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We study the role of global supply chains in the impact of the Covid-19 pandemic on GDP
growth using a multi-sector quantitative framework implemented on 64 countries. We disci-
pline the labor supply shock across sectors and countries using the fraction of work in the sec-
tor that can be done from home, interacted with the stringency with which countries imposed
lockdown measures. One quarter of the total model-implied real GDP decline is due to trans-
mission through global supply chains. However, “renationalization” of global supply chains
does not in general make countries more resilient to pandemic-induced contractions in labor
supply. This is because eliminating reliance on foreign inputs increases reliance on the domes-
tic inputs, which are also disrupted due to nationwide lockdowns. In fact, trade can insulate a
country imposing a stringent lockdown from the pandemic-shock, as its foreign inputs are less
disrupted than its domestic ones. Finally, unilateral lifting of the lockdowns in the largest econ-
omies can contribute as much as 2.5% to GDP growth in some of their smaller trade partners.
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1. Introduction

Much of the world is closely integrated through final and intermediate goods trade. As countries simultaneously curtail eco-
nomic activity by means of domestic lockdown policies, the global economic downturn may therefore be exacerbated by reduc-
tions in the supply of foreign intermediates, or demand for a country's exports abroad (Baldwin, 2020). As a result, there is now a
great deal of speculation in both policy circles and popular press that the experience of the pandemic will eventually lead to a
“renationalization” of supply chains.1 However, it is an open question whether supply chain renationalization would make GDP
more resilient to pandemic-type shocks. A shift from foreign to domestic intermediates would also change the structure of the
domestic economy, and thus affect the reaction of the economy to a pandemic.
e), two anonymous referees, Costas Arkolakis, David Baqaee, Lorenzo Caliendo, Ayşegül Şahin, Sebastian Sotelo,
e IMF, RebuildingMacroeconomics,MasonOnline PandemicModeling Forum, the International Growth Centre,
tings, the IMF Jacques Polak Annual Research Conference, the AEAmeetings, and the Central Bank of Russia Re-
an Dingel and HernanWinkler for sharing their data.
SA.

Know It”, The New York Times, 16 April 2020.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinteco.2021.103534&domain=pdf
https://www.dropbox.com/t/jq8bHq5JHahbeGng
https://www.dropbox.com/t/jq8bHq5JHahbeGng
https://doi.org/10.1016/j.jinteco.2021.103534
alev@umich.edu
https://doi.org/10.1016/j.jinteco.2021.103534
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/jie


B. Bonadio, Z. Huo, A.A. Levchenko et al. Journal of International Economics 133 (2021) 103534
This paper quantifies the role of the global supply chains in the economic impact of the Covid-19 pandemic using a model of
world production and trade covering 64 countries on all continents and 33 sectors spanning all economic activities. We
parameterize the model using the OECD Inter-Country Input-Output (ICIO) Tables, that provide matrices of domestic and interna-
tional intermediate input and final use trade. We solve the model analytically using the techniques developed in Huo et al. (2020).

We start by simulating a global lockdown as a contraction in labor supply. To discipline the relative size of the labor contrac-
tion, we combine two pieces of information. First, we use the Dingel and Neiman (2020) measure of the fraction of the work of
different occupations that can be done at home. Variation across sectors in their occupation usage and of countries in their sec-
toral employment composition results in heterogeneous incidence of the shock across countries. Second, countries also vary in the
stringency of lockdown measures. To capture this, we interact the work-from-home intensity by occupation with an index cap-
turing the country-level lockdown stringency from Hale et al. (2020). Since this index is not a cardinal measure, we apply a
monotonic transformation to match the mean and the dispersion of the drop in Industrial Production in a subsample of countries
where these data are available. Though we do not target country-specific output changes, the model predictions fit the data well.

Not surprisingly, the model produces a large contraction of economic activity, with an average 29.6% GDP drop in our sample
of countries for the duration of the shock. Our focus is on the role of the global supply chains in particular. To better understand
how linkages between countries amplify or mitigate the effect of the shock, we report two results. First, we compute the share of
each country's GDP contraction that is due to foreign, rather than domestic shocks. On average, about 23.3% of the contraction of
GDP comes from foreign shocks.

Second, we answer the more substantive question of whether participation in global supply chains exacerbated or alleviated
the pandemic-induced contraction in labor supply. Figuring this out requires comparing the pandemic-induced GDP change in
the baseline model to the pandemic-induced GDP change in an alternative world without international trade, where supply chains
have adjusted to use only domestic inputs.

We find that on average in our 64 countries the downturn would actually be slightly worse with renationalized supply chains
(−30.2%) than under current levels of trade. The reason is that eliminating reliance on foreign inputs increases the reliance on
domestic inputs. Since a pandemic-related lockdown also affects domestic sectors, there is generally no resilience benefit from
renationalizing international supply chains.

There is a distribution of differences around the average. In some countries GDP would drop by 5–8 percentage points more if
supply chains were renationalized, whereas in others GDP would fall by about 4 percentage points less. The cross-country varia-
tion is well-explained by differences in lockdown severity across countries. Some countries – most prominently Japan, Taiwan,
Sweden, or Greece – impose less stringent lockdowns in response to the pandemic shock. The domestic pandemic-induced
shock is therefore smaller in these countries than the shock to their trading partners with more severe lockdowns. Separating
from the global supply chains would make these countries more resilient to lockdowns by eliminating the transmission of the rel-
atively larger shock from other countries. By contrast, a country with the most severe lockdown will reduce its own domestic
labor supply by more than its average trading partner. In that case, the supply of the domestic intermediate inputs falls by
more than the supply of foreign ones, and thus the GDP contraction is larger when supply chains are renationalized. Thus,
whether renationalizing supply chains insulates a country from the pandemic depends on whether it imposes a more or less se-
vere lockdown than its trading partners.

It may be that while renationalizing all supply chains is not on average beneficial, doing so in specific sectors would improve
resilience. To investigate this possibility, we renationalize supply chains in individual sectors one by one. There is no sector in
which supply chain renationalization notably improves resilience, measured either by GDP, or by value added of the sector itself.

Next, we address the interaction between the health crisis and global supply chains, by simulating the lockdown in an envi-
ronment of increased demand for health services. We first construct an alternative “high-health” economy, in which the share of
final expenditure that goes to the Health sector doubles in each country. We then simulate the pandemic-driven labor supply con-
traction in the baseline and “high-health” economies, and compare the results. Because the Health sector is not subject to the
lockdown, the GDP contraction is modestly less severe in the “high-health” scenario (on average about 1 percentage point smaller
contraction). Since the Health sector is largely non-tradeable, increasing its size does not have a consistent impact on the relative
importance of international transmission.

Our last counterfactual tackles the recovery from the shock. Currently, countries decide on lifting the lockdowns without in-
ternational coordination. We thus simulate individual countries’ decisions to unilaterally allow workers to return to work,
while the rest of the world remains in lockdown. Our quantification suggests that most of the GDP impacts of the lockdown
are domestic, and these are reversed by reopening. We show that the unilateral reopenings of smaller countries such as
Norway or Austria have limited impacts on GDP in other countries. By contrast, even unilateral reopening of large economies
like China, US, Germany, or Russia would have a noticeable impact on others. These countries’ opening can raise GDP in some
of the most tightly linked countries by up to 2.5%.

We highlight that our exercises do not take into account the health consequences of the pandemic itself, nor do we model the
labor supply shock as being conditional on the infection rate in the population. We view this as reasonable in the current context
where a very small fraction of the population in most countries is directly affected by the disease at any point in time. Note that
incorporating the infection rate into the calibration would only amplify the aggregate labor supply shock and the GDP conse-
quences in the baseline. We take this approach as most of our counterfactuals are meant to capture the very short-run impact
consequences of the shock. During the impact period, infection rates are low and most of the labor force is not incapacitated.
2



B. Bonadio, Z. Huo, A.A. Levchenko et al. Journal of International Economics 133 (2021) 103534
1.1. Related literature

Our paper contributes to the burgeoning body of work on the macroeconomic impact of the Covid-19 pandemic. In the closed-
economy setting see, among many others, Acemoglu et al. (2020), Alon et al. (2020), Atkeson (2020), Eichenbaum et al. (2020),
Glover et al. (2020), Guerrieri et al. (2020), and Kaplan et al. (2020), as well as analyses with input-output networks (Baqaee and
Farhi, 2020b,a; Barrot et al., 2020; del Rio-Chanona et al., 2020). We study the international transmission through global supply
chains, a focus we share with a growing body of contemporaneous work (e.g. Antràs et al., 2020; Çakmaklı et al., 2020, 2021;
Eppinger et al., 2020; George et al., 2020; Sforza and Steininger, 2020).2

In that respect, we build on the active recent research agenda on international shock propagation in production networks. We
apply the framework and tools developed in Huo et al. (2020), who study the sources of international GDP comovement in a gen-
eral multi-country multi-sector multi-factor model with input linkages. Also related are Baqaee and Farhi (2019), Allen et al.
(2020) and Kleinman et al. (2020), who explore the impact of productivity, factor supply, and trade cost shocks in a wide class
of open-economy models. Our counterfactuals simulate the labor supply shocks in an environment with endogenous labor supply,
allowing for propagation through input networks.3 Our analysis also relates to recent papers studying the short-run transmission
and amplification of a natural disaster shock through trade linkages (Barrot and Sauvagnat, 2016; Boehm et al., 2019a; Carvalho
et al., 2021). In contrast to these papers, the Covid-19 pandemic offers a unique opportunity to quantify the consequences of a
synchronized labor supply shock. As highlighted by Imbs (2004) and Huo et al. (2020), both correlated shocks and transmission
lead to synchronization of GDP growth, and the relative importance of the two is a quantitative question.

The rest of the paper is organized as follows. Section 2 introduces the quantitative framework, Section 3 describes the data and
calibration, and Section 4 presents the results. Section 5 concludes.

2. Global network model

This section sets up and solves a model of the global network of production and trade. The model is an extension of the quan-
titative framework of Huo et al. (2020), which should be consulted for further details.

2.1. Setup

2.1.1. Preliminaries
Consider an economy comprised ofN countries indexed by n andm and J sectors indexed by j and i, that produce using labor inputs

from O different occupations indexed by ‘. Each country n is populated by a representative household. The household consumes the
final good available in countryn and supplies labor and capital tofirms. Trade is subject to iceberg costs τmnj to ship good j fromcountry
m to country n (throughout, we adopt the convention that the first subscript denotes source, and the second destination).

2.1.2. Households
There is a continuum of workers in a representative household who share the same consumption. The problem of the house-

hold is
2 Hyu
Our resi

3 The
docume
Johnson
related
2004; K

4 Our
model d
priate fo
relation
max
Fn , fLn‘g

F n−∑
O

‘¼1

1
1þ 1

ψ

Ln‘
ξn‘

� �1þ1
ψ

ð1Þ
subject to
PnF n ¼ ∑
O

‘¼1
Wn‘Ln‘ þ∑

J

j¼1
RnjKnj,

F n is consumption of final goods, Ln‘ is the labor hours supplied in occupation ‘, ξn‘ is the occupation-specific labor supply
where
shock, and Knj is the amount of installed capital in sector j which is assumed to be exogenous. Labor in occupation ‘ collects a wage
Wn‘, and capital is rented at the price Rnj.4
n et al. (2020) use firm-level data to show that more internationally connected firms are more exposed to foreign shocks but less exposed to domestic shocks.
lience counterfactuals highlight a similar result, as decreasing foreign input exposure increases domestic input exposure.
notion that international input trade is the key feature of the global economy goes back to Hummels et al. (2001) and Yi (2003), and has more recently been
nted and quantified in a series of contributions by Johnson and Noguera (2012, 2017) and Caliendo and Parro (2015). Burstein et al. (2008), Bems et al. (2010),
(2014), Eaton et al. (2016), and Eaton et al. (2016), among others, explore the role of input trade in shock transmission and business cycle comovement. Also
is the large empirical and quantitative literature on the positive association between international trade and comovement (e.g. Frankel and Rose, 1998; Imbs,
ose and Yi, 2006; di Giovanni and Levchenko, 2010; Ng, 2010; Liao and Santacreu, 2015; di Giovanni et al., 2018; Drozd et al., 2021).
goal is to quantify the contemporaneous impact of the pandemic shockonGDP growth. Thus, themodel is static and the capital stock remainsfixed. Tomake the
ynamic requires assumptions on how lockdowns change over time as the disease spreads. The static model relies on far fewer assumptions but remains appro-
r quantifying the impact response to the shock. Huo et al. (2020) provide a quantification of the relative importance of contemporaneous vs. intertemporal cor-
in a more general setting and show that the contemporaneous effect of shocks dominates.
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The utility function is an extension of the Greenwood et al. (1988) preferences, that produce an especially simple isoelastic
labor supply curve that only depends on the real wage:
Ln‘ ¼ ξ1þψ
n‘

Wn‘

Pn

� �ψ
:

We highlight two features of our preference formulation that will be important for the analysis that follows. First, labor is differ-
entiated by occupation. This feature captures imperfect inter-occupation labor mobility in the short run, appropriate in this applica-
tion. Second, the labor supply is subject to country-occupation-specific shocks ξn‘. This flexibility is needed to capture the fact that not
all occupations experienced the same contractions in labor supply, as some jobs can be more easily done at home. In a similar vein,
there is heterogeneity in lockdown severity across countries, that once again can be captured by variation in ξn‘.

2.1.3. Shocks
Through the lens of our model, the worldwide lockdown policies are a vector of labor supply shocks ξn‘. Our quantitative anal-

ysis will trace the impact of these ξn‘ shocks on the world economy under various assumptions on the structure of production and
trade.

An alternative interpretation of the labor supply shock is a change in the efficiency units. A reduction in ξn‘ then implies that
workers in occupation ‘ will produce less in the same amount of hours worked, for instance due to frictions associated with work-
ing at home, lack of childcare, etc. In this case, the ξn‘ disappear from the utility function, but appear in the budget con-
straint
PnF n ¼ ∑
O

‘¼1
Wn‘ξn‘Ln‘ þ∑

J

j¼1
RnjKnj: ð2Þ
Appendix A.2 shows that despite the different interpretations, these two formulations are observationally equivalent in the sense that
given the same value of ξn‘, the two economies experience the same change in real GDP and final consumption. However, as the
efficiency units approach directly affects the measured wage for the same amount of hours worked, these two specifications have-
different implications for labor market outcomes such as wages.

The set of sectors is partitioned into Q ≪ J groups indexed by q. The final good in the economy is a CES aggregate across
groups q:
F n ¼ ∑
q

ζ
1
ρ
nqD

ρ−1
ρ

nq

� � ρ
ρ−1

; Pn ¼ ∑
q

ζnqP
1−ρ
nq

� � 1
1−ρ

;

where Pn is thefinal goods price index andDnq is the quantity consumed of category q. The q's should be thought of as large groupings,
such as “goods” or “services.” Correspondingly, the substitution elasticity ρ between them should be thought of as a number less than
1. To anticipate the role of these groupings, one of these will be healthcare. In one of our simulations, we will consider a pandemic-
induced increase in demand for healthcare, by raising its preference weight ζnq.

Category q is an Armington aggregate of goods coming from different countries and sectors
Dnq ¼ ∑
j∈Gq ;m

ϑ
1
γ

mnjD
γ−1
γ

mnj

" # γ
γ−1

; Pnq ¼ ∑
j∈Gq ;m

ϑmnjðτmnjPmjÞ
1−γ

" # 1
1−γ

;

where Gq denotes the index set of sectors that belong to category q, Dmnj is the final consumption by country n of sector j goods
imported from country m, and γ controls the substitution elasticity between different origin-sector goods within a category. The
corresponding price index is Pnq, where Pmj is the price of sector j country m's product “at the factory gate” in the origin country.
No arbitrage in shipping implies that the price faced by the consumer in n is Pmj times the iceberg cost τmnj.

The expenditure share of a particular good from country m and sector j that belongs to category q is given by
π f
mnj ¼

ζnqP
1−ρ
nq

∑pζnpP
1−ρ
np

ϑmnj τmnjPmj

� �1−γ

∑i∈Gq ;k
ϑkni τkniPkið Þ1−γ ;
and this share will shape the responses to shocks as we will show below.

2.1.4. Firms
A representative firm in sector j in country n operates a CRS production function
Ynj ¼ K
α j

nj H
1−α j

nj

� �η j X
1−η j

nj : ð3Þ
4
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The composite labor in sector j, Hnj, is an aggregate of labor inputs from different occupations, and similarly, the intermediate input
usage Xnj is an aggregate of inputs from potentially all countries and sectors:
5 We
Hnj ¼ ∑
O

‘¼1
ϰ

1
κ
nj‘L

κ−1
κ

nj‘

 ! κ
κ−1

, Xnj ¼ ∑
i
∑
m
μ

1
ε
mi,njX

ε−1
ε

mi,nj

 ! ε
ε−1

,

Lnj‘ is the usage of labor of occupation ‘, with κ governing the elasticity of substitution across occupations, and Xmi,nj is the usage
where
of inputs coming from sector i in countrym in production of sector j in country n, with ε governing the elasticity of substitution across
intermediate inputs.

Cost minimization implies that the payments to primary factors and intermediate inputs are:
Wn‘Lnj‘ ¼ πO
nj‘ 1−αj

� �
ηjPnjYnj

Pmi,njXmi,nj ¼ πx
mi,nj 1−ηj

� �
PnjYnj,
where πx
mi,nj is the share of intermediates from country m sector i in total intermediate spending by n, j:
πx
mi,nj ¼

μmi,nj τmniPmið Þ1−ε

∑k,i0μki0 ,nj τkni0Pki0ð Þ1−ε ,

j‘ is the share of labor expenditure on workers from occupation ‘:
and πO
n

πO
nj‘ ¼

ϰnj‘W
1−κ
n‘

∑ιϰnjιW
1−κ
nι

:

also be convenient to define the share of total occupation ‘ labor employed in sector j:
It will
Λnj‘ ¼
Lnj‘

∑J
i¼1Lni‘

:

2.1.5. Equilibrium
An equilibrium in this economy is a set of goods and capital prices Pnj,Rnj

� 	
, factor allocations Lnj‘

� 	
, and goods allocations

Ynj
� 	

, Dmnj,Xmi,nj
� 	

for all countries and sectors, and factor prices and allocations {Wn‘, Ln‘} for all countries and occupations,
such that (i) households maximize utility; (ii) firms maximize profits; and (iii) all markets clear.

At the sectoral level, the following market clearing condition has to hold for each country n sector j:
PnjYnj ¼ ∑
m
PmFmπ

f
nmj þ∑

m
∑
i
ð1−ηiÞPmiYmiπ

x
nj,mi: ð4Þ
Meanwhile, trade balance implies that each country'sfinal expenditure equals the sumof value added across domestic sectors5
PmFm ¼ ∑
i
ηniPmiYmi: ð5Þ

ch occupation, the following market clearing condition holds
For ea
Ln‘ ¼ ∑
J

j¼1
1−αj

� �
ηjπ

O
nj‘

PnjYnj

Wn‘
:

Note that once we know the share of value added in production ηj and the expenditure shares πf
nmj and πx

nj,mi for all n, m, i, j,

we can compute the nominal output PnjYnj for all country-sectors (n, j) after choosing a numeraire good. Together with the shares
related to the occupation inputs, Λnj‘ and πO

nj‘, there is no need to specify further details of the model, and we will utilize this

property to derive the model solution.
can incorporate deficits in a manner similar to Dekle et al. (2008), without much change in our results.

5
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2.2. Analytical solution

We now provide an analytical expression for the global influence matrix. An influence matrix is the solution to the model, as it
translates the vector of exogenous shocks to the vector of endogenous general equilibrium responses of output in each country and
sector. In general, closed-form solutions for the exact influence matrices cannot be obtained in multi-country multi-sector models
such as ours. However, Huo et al. (2020) show that in this framework we can solve for the first-order approximation of the influence
matrix.

Following national accounting conventions, real GDP is defined as value added evaluated at base prices b:
6 TheΛ andΠ
Vn ¼ ∑
J

j¼1
Pnj,bYnj−PX

nj,bXnj

� �
, ð6Þ
where Pnj,b is the gross output base price, and PX
nj,b is the base price of inputs in that sector-country. Denote by “ln” the log-deviation

from steady state/pre-shock equilibrium. The real GDP change in any country n following a vector of labor supply shocks is given
by
lnVn ¼ ∑
J

j¼1
ð1−αjÞηjωnj lnHnj, ð7Þ

ωnj≡
PnjYnj are the pre-shock Domar weights.
where Vn

Of course, the ln Hnj in (7) are equilibrium outcomes. To solve the model, we have to express them as a function of primitive
shocks. Let the vector ln H of length NJ collect the worldwide sectoral composite labor changes, and the vector ln ξ of length NO
collect the worldwide occupation-specific labor supply shocks.

Proposition 1. The response of ln H to the global vector of labor supply shocks ln ξ is to a first order approximation given by
lnH ¼ ðI−GÞ−1ΠOΔ−1 lnξ; ð8Þ
whereΠOΔ−1 captures the domestic labor market GE effects holding production fixed
Δ ¼ κ þ ψ
1þ ψ

Iþ 1−κ
1þ ψ

ΛΠO
; ð9Þ

GÞ−1 captures the global GE effects allowing all goods markets to adjust
and ðI−
G ¼ IþP−
1

1þ ψ
ΠOΔ−1 Λ þ ΛP þ ψΠ fP

� �� � η−ðI−ηÞðI−ΠxÞP

 �−1ηðI−αÞ: ð10Þ

ition,η andα arematrices of output elasticities,Πf andΠx arematrices of final consumption and intermediate shares, respectively,ΠO
In add
is the matrix of occupational shares by sector, Λ is a matrix of sectoral employment shares by occupation, and P summarizes how prices
respond to output changes which combines both structural elasticities and spending shares.6

Proof. See Appendix A. □

Eqs. (8)–(10) illustrate that all we need to understand the response of worldwide output to various occupation-country shocks in
this quantitative framework are measures of steady state final goods consumption and production shares, the distribution of occupa-

tions across sectors, as well as model elasticities. The matrix ðI−GÞ−1ΠOΔ−1 that encodes the equilibrium responses of worldwide
labor inputs to the worldwide vector of shocks is the influence matrix. In Eq. (8), the term Δ−1 ln ξ reflects how wages in different
occupations respond to supply shocks holding the quantities and prices in all goods markets fixed. A shock in occupation ‘ not only

affects wages for occupation ‘, but also spills over to other occupations. The former is captured by κþψ
1þψ I, and the latter is captured by

1−κ
1þψΛΠO. Importantly, the elasticity κ has opposite effects on these two terms, leaving the total wage response independent of κ

when the magnitude of the labor supply shock is uniform across occupations. The matrix ΠO measures the exposures of sectoral

labor inputs to wages in different occupations, and thus ΠOΔ−1 translates changes in wages to changes in labor.
The expression in (9) is a block diagonal matrix, implying a null partial equilibrium response to foreign shocks. Once we allow

the goods markets to respond, the global supply chain starts to play a role and transmission across countries will occur. The matrix

ðI−GÞ−1 encodes the general equilibrium response of sectoral labor composite in a country to shocks in any sector-country, taking
into account the full model structure and all direct and indirect links between the countries and sectors. The model solution (8)–(10)
resembles the typical solution to a network model, that writes the equilibrium change in output as a product of the Leontief inverse
NJ×NJdiagonalmatricesη andα collect the ηj's andαj's respectively. The (n,mi) element ofΠf is πf
mni and the (mi, nj) element ofΠx is πx

mi,nj . Typical elements of
O are Λnj‘ and πO

nj‘ , respectively. The matrix P is defined precisely in Appendix A.

6
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and the vector of shocks. Our expression also features a vector of shocks, and an inverse of a matrix that is more complicated due to
the multi-country structure of our model combined with elastic factor supply and non-unitary elasticities of substitution.7

The main advantage of the first-order solution above is transparency. The GDP change is represented as a linear combination
of primitive shocks, allowing additive decompositions of the GDP change that illuminate the forces at work. An alternative is an
exact solution of the model. Figure A1 compares the exact and first-order solutions. In our application, the first-order and exact
solutions are quite close.8

In a special case where the elasticities of substitution for final goods and the intermediate goods are equal to 1, the influence
matrix in (8) simplifies to9
7 The
stream

8 The
constru

9 In th
10 It is
the US)
lnH ¼ I−
ψ

1þ ψ
ΠOΔ−1Π f I−ðI−ηÞΠx
 �−1ðη−αηÞ� �−1ΠOΔ−1 lnξ: ð11Þ
Clearly, the overall response of labor is increasing in the Frisch elasticityψ. It also underscores that the exact general equilibrium feed-
back effects hinge on various steady-state shares. When the final goods or intermediate goods aggregates deviate from the Cobb-
Douglas case, the global goods demand system (4) is more complex and the matrix P that governs the responses of prices enters
the influence matrix (8).

2.3. Accounting decompositions

To illustrate how we will use the model above to understand the impact of global supply chains on GDP growth during the
pandemic, we next present some simple accounting decompositions of domestic GDP growth. These build on the more general
accounting framework used in Huo et al. (2020) to study GDP comovement.

The linear representation of the GDP change in country n as a function of the global vector of shocks (7)–(10) lends itself to an
additive decomposition of the GDP change into the components due to domestic and foreign shocks. To first order, the log change
in real GDP of country n can be written as:
lnVn ≈∑
m
∑
‘
smn‘ ln ξm‘, ð12Þ
where smn‘ are the elasticities of the GDP of country n with respect to shocks in occupation ‘, countrym, characterized by (7)–(10).

2.3.1. Contribution of foreign lockdowns to GDP contractions
To highlight the effects of domestic and foreign shocks on GDP, separate the double sum in (12) into the component due to

country n's own shocks (Dn) and the component due to all the trade partners’ shocks (T n):
lnVn ¼ ∑
‘
snn‘ ln ξn‘|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}

Dn

þ ∑
m≠n

∑
‘
smn‘ ln ξm‘|fflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflffl}
T n

: ð13Þ
Below, we report the fraction of the overall downturn that can be attributed to foreign, rather than domestic, labor contractions:
T n= lnVn, for each country in our sample.10

2.3.2. Renationalization of global supply chains
There is now a great deal of speculation in policy circles and popular press that the pandemic will lead to a renationalization of

the global supply chains, to protect against similar shocks in the future. In our model transmission is positive, in the sense that an
adverse foreign shock lowers a country's GDP. The sign and size of the contribution of foreign shocks is informative, but does not
imply that the presence of global value chains exacerbated the GDP contraction due to the lockdown.

To establish this type of result, we need to compare the contraction in the baseline model to an alternative in which the global
supply chains have been renationalized. We construct such a version of the world economy by raising iceberg trade costs to in-
finity in both intermediate and final good uses. We then shock each country with the same size lockdown as in the baseline world
economy. If the GDP contraction with renationalized supply chains is smaller than the one in the baseline, we conclude that a
expression alsomakes clear thatwhilewe use only labor supply shocks in our analysis, the global input-output structure implies that a supply shock in a down-
sector will be a demand shock to an upstream sector, and so our approach incorporates a notion of demand disturbances as well.
nonlinear solution yields the exact changes in all sectoral real quantities and prices following the shock. Then whenwe compute real GDP, which is a statistical
ct, we use the base (pre-shock) Domar weights, rather than chained Domar weights.
is case, P ¼ −I.
immediate that the influence matrix can also be used to trace out the effect of shocks in a particular country (e.g. China) on the GDP growth in a partner (e.g.
.
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country's participation in the global value chains exacerbated the downturn, and vice versa. To understand the results that appear
below, we can write the GDP change in the renationalized equilibrium (R) following the shock as:
lnVR
n ¼ ∑

‘
sRnn‘ξn‘, ð14Þ
where sRnn‘ is the elasticity of country n's GDP to a shock in occupation ‘ in the renationalized equilibrium. By definition, in this case the
country is immune to foreign shocks, and only responds to domestic shocks.

Comparing (13) and (14), the difference in the GDP response in the baseline relative to autarky is a sum of two parts:
lnVn− lnVR
n ¼ ∑

‘
snn‘−sRnn‘
� �

ξn‘|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Change in Domestic Influence

þ T n: ð15Þ
The second component, T n, is straightforward: in autarky, the country is not subject to foreign shocks, so holding all else fixed the
downturn is smaller in autarky if the rest of the world experiences a bad shock.

However, the first term captures an additional effect. Absent international trade, the responsiveness of the economy to domes-
tic shocks would also be different. Some sectors grow in influence as a country opens to trade, others shrink. Whether or not par-
ticipation in global trade exacerbates the downturn is determined by how the altered sensitivity to domestic shocks (snn‘−sRnn‘)
compares to the eliminated sensitivity to foreign shocks.

To better understand the change in the domestic influence term, note that the change in the labor input can be written as a
sum of the partial and general equilibrium impacts of the shocks:
lnH ¼ D ln ξ|fflffl{zfflffl}
Partial Eq:

þ Γ ln ξ|fflffl{zfflffl}
General Eq:

ð16Þ
Combining (7), (15), and (16), the difference between the trade and the renationalized equilibria can be written as:
lnVn− lnVR
n ¼ ∑

J

j¼1
ð1−αjÞηj ωnj−ωR

nj

� �
∑
‘
Dn‘,nj ln ξn‘|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

PE

þ∑
‘

ωnjΓn‘,nj−ωR
njΓ

R
n‘,nj

� �
ln ξn‘|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Domestic GE

2
6664

3
7775

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Change in Domestic Influence

þ T n: ð17Þ

fference in the GDP change between the trade and renationalized equilibria can be decomposed into three effects. The PE effect
The di
captures the reweighting of the sectors towards, or away from, thosemore exposed to the lockdown. For instance, if when going from
the renationalized to the trade equilibriumDomar weights grow in sectors more immune to lockdowns, the country will be more in-
sulated from lockdowns under trade, all else equal.

The matrix governing the partial equilibrium response to shocks is simple: D ¼ 1þψ
κþψΠO. By construction, D is block-diagonal by coun-

try, as only shocks to domestic occupational groups directly affect domestic hours. It can be directly constructed from data on occupa-
tional shares and labor-related elasticities, and thus does not require solving the model. The PE response matrix D captures the direct
effect of the shocks to occupations in the home country on sectoral labor in the home country. That is, it traces the shift of the labor
supply curve in occupation ‘, holding all other markets fixed (including domestic labor markets in other occupations). The magnitude of

this shift is (1 + ψ) ln ξn‘, governed by the Frisch elasticity. The needed adjustment in the wage rate Wn‘ is − 1þψ
ψþκ ln ξn‘, which en-

codes the information on the slope of the demand curve (ψ−1) and the supply curve (κ−1). The change in the wage rate translates
into the change in the composite labor in sector j by an amount proportional to sector j's exposure to occupation ‘, given by
1þψ
κþψ π

O
nj‘ ln ξn‘.

The domestic GE term captures the change in the general equilibrium effects of domestic shocks between the two equilibria. It
reflects the fact that the renationalization of global supply chains will rearrange domestic input usage, and as a result the impact
of domestic shocks on the home economy. The matrix of general equilibrium adjustments Γ includes the spillover effects to labor
markets in other occupations, and the indirect effects on domestic and global goods markets. Computing the GE term requires the
8
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solution to the full general equilibrium model, as it encodes the change in the propagation of occupation-specific shocks through
the rest of the economy through product and labor market linkages.11

2.3.3. Real GDP vs. real consumption
Our baseline analysis focuses on real GDP, as it is a concept tracked by statistical agencies and is thus the key input into

policymaking. Though changes in nominal GDP have to equal changes in nominal consumption expenditure, changes in real
GDP and in real consumption will generally not coincide in an open economy due to terms-of-trade effects. Real GDP measures
the real quantities produced by the economy, and depends on foreign shocks only to the extent that those shocks change primary
factor inputs. In contrast, as clarified in detail in Appendix A.3, real consumption lnF n would increase if terms of trade improved
even if the domestic production allocation is completely unchanged. Conceptually, one could argue that the real consumption
change is a better measure of the welfare change associated with the shock. In the quantitative analysis we therefore also com-
pare the changes in real consumption due to the pandemic between the baseline and renationalized economies.

3. Data and calibration

Labor shock. To calibrate the size of the labor shock, we use three pieces of data. The first is the classification of occupations by
whether they can be performed at home by Dingel and Neiman (2020).12 We then combine this occupation-specific work from
home intensity with the country-specific lockdown intensity constructed by the Oxford Blavatnik School of Government Corona-
virus Government Response Tracker (Hale et al., 2020, henceforth GRT). This index ranges from 0 to 100, and we treat it as a pro-
portion indicator, 1 being a full lockdown. These data are recorded daily. We take the maximum value in each country up to April
30, 2020.13

While the variation across countries in lockdown severity can be captured by the GRT index, it is not meant to be a cardinal
measure, and the elasticity of the labor supply with respect to this index is unknown. We thus curve the GRT index to fit a log-
normal distribution, where we choose the mean and variance to match the mean and the range of the fall in the April 2020 In-
dustrial Production (IP) for the countries for which these data are currently available.14

The labor supply shift in occupation ‘ and country n relative to the pre-shock steady state is then:
11 The

The firs
ply shoc
12 We
sures an
alternat
13 It is
purpose
because
14 See
vantage
2020 IP
respect
15 In p
set of co
ln ξn‘ ¼ − 1−work from home‘ð Þ � f GRTnð Þ, ð18Þ
The exception is theHealth Services sector, which receives no labor supply shock as it is not subject to lockdowns. The robustness sec-
tionbelow shows that noneof themain conclusions change ifwe simply treat theGRT index as a cardinalmeasure of thepercentage of
labor supply contraction (f GRTnð Þ ¼ GRTn).15

Sectoral occupation composition. To compute the occupation shares by sector, we use US data from the Bureau of Labor Statis-
tics. This dataset reports the number of workers in each occupation employed in each NAICS sector, together with their average
annual wage. We convert this to our ISIC-based industry classification, and use it to compute the sectoral expenditure shares on
each occupation. Because workers in Health Services are not affected by the lockdown measures, we create a special composite
health occupation that is used by the Health Services sector only, and does not incur a negative labor supply shock. Our final oc-
cupational classification is similar to the 23 SOC “major groups”, minus the Military-Specific Occupations and with an extra
“Health Composite” occupation. Appendix Table A1 lists our occupational classification together with the work from home inten-
Γ matrix is:

Γ ¼ 1þ ψ
κ þ ψ

I−Gð Þ−1ΠOX∞
k¼1

κ−1
κ þ ψ

ΛΠO
� �k

þ
X∞
k¼1

GkΠOΔ−1
:

t term captures how labor supply shocks on one occupation spillover to other occupations’ labor inputs. The second term captures the propagation of labor sup-
ks through the input and final goods markets worldwide.
use Dingel and Neiman (2020)'s O*NET-derived classification. Notice that in the context of the Covid-19 pandemic, this is a conservative shock, as school clo-
d other lockdown measures likely imply that the actual occupation-related tasks performed at home are less than those that are feasible. We also consider an
ive survey-based country-specific work-from-home measure below.
not knownwhether the April 2020world contractionwas driven by lockdown policies per se or by private decisions to stay at home for fear of the virus. For the
s of quantifying the shock, the lockdown indices are a natural choice, both because they are likely highly correlatedwith the private agents’ fear of the virus, and
to our knowledge there are no internationally comparable data on the magnitude of voluntary labor supply responses due to fear.
Appendix B.2 for details about the curving procedure. The advantage of IP data is that they are released promptly and are at themonthly frequency. The disad-
is that they only cover themanufacturing sector, and thusmust be lined upwithmanufacturing sector output rather than GDP in ourmodel.We obtained April
data for 39 of our 64 countries from theOECD, Eurostat, and somenational statistical agencies. The April 2020 IP contraction is defined as the log differencewith
to the maximum 3-month moving average in the previous 12 months (meant to capture contraction relative to the peak).
ractice, the adjustment to the average size of the shock tomatch the IP drop isminimal. Using the raw GRT produces a 30.1% fall inmanufacturing output in the
untries for which we found IP data, compared to 28.7% in the data. Using raw GRT undershoots the dispersion in IP changes across countries substantially.
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Table 1
Parameter values.

Param. Value Source Description

ρ 0.2 Herrendorf et al. (2013) Cross-group substitution elasticity
γ 1 Huo et al. (2020) Final substitution elasticity
ε 0.5 Boehm et al. (2019a) Intermediate substitution elasticity
ψ 2 Occupational Frisch elasticity
κ 1 Goos et al. (2014) Cross-occupation elasticity
αj [.38,.69] KLEMS, OECD STAN Labor and capital shares
ηj [.33,.65] KLEMS, OECD STAN Intermediate input shares

π f
mnj

OECD ICIO Final use trade shares

πx
mi;nj OECD ICIO Intermediate use trade shares

πO
nj‘

BLS Occupation shares by sector

Notes: This table summarizes the parameters and data targets used in the baseline quantitative model, and their sources. For αj and ηj, the table reports the 10th
and 90th percentiles of the range of these parameters. Alternative parameters are considered in the robustness analysis.
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sities. Since data on industry occupational composition are unavailable for countries other than the US, we assume that the shares
are similar across countries.16

Trade, input, and consumption shares. The data requirements for calibrating this model is the information on the world input-
output matrix and final use. We use the OECD Inter-Country Input-Output (ICIO) Tables. These data cover 64 countries on all con-
tinents and 33 sectors spanning the entire economy. We use the information for the latest available year, 2015. We separate the
33 sectors into 3 groups for final consumption: Goods, Services, and Health. Appendix Table A.2 lists the countries, and Appendix
Table A.3 lists the sectors along with the breakdown into groups.

Structural parameters. To construct the influence matrix (8) we must also take a stand on a few elasticities. Table 1 summarizes
the parameters in our baseline calibration. Huo et al. (2020) estimate a final goods substitution elasticity γ between 1 and 2.75.
Since ours is a very short-run application, we take the lower value of 1, and apply it to all groups. We set the intermediate input
substitution elasticity ε to 0.5. The notion that inputs are complements at business cycle frequencies is consistent with the esti-
mates by Atalay (2017) and Boehm et al. (2019a). We calibrate the cross-group substitution elasticity ρ to 0.2 in our baseline,
following the estimates from the structural transformation literature suggesting that broad services and manufacturing aggregates
are complements (Herrendorf et al., 2013; Cravino and Sotelo, 2019; Comin et al., 2021). In the baseline we set the Frisch labor
supply elasticity ψ of 2 for all occupations. Finally, we set the sectoral elasticity of substitution across occupations κ to 1, close to
the value of 0.9 found by Goos et al. (2014). As detailed in Sections 2.2 and 2.3, the magnitudes of domestic and international GE
effects are governed by these elasticities. Below we reports the results of our quantitative exercises under alternative elasticities.

All other parameters in the model have close counterparts in basic data and thus we compute them directly. Capital shares in
total output αj and value added shares in gross output ηj come from the KLEMS and OECD STAN databases, and are averaged in
each sector across countries to reduce noise.
3.1. Basic facts

How economies react to the labor shock stemming from the pandemic depends on the fraction of work that can be performed
from home. Appendix Table A.4 shows the sectoral shares of employees whose occupation can be done from home, computed as a
sector-specific weighted average of the occupation measures. There is substantial sectoral variation in the shares, ranging from
11% in the accommodation and food services sector, to 90% in the IT sector. Overall, service sectors have a higher share, with
the notable exception of the Human Health and Social Work sector. Because sectors have different labor shares, however, the
share of work that cannot be done from home does not precisely capture the exposure of a sector to the labor shock. The last
column of the table displays the sectoral exposure, defined as (1 − αj)ηj(1 − work from homej). These are uniformly lower,
since the labor shares in gross output are far less than 1, but still feature considerable variation across sectors.

The effective severity of the labor supply shock will vary across countries as a function of both sectoral composition and lock-
down stringency. Table 2 lists the top 10 and bottom 10 countries according to the share of aggregate labor that can be performed
at home. This share is computed as the sectoral labor compensation-weighted average of the sectoral shares of work that can be
done from home. Among the top 10 are several developed economies such as the US, United Kingdom or Luxembourg, consistent
with their large service sector size. Table 2 also lists the top and bottom 10 countries in terms of lockdown stringency.

Exposure to foreign inputs will also determine the extent to which each country is affected by international shock propagation.
The top panel of Fig. 1 displays the share of inputs that each country sources from abroad. There is a fair bit of variation, ranging
from less than 10% in countries least integrated into global supply chains to over 50% in the most integrated countries. The bottom
panel of Fig. 1 displays the world average of same measure at the sectoral level. As expected, manufacturing sectors tend to have
higher imported input shares than services.
16 This is consistentwith our assumption that sectoral production functions are the same across countries and the elasticity of substitution across occupations equals 1.
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Table 2
Country-level work from home intensity and lockdown stringency.

Country Work from home Country Work from home Country Lockdown stringency Country Lockdown stringency

Top 10 Bottom 10 Top 10 Bottom 10

LUX 0.656 KHM 0.346 PHL 100 TWN 30.6
IRL 0.559 TUN 0.369 ARG 100 SWE 46.3
MLT 0.543 VNM 0.374 IND 100 JPN 47.2
CYP 0.513 IDN 0.402 HRV 96.3 ISL 53.7
SGP 0.510 TUR 0.410 VNM 96.3 BRN 58.3
ISR 0.506 CHN 0.423 PER 96.3 FIN 60.2
USA 0.502 THA 0.423 NZL 96.3 LVA 65.7
GBR 0.497 PER 0.431 SAU 94.4 HKG 66.7
TWN 0.496 ARG 0.433 ISR 94.4 KHM 68.5
FRA 0.489 COL 0.436 CYP 94.4 DNK 72.2

Notes: This table displays the countries with the top 10 and bottom 10 country-level work from home intensities, computed as the labor-compensation weighted
averages of sectoral intensities. The second section reports the lockdown stringency index, out of 100.
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4. Main results

4.1. GDP contraction and the contribution of foreign shocks

The blue-beige combination bars in the top panel of Fig. 2 display the GDP drops across all countries in our baseline model
following the labor supply shock. The four panels group countries into geographical regions. The GDP reductions are dramatic,
at −29.6% on average. There is a significant amount of dispersion, with GDP reductions ranging from −11% in Sweden and
Taiwan to −67% in Argentina and India.

The white parts of the bars denote the contribution of foreign shocks Tn. It is evident that foreign shocks transmitted through
the global supply chains constitute a sizable minority of the overall GDP contraction. The mean contribution of foreign shocks to
the fall in GDP is 23.3% of the total. Appendix Tables A.5–A.6 lists the GDP changes and the elements of the decomposition un-
derlying Fig. 2 for every country in the sample.
4.2. Renationalization of the global supply chains

To answer whether participation in the global supply chains makes economies more vulnerable to pandemic-related lock-
downs, we must solve for the GDP contraction under the same magnitude of a shock, but in a counterfactual economy in
which the supply chains have been renationalized. We construct the renationalization scenario as follows. Starting from today's
world economy, we increase iceberg trade costs to a very high value, and solve for the new production equilibrium following
the exact hat algebra approach of Dekle et al. (2008). One subtlety with this exercise is that to find the renationalized equilibrium
we raise the substitution elasticities above 1. This is because when elasticities are below 1, expenditure shares on foreign goods
increase in iceberg trade costs. Raising the substitution elasticities above 1 captures the notion that supply chain renationalization
will be a medium- to long-run adjustment, and thus should be governed by higher substitution elasticities. It also delivers the sen-
sible outcome that raising trade costs to very high levels eliminates cross-border trade.17 We obtain virtually the same results if
we construct the renationalized equilibrium by simply reapportioning foreign spending to domestic suppliers by fiat. Below, we
present an alternative renationalization scenario, in which only intermediate input trade costs are raised while leaving final
good trade costs unchanged. The results are similar.

The gray bars in the top panel of Fig. 2 plot counterfactual declines in GDP for the same shock in a world where supply chains
are domestic. The mean decline in GDP in the renationalized equilibrium is −30.2% in our sample, slightly worse than the decline
with international supply chains. The renationalized equilibrium also features larger cross-country dispersion of GDP changes. The
standard deviation of GDP changes is 16% in the renationalized scenario compared to 13% under trade (Table A7). Not surpris-
ingly, participation in global supply chains synchronizes GDP changes across countries.

To help understand this result, the bottom panel of Fig. 2 implements the accounting decomposition (17). The purple bars are
the difference in GDP change in trade relative to autarky, the left-hand side of (17). A positive value of the bar indicates that GDP
falls by less in the current trade equilibrium relative to the renationalization scenario, that is, global supply chains mitigate the fall
in GDP. The beige bars are the transmission terms T n, which are all negative. All else equal, GDP falls by more in the trade equi-
librium because foreign shocks can now also reduce domestic GDP.

The transmission terms paint an incomplete picture, however, because the influence of domestic sectors will also change. The
red and green bars plot the changes in the GE and PE components of domestic influence. The total change in domestic influence
(the sum of the GE and PE bars bars) is always positive: in the trade equilibrium, most economies are more resilient to their own
17 Our baseline calibration to elasticities below 1 is meant to reflect that we are capturing the very short-run effects of the pandemic lockdowns. Boehm et al., 2020
provide a mutually consistent set of trade elasticity estimates, and show that the elasticity is below 1 in the short run, but above 1 in the long run.
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Fig. 1. Foreign Intermediate Input Use by Country and by Sector. Notes: The top panel displays the share of foreign intermediate inputs in the total intermediate
purchases for the countries in our sample in 2015. The bottom panel displays the share of foreign intermediate inputs in the total sectoral intermediate purchases.
The blue dashed horizontal line is the cross-sector mean.

B. Bonadio, Z. Huo, A.A. Levchenko et al. Journal of International Economics 133 (2021) 103534

12



USA
CHL

CAN
BRA

CRI
M

EX
COL

PER
ARG

TW
N

JP
N

BRN
HKG

M
YS

KHM
TUR

ID
N

KOR
SGP

CHN
THA

KAZ
IS

R
SAU

VNM
PHL

IN
D

SW
E

IS
L

FIN
DNK

LV
A

DEU
GBR

BGR
LU

X
NOR

CHE
NLD

HUN
EST

BEL
M

LT CZE
GRC

AUT
IR

L
POL

ESP
RUS

ROU
LT

U
SVK

PRT
FRA

SVN
CYP IT

A
HRV

AUS
ZAF

TUN
M

AR
NZL

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

GDP Change: Domestic Shocks vs Transmission

USA
CHL

CAN
BRA

CRI
M

EX
COL

PER
ARG

TW
N

JP
N

BRN
HKG

M
YS

KHM
TUR

ID
N

KOR
SGP

CHN
THA

KAZ
IS

R
SAU

VNM
PHL

IN
D

SW
E

IS
L

FIN
DNK

LV
A

DEU
GBR

BGR
LU

X
NOR

CHE
NLD

HUN
EST

BEL
M

LT CZE
GRC

AUT
IR

L
POL

ESP
RUS

ROU
LT

U
SVK

PRT
FRA

SVN
CYP IT

A
HRV

AUS
ZAF

TUN
M

AR
NZL

-0.1

-0.05

0

0.05

0.1

0.15

0.2

Difference in GDP Change between Trade and Renationalized Equilibria

Fig. 2. GDP Responses to the Labor Supply Shock. Notes: The top panel of this figure displays the change in GDP following the labor supply shock described in
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domestic shocks than they would be in autarky. The change in the PE term is negligible for most countries, implying that most of
the change in domestic influence comes through general equilibrium effects.

The net result of these opposing effects is that most countries would experience smaller GDP reductions in the current trade
equilibrium than they would in a world of renationalized global supply chains. Put plainly, eliminating reliance on foreign inputs
increases reliance on the domestic inputs. Since a pandemic-related lockdown also affects domestic sectors, on average there is no
benefit of resilience from renationalizing the international supply chains.
13
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There is variation across countries, however. A number of important economies: Japan, Taiwan, Sweden, and the US, among
others, would be more resilient to the pandemic-related lockdown if their supply chains were renationalized. The opposite is
true of some Latin American (Peru, Argentina, Colombia) and Asian (Philippines, India) countries.

To better understand this variation, the left panel of Fig. 3 plots the combined general equilibrium terms (domestic GE term
and international transmission) against a country's lockdown stringency. There is a tight positive relationship between the two,
with a bivariate R2 of about 0.9. Countries with most stringent lockdowns are better off with international supply chains, and
vice versa. This is intuitive. A country with the most stringent lockdown is trading with countries with less severe lockdowns.
Thus, the reduction in the supply of foreign inputs is smaller than the reduction in the corresponding domestic inputs, since
these are subject to a severe lockdown.

To highlight a source of remaining variation, the right panel of Fig. 3 plots the change in domestic PE against the change in the
country-level exposure to the labor shock, defined as the Domar-weighted sectoral exposure from Table A4. A country where par-
ticipation in international supply chains increases the size of sectors where work cannot be done from home becomes relatively
less resilient to domestic shocks in the trade equilibrium, and vice versa. As evident from the bottom panel of Fig. 2, the PE com-
ponent is barely perceptible for most countries, and so a reshuffling of employment across sectors with different work-from-home
intensities is not a large effect quantitatively.
4.3. Renationalizing supply chains in individual sectors

It may be that while renationalizing all trade is not generally beneficial, renationalizing specific sectors’ supply chains can sys-
tematically improve resilience. To check whether this is the case, we examine a set of counterfactuals in which we renationalize
supply chains of each sector one at a time. That is, we force all inputs in one specific sector to be sourced domestically. We then
subject this counterfactual economy to the lockdown shock, and compare the GDP contraction to the baseline, as we did for the
full renationalization scenario.

The top panel of Fig. 4 reports the results. For each sector, it presents a box plot of the difference in the GDP change in the
baseline relative to the counterfactual in which that sector's inputs are sourced domestically. A value of zero on the y-axis implies
that there is no difference in the lockdown-driven GDP change in this counterfactual relative to the baseline. The box depicts the
interquartile range of country-specific GDP change differences, while “whiskers” extend to the adjacent values. The outlier coun-
tries are labeled.

The main conclusion is that when it comes to GDP changes, renationalizing individual sectors has a minimal impact. The mean
difference in GDP changes is a small fraction of a percent, and the variation across countries is tight around zero. Even outliers
almost never amount to a more than a 1.2% absolute difference, relative to the GDP reductions of 29.6% on average.

It may be that while the resilience benefits of renationalizing supply chains in a particular sector are small for GDP, they are
large for that particular sector. The bottom panel of Fig. 4 plots instead the difference in the value added change of that sector
when its supply chain is renationalized and the baseline. Once again, the averages across countries as well as the interquartile
ranges are very close to zero. As expected, there are a few more visible outliers, but even for most outliers the absolute difference
between the baseline and renationalization is small. Notably, the supply chain renationalization in the Health sector beings the
most visible benefit on average, and the highest dispersion in outcomes. Nonetheless, while the values are large relative to
14
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Fig. 4. Sectoral Renationalization. Notes: The top panel depicts the difference in country-level GDP change due to the lockdown, between the baseline scenario and
a scenario where the individual sector's supply chain is renationalized. The bottom panel depicts the difference in the sector's real value added change due to the
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other sectors, they are negligible in absolute terms. All in all, there appears to be no systematic benefit of resilience to the sector
from renationalizing its supply chain.

4.4. Fit

While our calibration of the size of the shock used a log-normal transformation to approximate the average fall in IP and its
dispersion, we did not target the variation in output contractions across countries in the sample. The left panel of Fig. 5 plots the
15
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April 2020 IP contraction in the data on the y-axis against the manufacturing output contraction implied by the model, along with
the 45-degree line. The IP data are available for 39 countries. Circle sizes are proportional to total GDP of the country. There is a
clear positive correlation (0.56) between the data and the model. We do not target a perfect fit. The lack of a perfect fit is sensible,
as the model is subjected to only one, fairly parsimoniously specified exogenous shock, whereas the data are presumably gener-
ated by many shocks. In addition, up-to-date IP data are available for only about two-thirds of the countries in the sample.

The right panel of Fig. 5 plots the February to May sectoral employment change in the US from the Real-Time Population Sur-
vey (Bick et al., 2020), against the model-implied change in sectoral composite hours. Again, while we do not target the sectoral
labor input changes to calibrate our shock, the correlation is positive at 0.61.

4.5. Renationalization of intermediate supply chains only

Fig. 6 displays the difference between the baseline and renationalization scenarios, under an alternative assumption that only
intermediate supply chains are renationalized, but countries can still trade final goods. Appendix Table A7 summarizes the key
outcomes. The difference between the intermediate renationalization scenario and the baseline is slightly muted, but the set of
countries better off under trade does not change except for countries where the difference between trade and renationalized equi-
libria is negligible. In this alternative renationalization scenario, the average drop in GDP is 29.9% instead of 30.1% in our main
renationalization scenario.

4.6. Change in real consumption

While most of our analysis focuses on real GDP (a common policy target), it is of independent interest how welfare changes in
the pandemic in the baseline and renationalized equilibria. Since our main shock is to preferences (disutility of labor supply), we
ignore that dimension of welfare, and present the results for real consumption. Real consumption F n is simply nominal GDP di-

vided by the consumption price index: ∑jηjPnjYnj

� �
=Pn. Fig. 7 displays the difference between the baseline minus renationaliza-

tion scenarios, for GDP (as above) and for real consumption Fn−F R
n, side by side. The summary statistics of the main outcomes

are reported in Appendix Table A7. By and large the two track each other fairly well. However, the real consumption differentials
exhibit greater dispersion: countries better off during pandemics under trade according to real GDP are even better off in terms of
real consumption, and vice versa. At the mean, the real consumption drops by 2.5 percentage points more in the renationalized
scenario compared to the baseline, whereas GDP drops by only 0.5 percentage points more. Thus, if anything, renationalizing sup-
ply chains is more harmful during pandemics for real consumption than for GDP.

Our explanation for this “amplification” of the differential change for real consumption compared to GDP is that in the trade
equilibrium terms-of-trade effects help countries with harsher lockdowns, and hurt countries with milder ones. Since countries
with harsher lockdowns contract their output by relatively more, terms of trade move in their favor. So for these countries
going to autarky takes away the favorable terms-of-trade effect, and makes the pandemic even worse. The opposite is true for
16
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countries with milder lockdowns. The alternative renationalization scenario that permits final goods trade (as in the paragraph
above) retains part of the terms-of-trade effect even in the renationalized equilibrium. As a result, the overall terms-of-trade effect
is attenuated, and the dispersion in consumption differentials is still present but lower than the dispersion in the full autarky sce-
nario (not pictured).

4.7. Country-specific work-from-home intensity

The baseline analysis uses a work-from-home intensity by occupation computed based on US data, as this information is not
available for all the countries and occupations in our sample. Hatayama et al. (2020), henceforth HVW use survey micro data to
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compute comparable work-from-home intensities for 35 countries, and present normalized work-from-home intensities for 9 oc-
cupations. These data show that (i) for the US, the HVW work-from-home index has a 0.86 correlation with the Dingel-Neiman
measure that we use; and (ii) the HVW work-from-home index is highly correlated across countries. Among these 35 countries,
the pairwise correlations range from 0.84 to 0.99, with a mean and median of 0.96. The countries range from the wealthiest ones
such as US and Norway to middle-income countries such as Ecuador, Peru, and Turkey. Thus, it appears that over a fairly wide
range of income levels, the variation across occupations in work-from-home intensity is quite highly correlated.

We did not adopt this measure as the baseline, because it covers many fewer occupations and countries. As a robustness
check, we used the HVW index for the 35 countries for which it is available, concording their 9 occupations to our 20. For the
29 countries not in the HVW data, we imputed country-occupation specific work-from-home intensities by fitting a bivariate re-
lationship between the HVW work-from home intensity measure and per capita income for each occupation available in their
data, and computing the predicted work-from-home intensity for each occupation and each country based on its per-capita in-
come. While this falls short of capturing the complete heterogeneity across countries (which would be infeasible based on
these data, as we have 64 countries in our model), it at least makes the adjustment for any relationship between work-from-
home intensity and the level of development. Within every one of these 9 occupations, the cross-country relationship between
work-from-home intensity and income is positive, and thus with this adjustment work-from-home intensity falls for countries
with lower per capita income than the US. Thus, our baseline approach of using the Dingel-Neiman measure for all countries is
conservative, as it implies a smaller shock to poorer countries. Fig. 8 displays the difference in GDP changes between the baseline
and the renationalized equilibria when using country-specific work-from-home intensity together with the baseline results, and
Appendix Table A7 summarizes the key outcomes. All of the main results are unchanged.

4.8. Shock interpretation and the labor supply response

Our baseline analysis conceives of the lockdown as an inward shift of the occupation-specific labor supply. Conditional on this
inward shift, households can still adjust their supplied hours, and this adjustment is governed by the Frisch elasticity ψ. As noted
in Section 2.1, for changes in GDP and real consumption, this setup is isomorphic to one in which the lockdown instead lowers
the efficiency units of every supplied hour of labor. Thus, by lowering the Frisch elasticity, we can accommodate the alternative
view of the lockdown as a “quantity restriction” on the labor input. Taking away the household's ability to move along its labor
supply curve, the lockdown essentially amounts to an exogenous contraction in the effective supply of labor.18

Relatedly, the GHH preferences mute the wealth effect on labor supply. In a static model, real wealth is simply real income.
Thus, to quantify the wealth effect on labor supply, we would need to take a stand on the joint distribution of asset and
18 Alternative ways to capture the impact of the pandemic on labor inputs could include a disequilibrium approach in which quantities of either the labor inputs or
firms’ outputs are capped, and thus jobs and/or goods are rationed. This approach would complicate the analysis as it would require assumptions on who receives
the rents from the rationing that would be hard to justify with available data. Our exercises lowering the Frisch elasticity do not accommodate this disequilibrium view
of the lockdown.
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occupation endowments across households, ideally for each country in our sample. This would clearly be infeasible with available
data. A special case of an economy populated by “worker” and “capital-owner” households, where each worker household only
supplies labor to one occupation yields the same isoelastic functional form of labor supply as in our baseline, albeit with a differ-
ent exponent (details available upon request). So this special case can be dealt with by simply choosing a different value of the
labor supply elasticity. Since the wealth effect on the labor supply is normally considered negative, adding the wealth effect in this
case amounts to lowering the overall labor supply elasticity.

With these two discussions in mind, Appendix Table A7 summarizes the results under three lower values of the Frisch elas-
ticity: 1, 0.2, and 0.01. To keep the results comparable to the baseline, we do not recalibrate the size of the labor supply shock,
and thus the only change is in the ψ parameter. With a lower Frisch elasticity, workers are less responsive to negative labor sup-
ply shocks. As a result, the total fall in GDP is smaller and the international transmission less important. The main result that
renationalizing the supply chains does not insulate countries from pandemic is unchanged under these alternative Frisch elastic-
ities. As the Frisch elasticity goes to zero, the labor supply becomes exogenous, and real GDP is only driven by domestic shocks
(Kehoe and Ruhl, 2008; Burstein and Cravino, 2015; Baqaee and Farhi, 2019). Since the shocks are by construction the same
size in the baseline and the renationalized equilibria, exogenous factor supply yields the most stark – but perhaps least illuminat-
ing – version of the result that renationalizing global supply chains has no effect on the pandemic-driven GDP change.19

4.9. Additional sensitivity

Appendix Table A7 summarizes the main results under alternative values of ρ, ε, κ, and γ. A higher elasticity in the final goods
aggregator, ρ, makes a country less sensitive to the variation in other countries’ production. Therefore the importance of the trans-
mission term T n is smaller in this case. When we change ρ from 0.2 to 1, the average share of contribution of transmission in GDP
reduction decreases by 1.5% in the trade economy. Raising the elasticity of substitution between intermediate inputs ε to 1 has a
minimal impact on the overall GDP contraction, but reduces the importance of transmission to 16% of the total. The elasticity
across occupations κ matters for how a shock in one occupation spills over to other occupations. In our exercises, almost all oc-
cupations are affected and few sectors concentrate on a particular occupation to the exclusion of others. Therefore, the quantita-
tive effect of varying κ is mild. A lower substitution elasticity for final goods γ of 0.5 makes foreign goods more essential in
consumption, and implied that the share of transmission increases to 34.6%. Renationalizing supply chains still does not insulate
countries from pandemics, on average. All in all, the directions and magnitudes of the effects discussed in our baseline model are
not especially sensitive to ρ, ε, κ, and γ.

The next robustness exercise treats the Government Response Tracker index as a cardinal measure of lockdown stringency.
The index, that varies from 0 to 1, is treated as a percentage change in labor supply. The raw GRT index produces a similar av-
erage contraction in GDP (30.2%), but undershoots substantially on the dispersion in GDP changes across countries. The share
of international transmission in the total GDP contraction, and the comparison between autarky and trade are quite similar to
the baseline.

Finally, we explore the consequences of imperfect labor mobility across sectors. In our baseline analysis, within an occupation
labor is perfectly mobile across sectors. Note that sectoral labor bundles are still not perfectly mobile across sectors, due to hetero-
geneous sectoral occupational composition. Thus, frictions to labor reallocation across sectors are accommodated in the baseline
model, and could be regulated by varying κ. Nonetheless, we capture imperfect labor mobility across sectors with an alternative
model in which labor is differentiated directly by sector, detailed in Huo et al. (2020). In this model, the set of occupations
indexed by ‘ coincides with the set of sectors indexed by j. Then each sector only employs one type of labor, so that the sectoral
labor aggregate is simply Hnj = Lnj. This model has one less parameter, as there is no longer κ, and the frictional reallocation
across sectors is governed by ψ. For relative labor allocations across sectors, the model is isomorphic to the “Roy-Frechet” frame-

work used in international trade (Galle et al., 2017): for any two sectors j and i, LnjLni
¼ ξnj

ξni

� �1þψ Wnj

Wni

� �ψ
. It differs from the Roy-Frechet

setup in that the aggregate labor supply is variable. The work-from-home intensity of sector j is then constructed as the
occupation-share weighted occupational work-from-home intensity, and from there the sector-country specific shocks are con-
structed and calibrated as in Section 3. The last row of Table A7 summarizes the results. They are very similar to the baseline.

4.10. Discussion of baseline elasticity choices

Our baseline model equates the substitution elasticities across goods (within a broad product group) with the Armingon elas-
ticity across source countries within a good. A straightforward extension would be to separate the two. In this case it would be
reasonable to assume that the Armington elasticity is higher than the cross-good substitution elasticity. Empirical evidence sug-
gests that the Armington elasticity low both in the short run (Boehm et al., 2019a) and even in the medium to long run
(Boehm et al., 2020). Thus our approach of equating the two is in a sense conservative, as the overall elasticity parameter is cal-
ibrated to Armington estimates. While the main focus of our quantification is measured real GDP, we acknowledge that the choice
of these elasticities may affect real consumption differently, as it would have implications for the strength of terms-of-trade
19 Evenwith exogenous factor supply, renationalizing global supply chains does affect how the pandemic changes real consumption, because the terms-of-trade effect
described above still operates. Countries imposing the harshest lockdowns experience favorable terms of trade changes, and thus real consumption falls bymore during
the pandemic when supply chains are renationalized in those countries, and vice versa.
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effects. We leave a more complete exploration of how elasticity choices affect the distinction between real GDP and consumption
for future work.

Our choice of the Frisch elasticity is higher than various micro estimates, but these lower micro elasticities are typically unable
to account for business-cycle fluctuations. Extensive margin adjustments, labor hoarding, inattentive agents, variable capital utili-
zation, and market frictions can provide a rationale for why a low micro-Frisch elasticity may result in a higher macro-Frisch elas-
ticity (Hansen, 1985; Rogerson, 1988; Burnside et al., 1993; Chang and Kim, 2007). As discussed above, in the extreme case where
the Frisch elasticity goes to zero, GDP in every country is unaffected by foreign shocks, but the terms-of-trade driven effects of
foreign shocks on real consumption remain.

4.11. Increased long-run demand for health services

Our next counterfactual simulates a pandemic shock in a world with permanently increased demand for health services. To do
this, we first compute a new pre-shock “high-health” steady state, in which the share of health expenditures in total final expen-
ditures is twice as large as in the baseline. The mean share of health expenditures is 5% in our sample of countries, and thus in the
“high-health” scenario it increases to 10% for the average country. We then simulate the same lockdown in this alternative econ-
omy. The experiment is designed to reflect the fact that the Health sector becomes more important in the pandemic.

The blue bars in Fig. 9 plot the difference in GDP change in the high-health economy relative to the baseline economy. A pos-
itive value indicates that the GDP downturn is less severe in the “high-health” scenario. All the values are positive, which is sen-
sible as the Health sector is not subject to the lockdown, and thus increasing the relative size of the health sector will lead to
smaller GDP contractions. The difference is small overall, ranging from 0.2% to 3% (whereas the GDP fall is on the order of 30%).

The beige, red, and light green bars in Fig. 9 implement the PE/GE/International transmission decomposition (17). The light
green bar displays the difference in domestic PE. In this experiment, the domestic PE effect is the largest, accounting for the ma-
jority of the total GDP change. The difference in GDP contraction in the “high-health” economy compared to the baseline is
accounted for by the fact that the high-health economy reallocates expenditure towards the sector not subject to the negative
labor supply shock. The domestic GE effect is in red. It ends up being positive, but small. We conjecture that the relatively
small domestic GE effect here is due to the fact that the Health sector uses relatively few intermediate inputs, and thus its ability
to stimulate demand for upstream inputs is limited. The change in international transmission, in beige, is small compared to the
domestic effects, and changes sign from country to country. This is consistent with the fact that the health sector is relatively non-
tradeable and uses few foreign inputs.

4.12. Reopening

Finally, we simulate the lifting of the lockdown restrictions. The model does not exhibit asymmetries in the responses to pos-
itive vs. negative shocks. Thus, the GDP change following a worldwide end to the lockdown is essentially the negative of the GDP
changes reported in Fig. 2. By the same token, the negative of the blue bars in the figure show what would happen to an
20
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individual country's GDP if it were the only one to reopen while the rest of the world stayed in lockdown. Since most of the GDP
impact is due to the domestic lockdown policies, unilateral reopening will achieve most of the GDP rebound even if other coun-
tries stay under lockdown. Similarly, the negative of the beige portions of the bars give GDP changes in the opposite scenario: the
rest of the world lifts restrictions while the country in question stays under lockdown. As long as the country itself is under lock-
down, the bounceback expected from foreign opening is comparatively modest.

To give the opening scenarios a bit more texture, and because the timing of lockdown removals is likely to be staggered across
countries, we simulate lifting the lockdowns country-by-country. The top panel of Fig. 10 plots the change in the rest of the
world's GDP when the country on the x-axis lifts its lockdown. Not surprisingly, opening of the largest economies – US, China,
Russia, Germany, Japan – would have the greatest impact on others. By contrast, since most countries are small, their opening
will have a negligible impact on the rest of the world. The middle and bottom panels of Fig. 10 display the GDP change in the
country on the x-axis following the end of the lockdowns in the US and China, respectively. These countries’ opening can raise
GDP in some of the most tightly linked countries by up to 1−2.5% in some cases.

Appendix Figure A2 plots the entire matrix of other countries’ GDP changes. The axis labeled “Source” refers to the country
whose reopening is being simulated. The axis labeled “Destination” refers to the country whose GDP change is being plotted.
Thus, the figure plots the GDP change in “Destination” following the lifting of a lockdown in “Source.” Countries on both axes
are sorted in descending order of average impact. Thus, countries in the left end of the Source axis are those whose opening
has the largest impact on other countries in the world. Finally, we suppress the own country impact, as those values would
swamp the variation in the plots (this explains the scattered “blanks” in the picture).

5. Conclusion

Global supply chains are a central feature of the world economy. As most countries go into lockdowns, there are concerns
about both the present and the future. In the present, global supply chains are widely believed to transmit the crisis across coun-
tries. The future is forecasted to bring about at least some renationalization of the supply chains.

This paper performs a quantitative assessment of the role of global supply chains in the pandemic. While foreign lockdowns
undoubtedly contribute to the size of economic downturns experienced by countries, the majority of GDP contractions come
from the domestic lockdown policies. By and large, severing global supply chains will not make countries more resilient to
pandemic-style labor supply shocks. This is because reducing the importance of foreign inputs mechanically increases the impor-
tance of domestic inputs. If domestic inputs are also subject to lockdowns, renationalization does not help mitigate the size of the
contraction. Renationalization will make the economy more resilient if the country plans to have a less stringent lockdown then
its trading partners, and vice versa.

Data availability

Replication package for Bonadio et al, "Global Supply Chains in the Pandemic" (Reference Data) (Dropbox)

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jinteco.2021.103534.
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