (3.5.2) relative to a hypothetical scenario in which the trade war had not

happened.

Trade Flows

Figure (3.2) plots the changes in the tariff-inclusive US (China) imports from China
(US) among the 19 sectors listed in Tables (3.4), (3.3) that are directly affected by the
trade war. With higher tariff payments and low short-run trade elasticity, the bilateral
trade flows increase, as predicted by both the full GE model outcomes and the PE
trade elasticity. The bilateral trade flows start to drop below the initial levels only since
year 4 for US and year 2 for China. As time goes, the trade flows keep declining as the
relevant trade elasticity shifts towards the long-run level. Notice that for US, the trade
flows fall by less than what the structural trade elasticity predict due to the changes in
factor prices. The discrepancies between what the full GE model predicts and what
the PE trade elasticity predicts for US demonstrate the need of taking into account the

GE effects.

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 (3.3), aggregate
price indices faced by US consumers and producers rise across all industries. Some
industries, notably textiles, basic metals, and electrical equipment, see prices rise by
over 4% as all retaliatory tariffs are in place. As sourcing decisions gradually adjust

to the initial rise in trade cost, prices decline although they remain high. In contrast
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Figure 3.2. Changes in Tariff-Inclusive Trade Flows

Note: Tariff changes are gradually implemented over the first two years. The model
determines changes in trade shares at the sector level. The country-level outcomes
are based on aggregate trade flows summed across sectors. “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 due to the feature of
ICIO tables explained in Section (3.5.1).

to the substantial and uneven price hikes in US, domestic prices in China decline
across all industries. Intuitively, a rise in trade barriers can temporarily improve a
region’s terms-of-trade when trade adjustment is not primarily driven by comparative
advantage. Figure (3.4) shows the price impact on the remaining sectors that are not

directly exposed to the tariff changes.

Real Wages and Welfare

Figure (3.5) traces the counterfactual response of real wages, as well as nominal
wages and consumer prices in the US and China. In the long run, the trade war reduces
real income in both countries by a similar magnitude. However, its short-run impact
differs substantially between the US and China. In the US, the real wage responds
gradually, with a moderate decline within the first two years of the trade war (—0.1%)
that corresponds to about 50% of the overall effect (—0.22%). In contrast, while the

long-run costs of the trade war in China are similar to those in the US, China also
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experiences a substantially larger decline in real income by the end of the second year

(—0.3%).

In Figure (3.6), we leverage the ACR-style welfare formula shown in Proposition

(9) to elucidate how the presence of adjustment frictions alter the transitory dynamics

Qo
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Figure 3.5. Changes in Real Wages, Wages and Consumer Prices

Note: Tariff changes are gradually implemented over the first two years. “Real
Wage” in year f refers to real wage changes between t and the initial steady state
generated by the full model. “Wage” refers to the corresponding change in nominal
wage. “Price” is the change in aggregate consumer price index.
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Figure 3.6. Horizon-Specific Welfare Impact

Note: Tariff changes are gradually implemented over the first two years. “Total
Effect” in year t refers to the real wage changes between t and the initial steady state
generated by the full model. “No Distortion Term” refers to the (partial) welfare
impact when applying the ACR formula to the model-implied domestic trade
shares while ignoring the distortion term E. “No Friction” refers to the change
in real wages when assuming that the economy reaches the long-run outcomes
instantly ({ = 1).

of real wages. Interestingly, if one applies a multisector version of the original welfare

formula from Arkolakis, Costinot, and Rodriguez-Clare (2012) to the economy with
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adjustment frictions, the results will be very misleading, as illustrated by the curve
labeled as “No Distortion Term”. The reason is that in addition to using the less
appropriate long-run trade elasticity, the observed changes in aggregate domestic trade
shares go in the opposite direction relative to the actual changes in real wages over the
short run. With substantial adjustment frictions among trade partners, the changes in
aggregate domestic trade shares over the initial years are not in line with the long-run
Ricardian forces that govern the original welfare formula. In fact, the distortion term
E highlighted in Proposition (9) is quantitatively substantial and drives most of the

short-run welfare impact.

As another illustration, we compare how the paths of welfare impact differ from
the hypothetical scenario in which there is no adjustment friction ({ = 1). In this case,
the economy jumps to the long-run outcomes instantly."* For the US, we see the model
predicts short-run welfare impact that is smaller than the long-run outcome over the
initial years. However, for China, the short-run welfare impact is noticeably larger than
the long-run level. In particular, the much lower trade elasticity in the short run does
not mechanically imply larger welfare impact over the short run.*> The asymmetry of
the responses of real income over time illustrates that sourcing frictions may mitigate
or amplify the costs of trade disruptions in the short run. Note that over the initial
years, prices and wages rise by a similar magnitude in the US; while in China, domestic
wages fall substantially more than consumer prices. The intuition is that sluggishness
in the response of trade flows helps smooth the transition for the US: It benefits not
only from additional tariff revenues generated by the fact that producers continue to
import goods from China but also from a limited response of its export demand to

the rise in its export prices. In contrast, adjustment frictions pose additional short-run

"'The smaller impact over the first two years are merely from the fact that the tariff changes are not
fully implemented until the end of 2019.

'?Again, with the adjustment friction, changes in aggregate domestic shares alone are not sufficient
for accounting the welfare impact.
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costs for China as they impede its ability to leverage the decline in domestic wages to
increase exports, while only generating limited additional tariff revenue (due to the
fact that it imports relatively little from the US to begin with). The gradual realignment
of trade flows with comparative advantage over time therefore ameliorates the welfare
loss for the US but exacerbates the real impact in China. Moving toward the future
horizons, the welfare impact gets closer to the long-run levels while being slightly
lower for both countries, due to the persistent effects of the distortions on the prices

and allocations.

Effects on Third-Party Countries

We conclude by highlighting how accounting for short-run adjustment frictions
affects the welfare implications of the US-China trade war for third-party countries.
In Figure (??), we present the counterfactual responses of real income in Mexico and
Vietnam. Notably, both countries experience benefits from the tariff increases in the
long run, while also facing losses in the short run. For Mexico, this short-run income
loss ranks among the largest for all third-party countries; however, it distinguishes

itself as one of the few countries that benefit from the trade war in the long run.

Therefore, the welfare impact of trade disruptions can qualitatively differ over
time. Intuitively, when trade adjustments are subject to frictions, disruptions negatively
affect all countries in the short run. In the long run, however, realignments of supply
relationships may benefit some countries. In the context of the US-China trade war,
both Mexico and Vietnam experience a sustained increase in their domestic wages,
reflecting both the reallocation of US and Chinese demand as well as their favorable

positions in the international production network.

241



Q Mexico Vietnam
E .,"\
o 0.6 7 \‘
] ," L
£ 044 7

1
5 |
g 0243
c F——
o — ==
g O-O 1 ’ s e ETTTTTETE LR LLL AR
a JPEREL A
e N Rt
% 027 \ 7
X s.?./
o
o T T T T T T T T T T T . :
; o 2 4 6 8 10 12 0o 2 6 8 10 1o

Year Year
| Real Wage - -- Wage ----- Price |

Figure 3.7. Changes in Prices and Wages in Mexico and Vietnam

Note: The same notes for (3.5) applies.
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Figure 3.8. Welfare Impact in Mexico and Vietnam

Note: The same notes for Figure (3.6) applies.

3.6 Concluding Remarks

To account for imperfect adjustment to global supply chain shocks, we develop
a Ricardian trade framework with frictions that result from infrequent decisions of
producers to change global suppliers. We obtain novel formulas for accounting welfare
changes to trade openness and trade shocks, derive novel estimation equations for trade

elasticity estimation at varying time horizons, and quantify the model. Counterfactual
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experiments of the US-China trade war suggests that rich sectoral dynamics ensue,
resulting in considerable short-term reallocations and substantive welfare fluctuations
that are not captured by a standard welfare formula as in Arkolakis, Costinot, and

Rodriguez-Clare (2012).
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3.8 Appendix
3.8.1 Ideal Price Indexes and Generic Trade Shares

The composite good in industry j is

g] 1 (7']‘71

Yair = /[Oll]ydj,t(“—)) 7 da

Product space (); = [0,1] can be partitioned into disjoint sets with Q; = [J;2, Q;‘ 4r SO

we can rewrite the composite good as

i

oi—1 7j 1

Yae=| ) - Yajr(@) 7 dw . (3-30)

The assembler’s associated cost minimization problem is

%)
. k vk
min pdj,tYdj,t = Z Pd' tYd' ¢
) . jit ~dj,
{ydj,t(w)}we()jrtr{ydj,t} k=0
T
00 0']'71 Cf]'—l
k) 9
S.t. Yd],t — Z (Yd],t> I ,
k=0
T
o:—1 Uj—l
Kk — -\ 0 q-
Yd]t = /Qk yd]t(w) I dw ’

Pii Y = /m paj(@)yaj (@)dw,

it

%
(7]'71 U]'_l

where we define the partial composite good Yé‘j = | Jor Yajr(@) 7T d@ for each
’ j,t

partition k as a helpful construct for derivations and implicity define the associated
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partial ideal price index Pé‘]./t that satisfies Ptlicj,thIi(]',t = | o, Paj(@)Yair(@)da@.

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 Yé‘]- ;- Given those choices, the assembler then decides the optimal cost

for each intermediate good y,;(@). Optimal demand satisfies

2 —0j
k de,t
Ydj,t = Pd]t Ydj/t and (331)
Y —0;
- Paj(@) Paj (@) ! i}
ygjlt(w) — ]T ng,t = (;3— Yyj; foreach w € Q}‘/t, (3.32)
de,t dj,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:

_ _\1-0; 3 - ko
Py = < /[0,1] Paj (@) de) ;o Py= ( /Q

We have now established that partitioning the product space into disjoint sets

1770].
pdj,t(@)l"fd@> . (3:33)

k
i

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

" Xé(djt fﬂft 1 {s is w’s source country} de,t(w)ydj,t(w) dw ( )
= o : 3-34

fﬂft 1{s is w’s source country } pgj:(w)yaj:(w)dw

Y Jor 1{n is w’s source country} py;;(w)yqi(w)dw
it

3.8.2 Trade Shares When Firms Are Sourcing Optimally (k = 0)

Under perfect competition, the destination price for intermediate good w & Q? ;
offered by country s to country d is pgji(w) = cgyji/2sj(w) for the common unit
cost component ¢y by (3.3) and supplier w’s productivity zs;(w). Under the EK

assumptions, the cumulative distribution function of prices is therefore

=~ Csdj, _0. 0.
Fsgjr(p) =P | psajp (w) < P] =1-F; ( p] t) =1-—exp {_Asj(csdj,t) QJPGJ}- (3-35)

The resulting probability that country d sources an intermediate good w € Q?t from

country s is

00 ~ ~ j )0
P [s = argmin,, {pndj,t(w)}} = /0 1;[ [1 — Fuajt (P)] dFq;(p) = Tj’t'

_ —b;
where <I>d]~,t =), Asj(csdj,t) .

0

For products in ()Y, the distribution of prices Gsdj,t

it (p) paid in country d on
products sourced from country s equals the overall distribution of prices paid in

0

country d: Gy, ,(p). For any given source country s:

Goyis(p) =T {de,t(w) < P’S = argmin,, {Pndj,t(w)}] =1—exp {_q)dj,tpgj}'
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The unconditional distribution is the same as the distribution conditional on each

source country, SO

ng,t(p) =

;IP {de,t(w) < p]s = argmin, {pnd]’,t(w) }] P {s = argmin, {Pndj,t(w) }]

D

S

<1 —exp {—d)dj,tpei}> Agdj,t =1—exp {—dejltpgf}, (3.37)

where the last equality follows from the fact that y ;A i =1

Putting these results together, we can now solve for the expenditure share within

partition 0. Starting from the definition of expenditure shares,

sdj,t

fQ?,t 1 {s = argmin,, {Pmdj,t(w) }}

Y, fﬁ?t 1 {n = argmin,, {pmdj,t(w)

fQ?,t 1 {s = argmin,, {pmdj,t(aJ)}

fQ}),t 1 {s = argmin,_, {Pmdj,t(w)}

Y, fQ?t 1 {n = argmin,, {pmd]-,t(w)

j
|
5 fopy 1 =argmin (s ()
|
j
d

f[o,l] 1 {w c Q?’t} dw

(O |s = argmin, { ()}

P‘j,t(o)

—0;
, (3-38)

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
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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

PO 1=0j _
djt - 0
Qj,t

= N 10%9.d,. ,pfi! ;.. % dpdo.
/Q?,t/o (p) ] d],tp exp{ d],tp } p w

Nl 1 - o0 1—0; -
pajt(@)! ‘TJdWZ/*O/O (p) 7dGyjpdw
.t

For a change of variables, define x = p?q)dj,t/ which implies that dx = 9j<1>dj,tp9f “ldp
1/0;
and p = (x/CIDd]-,t> ’. Denoting v =T ([6]- +1-— 0']']/9]'>, we can then rewrite the

integral above as

1—0; 00 x
PO, ) I / / x
( d],t Q?/t 0 ¢d],t

#:(0) denotes the measure of the set Q? ;- The results show that, when firms are

‘N

1—0;
) 170']‘

v

exp{—x}dxd@ = vju;(0) <<I>dj,t> T, (339)

adjusting, trade shares operate as in the frictionless economy of EK.

Using standard hat algebra for changes in the common unit cost component
Csdjt = Csdj i/ Csdji—1, We can express trade shares and price levels within partition k =0

as:

—0

0 Y
O Asdit—1Csdj ¢
sdjf = 5 ——:S (3.40)
YN r—1(Cnajr)
I ]
~7
j
0 _ o0 0 s
Piiy = Pyt [ZAsdj,t—l(csdj,t) ]] : (3.41)
S

We next derive an analogous result for partitions k > 0 when firms are not adjusting

their extensive margin of suppliers.
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3.8.3 Trade Shares When Firms Are Not Adjusting (k > 0)

For intermediate goods w € Q;‘ ., assemblers last adjusted the least-cost supplier
t — k periods ago. In order to account for changes in trade shares and price levels, we
therefore need to recall optimal sourcing choices at period ¢ — 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 j. Then the destination price in period ¢ for this

intermediate good will be:

t

t A
Csdj,t Hg:t—k+1 Csdj,t—k Csdj,g R
p d',t(w> = — =p d',t—k(w) (C dj, ) (342)

Y zsj(w) zsj(w) sdj g_gﬂ sdjg | s

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 € Q;‘ ;

1-0;
.{Q}(f 1 {S = argmin,, {pmdj,t—k(w) }} (psd],t—k(w) Hf;:ifk%»l fsd],g) / dw

sdjt K ‘ . 1—11/-
Ln fn;gt 1 {” = argminy, {Pmd/,t—k(w) }} (Vndf,t—k(w) Mook Cndj,g) dw

1-0;

. = ()1
fnktl{:‘:argmm Ptk (@) fo 1 dGygs_pdw (Hc k1 »d19> !
ik

1-0;

1 N
Yn kaI {” argmin,, pmd]t k(w } % dGpgjt—kdw (ngt—kJrl Cndj,g)

1 —0;

)}

ka 1{:’ argmin,, dejl rlw }dwf /de/I k(HC t—k+1C€ sd]c>1 %
}
}

= NG
T kat {" =argmin,, {pmd]t k(w }dw Joo (p) " Gy (Hé:t—kﬂ fndj,g) /

—0;

dw

ka 1{> argmin,, Pmdjz r(w g . k+1c€d/C

1—47]v
( c=t— k+1cndzu)

L \[th 1 {I’l argmin,, {pmd]f k(w
i

Mt (k) Asgjt— k(ﬂg . k+1csd/c>

1-0;
Enﬂj,t( A ndj,t— k(nq f—k+1 nd/g) /

1—0;
0 A
Asdjt—k (Hg:t—lﬁ»l Csd/);) !
- T’ (3-43)

t e o ]
LA ndjt—k (Hg:f—kﬂ fnd/,g)

where y; ;(k) is the measure of the set Qi‘ ;- 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 A2, itk =
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P {s = argmin, {Psdj,t—k(w) }] .
We can derive the corresponding ideal price indices using
1—0;
k ] \1—0: 1~
<de,t) = /th paj (@) 7id@
ji
17(7]'
5 t
= Z/k 1{8 & G} (psdjltk(w) H CASd]"g) dw
s Qj,t +1

c=t—k

1—0;
o t
: ;/Q»{sec}/o <>( 1 0o
it

1-0;
0 +1

1—(7]'
uji (k) 1-0j S
i ) (Po(i)j,t—k) ]ZAsd]t k ( H_Hcsdj,g

k(0 c—t—k

(3-45)

where G = argmin,, {pmd]-,t_k(a)) } The price level change in partition 0 satisfies

T

Pg], = Pg] 1 [ZS )\gdj,t_l(fsdj,t)_ej } 0 by (3.39), so we can rewrite the ideal price for

composite goods with the last supplier selection k periods ago

17(7

t

1-0;
1—0' 9
k R
(de,t> lend]t k— 1Cnd]t k] ZAsd]t k( H Csdj,g)
¢=t—k+1

t—k

Denoting 7; =T <[0]- +1-0j]/ 9]-) and using the fact that
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170']‘

1—(7' - .
(Pg] t) g 1:(0) <q>dj,t> g 7j, we can rewrite the expression above as:

.
3

1-0 1—(7]'
1—0: _o, ——5 t
k j A j "
<de,t> - ,)/]"u]'/t(k) <q)d]'/t*k) Z sdj,tfk—lcsdjftfk H Csdj,c
s ¢=t—k+1
(3-46)

. 0 .
after expressing A_, itk recursively.

3.8.4 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 t from suppliers chosen t — k periods ago:

i (P §f,t> o

1—0;
<de,t) ! = Pd]t 1 Yidw = Z/ pd]t 1 Yidw =
[0,1] k=0

Using the price index expressions (3.39) and (3.46) from the preceding subsections

yields

,_.

1-0; I 7—] 9 S8
k=0 °

1-0;
t
x exp g 1{k > 0} log ( H 5sdj,g)
+1

c=t—k
' 1-0;
> ; 1—0; _o. 5
t 1=
x exp ¢ 1{k > 0} log Z/\de’tk< Hk 1€sdj,g) .(3.47)
s c=t—k+

Recall that, by optimal demand, expenditure shares of each partition relative to
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total expenditures are
1—0;
]

k vk k
de,tYdj,t . de,t

PajtYaj Pajt

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

across partitions

k vk k
o PYT o [ P
. djt=djt djt k
Asajp = Y oA =) | 57— Asai (3-48)
it ] _ hsdjt ] sdjt/
i=o PajtYajt =0 \ Pajt
which can also be stated as
1—0; —0.
0 ] 0 A Vi
Py Asaii—1Csdi
Ade't Pd' 0 —0
/t . F .
7 Lo /\nd],tflcnd],t
1—0; 1—0;
k i 20 t A . /
« (P djt )‘sdj,t—k (Hg:t—kﬂ CSd]/Q)
* kz' Pyj t 0 t N 1=g;”
= ’ Lo Andj,t—k <Hg:t—k+1 Cnd]',g)

(3.50)

o 0 0 .
Writing A djf—k and A, itk recursively, we can express trade shares compactly as

1-0; )0 0 k 1 t 3 0
" Asdj—k—1%sdj -k €XP 1{k > 0}log (HFf—k“Cde”;)

) Pk,
. djt
Ade’t a Z Pd't 0 b ¢ ~ 1-0; .
k=0 i Yot A t—k—1Cnj 1—k EXP {1{k > 0}log (Hg:t—k+1 cnd]-,g> }

(3-51)
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3.8.5 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.

Lemma 2 (Convergence). If cumulative changes in trade costs are finite-valued
limy_, o |Hé:t7k 1 6nd]-,g] < oo, then price levels ng’t < oo and trade shares 0 < Agj; <1 are

finite-valued.

0j—1)/6; -6 (0j=1)/6;

( j —0;
Proof. Note that <<I>d]-,t_k> < oo and Y )Lgdj,t—k—lAS]'Csdj{t—k < o0 are

both finite-valued, because they are equilibrium objects of a static equilibrium of the

model. Also note that, for any k > m, if |H£—:t—k+1 Cndjc| < oo, then |Hé:t7m+1 Cndjc| <
oo, since the product up to k includes every term in the product up to m. Therefore,
if limy_,o |H£:t—k +1Cndjc| < oo, then, for every k < oo, the product will also be finite.
It follows that nglt < co is finite valued for every k. Given that limy_,. (k) =

limy_,e0(1 — Z;)*; = 0. These findings also guarantee that Py;; < co. O

3.8.6 Proofs

Proof of Proposition 1.

When the economy is in steady state, then for any t < changes must satisfy F; = F;
and W; = Wy so that ¢;; = 1 for all s € D. For the firms that are adjusting at t (k =0),
evaluating eq:trade-shares at those values, A2, it = AY 1= = AY i0 for all t. For
the firms that are not adjusting at t (k > 0), we have t — k > 0 in equilibrium as long

as the partition exists and can evaluate eq:trade-shares using the same logic as above:

A]S‘d it = /\gd ik = /\gd i0 for all t. From eq:trade-shares, it is easy to see that Ay = A

which shows that A; = AFX in steady state.

0
sdj,t/

To derive the stationary distribution of contract lengths, begin by noting that the
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case k = 0 is trivial, since y1(0) =P [K; = 0] = {; does not vary. Now consider the case

k > 0. Note that:

P[Ki=kk>0 = Y P[Ki=kk>0Ki_1=1I]P[K;_1=]I]
I=0

= (1-g)P[Kiq =k—1]

The remaining proof for k > 0 then follows by induction. For K; =1, P[K;=1] =
(1—2¢;)¢j, and for Ky =2, P[K; =2] = (1 — ;)P [Ki—q = 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 — j/ ¢ i

Finally, using the definition of the measure p, y;;(k) = P [K; = k] for t > k. Given

the Markov property of K;, the following distribution will be stationary for all k € IN:
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 t,;; # 1 and T35, =1
Vh > 0. To characterize the partial trade elasticity at horizon &, 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 t + h, relative
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to period t — 1 is given by

p

—(o— 1)logT5dt—|—10g

dtl

1-0
d,t+h Al 3
lOgS—H_ =4 log sd,t+h—k (( (Cst-rn/ dt+h) )>
- k

Cs,t4+-h— k/ dt+h—

log sd,t+h—1 (Cst+h/Pdt+h)
/\I;d,t—l (cst-1/P;_1)

k
sd t+h—k (Cs,t+h/Pd,t+h)
3
(Cs,t+h—k/Pd/t+h_k

1-0
)> k> h

,L1<k<h

k=0

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

" ” . . 0 .
have updated at least once, and a “new” optimal sourcing share A;; ., , from a time

period between t and t + 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.

Denote

h a
Csd t+k
AGsd t, t+h — 910g 50

k=1 " sd t+k

and

d,c’
AGSd,g,H—h - (1 - 0') log H AS :

Then we can solve backwards to express all changes in trade shares above in terms of

A2 411, if possible:
(
—(0 —1)logts; + log Sds;hlk +AGY Jk>h
logﬁ — | —0log T, +log ASdi 1 +AGL ik + AGg g A Sk<h
x —0log Tsq; + AGSd,t’Hh k=0
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Use the fact that outcomes determined at t and earlier do not respond to the change in
trade costs. Hence, the elasticity of A¥, ., With respect to a change in trade costs at £,

is hence given by,

;

dAGg 114
) —(0=1) + Jogras k=h
dlog(Ar,. ., /A
8( sd,t+h sd,t) = 94 dAGES i AAG s 1<k<h
dlog T ¢ dlog Ty dlog T s S
dAG: 1 =
\ —0 + dlog 7s4, k=0

To a first order, the change in overall expenditures at time ¢t 4 / caused by a one-time

permanent shock to trade costs at t is given by

k
dlo Psd,t+hpsd,t

dlog()\sd,t+h//\sd,f) — Zoo w dlog)‘sd t+h/)\sdt + (1 ) (Pé{d/tpsd,t+h)
dlog Ty s k=0“k dlog Ty, dlog Ty,
dlo Pfd,ﬁl’hPSdrt
— dAGsdtt+h dAGsd t+h—kt+h (Pfdtpsd,ﬂrh)
- Z:k 0 Wk —0+ dlog Ty dlog Ty + (1 —0) dlog Ty
dlog p{d,t+hpsd,t
_|_Eoo w (1 _ 0_) 4 dAGsdttJrh 4 (1 _ 0_) (P Psd -+h)
k=h "k dlog Ty, dlog Tea

= —OY ' Swr+ (1= o) I3 wi
dAGEK

sd,t,t+h
+Y4 2, Wk dlogry,
+ ( Zéilz+h—k+l d log Csd,g ZtJrh ¢ d log sd,g
Zk owk(1—0) dTog Toq dTog Toa

t+h
o] Z':Q leg Csd t-+i
+ L= wi(1— U) { l dlog s }

v odlog Py
—(1 =) ™ inogry,
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1-0
k
gdj,t A
i sdj,t k
d],f . yt(k)Asdj,t

where wy = T T Sk, If t was a steady state, then wy = p(k), and
Y _djit Ak /
k pdj,t sdjt

the partial horizon-h trade elasticity equals:

h—1 0

Y u(k)+(1—0) Y u(k).

k=0 k=h

(il dlogAsajin _
sd 0log Tsy ¢

Using the stationary distribution of p;(k) to substitute for u(k), we obtain the expres-

sion stated in the main text.

3.8.7 Proof of Proposition 3.

We begin by rearranging eq:trade-shares to express the prices of composite goods

in terms of home expenditure shares

1—0’i 1—0’i
1— i _ - 91’ _Ti
Addip Py, = 7ipi(0) (<I>2i,t Adair + i1 vitti(k) (q)gi,t—k) Y A
g _1 1—0;
9i 91' C : !
= 7ipi0) (@Y%) " AQgrs + Do vtk (@5, )T MGy (524
ol 71;7;71'
_ , 0
= 7ipi(0) ( Aéi;) Adai
170’1'
C;;Lk 0 0 Cagy \ 1O
+ Y k>1viti(k) Agd; . )‘ddi,t—k (cdd,{,k) .
It follows that
1—(71'
1 . 0 V21 0 Adaie \ " L0
—0; __ —0; i L
Piir ' = Caas (Addi,t> A i #i(0) Ay + Y uik) 0 Addi
ddit k>1 Addit—k
(3.52)

where the price index is expressed in terms of unit cost and domestic trade shares.

With the unit cost under Cobb-Douglas technology, the above equation can be rewritten
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as

Pd % 1/(0;— 1/(1—0;)  —ay Pyajt i
</\ddzt) (Adaie) ( zgdzt) Ty ”H<#>

Wq ¢ i\ Xdjildt
where i
M K
Cair = Hi(0) gy, + Y pi(K) (/\0 . ) Adait k-
k>1 ddi,t—k
Taking logs yields
P,
logﬂ log Bsi + )_tsji logws—];
j

Q:‘H

g —Qiii i 1/ g;— 1/
where By = a ™ (H] @y 4 ) <A2di,t> (Addit) ( ( iCait) (=% In matrix nota-
tion, this leads to

(I— Ay)logP,; =logBy;,

where A; = {txd]-,-} and log Pd,t and logB; ; are I x 1 vectors. Inverting this system of

equations, we obtain

. ad]l
HBd] t’

wdt

where 4;j; is the (j,i) entry of the Leontief matrix (I — Ay)~!. The consumer price

index in country d can be written as

Pyy = H (szt =wy tHBZj;m = wd,tHdejfdﬁm
]

i

It follows that the real wage is given by

Wd,t =

War — X Agjiti
Sy Gl
4 ]
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Taking the ratio between real wages in t — 1 and t 4 & yields
Yi Adjiti

0 1 -1
Waren 11 /\ddj,t+h Addiprn \ T Cajan \ T
W N A0 ’

Qi1 7 ddjf—1 Addjt—1 Cdjt—1

m‘,i
—_

If t —1 is a steady state, then )‘lfidjt—l = Agajr—1 for all k € {0,1,2,...} and the above

expression simplifies to

r 1 Yi ddjit)i
0 ~y; =t
Warn Addj p+n Addjtsn \ (3.53)
wossn 7 (G ) (2 55
dt—1 j ddjt—1 djt+h
r ) el e Yi agjini
“T1 Addjsn ) dd],H—h Addjpvn \ 77 (3.54)
j Addjt—1 Addjp+h Cdjt+h
r 1 L gjiTfi
Addjesn \ 7 /o Pt
= H 1 \:de’h ’ (3-55)
j ddjt—1

where

By = Addj -1 ’ + Zé Addj -+ ’ L (1—g) Addip+h /
Sy Agd]t—&-h : 2 A2d]t+h k ! Addjr—1

is obtained after combining the last two factors in eq:acrl2.
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