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lights  

 Exports using China or few countries as input suppliers declined under COVID-19 

 Exports with more automated production increased under COVID-19 

 Product characteristics’ role mediating export responses varied over 2020-2021   
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Abstract 

rovide stylized facts on the short-run resilience of exports to the COVID-19 pandemic ac

uct characteristics. Relying on global monthly product-level exports to the United Sta

n, and 27 European Union countries from January 2018 to December 2021, we show 

ucts with a higher reliance on China or few countries as input suppliers saw stronger decl

ports as a result of the COVID-19 shock while those with more automated produc

esses saw exports increase. Our analysis also shows that product characteristics pla

rent roles mediating export responses at different stages of the 2020-2021 COVID-19 cr

document rapid reductions in vulnerabilities for exports of unskilled-intensive product

nce on diversified inputs from abroad progressively contributed to resilience following

l negative role when trade was severely disrupted globally. 

words: exports, vulnerability, resilience, COVID-19, shock, high-frequency data. 

 codes: F14, F61, D20. 
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. Introduction  

he sudden onset of the COVID-19 shock in early 2020 resulted in substantial disruption

ictions aimed at reducing virus spread were introduced. The sudden drop in the suppl

ese products led to disruptions in global production as China had turned into the wor

ufacturing powerhouse. The unprecedented social distancing restrictions brought by COV

hallenged in-person production activities. Between January and June 2020, global tr

mes retraced by 13% before sharply rebounding thereafter (World Bank, 2020). Trade poli

g forward require understanding which vulnerabilities shaped the evolution of exports.  

his paper provides stylized facts on products’ export vulnerabilities, or its contrary

ience, to COVID-19 in 2020-2021. We focus on product characteristics related to global v

 linkages – products relying on dominant and foreign input suppliers – and requirements

rson production. We use a difference-in-differences specification for bilateral mon

uct exports by all countries to 29 major markets - the 27 European Union (EU) count

n, and the United States (US) - on interactions between COVID-19 incidence measures 

uct vulnerability proxies controlling for a stringent set of fixed effects.  

he stylized facts are as follows. First, countries with higher COVID-19 incidence decr

 their exports of products relying on inputs whose foreign supply is highly concentrated 

ountries or dominated by China. But exports of products relying on foreign inputs per se w

 resilient to COVID-19. Second, countries with higher COVID-19 incidence increase t

rts of products relying more on robots for production. This evidence suggests that diversify

e chains and increasing automation and virtual collaborations can increase resilience. Th

uct characteristics played different roles mediating export responses at different stages of

ID-19 crisis. Dynamics reflect reduced vulnerabilities over time for product characteris
1 
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benefited from production adjustments, such as unskilled-intensive production. Reliance

rsified inputs from abroad progressively contributed to resilience following an initial nega

when trade was severely disrupted globally. Robot production was mostly a force

ience. They also reflect the shifting global dynamics of where the pandemic hit most, affec

ese imports and the benefits of supplier diversification.  

he study mainly contributes to the literature on COVID-19’s effects on trade (e.g., Bert

tumpner 2021; Bonadio et al. 2021; Bricongne et al. 2021; Demir and Javorcik 2020; Esp

. 2022; Lafrogne-Joussier et al. 2022; Liu et al. 2022) by showing where short-t

erabilities in global product supply arose.  

onceptual discussion 

o guide our empirical analysis, we identify two hypotheses related to potential vulnerabil

ports to the COVID-19 shock. First, we hypothesize that export responses to COVID

n global disruptions in production and trade are more negative for products whose sup

s rely on a poorly diversified portfolio of input suppliers or those whose inputs have C

ain supplier, while imported input reliance per se captures diversification away from dome

ces and should support export resilience. Second, we hypothesize that exports of prod

se production process was more hurt by social distancing and lockdowns, i.e., those 

mated and more unskilled-labor intensive, were negatively affected.1 

ata and empirical approach 

 

ile this conceptual discussion focuses on COVID-19-driven supply shocks, our estimates

t capture supply and demand shocks. 
2 
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ur analysis relies on several sources of data. For trade outcomes, we use monthly data

rt flows by EU, Japan, and US in January 2018-December 2021 at importing coun

onized System (HS) 4-digit product-partner country-month-year level. For COVID

ence, we use country-month total number of reported COVID-19 deaths per capita from

rd COVID-19 Government Response Tracker. Our incidence measures use specific lag

uct and country-pair combining US Census import data by transport mode with searates.c

on shipping days between capital cities to account for distance and transport mode (Bas e

). For product resilience, we use data from US NBER-CES Manufacturing Industry Datab

nskilled labor production intensity; OECD’s harmonised input-output tables for reliance

gn inputs combined with UN COMTRADE for reliance on China as main input supplier,

entration in exports of inputs; robots usage (Artuc et al., 2023); and product comple

algo and Hausmann, 2009).  Appendix Table A.1 provides details on these measures and T

provides a correlation between these measures. 

ur difference-in-differences specification estimates the relationship between bilateral pro

rts and COVID-19 mediated by proxies for production vulnerability:  

𝑌𝑒𝑖𝑝𝑡 = ∑ 𝛽𝜈
𝜈  𝑐𝑜𝑣𝑖𝑑_𝑖𝑛𝑐𝑖𝑑𝑒𝑡−𝑛 ∗ 𝑣𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝜈,𝑝 + ∑ 𝜑𝜈

𝜈 𝑐𝑜𝑣𝑖𝑑_𝑖𝑛𝑐𝑖𝑑𝑒𝑡−𝑛 ∗

𝑣𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝜈,𝑒𝑝 + ∑ 𝛼  𝑐𝑜𝑣𝑖𝑑_𝑖𝑛𝑐𝑖𝑑𝑒𝑡−𝑛 ∗ 𝑋𝑝 + 𝑘𝑒𝑖𝑝 + 𝜃𝑒𝑡 + 𝜋𝑖𝑡 + 𝜀𝑒𝑖𝑝𝑡       (1) 

e  𝑌 is export value (in logarithms) by country e of HS4 product p to destination market

th-year t and 𝜀 is an independent and identically distributed error term. The main coeffici

𝜑𝜈) are those on the interactions between each measure of 𝑣𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝜈,𝑝 at product l

robots, unskilled labor intensity and complexity) or 𝑣𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝜈,𝑒𝑝 at product-expor

try level -ep- (reliance on foreign inputs, export concentration of inputs, and China ex

 in inputs) and 𝑐𝑜𝑣𝑖𝑑_𝑖𝑛𝑐𝑖𝑑𝑒𝑡−𝑛 is total COVID-19 deaths per capita per exporting-coun
3 
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th with specific lags n. We include exporting country-importing country-product fixed eff

thereby exploiting variation within exporting country-importing country-product over tim

ID-19 unfolded, relative to pre-pandemic. Exporting country-month-year 𝜃𝑒𝑡 and impor

try-month-year fixed effects 𝜋𝑖𝑡 control for time-varying unobservable supply and dem

ks affecting exports. 𝑋𝑝 includes indicators for COVID-19 medical products defined at H

O, 2022) and the longevity of product trade relations (Martin et al., 2022). Standard errors

ered by exporting country and broad sector.  

esults 

able 1 shows in columns (1) and (2) a negative correlation between COVID-19 incide

ure and exports on average across all products, followed by evidence for our hypotheses. 

ates confirm that exports of products whose inputs are concentrated in few supplier count

 China decline more in countries with higher COVID-19 incidence (columns 3 and

ever, exports of products relying more on imported inputs increase in such countries (colu

his finding confirms that diversification away from domestic inputs per se increases resilie

he lack of international diversification hurts it. Exports of products with more autom

uction processes are more resilient during the pandemic (column 7). Unskilled inten

uction played no role in mediating export responses to COVID-19 on average over 2020-2

this is due to divergent dynamics over time shown below). Product complexity does

iate significantly the impact of COVID-19 on exports. Column (8) estimates imply 

tries with higher COVID-19 incidence by its median value (0.66) experience a declin

rts of 0.6 percentage points for products relying more on inputs with higher concentratio

liers, of 1.4 percentage points for products relying more on inputs for which China 

inant supplier but an increase in exports of 2.1 percentage points for products relying mor
4 
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gn inputs and 1.9 percentage points for products relying more on robots, with higher relia

red by difference between the 10th and 90th percentiles of the specific product characteri

Our stylized facts are robust to the use of alternative product vulnerability measures 

ID-19 incidence (total cases per capita, stay-at-home requirements, different lag structur

ering of standard errors, the exclusion of China or the US as exporting countries and

ical products, controlling for the China-US tariff war, and the possibility of a positive COV

emand shock (for home office products).  

nterestingly, the product characteristics shown in Table 1 played different roles media

rt responses at different stages of the 2020-2021 COVID-19 crisis. Estimates of dyna

ts as the pandemic unfolded in Figure 1 show initial export declines for products relying m

ported inputs or on unskilled labor in 2020’s second and third quadrimesters as lockdo

trade disruptions took first place, but exports subsequently increased for those produ

rts of products relying more on inputs for which China is a dominant supplier mo

rding to the pandemic evolution in China, declining in all quadrimesters except 2020’s t

rimester. The same reasoning applies to exports of products relying on inputs supplied by

tries which increased initially in 2020 but declined in 2021 as international supp

rsification became an element of resilience. Finally, exports of products whose productio

 automated increase in late 2020 and in 2021 as such production modes became more resil

 gaining experience operating under lockdowns and absenteeism due to COVID-19. 

onclusion 

ID-19 generated a more negative response across countries in their exports to EU, Japan,

n 2020 of products relying on inputs with fewer suppliers or those for which China 
5 
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inant supplier but a positive response of those whose production process depends more

ts. As the pandemic unfolded, vulnerabilities related to unskilled-intensive production mo

ased, pointing to quick adjustments to the shock. Reliance on diversified inputs from abr

ressively contributed to resilience following an initial negative role when trade was seve

pted globally. Our evidence informs debates on the need for supplier diversification to reth

al production arrangements (Javorcik, 2020) and the increased resilience to future pandem

automation and remote collaborations can allow (Barrero et al., 2022).  
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le 1: COVID-19 and exports depending on product resilience  

 Robust standard errors clustered by exporting country and broad sector in parentheses. ∗∗∗, ∗∗, and ∗ indicate signific

1, 5, and 10 percent levels respectively.  

nt variable:

(1) (2) (3) (4) (5) (6) (7)

te(e,t-n)  -0.035*** -0.152***

(0.011) (0.034)

te(e,t-n) x Share of top input suppliers(pe) -0.122*** -0.109*** -0.101*** -0

(0.036) (0.032) (0.031) (0

te(e,t-n) x China export share in inputs(pe) -0.092** -0.148*** -0.

(0.047) (0.051) (0

te(e,t-n) x Imported input reliance(pe) 0.056*** 0.0

(0.016) (0
te(e,t-n) x Unskilled intensity(p) -0.034* 0.002 0

(0.018) (0.018) (0

te(e,t-n) x Robots(p) 0.012*** 0.0

(0.003) (0

te(e,t-n) x Product complexity(p) 0

(0

te(e,t-n) x Shorter trade relations(p) -0.038*** -0.041*** -0.040*** -0.037*** -0.036*** -0.030*** -0.0

(0.010) (0.006) (0.005) (0.005) (0.005) (0.004) (0

te(e,t-n) x Medical supplies goods(p) 0.055*** 0.056*** 0.057*** 0.055*** 0.053*** 0.051*** 0.0

(0.006) (0.004) (0.004) (0.005) (0.005) (0.005) (0

exporting country-importing country fixed effects yes yes yes yes yes yes yes

g-country-time (month-year) fixed effects yes yes yes yes yes

g-country-time (month-year) fixed effects yes yes yes yes yes yes yes

tions 10 417 637 10 417 637 10 417 637 10 417 637 10 417 637 10 417 637 10 417 637 10 4

d 0,85 0,85 0,85 0,85 0,85 0,85 0,85 0

Export value by country e of product p to destination market i in time t
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re 1: Dynamics of COVID-19 and exports depending on product resilience  

 The figure plots estimates of the equation 𝑌𝑒𝑖𝑝𝑡 =   ∑ 𝛾𝑞 𝑐𝑜𝑣𝑖𝑑_𝑖𝑛𝑐𝑖𝑑𝑒𝑡−𝑛 ∗ 𝑋𝑝 ∗ 𝐼𝑞
5
𝑞=1 + 𝑘𝑒𝑖𝑝 + 𝜃𝑒𝑡 + 𝜋𝑖𝑡 + 𝜀𝑒𝑖𝑝𝑡 wh

n indicator for the quadrimester in 2020-2021. Robust standard errors clustered by exporting country and broad sector 

∗, and ∗ indicate significance at the 1, 5 and 10 percent levels respectively.  
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endix 

le A.1: Variables definition 

 
e A. 2. Correlation Matrix.  

orrelation matrix based on average at HS4-exporting country average of HS4 and export countries contained in the estimating sampl

ing just average of the estimating sample. 

Variable Name Description Source

alue (pe,t)  The logarithm of the value of exports by country e of HS4 product p to destination market i in month-year t Eurostat monthly trade flows for EU countrie

Ministry of Finance for Japan, and the United

International Trade Commission for the US

The Covid-19 incidence variable constructed as the number of reported COVID-19 deaths per capita per month in 

each exporting country using the lags defined as follows: 

Exporting involves lags between the product departure from the exporting country and arrival to the destination 

country (2-3 months in Brincogne et al. (2012) and 5-10 weeks in Flaaen et al. (2021)). Lags depend on the 

transportation mode which varies with the type of product. The lag structure we use for the COVID-19 incidence 

variable is product-specific origin-destination country-specific and it combines US Census data on HS4 imports by 

transportation mode in 2015 with searates.com data on shipping days between capital cities as of early 2020 as 

(i)             For HS4 products whose share of imports by air transport is above 75 percent, a one-month lag is used;

(ii)            For other HS4 products, the lag length depends on the number of shipping days between the country pair: 

one-month for less than 7 shipping days, two-month for 7 to 29 shipping days, three-month for 30 to 59 shipping 

days, and four-month for more than 60 shipping days;
(iii)          For landlocked exporter and/or importer countries, we add the number of days needed to transport goods 

by road from (or to) the closest port to (or from) the capital using the shortest road distance.

input suppliers(pe) The concentration (across producer countries) in the exports of intermediates used by a sector. For each HS4 

product, first the share of its largest exporter in the world in 2015 is computed. Then, we use each country’s input-

output table to construct for each given broad sector X the export concentration of its inputs as the weighted average 

across all the broad sectors’ average share of the largest exporter, where weights are given by the shares of inputs 

from each broad sector used for production of broad sector X’s output. Then, we map these measure at the broad 

sector level into the HS4 level. Finally, we assign to each of those countries not int the input-output tables with the 

input-output table from the country that is most similar in terms of three dimensions: level of development captured 

by GDP per capita, size captured by population and economic structure captured by share of manufacturing value 

added, all from World Development Indicators. We assign to countries with no input-output table the table of the 

country with the lowest aggregate difference across the three dimensions, which we aggregate using inverse-

variance weighting.

Export data from UN COMTRADE at the ex

country-HS4-year level combined with the O

harmonized input-output tables (2011)

port share in inputs(pe) For each HS4 product, first the share of China in the product’s world exports in 2015 is computed, and then, the 

average of this share by ISIC revision 3 broad sector (the classification used in the input- output tables), after 

mapping HS4 products to broad sectors. Then, we use each country’s input- output table to construct for each given 

broad sector X the reliance on China as supplier of its inputs as the weighted average across all the broad sectors’ 

average China share, where weights are given by the shares of inputs from each broad sector used for production of 

broad sector X’s output. Then, we map these measure at the broad sector level into the HS4 level. Finally, we assign 

countries with no input-output tables the table of the country closest to them in the same way as done for the Share 

of input suppliers variable (see explanation above).

Export data from UN COMTRADE at the ex

country-HS4-year level combined with the  O

harmonized input-output tables (2011)

 input reliance(pe) We compute sectoral imported input reliance following Hummels et al. (2001) as the ratio of imports over the sum 

of output plus imports minus exports by ISIC revision 3 broad sector and exporting country. We map these 

measures at the broad sector level into the HS4 level. Finally, we assign countries with no input-output tables the 

table of the country closest to them in the same way as done for the Share of input suppliers variable (see 

explanation above).

OECD harmonized input-output tables

 intensity(p) The ratio of unskilled (blue-collar) employment to capital in the US for each 6-digit 1997 NAICS industry in 2011 

(the most recent year available).

US NBER-CES manufacturing industry data

) Robot usage is the stock of robots used by sector in 2015 for the US where the stock of robots is constructed using 

the perpetual inventory method assuming a depreciation rate of 10%. 

Artuc, Bastos, and Rijkers (2023) based on d

the International Federation of Robotics (IFR

omplexity(p) Product complexity defined as the weighted average of the GDP per capita of the countries that export the HS4 

product, where weights are given by countries’ revealed comparative advantage (RCA) index in that product 

following Hausmann and Hidalgo (2009).

Export data from UN COMTRADE and GD

capita data from the World Development Indi

for 2012

rade relations(p) Shorter trade relations is a product-level index of relationship stickiness estimated by Martin, Mejean and Parenti 

(2021) relying on detail French data on firm-to-firm exports to their European partners for the period 2002-2006. 

This measure captures the mean duration of firm-to-firm trade relationships, where products with higher stickiness 

are those for which the firm-to-firm trade relationships are longer. 

Martin, Mejean and Parenti (2022) 

supplies goods(p) HS4 products identified by the World Trade Organisation as COVID-19 medical products. WCO-WHO (2022)

e(e,t-n)  COVID-19 death rate: Oxford COVID-19 

Government Response Tracker. Data to cons

lags: Census data on HS4 imports by transpo

mode in 2015 and searates.com data on shipp

days between capital cities as of early 2020. T

measure the shortest road distance, we rely on

Google Maps

Share of top 

input 

suppliers(pe)

China export 

share in 

products (pe)

Imported input 

reliance(pe)

Unskilled 

intensity(p)

Robots(p) Product 

complexity(p)

Medical (p) Short 

relatio

f top input suppliers(pe) 1

xport share in products (pe) -0,05 1

d input reliance(pe) -0,17 0,16 1

d intensity(p) 0,28 -0,17 -0,21 1

(p) -0,30 -0,33 0,15 -0,47 1

 complexity(p) -0,24 -0,15 0,13 -0,40 0,38 1

l(p) 0,00 0,05 0,03 -0,13 0,07 0,05 1

ved relations(p) 0,02 0,16 -0,03 0,18 -0,21 -0,17 0,05
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