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Global supply chain interdependence and shock
amplification — evidence from Covid lockdowns'

Supply disruptions from the Covid-19 pandemic raised questions about the benefits and costs of
global value chain (GVC) participation. We use granular data to document the evolution of GVC
firm-level linkages in the aftermath of the Covid-19 outbreak and study how they might have
affected equity investors’ reaction to pandemic-related disruptions. We find that the number of
GVC linkages generally declined and was slow to recover for some sectors after the Covid-19
shock but that the volume of the resilient linkages helped to cushion production disruptions. Firms
with GVC links to countries undergoing Covid-related lockdowns suffered larger stock price losses
than those without such links.

JEL classification: F10, G12, G14, O24.

A rich literature has analysed the trade-offs from participation in global value chains
(GVCs), the organisation of production processes, trade and investment across
different locations to optimise production. The findings suggest that GVC
participation propagates and amplifies risks (Zhang (2021), Huang et al (2022),
Mohommad et al (2022)), but could reduce production costs and improve economies’
resilience (Ando and Hayakawa (2022), Barrot and Sauvgnat (2016), Kashiwagi et
al (2021)). Less frequently discussed is GVC participation at the firm level, and in
particular how stock market investors assess GVC linkages in the face of global
shocks.

We draw insights from firm-level data to study the evolution of GVCs over several
quarters after the Covid-19 outbreak and the role of GVC participation in firms' stock
market performance at the time of the outbreak. We find that declines in the number
of cross-border linkages were still evident two years after the onset of the pandemic
but a rise in the volume of the remaining linkages helped cushion the fallout.
Furthermore, our empirical analysis suggests that firms' GVC participation played a
role in stock market investors’ trading decisions at the start of Covid-induced
disruptions. The cumulative returns on firms linked to countries in lockdown declined
by 1.5 percentage points more over a week than the returns on other firms, a
magnitude similar to the typical volatility of returns in normal times.

The authors thank Ryan Banerjee, Claudio Borio, Stijn Claessens, Jon Frost, Hyun Song Shin, Nikola
Tarashev and Egon Zakrajsek for helpful comments and discussions, and Jimmy Shek and Ronald Yip
(HKMA) for excellent research assistance. The views expressed are those of the authors and do not
necessarily reflect those of the Bank for International Settlements or the Hong Kong Monetary
Authority.
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Key takeaways

e Firm-level data reveal that the number of global value chain (GVC) linkages were slow to recover in
some sectors after the Covid-19 shock but greater volumes at resilient linkages cushioned production
disruptions.

e  Stock market participants seem to pay attention to GVCs, as share prices declined significantly more
after Covid-19 lockdown announcements if firms had GVC links to affected countries.

Examining specific periods in the aftermath of the Covid-19 outbreak, the rest of
this article is organised as follows. The first section examines granular data on
customer-supplier interlinkages from a sample of global firms as well as data on
maritime shipments to the United States. The second section assesses equity
investors' sensitivities to firms' GVC linkages. The last section concludes.

GVC trends during the pandemic — stylised facts

We rely on information from two data sets to gauge firm-level GVC interlinkages. The
first, from S&P’s Capital 1Q, provides global snapshots of interfirm business linkages
reported within the preceding two years. These snapshots help identify firms'
customers and suppliers. The second data set consists of US maritime shipment
information (also known as bills of lading (BoL)) from the US Census Bureau.? Bol
data typically comprise the company names for both the shipper (ie supplier, exporter
or freight forwarder) and consignee (ie the importer, or firm receiving the final
merchandise delivery) as well as shipment details (eg volume of trade and product
description). While the former data set offers a global coverage of linkages, the latter
reveals the intensity of each included linkage, measured by the volume of the
shipment quantities.

To examine how GVCs evolved during the pandemic, we first compare two
snapshots, building on the work in Zhang (2021) (Graph 1). Firms are depicted by
nodes, the size of which is proportional to a firm’s importance in the overall network,
with more connected nodes taking on larger sizes.> Customer-supplier relationships
are represented by the edges — ie connecting lines — between two nodes. Node
colours correspond to the region of the firm's primary location,* while edge colours
correspond to the region where the supplying firm is located. The network maps are
structured so that nodes sharing more connections are placed closer together.

BoL data used in this analysis were compiled by Datamyne. We focus on the United States because
of its central role in GVC networks and the availability of high-quality shipment information.

We measure importance with “network centrality”, which is determined by a node’s number of
connections (ie edges) and the connections of its counterparties.

“Primary location” refers to firms' national headquarters where most, if not all, of the functions are
coordinated. This need not be the same as the headquarters of the ultimate parent company.

48 BIS Quarterly Review, March 2023



Fewer customer-supplier connections two years after the onset of Covid-19' Graph 1

A. February 2020

B. December 2021
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T Snapshot of firms' reported customer and supplier relationships within the previous two years. See technical annex for more details.

Sources: S&P Capital 1Q Pro; authors’ calculations.

The comparison reveals that GVC networks had yet to fully recover by
December 2021. Customer-supplier networks appeared less interconnected, as
shown by the less dense patches and the presence of more empty space (Graph 1.B).
Indeed, the number of linkages in the sample fell by around 30% over the two-year
period.

Zooming in on the number of maritime shippers with links to firms in the United
States and the intensity of these links - ie the volume of shipments — paints a more
nuanced picture of the GVC evolution in the first year of the pandemic. After a broad-
based drop in the number of shippers in the first quarter of 2020, the recovery along
this dimension proceeded at a different pace across sectors (Graph 2, red lines). By
the end of 2020, 38% of the US recipient sectors — including energy extraction and
building materials — saw the number of their maritime shippers return to or exceed
its pre-pandemic level. A drag on the general recovery came from sectors hardest hit
by the pandemic, such as consumer discretion and electronic components
(Graphs 2.B and 2.C). At the same time, nearly half of the sectors saw large rebounds
in shipment quantity from resilient suppliers. Expanded production by these suppliers
helped cushion production disruptions.
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Shipments to the United States: slow recovery and GVC flexibility’

Cumulative growth rates, Q1 2020 = 0, in per cent Graph 2
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T Shipment quantities are measured by 20-foot equivalent units (TEU) per US consignee. TEUs measure shipment cargo capacity.

Sources: US Census Bureau; Datamyne; authors’ calculations.

Equity market sensitivity to GVC linkages

To assess the effect of GVC linkages on firms’ equity prices, we use an event study
framework. The events in focus are lockdown announcements in two significant
players in the global GVC network: China and Germany (World Trade
Organization (2021)). These events represent exogeneous shocks to the state of GVCs
as they took place before broad-based supply disruptions became evident and hence
before markets, firms and the public at large started anticipating these disruptions’
fallout. The announcements were also not confounded initially by similar concurrent
events in other parts of the world.

We focus on a global set of listed firms with supply chain linkages in Capital IQ
at the beginning of 2020. We use the daily equity returns for these firms from
1 January 2019 to 17 April 2020 — a period that covers stock market performance both
before and during the pandemic. To study cross-border effects of GVCs, we consider
the share prices only of firms with linkages to China and Germany but exclude those
headquartered in these countries. We estimate the following panel regression:

Return;: = BMarketReturn: + Y, j—cy pg 8;jLockdown; x GVCj; + ai+ pe+ eie D

first for China's and separately for Germany's lockdowns and linkages. We estimate
versions of this equation that differ as regards the period underpinning flow variables.

Baseline version. Return; represents the daily percentage change in firm i’s
closing equity price.> The dummy variable Lockdown equals 1 on the days of the
relevant announcements: for China, these are 23 and 27 January 2020
(announcements of the Wuhan lockdown and an extension of the nationwide lunar
new year holiday, respectively); for Germany, it is 16 March 2020 (border

5 In a robustness check, we replace the dependent variable with “abnormal return” — ie, deviation from

the market return. The results remain qualitatively similar.
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closure).® The other 0/1 dummy variable, GVC represents firms' linkages with China
or Germany in early 2020 (henceforth, “connected” firms). The variable MarketReturn
is the return on the broad equity index in the country where a firm is listed. By
controlling for co-movements between individual stock prices and benchmark
indices, we capture abnormal movements in the former. Finally, aiand p:represent
firm and time fixed effects, respectively.’

Cumulative returns. To study stock market reactions over longer periods, we
calculate the flow variables over these periods. We change the definition of the time
fixed effect and the lockdown dummies accordingly, considering now only the first of
the two China announcements. We employ local projections in this context.

The coefficients of interest are 8cv and 8pe. They capture the extent to which the
share price adjustment after a lockdown announcement differs between connected
and unconnected firms.

We find that stock market participants interpreted lockdown announcements as
worse news for firms with GVC links to the affected country. After a muted
differentiation on the announcement day, the equity prices of these firms declined by
about 1.5 percentage points more in the course of a week than those of their
unconnected peers (Graph 3). In addition to being statistically significant, this
difference is economically meaningful, as the median standard deviation of equity
returns across firms in our sample is equal to 2.5% in 2019. The differentiation
between firms with GVC connections to China or Germany and other firms eventually
dissipated, as the increasingly global nature of the Covid pandemic became apparent.

Lockdown announcements affect GVC-linked firms more negatively’

In percentage points Graph 3
A. China lockdown, January 2020 B. Germany lockdown, March 2020
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T In a regression of firm-level stock price returns — equation (1) — the estimated coefficients on the interaction terms between Lockdown and
GVC linkages in China and Germany.

Sources: S&P Capital 1Q, authors’ calculations.

We also include 0/1 additive dummy variables for: China's announcement on 20 January that the
Covid virus was transmissible among humans; the World Health Organization announcement on
11 March that Covid was a global pandemic, and the Federal Reserve’s large-scale intervention on
17 March to stabilise financial markets. All these variables are statistically insignificant.

The firm and time fixed effects absorb the additive GVC linkage and lockdown dummy variables. We
take into account the time zone differences among stock exchanges.
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Conclusion

This article has sought to draw insights from complex GVC networks. Using data on
customer and supplier connections following the outbreak of Covid-19, we track the
evolution of GVC networks both at the global and the sector levels. In addition, our
econometric analysis shows that GVC links can amplify the adverse effect of
pandemic-related shocks on company share prices. Such effects underscore that
stock market investors pay attention to GVCs. Further research could seek to verify
the representativeness of our results by considering other episodes with large
exogenous shocks.
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Technical annex

Graph 1: Data cover around 34,000 companies and are part of S&P’s Capital IQ. To cross-check these data,
we compare them with bill of lading data from Datamyne. The latter comprise information about 456,453
shipments to US consignees in 2020. We establish an 80% overlap between the two data sets for US-based
firms that have business relationships with China and/or Germany.

Graph 3: Firms from the data behind Graph 1 that are publicly listed: 21,340 worldwide. Of these, 6,756

(32%) are customers of and/or suppliers to Chinese firms, and 6,127 (29%) are customers of and/or
suppliers to German firms.

BIS Quarterly Review, March 2023 53



	Global supply chain interdependence and shock amplification – evidence from Covid lockdowns
	Key takeaways
	GVC trends during the pandemic – stylised facts
	Equity market sensitivity to GVC linkages

	Conclusion
	References
	Technical annex


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


