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Abstract

Geopolitical conflicts have become increasingly a driver of trade policy. We
study the dynamic costs of economic decoupling. Using a dynamic trade model,
we show the 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 thoroughly:
technological diffusion and input-output linkages, both of which magnify welfare
losses.
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The last decade has witnessed the beginning of a backlash against global trade inte-
gration. Political scientists conjecture that the emergence of China as a new superpower
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 cooperation1. Rising support for populist and isolationist par-
ties in many Western countries points towards the same direction2. 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.

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 po-
tentially detrimental effects of limiting trade are abstracted away in standard models.
For instance, these models typically assume a fixed technology distribution for domestic
firms, 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 con-
flicts. 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 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 production,
such that both sectoral intermediate input cost shares and import trade shares character-
ize the source distribution of ideas. Innovation is summarized by describing productivity
in different sectors as evolving according to a trade-share weighted average of trade part-
ners’ sectoral productivities. This process is controlled by a parameter that determines

1See 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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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 endogenously in each sec-
tor 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
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 setting4. 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. 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

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.

4Nicita, 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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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 simulations5.

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 framework 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 calibrate 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 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 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 Kortum (1999), who developed a multi-country dy-
namic 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 mechanically, was unrelated to trade, and eventually reached all countries6.

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.

6In 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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More recently, Alvarez et al. (2013) combined the Eaton and Kortum (2002) Ricar-
dian model of trade with an idea diffusion process first presented by 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 Zhang (2023), who develop multisector dynamic trade models of knowledge
diffusion. Cai, Li and Santacreu (2022) extend Eaton and 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.

Deng and Zhang (2023) integrates Buera and Oberfield (2020) in a Levchenko and
Zhang (2016) multi-sector framework, finding strong convergence in comparative advan-
tage, 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 Zhang (2023) employ a different way to calibrate the model, following Levchenko and
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 final
goods (as in Pol Antràs and Davin 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 on short-
term static rigidities and abstract away from knowledge diffusion. Instead, we estimate
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long-run dynamic losses.

Organization. This paper is organized as follows. In Section 1 we present the model,
detailing production, demand, and consumption of the global economy. We also de-
scribe the dynamic evolution of productivities in different regions and sectors. In Section
?? we describe the discrepancy between the actual and optimal diffusion of ideas in a
multi-sector framework. In Section 3 we discuss the calibration of the model and under-
pin the examined policy experiments. In Section 4 we present the results of our main
policy experiments and some alternative simulations. Finally, we conclude in Section 5
summarizing the key takeaways.

1 Environment

Consider a global economy with N countries s, d ∈ D := {1, 2, · · · , N}. In each region,
there are multiple industries i ∈ I := {1, 2, · · · , I}. Time is discrete and indexed by
t ∈ T . We denote a trade flow from source region s to destination country d in industry
i at period t using subscripts sdi, t.

Households In each region d and each period t, there is a representative household
who inelastically supplies a mass Ld,t of labor at a competitive wage wd,t. They own
aggregate capital stock Kd,t and save a constant share sd of national income Yd,t

7. Gross
national income determined by labor income wd,tLd,t, capital income rd,tKd,t, lump-sump
transfers Td,t, and profits from each industry, Πdi,t. The representative agent maximizes
consumption by buying a composite good Cd,t:

max
{Cdi,t}i∈I

Cd,t ≡
∑
i∈I

(Cdi,t)
κdi where

∑
i∈I

κdi = 1 (1)

where the coefficients κdi denote Cobb-Douglas consumption shares over composite goods
produced by industry i. The ideal price index in country d at period t is given by:
Pd,t =

∏
i∈I(Pdi,t/κdi)

κdi , where Pdi,t are prices of sectoral composite goods. Demand
for each sectoral composite good is given by: Cdi,t = κdi(1 − sd,t)Yd,t/Pdi,t, with Yd,t =
wd,tLd,t + rd,tKd,t + Td,t +

∑
i∈I Πdi,t.

Assemblers of composite goods In each industry, assemblers costlessly combine
infinitely many intermediate varieties ω ∈ [0, 1] using technology:

Ydi,t =

[∫
[0,1]

ydi,t(ω)
σi−1

σi dω

] σi
σu−1

(2)

where ydi,t(ω) is the quantity an assembler of country d in industry i demands of variety
ω. Optimal demand for each variety is decreasing in relative prices, with this relationship
modulated by the elasticity of substitution σi:

7Part of the literature assumes capital (sometimes labeled “structures”) has a fixed stock. See, for
instance, Caliendo, Dvorkin and Parro (2019). 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.
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ydi,t(ω) =

(
pdi,t(ω)

Pdi,t

)−σi
Ydi,t (3)

with the price of composite commodity i ∈ I satisfying:

Pdi,t =

[∫
[0,1]

pdi,t(ω)1−σidω

] 1
1−σi

(4)

Producers of intermediate varieties There are many producers of different varieties
ω of each industry i of country d. Variety producers have a individual productivities zdi(ω)
and combine uses of labor `di,t(ω) and capital kdi,t(ω) and of composite goods Mdij,t(ω)
to produce the output of yid,t(ω) is the output of intermediate variety ω:

yid,t(ω) = zid,t(ω)
(
`di,t(ω)αdikdi,t(ω)1−αdi

)γdi∏
i∈I

Mdij,t(ω)(1−γdi)γdij ,
∑
i∈I

γdij = 1 (5)

γdi is the value added share, αdiγdi is the labor share, (1 − αdi)γdi is the capital share,
and 1− γdi is the intermediate use cost share. Cost minimization implies that the cost of
the unit input bundle, cdi,t, is a function of the prices of factors of production, and prices
of composite goods:

cdi,t = Θdi

(
wαdid,t r

1−αdi
d,t

)γdi∏
j∈I

P
(1−γdi)γdij
dj,t (6)

where Θdi ≡ γ−γdidi α−αdiγdidi (1− αdi)−(1−αdi)γdi(1− γdi)−(1−γdi)
∏

j∈I γ
−(1−γdi)γdij
dij .

International Trade Trade occurs through the demand for varieties used as input of
composite goods. Intermediate goods are subject to iceberg trade costs, meaning that for
one unit of good ω produced at d to arrive at d, usdi ≥ 1 need to be produced. Further-
more, trade can be subject to ad-valorem tariffs 1 + tsdi ≥ 1. The combined trade cost
parameter then becomes τsdi ≡ usdi(1 + tsdi). The cost of supplying variety ω of com-
modity i produced in source region s and delivered to region d is, then: τsdicsi,t/zsi,t(ω).

Assemblers in destination region d will only buy variety ω from the source with the
lowest landed price. Hence, the firm with the lowest price of a variety captures the entire
market for that variety.

Producers engage in Bertrand competition, as in Bernard et al. (2003). In this struc-
ture, the lowest cost supplier is constrained to not charge in excess of the second lowest
cost supplier. Hence, price will be equal to either the optimal monopolist price or to
the marginal cost of the second most efficient competitor, whichever is lowest. More
formally, for each country, order firms k = [1, 2, · · · ] such that z1

si,t(ω) > z2
si,t(ω), · · · . If

the lowest-cost provider of the variety ω to country d is a producer from country s, the
price in d satisfies:

pdi,t(ω) = min


σi

σi − 1

τsdicsi,t
z1
si,t(ω)︸ ︷︷ ︸

optimal monopolist price

,
τsdicsi,t
z2
si,t(ω)︸ ︷︷ ︸

MC of 2nd most
productive firm from s

,min
n6=s

τndicni,t
z1
ni,t(ω)︸ ︷︷ ︸

MC of most productive
firm from other countries


(7)
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Following Eaton and Kortum (2002) (EK), we take zsi,t(ω) to be the realization of an
i.i.d. random variable. Productivity is distributed according to a Type II Extreme Value
Distribution (Fréchet):

Fsi,t(z) = exp{−λsi,tz−θi} (8)

As in a standard EK model, the location parameter, λsi,t, describes the productivity
of region s in sector i and thus determines its absolute advantage. A higher θi implies
less variability in productivity and thus lower potential for diversification according to
comparative advantage. Given this assumption and the fact that assemblers source the
cheapest possible variety, expenditure in goods coming from s to d in industry i is:

Xsdi,t =
λsi,t(τsdicsi,t)

−θi

Φdi,t

Xdi,t ≡ πsdi,tXdi,t (9)

where Xdi,t is total expenditure in industry i at country d, Xsdi,t is expenditure in d on
goods coming from s in the same industry; πsdi,t is the probability that the lowest cost
supplier is from s; and Φsdi,t ≡

∑
n∈D λni,t(τndicni,t)

−θi . Aggregate price levels can be

expressed as Pdi,t = ΓiΦ
− 1
θi

di,t , where Γi is a constant8. Intermediate varieties produces
realize a profit that is proportional to the total expenditure of destination countries:

Πsi,t =
1

1 + θi
Xsdi,t =

1

1 + θi

∑
d∈D

πsdi,tXdi,t (10)

Cross-sectional equilibrium and evolution of factors of production Our model
is characterized by a sequence of cross-sectional equilibria satisfying equilibrium equations
for each period t. Given the states, {Kd,t}d and {λdi,t}di, for each t, the cross-sectional
equilibrium behaves analogously to a workhorse trade model (e.g., Caliendo and Parro
(2015)). Markets clear in both product and factor markets. Product markets can be
stated in terms of expenditure on final, investment, and intermediate goods. Factor
incomes can be expressed as a function of total expenditure. Trade can be unbalanced
as long as deficits are taken as exogenous. We show the full set of equilibrium conditions
in Appendix ??.

Total expenditure on final goods is reflects purchase for final consumption by house-
holds, while expenditure on investment goods, both net of tariff payments to the desti-
nation government.

XF
si,t =

∑
d∈D

πsdi,t
τsdi

κdi(1− sd)Yd,t, XI
si,t =

∑
d∈D

πsdi,t
τsdi

χdi(sd − bd,t)Yd,t

Total expenditure on a given source-sector accounts for expenditure on final, inter-
mediate, and investment goods, Xsi,t ≡ XF

si,t + XM
si,t + XI

si,t. Using that identity, we can
express spending on intermediate goods as a function of the share of gross output in each
industry j and destination country d used to purchase intermediates from industry i of
source country s:

XM
si,t =

∑
d∈D

πsdi,t
τsdi

∑
j∈I

θj
1 + θj

(1− γdi)γdijXdj,t

8Specifically, Γi ≡
[
1− σi−1

θi
+ σi−1

θi

(
σi
σi−1

)−θi]
Γ
(

1−σi+θi
θi

)
, where Γ(·) is the Gamma function
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where the factor
θj

1+θj
comes from the fact that the profit share of total expenditures in

sector j is 1
1+θj

. Factor income can be expressed as a constant of total expenditures in a
given sector:

wd,tLd,t =
∑
i∈I

θi
1 + θi

γdiαdiXdi,t, rd,tKd,t =
∑
i∈I

θi
1 + θi

γdi(1− αdi)Xdi,t

while government tariff revenues Rd,t, which are used to finance transfers Td,t, are a
function of total expenditure in foreign goods:

Td,t = Rd,t =
∑
s∈D

∑
i∈I

tsdi
τsdi

πsdi,tXsi,t

and, as mentioned above, profits are Πdi,t = 1
1+θi

∑
n∈D πdni,tXni,t. Therefore, we can

express national income as:

Yd,t = wd,tLd,t + rd,tKd,t +
∑
i∈I

Πdi,t + Td,t

=
∑
i∈I

(
θi

1 + θi
γdiXdi,t +

1

1 + θi

∑
n∈D

πdni,tXni,t +
∑
s∈D

tsdi
τsdi

πsdi,tXsi,t

)

where the first term in the brackets accounts for factor income, the second term account
for profits in each destination market, and the third term accounts for tariff revenue from
each source country. Expenditure on sector i of country s is the sum of expenditure on
final, investment, and intermediate goods:

Xsi,t =
∑
d∈D

πsdi,t
τsdi

(
κdi(1− sd)Yd,t + χdi(sd − bd,t)Yd,t +

∑
j∈I

θj
1 + θj

(1− γdj)γdjiXdj,t

)

where χdi are the Cobb-Douglas shares of the investment technology and bd,t is an exoge-
nous path for the trade balance, expressed as a share of national income. Finally, given
some exogenous path of trade balances {Bd,t}, total exports minus total imports must
equal the trade balance, which holds by Walras’ law:

∑
i∈I

 ∑
s∈D\{d}

πsdi,tXsi,t −
∑

n∈D\{d}

πdni,tXni,t

 = bd,tYd,t

Given initial values for the capital stock {Kd,t}, labor force {Ld,t} and productivities
{λdi,t}, the equations above, the definition of trade shares, and composite goods prices
characterize the cross-sectional equilibrium at each period t. In Appendix D, to make
them easily accessible for numerical computation in both levels and changes.

Productivity evolution Our model follows a strand of the literature that models
ideas diffusion through random matches between domestic and foreign managers9. Sem-
inal examples of this work include Jovanovic and Rob (1989) and Kortum (1997). More

9For a detailed review of this literature, see the comprehensive review chapter published by Buera
and Lucas (2018).
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recently, Alvarez et al. (2013) explored how idea diffusion is intertwined with trade link-
ages. Like Buera 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 struc-
ture of production, such that both sector cost shares and import trade shares characterize
the source distribution of ideas10.

Assumption 1 (Idea formation). New ideas are the transformation of two random vari-
ables, namely: (i) original insights o, which arrive according to a power law: Oi,t(o) =
Pr(O < o) = 1 − αi,to

−θi; (ii) derived insights z′, drawn from a source distribution
Gdi,t(z). After the realization of those two random variables, the new idea has productiv-
ity z = o(z′)βi, where o is the original component of the new idea, z′ is the derived insight,
and βi ∈ [0, 1) captures the contribution of the derived insights to new ideas in sector i.
Local producers only adopt new ideas if their quality dominates the quality of local va-
rieties. Therefore, for any period, the domestic technological frontier evolves according
to11:

Fdi,t+∆(z) = Fdi,t(z)︸ ︷︷ ︸
Pr{productivity<z at t}

×
(

1−
∫ t+∆

t

∫
ατz

−θi(z′)βiθidGdi,τ (z
′)dτ

)
︸ ︷︷ ︸

Pr{no better draws in (t,t+∆)}

Given Assumption 1, as in Buera and Oberfield (2020), for any t, Fdi,t(z) is Fréchet

with location parameter λdi,t =
∫ t
−∞ αi,τ

∫
(z′)βiθidGdi,τ (z

′)dτ and scale parameter θi, the
former evolving according to the following law of motion:

λ̇di,t = αi,t

∫
(z′)βiθidGdi,t(z

′)

To further characterize the equation above, we need to define the source distribution.
We assume that managers learn from their suppliers, such that Gdi,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.

10As mentioned earlier, our work is closely related to Cai, Li and Santacreu (2022), who extend 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.

11Here we simply use the fact that o = z(z′−βi) and note that, given an insight z′, at any moment t
the arrival rate of ideas of quality better than z is Pr(O > o) = Pr(O > z(z′)−βi) = αtz

−θi(z′)βiθi . We
then integrate over all possible values of z′.
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Assumption 2 (Source Distribution from Intermediates). The source distribution Gdi,t(z
′) ≡∑

j∈I γ̃dij
∑

s∈DHsjdi,t(z
′), where γ̃dij = (1 − γdi)γdij is the cost share of sector j when

producing good i in region d; and Hsjdi,t(z
′) is the fraction of commodities for which the

lowest cost supplier is a firm located in s ∈ D with productivity weakly less than z′.

Given the assumptions above, the resulting law of motion depends on an exogenous
arrival rate αi,t, constant intermediate cost shares γsdi and (lagged) conditional distribu-
tions Hsjdi,t:

λ̇di,t = αi,t
∑
j∈I

γ̃dij
∑
s∈D

∫
zβiθidHsjdi,t(z) (11)

In the following section, we fully characterize the expression above, extending this class
of idea diffusion models to a multi-sector framework. For now, it suffices to understand
that λdi,t evolves over time such that at each period t we can characterize a cross-sectional
equilibrium.

Factors of production evolution The supply of the factors of production changes
over time. They are perfectly mobile and thus have a uniform price across sectors.
Using external projections from population growth, we impose exogenous growth rates
for population: Ld,t+1 = (1 + gd,t)Ld,t

12.
The law of motion for capital is Kd,t = (1− δd)Kd,t−1 + Id,t. Each unit of investment

units of combines sectoral composite goods Id,t =
∏

i∈I I
χdi
di,t , with

∑
i∈I χdi = 1. To pin

down the level of investment, we use the fact that aggregate savings minus aggregate
investment must equal the trade balance, or sdYd,t − P I

d,tId,t = bd,tYd,t, where P I
d,t ≡∏

in∈I(Pdi,t/χdi)
χdi and bd,t is the trade balance expressed as a share of national income.

In equilibrium, Idi,t = χdi(sd − bd,t)Yd,t/Pdi,t, for some exogenous path of trade balances
shares {bd,t}.

Dynamic Equilibrium Given initial values for {Ld,t}, {Kd,t}, {λdi,t}, we can character-
ize the cross-sectional equilibrium. Given the exogenous population growth rate, we can
determine {Ld,t}. Given the outcome of the cross-sectional equilibrium, we can determine
sectoral {Idi,t} and aggregate investment {Id,t} and after accounting for depreciation, we
can determine {Kd,t+1}. Given the outcome of the cross-sectional equilibrium, we can
determine the conditional distributions Hsjdi,t(z) and determine {∆λd,t+1} and {λd,t+1}.

Note that the dynamic equilibrium model, as others in this class, is a sequence of cross-
sectional equilibria with transition equations connecting the state variables across periods.
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 from13.

12These growth rates are based on projections from the United Nations and the International Monetary
Fund, as described in the data section below.

13The 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.
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2 Idea Diffusion in a Multi-sector Framework

Main theoretical results In this section, we state three main results. First, we work
out the integral in equation (11) to extend the learning from sellers specification of Buera
and Oberfield (2020) to a multi-sector framework. Then, we derive the destination sector
elasticity with respect to productivity shocks in source sectors. Finally, we show that,
under reasonable restrictions, a multisector framework will magnify idea diffusion.

Proposition 1. [Law of Motion in a Multi-Sector Framework] Suppose βij = βiθi/θj < 1
for each i, j ∈ I pair. Then, in the multi-sector multi-region economy described above,
the law of motion for productivities is as follows:

λ̇di,t = αi,t
∑
j∈I

Γ (1− βij) γ̃dij
∑
s∈D

πsdj,t

(
λsj,t
πsdj,t

)βij
(12)

where Γ(·) is the gamma function, γ̃dij = (1 − γdi)γdij are cost shares, and πsdj,t are
intermediate input trade shares.

Proof. Appendix F.

Above, 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 is the fact
that whenever trade flows are small, only the highest productivity exporters are able to
producers are drawing insights from the most high quality marginal firms that are able

to export, i.e.
(
λsj,t
πsdj,t

)βij
will be higher.

In a multi-sector framework, the effective diffusion elasticity is βiθi
θj

rather than just β.

Knowledge diffuses more strongly to the use sector i if the contribution of derived insights
to new ideas is higher (βi is larger); if the productivity distribution in source sector j has
a ticker right tail (θj is smaller); and if the average quality of original insights is lower
(θi is higher). A smaller θj increases diffusion since it increases the probability firms
with of very large productivity draws supplying the domestic market thereby providing
derived insights. A larger θi increases diffusion because derived ideas are less relevant
when the original insights are smaller and the average quality of the original insights
αi,t/θi decreases in θi.

We should note that just like in a single sector framework diffusion elasticities are
restricted to β < 1, in this multi-sector framework effective diffusion elasticities are
restricted to βij < 1. One simple way to bridge that restriction is to impose homogeneous
trade elasticities, with θi = θj for all i, j14. However, there is strong evidence that
elasticities vary substantially across sectors (Caliendo and Parro, 2015; Ossa, 2014). In
the following sections, we estimateβij directly and backing out βi from estimated trade
elasticities.

14This condition is analogous to what Deng and Zhang (2023) show in the context of Ricardian trade
with perfect competition. In Appendix F we show that the same restriction holds when dealing with
Ricardian trade with Bertrand competition. However, our solution here is different from theirs: we will
assume that the conditions holds and test this assumption in our estimation results. They assume an
ad-hoc exogenous parameter that cancels out the role of heterogeneous elasticities.
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Corollary 1 (Pairwise Diffusion Elasticities). Under the assumptions of Proposition 1,
fix t and hold {αi,t, γ̃dij, πsdj,t−1, βij} constant. The instantaneous elasticity of the diffusion
flows in destination (d, i) with respect to the knowledge stock in source (s, j) is

εsjdi,t ≡
∂ log λ̇di,t
∂ log λsj,t

= ωsjdi,t × βij,

where the diffusion-flow weight ωsidj,t =
γ̃dij π

1−βij
sdj,t λ

βij
sj,t∑

j′ γ̃dij′
∑
s′ π

1−βij′
s′dj′,t λ

βij′
s′j′,t

. Aggregating across

sources yields the average instantaneous diffusion elasticity for receiver (d, i):

εdi,t ≡
∑
j∈I

ωjdi,t × βij,

where ωjdi,t =
∑

s ωsjdi,t denotes the importance weights of industry j for the destina-
tion cluster (di).

Another feature of this multi-sector framework is that, for most empirical applications,
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, even if elasticities do not vary across sectors. In other words,
even

Proposition 2 (Diffusion Losses with Multiple Sectors). Suppose that, for some arbitrary
t− 1,

∑
j∈I γdijλsj,t−1 ≤ λs,t−1 for each s and d and both the effective diffusion elasticity

βi = β and the arrival rate are uniform αi,t = αt for each i ∈ I. Then:(∑
i∈I

κdi∆λ
i
d,t

)Diffusion Optimum

< (∆λd,t)
Diffusion Optimum (13)

and (∑
i∈I

κdi∆λ
i
d,t

)Market Allocation

≤ (∆λd,t)
Market Allocation (14)

Proof. Appendix F.

The proposition above states that if aggregate productivities λs,t−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, then: (a) the maximum diffusion rate in a single-sector
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.

Note that this result holds while holding the diffusion elasticity and arrival rates equal
across sectors, meaning that it stems from the sheer fact that one models multiple sectors.
Why is that the case? To gain some intuition, not that, for each sector j, trade maximize
diffusion, which we refer to as diffusion optimum15 and those observed under the cross-
sectional equilibrium, which we refer to as market allocation, satisfy, respectively:

15The diffusion optimum solves the following program: max{πsdj,t−1}∑
j∈I γdij

∑
s∈D(πsdj,t−1)1−β(λsj,t−1)β s.t.

∑
s πsdj,t = 1
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(πsdj,t)
Diffusion Optimum =

λsj,t∑
k∈D λkj,t

, (πsdj,t)
Market Allocation =

λsj,t(τsdjcsj)
−θj∑

k∈D λkk,t(τkdjckj)
−θj

The point that maximizes diffusion sets trade shares proportional to the source coun-
try productivity in the source industry, λλsj,t , as a proportion of the global productivity
stock,

∑
k∈D λkj,t. 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 h in a global 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
πhhi varies. The optimal diffusion point is (πhhi)

Diffusion Optimum = λhi/(λhi + λfi) = 1/2.
Under the market allocation, trade costs induce home bias such that domestic share is
(πhhi)

Market Allocation = 1/(1 + τ−θ) > 1/2 and idea diffusion is below the optimal point.
If trade costs increase and τ → ∞, 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 1.

Figure 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:

κi[(πhhi)
1−β(λhi)

β + (1−πhhi)1−β(λfi)
β ]. The left-hand side panel shows the optimal, actual trade, and

autarky points along the ideas diffusion function when countries are fully symmetric (λhi = λfi). The

right hand side panel plots the functions and diffusion optimal points for the cases when countries have

identical productivities λhi = λfi and the home country is less productive λhi < λfi.

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)16. When λhi < λfi,

16Formally, once countries are no longer symmetric, we need to make the following regularity condition
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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 trade17.

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 (12) in
trade shares and productivity terms. If one substitutes the solution for diffusion maxi-
mizing trade shares, as shown above, into the diffusion function, this will be proportional
to:

(∆λd,t)
Diffusion Optimum︸ ︷︷ ︸

single sector diffusion optimum

∝ (1− γd)

(∑
s∈D

λs,t−1

)β

∑
i∈I

κdi
(
∆λid,t

)Diffusion Optimum

︸ ︷︷ ︸
average multi-sector diffusion optimum

∝
∑
i∈I

κdi(1− γdi)
∑
j∈I

γdij

(∑
s∈D

λsj,t−1

)β

where (1 − γd) ≡
∑

i κdi(1 − γdi) is the intermediate goods share in a single sector
framework, defined in a way to keep it consistent with its multi-sector analog. If ag-
gregate productivities λs,t−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 —i.e.,
λs,t−1 ≥

∑
i∈I κdi

∑
j∈I γdijλsj,t−1, then:(∑

s∈D

λs,t−1

)β

≥

(∑
j∈I

γdij
∑
s∈D

λsj,t−1

)β

>
∑
j∈I

γdij

(∑
s∈D

λsj,t−1

)β

The first inequality follows from the assumption and the fact that the function is increas-
ing. The last inequality follows Jensen’s Inequality. 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.

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. In
Figure (2), we plot the multi-sector to single-sector diffusion ratio under the market
allocation.

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 counterpart18.
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 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.

to guarantee convergence to the autarky equilibrium: limτ→∞ (τcfi)/chi = +∞ . Most models make
this assumption either explicitly or implicitly.

17In fact, for any πhi ∈ (0, 1], the marginal change in diffusion as πih increases will be increasing in a
country’s productivity. To see that, take ∂∆λhi

∂πih
∝ (1 − β)[(πhi)

−β(λhi)
β − (1 − πhi)−β(λfi)

β ], which is

increasing in λhi.
18Figure (3) in the Appendix show a the ratio between single-sector to multi-sector diffusion across a

continuum of domestic trade shares for two different sectors. In the upper left quadrant of Figure (3),
sector i sources almost all of its inputs abroad, while sector −i buys most of its inputs domestically.
Over the diagonal, the trade shares of the sectors are identical, and differences reach zero.
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Figure 2: Intuition: multiple sectors and strict concavity of the diffusion func-
tion. The diffusion function is strictly concave in both π and λ. This figure shows an example
of calculating diffusion in single-sector vs a multi-sector framework when trade shares differ across
sectors. The same reasoning can be applied for when productivities vary across sectors, as long as∑
j∈I γdijλsj,t−1 ≤ λs,t−1 for each s and d.

The assumption stated in Proposition (2) guarantees the same condition on the pro-
ductivity states. Since productivities are not directly observed and must be calibrated,
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) 19. If this condition
is satisfied, then we achieve the result in Proposition (2).

3 Calibration and Setup of Policy Experiments

[Calibration of structural parameters in this section are under review]
In this section, we first outline the employed baseline data and behavioral parameters.

The parameter determining the strength of diffusion of ideas is calibrated by minimiz-
ing 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.

19This restriction does not require, however, aggregate productivities to be arbitrarily large. Consid-
ering 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 κdi = 1
for some arbitrary i and the cost share γdij = 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 λs,t ≥ λjs,t for all j.
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3.1 Data and Calibration

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 Kortum, 2007). The data
are aggregated into 10 regions and 6 sectors as specified in Table 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 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 Πi

s is a share 1
1+θi

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
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 1

1+θi
. 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.20

20As 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 Πi

s,t becomes a share 1
1+θi

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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Calibration of productivities

Calibration of diffusion elasticities We estimate the parameters {βi} through gen-
eralized method of moments, using the canonical methods described in Hansen (1982) and
(Hamilton, 1994, Chapter 14). Let wdi,t = (∆λ̂di,t, {λ̂di,t}, {πsdi,t−1})′ be a (2D + 2 × 1)

vector of random variables, Θ = (αt, {γ̃dij}, {θ̂i})′ be (2D + 1 × 1) vector of parameters
taken to be exogenous, B = (β1, · · · , βI)′ denote a (I× 1) vector of unknown coefficients,
and h(B,wdi,t) be a (I × 1) vector-valued function h : R2D+2 × RI → RI . Note that

λ̂di,t are the productivity estimates from the previous subsection. We posit that, under
evaluated under the true parameters B, the following moment conditions hold.

E[h(B,wdi,t)] ≡ E


∆λ̂d1,t − αt

∑
j∈I Γ(1− β1)γ̃d1j

∑
s∈D πsdj,t−1

(
λ̂sj,t−1

πsdj,t−1

)β1θ̂1/θ̂j
...

∆λ̂dI,t − αt
∑

j∈I Γ(1− βI)γ̃dIj
∑

s∈D πsdj,t−1

(
λ̂sj,t−1

πsdj,t−1

)βI θ̂I/θ̂j
 = 0

The sample analog of E[h(B,wdi,t)] is g(B̂,yDT ) = (DT )−1
∑

t∈T
∑

d∈D h(B̂,wdi,t),
where y = ({wdi,t})′ for t ∈ T and d ∈ D is a vector containing all observations in a

sample of size DT for industries i ∈ I. We choose B̂ to make the sample moments as
close as possible to the population moments, minimizing:

min
B̂

[g(B̂,yDT )]′Wg(B̂,yDT ) (15)

where W is a positive definite weighting matrix. In our baseline specification, we estimate
(15) by unweighted GMM (i.e., setting W = II×I). As robutness, we estimate it using
two-step GMM and continuously updating GMM. The results are below.

Calibration of trade elasticity The dispersion parameter of the Fréchet distribution,
θi, 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, ρ, between
intermediates from different sectors, µ, 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, νi, are based on the values in the GTAP Data Base.

Table 2 displays the values of the dispersion parameter of the Fréchet distribution, θi
and the substitution elasticity between production factors νi.

Even though the location parameters of the sector-country specific Fréchet distribu-
tion λsi,t evolve endogenously in this model, their starting values need to be calibrated.
We calibrate the starting values {λsi,0}s∈D,i∈I 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 alterna-
tive approach would be to estimate both trade costs and the location parameters based
on the gravity equation as in Levchenko and Zhang (2016). This is the path taken by
Deng and Zhang (2023), who use historical data for this calibration and decomposition
of effects.
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Table 2: Behavioral parameters

θi νi
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)

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. There-
fore, 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. Figure
4 shows the distribution of the calibrated λsi,0 parameters across industries i of each region
s in our model.

[FIGURE 4 ABOUT HERE]
Buera and Oberfield (2020) set the growth rate of αt 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 αt at 1.18% per year, equal to the projected global population growth
rate from 2021 to 2040.

The idea diffusion parameter β 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 β increases, because at higher levels of β 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, countries
starting with lower productivity parameters have larger dynamic gains from trade. That
effect increases in the value of β21.

We simulate the model from 2004 to 2019 imposing historical growth rates of popu-
lation and the labor force (based on IMF data) without further policy changes varying
the level of β and evaluate for which values of β the mean and variance of the growth
rates of GDP are closest to the mean and variance in historical data.22 Formally, we
are minimizing the following loss function with m the historical moment and m (β) the
simulated moment for either real GDP per capita growth or real GDP growth in the
2004-19 period 23

21In the limiting point β → 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 β increases.

22In this exercise the growth rate of αt is set at 1.18% per year, the global population growth rate
between 2004 and 2019.

23We minimize: minβ
∑
m∈{µ,σ} w

GDPpc(m(β)GDPpc,model − mGDPpc,hist)2 + (1 −
wGDPpc)(m(β)GDP,model − mGDP,hist)2 where wGDPpc is the exogenous weight put on real GDP
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Figure (5) plots the loss function for values of β ∈ [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 β ∈ [0.44, 0.45], a
rather short interval. Taking an agnostic stance and setting the weight wGDPpc = 1/2, we
find that the loss function is minimized for β = 0.44, but results are virtually unchanged
by setting it to any value in the aforementioned interval.

[FIGURES 5 and 6 ABOUT HERE]
Figure 6 compares projected GDP growth rates for β = 0.44 in individual regions

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 Appendix Table A3 we display the same summary statistics for β 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 β will lead to higher than historically observed
growth rates in low-income regions. Conversely, a too low value β 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 β is that variation in growth
between countries is not only driven by ideas diffusion through trade implying techno-
logical catch-up. However, the calibration does take variation in labor force growth into
account and considers capital accumulation as a source of growth. Furthermore, we follow
an approach similar to Buera and Oberfield (2020) who calibrate β based on targeting
US growth rates and find a value of β 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. 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

per capita growth, rather than aggregate real GDP growth. As a first step, we raise β 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 β between 0.4 and 0.5 (See Appendix Table A2). Therefore, as a second step, we
simulate the model raising β in steps of 0.01 from 0.4 to 0.5.
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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.

3.2 Motivation and Set-up of Policy Experiments

3.2.1 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.

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-making24.

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 telecommunications compa-
nies 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 power25. They tie a scenario of a continuous

24For a contemporaneous review of the policies implemented, see Bown and Irwin (2019).
25In 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 equi-
libria as transition paths. This is known as the “structural realism” theory of international politics,
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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. (Joseph 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 bear26. 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
scholars27, 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 Feder-
ation 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 an-
nexation 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 subsidiaries28.

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 Eastern
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

developed by Kenneth Waltz (2010).
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.

27See, 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.

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
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of this paper is on the potential consequences of economic decoupling.

3.2.2 Set-up of Policy Experiments

We are agnostic about the degree of future decoupling between East and West. Nonethe-
less, the fact that international relations scholars envisage disengagement as a real possi-
bility underscores that estimating the potential economic consequences of 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 (Häge, 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 7 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.

[FIGURE 7 ABOUT HERE]
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 (8). 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.

[FIGURE 8 ABOUT HERE]
After classifying the countries into Eastern and Western geopolitical blocs, we design

two different policy experiments. We first increase iceberg trade costs τ isd,t to a 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 tmi

sd,t 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.
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Besides the full and tariff decouple scenarios, we explore two additional policy ex-
periments. 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 τ isd,t only to the electronic
equipment (elm) sector. This scenario is motivated by U.S. 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 tele-
com 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 concerns29. 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 smartphones,
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 software and
design their own operating system HarmonyOS.

Since this separation is driven primarily by regulation rather than tariffs, it is ap-
propriate to think of it as an increase in iceberg trade costs τ isd,t between blocs in the
electronic equipment sector and so this is the scenario we will explore.

4 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

29North American Treaty Organization (NATO) researchers Kaska, Beckvard and Minárik (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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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: x̂ =

∑T
t=p(x

′
t − xt)/

∑T
t=p xt, where p

is the date of the first policy change, x′t, xt are the values of variable x with and without
the policy change, respectively.

4.1 Full and Tariff Decouple

As expected, all scenarios show large negative impacts on cross-bloc trade after the in-
troduction 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
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 9.

[FIGURE 9 ABOUT HERE]
One of the reasons behind the asymmetry in trade decreases between blocs is the as-

sumption 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 (10) shows that both the increases in iceberg trade costs (full decouple) and
retaliatory tariff hikes (tariff decouple) induce substantial welfare decreases for all coun-
tries. 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%).

[FIGURE 10 ABOUT HERE]
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 (12) incorporate the input-output
structure of production, such that domestic managers in each sector innovate in propor-
tion to the quality and share of their inputs. Losing access to high quality 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.

[FIGURE 11 ABOUT HERE]
For those reasons, in our policy experiments, countries in the Eastern bloc that cur-

rently have a lower level of productivity and have larger ties with innovative countries
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have larger losses. By looking at results in Figure 11, one can see the stark contrast be-
tween the differential evolution of λdi,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, suggesting that nearly all of their losses
are static, rather than dynamic.

There is large dispersion across both sectors and countries in differential productivity
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, lmn, 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 (10), 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: wel-
fare 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.

4.2 Diffusion Inefficiencies a Multi-sector vs. a Single-sector
Framework

In Section 2, 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.

[FIGURE 12 ABOUT HERE]
Our numerical results confirm that theoretical intuition. Figure 12 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
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collapse the model to a single-sector framework.
In both scenarios, countries in the Easter bloc face higher cumulative diffusion ineffi-

ciencies (as measured by the reduction in the Fréchet parameters λdi,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.

4.3 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.

[FIGURE 13 ABOUT HERE]
Figure 13 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 13
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 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 13 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 λdi,t 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
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longer term dynamic gains from having access to Western supply chains.

4.4 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 (12) and we
set β = 0.44, according to the calibration described before.

[FIGURE 14 ABOUT HERE]
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
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 14 show the productivity losses induced by policy changes repre-
sented by the evolution of the Fréchet Distribution scale parameter λdi,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 produc-
tivity starting point and benefit proportionately more from exposure to higher-quality
intermediate inputs. For that reason, full decoupling in all products leads to large dif-
ferential 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.

[FIGURE 15 ABOUT HERE]
Changes in productivity map into changes in welfare, pictured in Figure 15. 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 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.

5 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
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persistent geopolitical conflicts on global trade patterns, economic growth, and innova-
tion. 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.

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.

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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A Figures in Manuscript

Figure 3: 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 (πhi = πi,−ih , π−i,ih = π−i,−ih ) 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 diagonal, the trade shares of the sectors are

identical, and differences reach zero.
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Figure 4: Distribution of the calibrated λsi,0 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 λsi,t evolves endogenously according to
the model.
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Figure 5: Plots the loss function for values of β ∈ [0.4, 0.5]. The solid grey line shows the
loss function with the parametrization of wGDPpc = 0, which is minimized at β = 0.44.
The dotted grey line shows the loss function with the parametrization of wGDPpc = 1,
which is minimized at β = 0.45 . The thicker black line shows the loss function with the
parametrization of wGDPpc = 1/2, which is minimized at β = 0.44.
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Figure 6: Historical and simulated (for β = 0.44) GDP growth rates (average 2004-2019)
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Figure 7: Differential Foreign Policy Similarity Index. 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

κi,US − κi,China. The parameter κi,j 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 = [pnm], where entry pnm represents the share of votes in which country i took

position n and country j took position m. Given matrix P , κi,j = 1−
∑
m 6=n pmn/

∑
m 6=n pmpn, where

pm, pn are expected marginal propensity of any country to take position m,n at a random vote. For

more details, see Häge (2011).
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Figure 8: Differential Foreign Policy Similarity Index. 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 7 for further details
on the indices.
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Figure 9: 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 τ isd,t by 160 percentage points. Tariff decouple increases bilateral tariffs tmi
sd,t, across groups, by

32 percentage points. β is a parameter that controls the diffusion of ideas according to equation 12,

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 10: Cumulative Percentage Change in Real Income, after the policy change, by
2040. Full Decouple increases iceberg trade costs τ isd,t by 160 percentage points. Tariff decouple

increases bilateral tariffs tmi
sd,t, across groups, by 32 percentage points. β is a parameter that controls

the diffusion of ideas according to equation 12, 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 11: Cumulative Percentage Change in the Fréchet Distribution location parameter
λdi,t, after policy change, by 2040. Full Decouple increases iceberg trade costs τ isd,t by 160

percentage points. Tariff decouple increases bilateral tariffs tmi
sd,t, across groups, by 32 percentage

points. β is a parameter that controls the the diffusion of ideas according to equation 12, 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; lmn, Light

manufacturing; ots, Other Services; pri, Primary Sector; tas, Business services. Tables with the values

for these charts can be found in the Appendix.
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Figure 12: Multi-sector vs. Single-sector: Cumulative Percentage Change in the Fréchet
Distribution location parameter λdi,t, after policy change, by 2040. Full Decouple increases

iceberg trade costs τ isd,t by 160 percentage points. Tariff decouple increases bilateral tariffs tmi
sd,t,

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; e27, European Union; ode, Other

Developed; usa, United States. Sector codes: elm, Electronic Equipment; hmn, Heavy manufacturing;

lmn, Light manufacturing; ots, Other Services; pri, Primary Sector; tas, Business services. Tables with

the values for these charts can be found in the Appendix.
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Figure 13: Left Panel: Cumulative Percentage Change in Real Income in LAC Region, by
scenario. Right Panel: Cumulative Percentage Change of the Fréchet Distribution scale
parameter λdi,t in LAC Region, by scenario. Full Decouple increases iceberg trade costs τ isd,t by

160 percentage points. Tariff decouple increases bilateral tariffs tmi
sd,t, across groups, by 32 percentage

points. In all cases, we set the parameter that controls the diffusion of ideas to β = 0.44. Sector codes:

elm, Electronic Equipment; hmn, Heavy manufacturing; lmn, Light manufacturing; ots, Other Services;

pri, Primary Sector; tas, Business services. Tables with the values for these charts can be found in the

Appendix.
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Figure 14: Cumulative Percentage Change of the Fréchet Distribution scale parameter
λdi,t, by scenario. Full Decouple increases iceberg trade costs τ isd,t 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 β = 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.
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Figure 15: Cumulative Percentage Change in Welfare (Real Income), by scenario. Full

Decouple increases iceberg trade costs τ isd,t 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 β = 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.
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B Additional Figures

Figure 16: Idea diffusion function in a two-by-two economy. The graph shows

∆λi ∝ κi[(πhi)
1−β(λhi)

β + (1 − πhi)1−β(λif )β ] + (1 − κdi)[(πi,−ih )1−β(λ−ih )β + (1 − πi,−ih )1−β(λ−if )β ] as

a function of domestic trade share in sectors i,−i: πih, π
−i
h . If countries and sectors are identical and

κi = 1/2, Optimal, Actual Trade, and Autarky allocations are represented in this figure. The marginal

contributions of each sector to total diffusion are as shown in the left panel of Figure 1
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C Additional tables calibration exercise

Table A3: Growth Rate of Real GDP and Real GDP per Capita, respectively, Historically
and in Simulations, using different values of β

β 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 4.48 3.36 9.97 0.59
0.49 4.75 3.60 10.62 0.63
0.50 5.04 3.87 11.32 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 0.48
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 3.34 2.76 7.97 0.59
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 A4: The squared difference between the sum of the historical and simulated mean
and standard deviation of GDP, GDP per capita and their sum

β 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
0.48 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 A5: Growth Rate of Real GDP and Real GDP per Capita, respectively, Historically
and in Simulations, using different values of β between 0 and 0.6

β 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 11.32 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 2.41 0.40
0.20 1.39 0.82 2.53 0.40
0.25 1.46 0.89 2.74 0.41
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 A6: Growth Rate of Real GDP and Real GDP per Capita, respectively, Historically
and in Simulations, using different values of β between 0 and 0.6 with an Autonomous
Technology Growth Rate of α = 2.36

β 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 11.76 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 0.41
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 5.21 14.45 1.04
0.60 8.87 7.08 19.56 1.66
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D Equilibrium

D.1 Equilibrium in levels

cdi,t = Θdi

(
wαdid,t r

1−αdi
d,t

)γdi∏
j∈I

P
(1−γdi)γdij
dj,t (A-1)

Pdi,t = Γi

(∑
n∈D

λni,t(τndicni,t)
−θi

)− 1
θi

(A-2)

πsdi,t =
λsi,t(τsdicsi,t)

−θi∑
n∈D λni,t(τndicni,t)

−θi
(A-3)

wd,tLd,t =
∑
i∈I

θi
1 + θi

γdiαdiXdi,t (A-4)

rd,tKd,t =
∑
i∈I

θi
1 + θi

γdi(1− αdi)Xdi,t (A-5)

Td,t =
∑
s∈D

∑
i∈I

tsdi
τsdi

πsdi,tXsi,t (A-6)

Πsi,t =
1

1 + θi

∑
d∈D

πsdi,tXdi,t (A-7)

Yd,t = wd,tLd,t + rd,tKd,t +
∑
i∈I

Πdi,t + Td,t (A-8)

XF
si,t =

∑
d∈D

πsdi,t
τsdi

κdi(1− sd)Yd,t (A-9)

XI
si,t =

∑
d∈D

πsdi,t
τsdi

χdi(sd − bd,t)Yd,t (A-10)

XM
si,t =

∑
d∈D

πsdi,t
τsdi

∑
j∈I

θj
1 + θj

(1− γdj)γdjiXdj,t (A-11)

Xsi,t = XF
si,t +XI

si,t +XM
si,t (A-12)

bd,tYd,t =
∑
i∈I

 ∑
s∈D\{d}

πsdi,tXsi,t −
∑

n∈D\{d}

πdni,tXni,t

 (A-13)
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D.2 Hat algebra

According relative changes to equilibrium outcomes, given relative changes in select pa-
rameters such as those for tariffs, subsidies and trade costs, are worked out with common
hat algebra and implemented in the solution algorithm. For each variable x, we denote
x̂t ≡ xt/xt−1, are the equilibrium value of such a variable before and after, respectively,
a change in trade costs.

ĉdi,t =
(
ŵαdid,t r̂

1−αdi
d,t

)γdi∏
j∈I

P̂
(1−γdi)γdij
dj,t (A-14)

P̂di,t =

(∑
n∈D

πndi,tλ̂ni,t(τ̂ndiĉni,t)
−θi

)− 1
θi

(A-15)

π̂sdi,t =
λ̂si,t(τ̂sdiĉsi,t)

−θi∑
n∈D πndi,tλ̂ni,t(τ̂ndiĉni,t)

−θi
(A-16)

ŵd,tL̂d,t =
∑
i∈I

θi
1+θi

γdiαdiXdi,t

wd,tLd,t
X̂di,t (A-17)

r̂d,tK̂d,t =
∑
i∈I

θi
1+θi

γdi(1− αdi)Xdi,t

rd,tKd,t

X̂di,t (A-18)

T̂d,t =
∑
s∈D

∑
i∈I

tsdi
τsdi

πsdi,tXsi,t

Td,t

t̂sdi
τ̂sdi

π̂sdi,tX̂si,t (A-19)

Π̂si,t =
∑
d∈D

πsdi,tXdi,t

Πsi,t

π̂sdi,tX̂di,t (A-20)

Ŷd,t =
wd,tLd,t
Yd,t

ŵd,tL̂d,t +
rd,tKd,t

Yd,t
r̂d,tK̂d,t +

∑
i∈I

Πdi,t

Yd,t
Π̂di,t +

Td,t
Yd,t

T̂d,t (A-21)

X̂F
si,t =

∑
d∈D

πsdi,t
τsdi

κdi(1− sd)Yd,t
XF
si,t

π̂sdi,t
τ̂sdi

Ŷd,t (A-22)

XI
si,t =

∑
d∈D

πsdi,t
τsdi

χdi(sd − bd,t)Yd,t
XI
si,t

π̂sdi,t
τ̂sdi

̂(sd − bd,t)Ŷd,t (A-23)

X̂M
si,t =

∑
d∈D

∑
j∈I

πsdi,t
τsdi

θj
1+θj

(1− γdj)γdjiXdj,t

XM
si,t

π̂sdi,t
τ̂sdi

X̂dj,t (A-24)

X̂si,t =
XF
si,t

Xsi,t

X̂F
si,t +

XI
si,t

Xsi,t

XI
si,t +

XM
si,t

Xsi,t

XM
si,t (A-25)

b̂d,tŶd,t =
∑
i∈I

 ∑
s∈D\{d}

πsdi,tXsi,t

bd,tYd,t
π̂sdi,tX̂si,t −

∑
n∈D\{d}

πdni,tXni,t

bd,tYd,t
π̂dni,tX̂ni,t

(A-26)
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E Construction of Initial Sectoral Productivity Pa-

rameters λis,0

In our model, the location parameter of Fréchet distribution of a given industry-country
λid,t evolves endogenously according to a law of motion, as described by equation (12).
To calibrate the model, we need initial values (λid,0)d∈D,i∈I . This appendix describes
the steps required to estimate the initial sectoral Fréchet location parameters {λsi,0}
using a structural gravity approach consistent with the model equilibrium described in
Appendix D. We follow the steps of Levchenko and Zhang (2016) adapted to our mode.
Throughout, indices are as follows: s, n ∈ S denote source (exporter) countries, d ∈ D
denotes destination (importer) countries, i ∈ I denotes traded sectors, and t = 0 denotes
the base year.

In the baseline model, sectoral trade shares are given by

πsdi,t =
Xsdi,t

Xdi,t

=
λsi,t (τsdi csi,t)

−θi∑
n∈S

λni,t (τndi cni,t)
−θi , (A-27)

where λsi,t is the Fréchet location parameter governing productivity draws in sector i and
country s; θi > 0 is the sector-specific trade elasticity; τsdi ≥ 1 is an iceberg trade cost;
csi,t is the unit cost of the sector-i input bundle in country s; Xsdi,t is total expenditure
by destination d on sector-i goods produced in country s; and

Xdi,t ≡
∑
s

Xsdi,t

denote total absorption in sector i in destination d. As known, then πsdi,t = Xsdi,t/Xdi,t.
The objective of this appendix is to explain how λsi,0 can be identified and estimated
from observed trade flows {Xsdi,0}.

Basic mapping of model to the data. Fix a destination d and sector i and period
t = 0. Consider the ratio of imports from s relative to domestic expenditure:

Xsdi,0

Xddi,0

=
λsi,0 (τsdicsi,0)−θi

λdi,0 (cdi,0)−θi
, (A-28)

where we use τddi = 1 by normalization. Taking logs yields

ln

(
Xsdi,0

Xddi,0

)
= ln

(
λsi,0c

−θi
si,0

)
− ln

(
λdi,0c

−θi
di,0

)
− θi ln τsdi. (A-29)

We must now make some assumption on the parametrization of trade costs τsdi. Fol-
lowing XXXX, we assume:

ln τsdi = δidist(s, d) + δiborder(s, d) + δirta(s, d) + δicu(s, d) + exsi + νsdi, (A-30)

where: δidist(s, d) are distance-bin indicators; δiborder(s, d) captures common borders; δirta(s, d)
captures regional trade agreements; δicu(s, d) captures currency unions; exsi is an exporter–
sector fixed effect (exporter-specific trade friction); νsdi is an idiosyncratic residual.
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The exporter component exsi allows exporter-wide frictions to be separated from
technology. Substituting (A-30) into (A-29) gives

ln

(
Xsdi,0

Xddi,0

)
= ln

(
λsi,0c

−θi
si,0

)
− θiexsi︸ ︷︷ ︸

Exporter fixed effect

− ln
(
λdi,0c

−θi
di,0

)︸ ︷︷ ︸
Importer fixed effect

− θi
[
δidist(s, d) + δiborder(s, d) + δirta(s, d) + δicu(s, d)

]
− θiνsdi. (A-31)

Equation (A-31) is estimated separately for each sector i using OLS with exporter–
sector and importer–sector fixed effects.

From the importer fixed effect, the regression identifies (up to normalization)

Sdi ≡
λdi,0 c

−θi
di,0

λRi,0 c
−θi
Ri,0

(A-32)

relative to a reference country R, for which we assume λRi,0 c
−θi
Ri,0 = 1. Importantly, up to

normalization, we can directly identify Sdi from the coefficients of the gravity regression.

Identifying relative price levels From (A-27), the domestic expenditure share sat-
isfies

Xddi,0

Xdi,0

= πddi,0 =
λdi,0 (τddi cdi,0)−θi∑

n∈S
λni,0 (τndi cni,0)−θi

= λdi,0

(
Γicdi,0
Pdi,0

)−θi
, (A-33)

where Pd=i,0 is the sector-i price index. Dividing this by the equivalent expression in the
reference country R:

πddi,0
πRRi,0

=
λdi,0
λRi,0

(
cdi,0
cRi,0

)−θi (PRi,0
Pdi,0

)−θi
= Sdi

(
PRi,0
Pdi,0

)−θi
and therefore:

Pdi,0
Pri,0

=

[
πddi,0
πRRi,0

1

Sdi

]1/θi

. (A-34)

Thus, sectoral price indices can be recovered from domestic expenditure shares and
the gravity-implied Sdi.

Recovering unit costs Given the model’s unit cost function (Appendix E), relative
unit costs satisfy

cdi,0
cri,0

=

(
wd
wR

)αiγi ( rd
rR

)(1−αi)γi∏
j

(
Pdj,0
Prj,0

)(1−γi)γki
, (A-35)

where αi, γi, and γki are sectoral factor and input shares. Combining (A-32) and (A-35)
yields

λdi,0
λri,0

= Sdi

(
cdi,0
cRi,0

)θi
. (A-36)

Equation (A-36) delivers the calibrated initial sectoral productivity parameters {λsi,0}
up to a sector-specific normalization.
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F Mathematical Derivations

F.1 Proof of Proposition 1

In this section, we largely follow the steps of the mathematical appendix to Buera and
Oberfield (2020) to the particularities of our model.

F i
d,t+∆(z) = Fdi,t(z)︸ ︷︷ ︸

Pr{productivity<z at t}

×
(

1−
∫ t+∆

t

∫
αi,τz

−θi(z′)βiθidGdi,τ (z
′)dτ

)
︸ ︷︷ ︸

Pr{no better draws in (t,t+∆)}

Rearranging and using the definition of the derivative:

d

dt
lnFsi,t(z) = lim

∆→0

F i
s,t+∆(z)− Fsi,t(z)

Fsi,t(z)
= −

∫
αtz

−θ(z′)βθdGdi,t(z
′)

Define λsi,t =
∫ t
−∞ αi,τ

∫
(z′)βθdGi

s,τ (z
′)dτ and integrate both sides wrt to time:

∫ t

0

d

dτ
lnF i

s,τ (z)dτ = −z−θ
∫ t

0

∫
αi,τ (z

′)βθdGdi,τ (z
′)dτ

ln
(F i

s,τ (z)

F i
s,0(z)

)
= −z−θ(λsi,t − λsi,0)

Fsi,t(z) = Fsi,0(z) exp{−z−θ(λsi,t − λsi,0)}

Assuming that the initial distribution is Fréchet Fsi,0(z) = exp{−λsi,0z−θ} guarantees
that the distribution will be Fréchet at any point in time:

Fsi,t(z) = exp{−λsi,tz−θ} (A-37)

As seen above, we have defined:

λsi,t =

∫ t

−∞
αi,τ

∫
(z′)βθidGi

s,τ (z
′)dτ

Differentiating this definition with respect to time and applying Leibnitz’s Lemma
yields:

λ̇di,t = αi,t

∫
(z′)βiθidGdi,t(z

′)

We use these results and work with a discrete approximation of the law of motion for
productivity:

∆λid,t = αi,t

∫
(z′)βiθidGdi,t(z

′) (A-38)

The source distribution Gdi,t(z
′) ≡

∑
j∈I γdij

∑
s∈DHsjdi,t−1(z′), where γdij is the ex-

penditure share of sector j in gross output when producing good i in region d; and
Hsjdi,t−1(z′) is the fraction of commodities for which the lowest cost supplier in period
t− 1 is a firm located in s with productivity weakly less than z′.
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We focus our attention on the integral
∫
zβiθidHsjdi,t(z). Let Fsi,t(z2, z2) = exp{−λsi,tz−θi2 }

and Fsi,t(z1, z2) = (1 + λsi,t[z
−θi
2 − z−θi1 ]) exp{−λsi,tz−θi2 } are, respectively, the probability

that a productivity draw is below z2, and that the maximum productivity is z1 and the
second highest productivity is z2

30. Let for each n, Andj,t ≡ τndjcnj,t
τsdjcsj,t

, such that s will have a

lower cost than d iff Andj,tznj,t(ω) < zsj,t(ω). Region s with highest productivity producers
z1, z2 will supply the commodity i ∈ I in region d with the following probability:

Fsjdi,t−1(z1, z2) =

∫ z2

0

∏
n 6=s

Fnj,t−1 (Andj,t−1y, Andj,t−1y) dFsj,t−1(y, y)

+

∫ z1

z2

∏
n 6=s

Fnj,t−1 (Andj,t−1z2, Andj,t−1z2)
∂

∂y
Fsj,t−1(y, z2)dy

The first term in the right hand side denotes the probability that the lowest cost pro-
ducer at destination d is from s and has productivity lower than z2, 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 [z2, z1). In particular,
∏

n6=s Fnj,t−1

(
Andj,t−1z2, Andj,t−1z2

)
denotes the probability of the lowest cost from all other sources n 6= s have a cost higher
than a producer from s with productivity z2 and ∂

∂y
Fsj,t−1(y, z2) (the density along y of

the joint distribution) is probability of the lowest cost producer having productivity over
y > z2 conditional on the second-lowest cost producer having productivity z2. We will
evaluate each integral separately. First, take the first term:

∫ z2

0

∏
n6=s

Fnj,t−1 (Andj,t−1y, Andj,t−1y) dFsj,t−1(y, y)

=

∫ z2

0

exp

{
−
∑
n 6=s

λnj,t−1

(
Andj,t−1y

)−θj}
θλsj,ty

−θj−1 exp{−λsj,t−1y
−θj}dy

= λsj,t−1

∫ z2

0

θy−θj−1 exp

{
−
∑
n

λnj,t−1

(
Andj,t−1

)−θj
y−θj

}
dy

= λsj,t−1
1∑

n λnj,t−1

(
Andj,t−1

)−θj exp

{
−
∑
n

λnj,t−1

(
Andj,t−1

)−θj
y−θj

}∣∣∣∣∣
y=z2

y=0

=
λsj,t−1(τsdjcsj,t)

−θj∑
n λnj,t−1 (τndjcnj,t)

−θj exp

{
−
∑

n λnj,t−1 (τndjcnj,t)
−θj

(τsdjcsj,t)−θj
y−θj

}∣∣∣∣∣
y=z2

y=0

= πsdj,t−1 exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
Now consider the second term.

30To see the latter, note that:

Prob(z1 ≤ Z1, z2 ≤ Z2) = Fsi,t(Z2) +

∫ Z2

0

∫ Z1

Z2

Fsi,t(y)Fsi,t(y
′)dy′dy

= Fsi,t(Z2) + Fsi,t(Z2)(Fsi,t(Z1)− Fsi,t(Z2))

= (1 + λsi,t[Z
−θ
2 − Z−θ1 ]) exp{−λsi,tZ−θ2 }
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∫ z1

z2

∏
n6=s

Fnj,t−1 (Andj,tz2, Andj,tz2)
∂

∂y
Fsj,t−1(y, z2)dy

=

∫ z1

z2

exp

{
−
∑
n6=s

λnj,t−1

(
Aindj,t−1z2

)−θj}
θjλsj,ty

−θj−1 exp{−λsj,t−1z
−θj
2 }dy

= exp

{
−
∑
n

λnj,t−1

(
Andj,t−1z2

)−θj}
λsj,t−1

∫ z1

z2

θjy
−θj−1dy

= exp

{
−
∑
n

λnj,t−1

(
Andj,t−1z2

)−θj}
λsj,t−1

∫ z1

z2

θjy
−θj−1dy

= exp

{
−
∑

n λnj,t−1(τndjcnj,t)
−θj

(τsdjcsj,t)−θj
z
−θj
2

}
λsj,t−1y

−θj
∣∣∣y=z2

y=z1

= exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
λsj,t−1(z

−θj
2 − z−θj1 )

Therefore:

Fsjdi,t−1(z1, z2) = exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}(
πsdj,t−1 + λsj,t−1(z

−θj
2 − z−θj1 )

)
(A-39)

Note that: ∫
zβθidHsjdi,t(z) =

∫ ∞
0

∫ ∞
z2

zβθi1

∂2Fsjdi,t−1(z1, z2)

∂z1∂z2

dz1dz2 (A-40)

and that we can calculate the joint density explicitly:

∂2Fsjdi,t−1(z1, z2)

∂z1∂z2

=
∂

∂z2

exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
θjλsj,t−1z

−θj−1
1

=
1

πsdj,t−1

exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
(θjλsj,t−1z

−θj−1
1 )(θjλnj,t−1z

−θj−1
2 )

Plugging this into (A-40):

∫ ∞
0

∫ ∞
z2

zβiθi1

1

πsdj,t−1

exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
(θjλsj,t−1z

−θj−1
1 )(θjλnj,t−1z

−θj−1
2 )dz1dz2

=

∫ ∞
0

1

πsdj,t−1

exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
(θjλsj,t−1z

−θj−1
2 )λsj,t−1

∫ ∞
z2

(θjz
βiθi−θj−1
1 )dz1dz2

=

∫ ∞
0

1

πsdj,t−1

exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
(θjλsj,t−1z

−θj−1
2 )λsj,t−1

[
θj

βiθi − θj
z
βiθi−θj
1

]z1=∞

z1=z2

dz2

(A-41)

Now, note that this integral only converges as z1 → ∞ if βiθi < θj or βiθi/θj < 1.
This condition is analogous to what Deng and Zhang (2023) show in the context of
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Ricardian trade with perfect competition. Here we show that the same restriction holds
when dealing with Ricardian trade with Bertrand competition.

Consider two cases. First, assume the trade elasticity is the same in each sector
θi = θj = θ. In that case, the restriction holds by default, and we can use the a change

of variables to show the resulting law of motion. Let η ≡ λsj,t−1

πsdj,t−1
z−θ2 , which implies that

dη = −θ λsj,t−1

πsdj,t−1
z−θ−1

2 dz. Replacing above:

= (λsj,t−1)βi(πsdj,t−1)1−βi 1

1− βi

∫ ∞
0

exp
{
− η
}
η(1−βi)dγ

= (λsj,t−1)βi(πsdj,t−1)1−βi 1

1− β
Γ(2− βi)

= Γ(1− βi)(λsj,t−1)βi(πsdj,t−1)1−βi (∵ Γ(y + 1) = yΓ(y))

Therefore, replacing into the law of motion for the location parameter of the Fréchet
distribution with homogeneous θi = θj satisfying βi < 1:

∆λdi,t = αi,t

∫
zβiθidGdi,t(z)

= αi,t
∑
j∈I

γdij
∑
s∈D

∫
zβiθidHsjdi,t−1(z)

= αi,tΓ(1− βi)
∑
j∈I

γdij
∑
s∈D

(λsj,t−1)βi(πsdj,t−1)1−βi

which is the same expression as in equation (??). Now, assume the trade elasticity varies

across sectors and the restriction βi < θj/θi holds for each sector pairs. Let η ≡ λis,t−1

πisd,t−1
z
−θj
2 ,

which implies that dη = −θj
λis,t−1

πisd,t−1
z
−θj−1
2 dz. Replacing in equation (A-41):

=

∫ ∞
0

1

πsdj,t−1

exp
{
− λsj,t−1

πsdj,t−1

z
−θj
2

}
(θjλsj,t−1z

−θj−1
2 )λsj,t−1

θj
βiθi − θj

z
βiθi−θj
2 dz2

=

∫ ∞
0

exp
{
− η
}
λsj,t−1

θj
θj − βiθi

(
πsdj,t−1

λsj,t−1

η

) θj−βiθi
θj

dη

= (λsj,t−1)βiθi/θj (πsdj,t−1)1−βiθi/θj θj
θj − βiθi

∫ ∞
0

exp
{
− η
}
η
θj−βiθi

θj dη

= (λsj,t−1)βiθi/θj (πsdj,t−1)1−βiθi/θj θj
θj − βiθi

Γ

(
1 +

θj − βiθi
θj

)
= Γ

(
θj − βiθi

θj

)
(λsj,t−1)βiθi/θj (πsdj,t−1)1−βiθi/θj

Therefore, replacing into the law of motion for the location parameter of the Fréchet
distribution for heterogeneous θi 6= θj but satisfying βiθi/θj < 1:
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λ̇di,t = αi,t

∫
zβiθidGdi,t(z)

= αi,t
∑
j∈I

γdij
∑
s∈D

∫
zβiθidHsjdi,t−1(z)

= αi,t
∑
j∈I

Γ

(
θj − βiθi

θj

)
(λsj,t−1)βiθi/θj (πsdj,t−1)1−βiθi/θj

= αi,t
∑
j∈I

Γ (1− βij) (λsj,t−1)βij (πsdj,t−1)1−βij

which is the same expression as in equation (12).

F.2 Pairwise Diffusion-Elasticities

Starting from law of motion of the knowledge frontier in destination country d and in-
dustry i:

λ̇di = αi Γ(1− βij)
∑
j

γ̃dij
∑
s

π
1−βij
sdj λ

βij
sj = αiΓ(1− βij)Sdi (A-42)

where: Sdi ≡
∑

j γ̃dij
∑

s π
1−βij
sdj λ

βij
sj . Taking logs and differentiating with respect to log λsj

yields:

εdi,sj ≡
∂ log λ̇di
∂ log λsj

=
λsj
Sdi

∂Sdi
∂λsj

= βij
γ̃dijπ

1−βij
sdj λ

βij
sj

Sdi
= βij ωdi,sj (A-43)

where ωdi,sj is the diffusion-flow weight satisfying:

ωdi,sj ≡
γ̃dijπ

1−βij
sdj λ

βij
sj∑

j′ γ̃dij′
∑

s′ π
1−βij
s′dj′ λ

βij
s′j′

, with
∑
s,j

ωdi,sj = 1,

This aggregates naturally to a weighted average diffusion elasticity for each (di) clus-
ter:

εdi =
∑
j∈I

βij
∑
s∈N

ωdi,sj =
∑
j∈I

βijωdi,j (A-44)

where ωdi,j ≡
∑

s∈N ωdi,sj denotes the total weight of industry j in the diffusion
response of cluster (di).

F.3 Diffusion Multiplier along BGP

Proposition 3 (Knowledge–Diffusion Multiplier for Source–TFP (Stock) Shocks). Let
λ ∈ RRI = {λdi} be the stacked vector of productivities. Assume that global economy is
along its balanced growth path, such that λ̇di/λdi = g for all di.

Index receivers by (d, i) and sources by (s, j), and stack x = log λ ∈ RNI in the order
of (d, i). Let W ∈ RNI×NI collect bilateral idea–inflow shares, W(di),(sj) = ωdi,sj, with∑

(s,j) W(di),(sj) = 1 for all (d, i). Let B ∈ RNI×NI collect bilateral diffusion elasticities

βij, i.e. B(di),(sj) = βij. Assume the local stationary–growth restriction gdi = λ̇di/λdi is
held fixed for comparative statics and ρ(BW ) < 1.
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Consider **exogenous TFP shocks** z that scale source stocks multiplicatively:

λ exog
sj = zsj λ̄sj ⇒ d log λ exog = d log z.

Let P ∈ RNI×NI be a selection (injection) matrix that maps d log z into the coordinates
of x that are shocked (e.g., P = I if all (s, j) can be shocked; otherwise P picks a subset).

Then the **reduced–form comparative statics** of equilibrium knowledge stocks with
respect to source–TFP shocks is

d log λ = (I −BW )−1 P d log z, (A-45)

so entrywise
∂ log λdi
∂ log zs′j′

=
[
(I −BW )−1P

]
(di),(s′j′)

.

Moreover, for ρ(BW ) < 1,

(I −BW )−1 = I + (BW ) + (BW )2 + · · · ,

so the effect of a source–TFP shock equals the **direct first–round impact** plus all
higher–order diffusion rounds through the network.

Proof. Let x = log λ. The log of the inflow aggregator satisfies d logS = (BW ) dx
because ∂ logSdi/∂ log λsj = βijωdi,sj. Under the stationary–growth restriction d logS =
dx, we have dx = (BW ) dx. Introduce an **exogenous** perturbation to the state:
dx = P d log z + xendo, where P d log z injects the TFP shock on the shocked coordinates
and xendo is the induced adjustment required by the stationary condition. Substituting,

P d log z + xendo = (BW ) (P d log z + xendo) ⇒ (I −BW )xendo = (BW )P d log z.

Since ρ(BW ) < 1, (I −BW ) is invertible and

xendo = (I −BW )−1(BW )P d log z, dx = P d log z + xendo = (I −BW )−1 P d log z,

which is (A-45). The Neumann series follows from ρ(BW ) < 1.

F.4 Proof of Proposition 2

Diffusion Maximum trade shares that maximize diffusion solve the program:

max
{πsdj,t−1}j,i∈I,s∈D

(1− γdi)
∑
j∈I

γdij
∑
s∈D

(πsdj,t−1)1−β(λsj,t−1)β (A-46)

s.t. ∀(i, j) ∈ I × I
∑
s∈D

πsdj,t−1 = 1

whose solutions satisfy:31:

31Let ϕ be the Lagrange multiplier. Then, for each (s, i, j) first order conditions satisfy:

(1− β)γdij(πsdj,t−1)β(λsj,t−1)β = ϕ

(πsdj,t−1)Diffusion Optimum = ϕ−
1
β [(1− β)γdij ]

1
β λsj,t−1

using the constraint:∑
s∈D

(ϕ−
1
β [(1− β)γdij ]

1
β λsj,t−1) = 1 ⇐⇒ ϕ−

1
β = [(1− β)γdij ]

− 1
β (
∑
s∈D

λsj,t−1)−1
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(πsdj,t−1)Diffusion Optimum =
λsj,t−1∑
k∈D λkj,t−1

(A-47)

Replacing (A-47) into the objective function results in the following diffusion function:

(∆λdi,t)
Diffusion Optimal ∝ (1− γdi)

∑
j∈I

γdij
∑
s∈D

(
λsj,t−1∑
k∈D λkj,t−1

)1−β

(λsj,t−1)β

∝ (1− γdi)
∑
j∈I

γdij
∑
s∈D

λsj,t−1

(∑
k∈D

λkj,t−1

)−(1−β)

∝ (1− γdi)
∑
j∈I

γdij

(∑
s∈D

λsj,t−1

)β

The single-sector analog is of the diffusion optimal function, holding exogenous pa-
rameters constant, is:

(∆λd,t)
Diffusion Optimal = αtΓ(1− β)(1− γd)

(∑
s∈D

λs,t−1

)β

(A-48)

where (1 − γd) ≡
∑

i κdi(1 − γdi) is the aggregate intermediate cost share and . Let
h(x) = xβ for β ∈ [0, 1), a strictly concave function. Assume that λs,t−1 ≥

∑
j γdijλsj,t−1,

i.e. in each source country s aggregate productivity are at least as large as the cost-
weighted average of its sectoral productivities in every destination country d. Then:

(∆λd,t)
Diffusion Optimal = αtΓ(1− β)(1− γd)× h

(∑
s∈D

λs,t−1

)

= αtΓ(1− β)
∑
i∈I

κdi(1− γdi)× h

(∑
s∈D

λs,t−1

)

≥ αtΓ(1− β)
∑
i∈I

κdi(1− γdi)× h

(∑
j∈I

γdijλsj,t−1

)

> αtΓ(1− β)
∑
i∈I

κdi(1− γdi)
∑
j∈I

γdij × h

(∑
s∈D

λsj,t−1

)
=

∑
i∈I

κdi(∆λdi,t)
Diffusion Optimal

where the first inequality comes from the assumption about aggregate productivities
and that h(·) is an increasing function; and the second inequality comes from applying
Jensen’s Inequality in the context of strictly concave functions.

Market Allocation Let g(π, λ) ≡ π1−βλβ. Note that g(π, λ) is strictly concave in
both of its arguments. Denote πsd, λs the value for aggregate trade shares and aggregate
productivity, respectively, in a single sector mode. For ease of exposition, we omit time
subscripts below whenever possible. Due to the concavity of g(·, ·):
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g(πsdj, λsj) ≤ g(πsd, λs) + gπ(πsd, λs) (πsdj − πsd) + gλ(πsd, λs) (λsj − λs) (A-49)

By definition, πsd =
∑

i κdi(1 − γdi)
∑

j γdijπsdj, where πsd are intermediate trade

shares. 32. Multiplying both sides of (A-49) by κdi(1− γdi)γdij and summing over i and
j results in:

∑
i∈I

κdi(1− γdi)
∑
j∈I

γdijg(πsdj, λsj) ≤
∑
i∈I

κdi(1− γdi)g(πsd, λs)

+ gπ(πsd, λs)

(∑
i∈I

κdi
∑
j∈I

γ̃dijπsdj − πsd

)

+ gλ(πsd, λs)

(∑
i∈I

κdi
∑
j∈I

γ̃dijλsj − λs

)
=

∑
i∈I

κdi(1− γdi)g(πsd, λs)

+ gλ(πsd, λs)

(∑
i∈I

κdi
∑
j∈I

γ̃dijλsj − λs

)

Recall the definition of the law of motion for productivity in a multi-sector framework
(12), using a common arrival rate αi,t = αt and a common βi = β for every i is:

∆λdi = αtΓ(1− β)
∑
j∈I

(1− γdi)γdij
∑
s∈D

(πsdj)
1−β(λsj)

β = αi,tΓ(1− β)
∑
j∈I

γ̃dijg(πsdj, λsj)

In a single sector framework the law of motion of productivity is: ∆λd = αtΓ(1 −
β)(1−γd)

∑
s∈D g(πsd, λs). Using these definitions, multiplying both sides of the inequality

above by αtΓ(1− β) and summing over source countries results in:

∑
i∈I

κdi∆λdi ≤ ∆λd + αtΓ(1− β)
∑
i∈I

κdi
∑
s∈D

gλ(πsd, λs)

(∑
j∈I

γdijλsj,t−1 − λs,t−1

)
(A-50)

Since gλ(πsd, λs) > 0 and by assumption,
∑

j∈I γdijλsj,t−1 ≥ λs,t−1, the second term
on the right side of the inequality is positive. Therefore:(∑

i∈I

κdi∆λdi,t

)Market Allocation

≤ (∆λd,t)
Market Allocation (A-51)

which completes the proof.

32To see that, note: πsd = esd
ed

=
∑
i∈I

∑
j∈I e

i,j
sd

ed
=
∑
i∈I
∑
j∈I

eid
ed

ei,jd
eid

ei,jsd
ei,jd

=
∑
i∈I
∑
j∈I κdi · γdij · πsdj .
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F.5 Summary Statistics

Note that the aggregate diffusion function is:

∆λd,t = αtΓ(1− β)
∑
d∈D

(πsd)
1−β (λs)

β

Hence:

∂∆λd,t
∂τ̃s′d

= αtΓ(1− β)(1− β)
∑
d∈D

(πsd)
1−β (λs)

β 1

πsd

∂πsd
∂τ̃s′d

Now calculate ∂πsd
∂τ̃s′d

:

∂πsd
∂τ̃s′d

=

{
−θ πs′d

τ̃s′d
[1− πs′d] , if s = s′

+θ πsd
τ̃s′d

πs′d, if s 6= s′

Hence:

∂∆λd,t
∂τ̃s′d

= −θ(1−β)
1

τ̃s′d
αtΓ(1−β)

(1− πs′d) (πs′d)
1−β (λs′)

β − (πs′d)
∑

k∈D\{s′}

(πkd)
1−β (λk)

β


Finally, define ωsd ≡ αtΓ(1−β)(πsd)1−β(λs)

β

∆λd
, the pairwise diffusion term. Then:

∂∆λd,t
∂τ̃s′d

τ̃s′d
∆λd,t

= −θ(1− β)

(1− πs′d)ωs′d − (πs′d)
∑

k∈D\{s′}

ωkd


∂∆λd,t
∂τ̃s′d

τ̃s′d
∆λd,t

= −θ(1− β) [(1− πs′d)ωs′d − πs′d(1− ωs′d)]

∂∆λd,t
∂τ̃s′d

τ̃s′d
∆λd,t

= −θ(1− β) [ωs′d − πs′d]
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G Other Mathematical Derivations

G.1 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 πisd,t denote the share of expenditures of consumers in
region d ∈ D on commodity i ∈ Im coming from region s ∈ D and, let for each n,
(Ain,t)

−1 ≡ x̃isd,tx̃
i
nd,t. This share will satisfy:

πisd,t = Pr
( x̃isd,t
zis,t(ω)

< min
(n6=s)

{ x̃ind,t
zin,t(ω)

})
=

∫ ∞
0

Pr(zis,t(ω) = z)Pr(zin,t(ω) < zAin)dz

=

∫ ∞
0

Fsi,t(z)Π(n6=s)Fn,t(zA
i
n)dz

=

∫ ∞
0

θλsi,tz
−(1+θ)e−(

∑
n∈D λ

i
n,t(A

i
n)−θ)z−θdz

=
λsi,t(x̃

i
sd,t)

−θ∑
n∈D λ

i
n,t(x̃

i
md,t)

−θ

=
λsi,t(x̃

i
sd,t)

−θ

Φi
d,t

(A-52)

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:

πsdj,t =
λjs,t(x̃

j
sd,t)

−θ

Φj
d,t

(A-53)

which are the same as expressed in (18).

G.2 Price levels

Recall that the prices of commodities and intermediate goods can be expressed, respec-
tively, as:

pid,t =
[ ∫

[0,1]

pid,t(ω)1−σdω
] 1

1−σ

Let Ωi
sd,t and Ωi,j

sd,t denote the subsets of Ω = [0, 1] for which the region s ∈ D is a
supplier in destination region d ∈ D. We can then rewrite price levels above as:

pid,t =
[∑
s∈D

∫
Ωisd,t

pid,t(ω)1−σdω
] 1

1−σ

Similarly, we restate F isd,t(z1, z2) and the analogous measure F i,jsd,t(z1, z2):
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F isd,t(z1, z2) = exp
{
− λsi,t
πisd,t

z−θ2

}(
πisd,t + λsi,t(z

−θ
2 − z−θ1 )

)
(A-54)

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 z2. Recall that, from the
Bertrand competition assumption, we can write, for each variety ω:

pid,t(ω) = min

{
σ

σ − 1

x̃isd,t
zi1s,t(ω)

,
x̃isd,t

zi2s,t(ω)

}
So we can rewrite the equation

∫
Ωisd,t

pid,t(ω)1−σdω in the following fashion:

∫
Ωisd,t

pid,t(ω)1−σdω

=

∫ ∞
0

∫ ∞
z2

(pid,t)
1−σ ∂

2F isd,t(z1, z2)

∂z1∂z2
dz1dz2

=

∫ ∞
0

∫ ∞
z2

min

{
σ

σ − 1

x̃isd,t
z1

,
x̃isd,t
z2

}1−σ
1

πisd,t
exp

{
− λsi,t
πisd,t

z−θ2

}
(θλsi,tz

−θ−1
1 )(θλsi,tz

−θ−1
2 )dz1dz2

With a change of variables, denote Ψ1 ≡ λsi,t
πisd,t

z−θ1 and Ψ2 ≡ λsi,t
πisd,t

z−θ2 and dΨ1 =

− θλsi,tz
−θ−1
1

πisd,t−1
dz1, dΨ2 = − θλsi,tz

−θ−1
2

πisd,t−1
dz2, which allows us to rewrite the equation above as:
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∫
Ωisd,t

pid,t(ω)1−σdω

= πisd,t

∫ ∞
0

∫ Ψ2

0
min

{
σ

σ − 1

x̃isd,t
z1

,
x̃isd,t
z2

}1−σ

exp
{
−Ψ2

}
dΨ1dΨ2

= πisd,t

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

∫ ∞
0

∫ Ψ2

0
min

{( σ

σ − 1

)θ
Ψ1,Ψ2

} 1−σ
θ

exp
{
−Ψ2

}
dΨ1dΨ2

= πisd,t

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

[∫ ∞
0

∫ Ψ2(
σ
σ−1

)−θ
Ψ2

Ψ
1−σ
θ

2 exp
{
−Ψ2

}
dΨ1dΨ2

+

∫ ∞
0

∫ ( σ
σ−1

)−θ
Ψ2

0

( σ

σ − 1

)1−σ
Ψ

1−σ
θ

1 exp
{
−Ψ2

}
dΨ1dΨ2

]

= πisd,t

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ
[
1−

( σ

σ − 1

)−θ
+

θ

1− σ + θ

( σ

σ − 1

)−θ]
·
∫ ∞

0
Ψ

1−σ
θ

+1

2 exp
{
−Ψ2

}
dΨ2

= πisd,t

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ
[
1−

( σ

σ − 1

)−θ
+

θ

1− σ + θ

( σ

σ − 1

)−θ]
Γ
(1− σ

θ
+ 2
)

= πisd,t

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ
[
1−

( σ

σ − 1

)−θ
+

θ

1− σ + θ

( σ

σ − 1

)−θ]1− σ + θ

θ
Γ
(1− σ + θ

θ

)
=

[
1− σ − 1

θ
+
σ − 1

θ

( σ

σ − 1

)−θ]
· Γ
(1− σ + θ

θ

)
· πisd,t

(λsi,t(x̃isd,t)−θ
πisd,t

)− 1−σ
θ

=
[
1− σ − 1

θ
+
σ − 1

θ

( σ

σ − 1

)−θ]
· Γ
(1− σ + θ

θ

)
· πisd,t

(λsi,t(x̃isd,t)−θ
πisd,t

)− 1−σ
θ

=
[
1− σ − 1

θ
+
σ − 1

θ

( σ

σ − 1

)−θ]
· Γ
(1− σ + θ

θ

)
· πisd,t

(∑
n∈D

λin,t(x̃
i
nd,t)

−θ
)− 1−σ

θ

Therefore:

pid,t =
[∑
s∈D

∫
Ωisd,t

pid,t(ω)1−σdω
] 1

1−σ

pid,t =
[
1− σ − 1

θ
+
σ − 1

θ

( σ

σ − 1

)−θ] 1
1−σ · Γ

(1− σ + θ

θ

) 1
1−σ ·

(∑
n∈D

λin,t(x̃
i
nd,t)

−θ
)− 1

θ ·
[∑
s∈D

πisd,t

] 1
1−σ

pid,t =
[
1− σ − 1

θ
+
σ − 1

θ

( σ

σ − 1

)−θ] 1
1−σ · Γ

(1− σ + θ

θ

) 1
1−σ ·

(∑
n∈D

λin,t(x̃
i
nd,t)

−θ
)− 1

θ
(A-55)

Which is the same as (17) after allowing the elasticities to be sector-specific.

G.3 Marginal costs and profits

From equation (??) we can derive standard CES demand functions as:
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qid,t(ω) =
(pid,t(ω)

pid,t

)−σ eid,t
pid,t

(A-56)

ci,jd,t(ω) =
(pm,jd,t (ω)

pm,jd,t

)−σ ei,jd,t

pcm,jd,t

(A-57)

where pid,t satisfies equations (17); eid,t denotes expenditure on commodity i of macro-

sector m in country d; and ei,jd,t denotes expenditure on intermediate input j used in the
production of commodity i of macro-sector m in country d.

As in previous subsections of the Appendix, we will derive the expression for the
marginal cost and mark-up for the production of variety qid,t(ω) and state a corresponding

expression for ci,jd,t(ω). The marginal cost of producing variety ω sourced in country s and
consumed in country s is:

x̃id,t
z1(ω)

qid,t(ω)

and total cost of varieties sourced in country s and consumed in country s can be expressed
as: ∫

Ωisd,t

x̃id,t
z1(ω)

qid,t(ω)dω =

∫
Ωisd,t

x̃id,t
z1(ω)

(pid,t(ω)

pid,t

)−σ eid,t
pid,t

dω

As in the previous section of the Appendix, we let Ωi
sd,t and Ωi,j

sd,t denote the subsets
of Ω = [0, 1] for which the region s ∈ D is a supplier in destination region d ∈ D. We can
then rewrite the integral above as:

∫
Ωisd,t

x̃id,t
z1(ω)

(pid,t(ω)

pid,t

)−σ eid,t
pid,t

dω

= x̃id,t
eid,t

(pid,t)
1−σ

∫ ∞
0

∫ ∞
z2

(z1)−1(pid,t)
−σ ∂

2F isd,t(z1, z2)

∂z1∂z2
dz1dz2

= x̃id,t
eid,t

(pid,t)
1−σ

∫ ∞
0

∫ ∞
z2

1

z1
min

{
σ

σ − 1

x̃isd,t
z1

,
x̃isd,t
z2

}−σ
1

πisd,t
exp

{
− λsi,t
πisd,t

z−θ2

}
(θλsi,tz

−θ−1
1 )(θλsi,tz

−θ−1
2 )dz1dz2

Once again, use a change of variables, denote Ψ1 ≡ λsi,t
πisd,t

z−θ1 and Ψ2 ≡ λsi,t
πisd,t

z−θ2 and

dΨ1 = − θλsi,tz
−θ−1
1

πisd,t−1
dz1, dΨ2 = − θλsi,tz

−θ−1
2

πisd,t−1
dz2, which allows U.S. to rewrite the equation

above as:

68



∫
Ωisd,t

x̃id,t
z1(ω)

(pid,t(ω)

pid,t

)−σ eid,t
pid,t

dω

= πisd,t
eid,t

(pid,t)
1−σ

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

∫ ∞
0

∫ Ψ2

0
Ψ

1
θ
1 min

{( σ

σ − 1

)θ
Ψ1,Ψ2

}−σ
θ

dΨ1dΨ2

= πisd,t
eid,t

(pid,t)
1−σ

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

[∫ ∞
0

∫ Ψ2(
σ
σ−1

)−θ
Ψ2

Ψ
1
θ
1 Ψ

−σ
θ

2 exp
{
−Ψ2

}
dΨ1dΨ2

+

∫ ∞
0

∫ ( σ
σ−1

)−θ
Ψ2

0

( σ

σ − 1

)−σ
Ψ

1−σ
θ

1 exp
{
−Ψ2

}
dΨ1dΨ2

]

= πisd,t
eid,t

(pid,t)
1−σ

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

[∫ ∞
0

θ

1 + θ

[
1−

( σ

σ − 1

)−1−θ]
Ψ

1−σ+θ
θ

2 exp
{
−Ψ2

}
dΨ2

+

∫ ∞
0

θ

1− σ + θ

( σ

σ − 1

)−1−θ
Ψ

1−σ+θ
θ

1 exp
{
−Ψ2

}
dΨ2

]

= πisd,t
eid,t

(pid,t)
1−σ

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

[
θ

1 + θ

[
1−

( σ

σ − 1

)−1−θ]
+

θ

1− σ + θ

( σ

σ − 1

)−1−θ
]

Γ
(1− σ

θ
+ 2
)

= πisd,t
eid,t

(pid,t)
1−σ

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

[
θ

1 + θ

[
1−

( σ

σ − 1

)−1−θ]
+

θ

1− σ + θ

( σ

σ − 1

)−1−θ
]

1− σ + θ

θ
Γ
(1− σ + θ

θ

)
=

[
1− σ

1 + θ
+

σ

1 + θ

( σ

σ − 1

)−1−θ]
Γ
(1− σ + θ

θ

)
πisd,t

eid,t
(pid,t)

1−σ

(λsi,t
πisd,t

)− 1−σ
θ

(x̃isd,t)
1−σ

=
[
1− σ

1 + θ
+

σ

1 + θ

( σ

σ − 1

)−1−θ]
Γ
(1− σ + θ

θ

)
πisd,t

eid,t
(pid,t)

1−σ

((x̃isd,t)
−θλsi,t

πisd,t

)σ
θ
((x̃isd,t)

−θλsi,t

πisd,t

)− 1
θ

=
[
1− σ

1 + θ
+

σ

1 + θ

( σ

σ − 1

)−1−θ]
Γ
(1− σ + θ

θ

)
πisd,t

eid,t
(pid,t)

1−σ

(∑
n∈D

(x̃ind,t)
−θλin,t

)− 1−σ
θ

Using the expression for (pid,t)
1−σ:

=

[
1− σ

1+θ + σ
1+θ

(
σ
σ−1

)−1−θ]
Γ
(

1−σ+θ
θ

)
πisd,te

i
d,t

(∑
n∈D(x̃ind,t)

−θλin,t

)− 1−σ
θ

[
1− σ−1

θ + σ−1
θ

(
σ
σ−1

)−θ]
Γ
(

1−σ+θ
θ

)(∑
n∈D λ

i
n,t(x̃

i
nd,t)

−θ
)− 1−σ

θ

=

[
1− σ

1+θ + σ
1+θ

(
σ
σ−1

)−1−θ]
[
1− σ−1

θ + σ−1
θ

(
σ
σ−1

)−θ] πisd,teid,t
=

θ

1 + θ

1 + θ − σ + σ−θ(σ − 1)1+θ

1 + θ − σ + σ−θ(σ − 1)1+θ
πisd,te

i
d,t

Therefore, total cost equals:

Ci
s,t =

∑
d∈D

∫
Ωisd,t

x̃id,t
z1(ω)

(pid,t(ω)

pid,t

)−σ eid,t
pid,t

dω =
θ

1 + θ

∑
d∈D

πisd,te
i
d,t (A-58)

Profits can be expressed compactly as total revenue minus total cost:
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Πi
s,t =

∑
d∈D

πisd,te
i
d,t −

θ

1 + θ

∑
d∈D

πisd,te
i
d,t =

1

1 + θ

∑
d∈D

πisd,te
i
d,t (A-59)

Analogously, total costs and profits of intermediary producers are, respectively:

cis,t =
θ

1 + θ

∑
d∈D

πsdj,te
i,j
d,t, Πi

s,t =
1

1 + θ

∑
d∈D

πsdj,te
i,j
d,t (A-60)

These are allow analogous to the expression in the paper after allowing the elasticities
to be sector-specific.
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