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Introduction Data The role of digitalisation Discussion

Motivation

▶ Digital capital and remote work crucial during the pandemic

� Digital capital necessary for remote work
� Continue working despite containment measures
� Organisational flexibility, better cope with disruption of supply chains
� Move business online

How did digital capital and remote work affect local employment responses
to the crisis in the short to medium run? How did they interact ?

▶ Digital capital and remote work related to spatial inequality

� Poorer regions have a worse digital infrastructure
� Poorer regions have a lower share of jobs that can be done remotely

(Irlacher and Koch, 2021)

What are the implications for employment inequality across space ?
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Introduction Data The role of digitalisation Discussion

Contribution

Impact of recessions on local labor markets

� Long-term declines in employment in more-affected regions
Yagan, 2019; Hershbein and Stuart, 2020, for the U.S.

� Increase in inequality after past pandemics/recessions
Furceri et al., 2020; Ma et al., 2020; Hershbein and Kahn, 2018

� Inclduing Covid-19 tended to exacerbate existing income and regional
inequalities in the short run
Stantcheva, 2021

⇒ The Covid crisis is different: lockdown, closure of specific sectors, new role
of ICT and remote work
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Introduction Data The role of digitalisation Discussion

Contribution

Short-run regional impact of Covid-19 crisis

� Local (un)employment affected by infection rates and lockdown measures
Aum et al., 2020; Bauer and Weber, 2020; Böhme et al, 2020

� German counties with a higher share of teleworkable jobs experienced fewer
short-time work registrations and fewer SARS-CoV-2 cases in March/April
2020
Alipour, Fadinger and Schymik, 2020

⇒ We look at the role of digital capital and how it matters for remote work to
affect employment

⇒ Short-time work, unemployment, and firm dynamics

⇒ We look at the medium run responses
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Introduction Data The role of digitalisation Discussion

Employment data

� German Federal Employment Agency

� Short-time work : 6-month lag, place of work, head count
Short-time work rate: share of people on STW in the labour force

� To combine residence- and job-based measures, we aggregate districts
(Kreise) at the local labour market level (257 Arbeitsmarktreport)
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Introduction Data The role of digitalisation Discussion

Short-time work across local labour markets
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Introduction Data The role of digitalisation Discussion

Digitalisation measures

1. Local ICT capital endowment

� ICT capital stocks in 40 industries for 2019, EU Klems
� Index at the local level based on industry composition

KICT ,l =
I∑

i=1

Ei,l

El
× KICT ,i

Ei

� Variation in local industry employment structure just before the pandemic.
� Different specialisation in ICT-intensive industries at the regional level.
� “Average potential for digital capital of a region”
� No variation in digital capital within detailed industry across local labour

markets, likely endogenous to other regional characteristics.
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Introduction Data The role of digitalisation Discussion
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Introduction Data The role of digitalisation Discussion

Digitalisation measures

2. Local working-from-home potential

� At occupational level 2018, BiBB/BauA Employment Survey
� Different indexes based on pre-crisis usage or teleworkable tasks
� Index at the level of local labour markets based on occupational composition

WfHr =
O∑

o=1

Eo,r

Etotal,r
× WfHo

Eo,national
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Introduction Data The role of digitalisation Discussion
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Introduction Data The role of digitalisation Discussion

Identification strategy

� Difference-in-Differences with a continuous treatment

� Intensity of the treatment depends on a region’s pre-crisis exposure to
digital capital and working-from-home potential

� Control for systematic differences across regions using a propensity score
weighting procedure

� Non-parametric covariate balancing generalised propensity score
(npCBGPS) methodology by Fong et al. (2018)

� Estimate the effect of digitaliation on a pseudo-population of regions
without relationship between local exposure variables and observable
characteristics.
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Introduction Data The role of digitalisation Discussion

Identification strategy

i Strong parallel trends assumption
Regions at all exposure levels would have experienced the same trends in
potential outcome if the COVID-19 crisis had not occur.
Pre-trends

ii Conditional independence assumption
Conditionaly on covariates, no unobserved selection into specific levels of
digitalisation.
Covariates

iii Stable unit treatment value assumption
The level of digitalisation in one region should not have employment effects
in another region.
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Introduction Data The role of digitalisation Discussion

Identification strategy
i Strong parallel trends assumption
Regions at all exposure levels would have experienced the same trends in
potential outcome if the COVID-19 crisis had not occur.

ii Conditional independence assumption
Conditionaly on covariates, no unobserved selection into specific levels of
digitalisation.

iii Stable unit treatment value assumption
The level of digitalisation in one region should not have employment effects
in another region.

� Local labour markets defintion minimises commuting across local labour
markets

� Large migration or capital transfer would only happen over a longer time
horizon in Germany

� Stawarz et al. (2022) even document a drop in inter-county migration in
2020.
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Introduction Data The role of digitalisation Discussion

Event-study framework

� Low-IT capital regions: bottom quintile

stw-ratelt =
T∑

t=1,t ̸=0

βtLow IT Capitall×Timet+
T∑

t=1,t ̸=0

γtTimet+αl+εlt .
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Introduction Data The role of digitalisation Discussion

Low digital capital led to more short-time work
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Introduction Data The role of digitalisation Discussion
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Introduction Data The role of digitalisation Discussion

Channels of impact

� Possibility to work remotely

� Organisational flexibility and faster adaptation

� faster sharing of information

� improve decision-making within organisations

� Reshaping supply chains

� Move (part) business online
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Introduction Data The role of digitalisation Discussion

Low WfH potential led to more short-time work in the
short run
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Introduction Data The role of digitalisation Discussion

Digital capital necessary for WfH potential to affect STW
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Introduction Data The role of digitalisation Discussion

Other results

� Pre-crisis digital capital predicts actual working-from-home more
than a year after the pandemic Actual WfH

� even if digital capital and working-from-home do not affect
employment rates anymore.

� Digital capital reduced firm exit rates over the first year of the
pandemic

� but even so did not affect unemeployment rates.
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Introduction Data The role of digitalisation Discussion

Take-away

Digital capital was

� essential for employment during the pandemic

� necessary for working-from-home to help reduce short-time work
enabled to save jobs

� smoothed the employment shock beyond the ability to work
remotely.

� Other likely channels similar to the ones linking ICT and
productivity.

� Effect in the short/medium run: 8 months after outbreak

� Effect diminished when labour markets started to recover.
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Introduction Data The role of digitalisation Discussion

Discussion

� Spatial digital divide brought further employment inequalities
with the pandemic but only in the short to medium run.

� Short-time work likely powerful in cushoning negative shock in
local labour markets with low digital capital.

� Consistent with literature on STW (Giupponi et al., 2022; Kopp and
Siegenthaler, 2021, Giupponi and Landais, 2022)

� Despite higher firm exit rates, no higner unemeployment in low digital local
labour markets.

� Job transitions out of hardly hit sectors (Arntz et al., 2023)
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Adjustments of Local labour markets to the COVID-19 crisis: the role of digital capital and working-from-home 21 / 22



Introduction Data The role of digitalisation Discussion

Discussion

� No persistent effect of digitalisation after a year

� Adoption of ICT during the pandemic & heterogeneity across
space.

� Firm heterogeneity in ICT adoption (Gathmann et al., 2023,
Barth et al., 2022, Rückert et al., 2020)

� Regional data on digital capital : regional convergence
during/after the pandemic ?

� Firm data : how the dispersion in firms’ adjustments will affect
spatial inequality?
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Appendix

Identification strategy
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Appendix

Identification strategy
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Appendix

Pre-crisis digital capital predicts actual working-from-home

Husum

Heide

Itzehoe
Flensburg

Lübeck

Kiel

Ratzeburg

Hamburg

Salzgitter

Wolfsburg

Helmstedt

Hannover

Sulingen

Hameln

Holzminden Nienburg

Stade

Uelzen

Emden

Westerstede

Oldenburg

Wilhelmshaven

Cloppenburg

Lingen Leer

Vechta

Nordenham

Bremen

Bremerhaven

Düsseldorf

Essen

Remscheid

Köln

Leverkusen

Bonn

Düren

Gütersloh

Bochum

Lüdenscheid
Olpe

Gießen

Limburg

Wiesbaden

Frankfurt/Main

Hanau

Darmstadt

Ahrweiler

Koblenz

Cochem

Mainz

Pforzheim
Freiburg

Tuttlingen

Ulm

Rosenheim

Bad Tölz

Landsberg

München

Ingolstadt

Landshut

Dingolfing

Straubing

Regensburg

Bamberg

Kronach

Erlangen

NürnbergWürzburg

Aschaffenburg

Günzburg

Augsburg

Memmingen

Kempten
Lindau

Potsdam−Brandenburg

Cottbus

Luckenwalde

Oranienburg

Rostock

Nordvorpommern

Erzgebirgskreis

Mittelsachsen

Vogtlandkreis

Zwickau

Görlitz

Meißen

Erfurt

Jena

Weimar
Eichsfeld

Sonneberg

All regions

1000 € 1500 € 2000 €

20 p.p.

30 p.p.

40 p.p.

IT and communication capital

H
om

e 
of

fic
e 

us
e 

F
eb

ru
ar

y/
M

ar
ch

 2
02

1

npCBPS Weight
1 2 3

Husum

Heide

Itzehoe
Flensburg

Lübeck

Kiel

Ratzeburg

Hamburg

Wolfsburg

GoslarEinbeck

Hannover

Sulingen

Hameln

Holzminden

Celle

Zeven

Stade

Uelzen

Emden

Oldenburg

Wilhelmshaven

LeerBremen

Bremerhaven

Düsseldorf

Essen

Remscheid

Köln

Leverkusen

Bonn

Düren

Gütersloh

Paderborn Bochum

Dortmund

Gießen

Limburg

Wiesbaden

Frankfurt/Main

Hanau

Darmstadt

Ahrweiler

Koblenz

Mainz

Heilbronn

Tauberbischofsheim

Pforzheim

Freudenstadt

Freiburg

Rottweil

Tuttlingen

Ulm

Rosenheim

Bad Tölz

Landsberg

München

Ingolstadt

Landshut

Straubing

Regensburg

Bamberg

Erlangen

Nürnberg
Würzburg

Aschaffenburg

Günzburg

Augsburg

Memmingen

Kempten
Lindau

Potsdam−Brandenburg

Cottbus

Luckenwalde

Oranienburg

Rostock

Nordvorpommern

Erzgebirgskreis

Mittelsachsen

Vogtlandkreis

Zwickau

Bautzen

Görlitz

Meißen

Erfurt

Jena

Weimar

High Working from Home frequency pre−crisis

1000 € 1500 € 2000 €

20 p.p.

30 p.p.

40 p.p.

IT and communication capital

H
om

e 
of

fic
e 

us
e 

F
eb

ru
ar

y/
M

ar
ch

 2
02

1

npCBPS Weight
1 2 3

back

Ben Yahmed, Berlingieri and Brüll ZEW
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Appendix

Weight distribution for the Digital capital exposure
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Appendix

Weight distribution for the Working from Home frequency
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