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1. Introduction

The pandemic-induced economic crisis resulted from a chain reaction effect of global lockdowns
imposed to contain the COVID-19 virus, which reverberated through demand, supply, logistics
and uncertainty shocks around the world (Apedo-Amah et al., 2020). For firms, the use of digital
technologies became a key pathway to mitigate the economic losses that resulted from these shocks.

There is ample evidence that illustrates the role of digitalization in improving the performance and
resilience of firms during the COVID-19 pandemic. In a cross-country setting, Doerr et al. (2021)
find that firms headquartered in jurisdictions with better digital infrastructure generated relatively
higher revenue during the pandemic. The authors find that improving a country’s digital technology
capability by one standard deviation is associated with a relative increase in revenues of the average
firm by around 4%. In the United States, Oikonomou et al. (2023) find that unemployment increased
less in states with greater IT adoption before the pandemic. Similarly, Bellatin and Galassi (2022)
find that cities in the United States with more job postings related to digital technologies before the
pandemic were characterized by more jobs during the pandemic.

The relationship between digitalization and firm performance has also been analyzed using data
on technology use at the industry- and firm-level. Using data from 24,000 firms in 75 countries,
Copestake et al. (2022) find that firms in industries that are more digitalized experienced lower
revenue losses following the COVID-19 recession. Using data from the Middle East and Central
Asia region, Abrardi et al. (2022) find that digitally-enabled firms faced a lower decline in sales by
about 4 percentage points during the pandemic compared to digitally-constrained firms. Cirera et al.
(2022) use firm-level survey data from Brazil, Senegal, and Viet Nam to show that pre-COVID 19
digital technology sophistication helped firms mitigate the initial negative impact of the pandemic.
Further, there is evidence that the COVID-19 shock accelerated the use of digital platforms and
investment in digital solutions among businesses (Avalos et al., 2024), albeit more in economies
with higher digital penetration before the pandemic (Cavallo et al., 2022).

There is also a burgeoning literature that focuses on the capability to work-from-home (WfH) as an
implied link between digital technologies and the resilience of firms.1 Firms with high pre-pandemic
work-from-home feasibility fared significantly better during the COVID-19 pandemic in terms of
sales, net incomes, and stock returns than their peers (Bai et al., 2020; Criscuolo et al., 2021; Angelici
and Profeta, 2020; Zhang et al., 2022).

However, there is no systematic analysis that directly tests this mechanism, that is, whether and how
digitalization affected firm resilience through remote work that allowed individuals to operate at
physical distance during the pandemic. This is important for micro, small and medium enterprises
(MSMEs), whose access to digital technologies in developing countries is rather limited.

There is also no systematic analysis on whether the positive effect of digitalization on firm resilience
1See for example Dingel and Neiman (2020); Kogan et al. (2020); Carletti et al. (2020); Acharya and Steffen (2020);

Albuquerque et al. (2020); Altig et al. (2020); Bretscher et al. (2020); Tambe et al. (2020); Fahlenbrach et al. (2021); Ramelli
and Wagner (2020); Mahmud et al. (2021).
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through WfH practices may be further mediated by international trade. Some sectors that are most
amenable to remote work are also least intensive in face-to-face interactions between producers
and consumers, thereby making them more tradable internationally (Avdiu and Nayyar, 2020).
Espitia et al. (2021) show that exporters in sectors that are more amenable to remote work were
able to better mitigate the supply shock throughout the pandemic than exporters in other sectors.
Similarly, Constantinescu et al. (2022) find that exporters in sectors more amenable to remote work
experienced, on average, a decline in sales of 4 percentage points less than firms in sectors less
amenable to remote work. These studies examine the importance of remote work on trade at an
aggregate level or on a sample of firms trading in international markets. It is also possible that
globally engaged firms have greater capabilities that facilitate implementation of remote work
(Constantinescu et al., 2022) either through better management (Grover and Karplus, 2021) or
technology readiness (Cirera et al., 2022).

Our work fills these gaps in the literature. First, it presents evidence of a specific mechanism by
which digitalization affected firm resilience during the pandemic, thus providing a stronger test
of causality. In doing so, we address a significant knowledge gap, particularly for MSMEs, as 66%
of our sample belong to the group of micro or small firms (employing fewer than 10 individuals),
while 23% are medium-sized firms (employing fewer than 50 individuals). Second, it examines the
differential impact of this mechanism of remote work flexibility, enabled by digitalization, across
exporters and non-exporters. Third, it distinguishes between the premium on remote work enabled
by digital technologies derived from exporting, over and above the higher capabilities that help
exporting firms self-select into global engagement and digital technologies that enable WfH.

Using four waves of Business Pulse Surveys (BPS) data for 61 countries during the COVID-19
pandemic, this paper presents novel findings on digitalization-enabled remote work as a source of
resilience for firms. Our results suggest the following. First, firms in sectors with greater amenability
to remote work experienced a smaller adverse impact of the pandemic in countries with better digital
infrastructure. Second, these effects were larger, but not statistically significantly larger, for globally
engaged firms vis-á-vis the domestically oriented firms. Third,while the benefits of remote work
in countries with better digital infrastructure accrue to both exporting and non-exporting firms,
exporters in the manufacturing sector benefit more, thereby reflecting a premium to exporting, per
se. These results are not observed in the services sectors, which in our sample primarily comprise
firms in non-knowledge intensive services. Fourth, the effects of the amenability to work remotely in
countries with better digital infrastructure do not dissipate over time.

Our paper contributes to the literature on shocks and economic resilience. This spans the role of
technology use, trade policy, and access to finance across previous crises. On technology, firms
with higher levels of technological readiness performed better during the pandemic (Bai et al.,
2020; Cirera et al., 2022; Muzi et al., 2022). Similarly, technologically diversified firms, measured by
patents in different technologies, are less affected by natural disasters (Hsu et al., 2018). On trade
policy, Cali et al. (2023) show that non-tariff barriers affected the ability of Indonesian exporters to
respond to foreign demand shocks driven by a depreciation of the Chinese yuan. On finance, the
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resilience and recovery of firms during the 2009 global financial crisis was closely associated with
access to credit and trade finance (Ahn et al., 2011; Amiti and Weinstein, 2011; Chor and Manova,
2012; Crozet et al., 2022).

Our paper also contributes to the literature that supports the benefits of remote work. In a meta-
analysis of empirical studies on the topic, Martin and MacDonnell (2012) find a positive relationship
between telework and organizational outcomes, including productivity, retention, organizational
commitment, and performance within the organization. In a randomized controlled trial of 1,612
graduate engineers, marketing and finance employees in a large technology firm in China, Bloom
et al. (2022) find that hybrid WfH has reduced attrition by 33% and improved job satisfaction
measures. Using earlier experimental data for the same large technology firm in China, Bloom et al.
(2015) find that home-based work led to an increase in performance by 13 percent, of which about 9
percent was from working more minutes per shift (fewer breaks and sick-days) and 4 percent from
more calls per minute (attributed to a quieter working environment). Using data from over 200
million U.S. job postings, Bai et al. (2020) find that firms with high pre-pandemic WFH feasibility
had significantly higher sales, net incomes, and stock returns than their peers during the pandemic.

Lastly, our paper contributes to the literature that analyzes the uneven impact of the COVID-19
crisis on the private sector, with persistent negative consequences for specific types of countries,
sectors and firms. For example, the heterogeneous effects observed are based on certain country
characteristics such as income, region, severity of lockdown and feasibility to work remotely (Dingel
and Neiman, 2020; de Lucio et al., 2020) or sector attributes such as contract intensity, amenability to
remote work, GVC intensity, intensity of durable products in output, dependence on external finance,
reliance on letters of credit, product skill labor intensity and product complexity (Bas et al., 2022;
Constantinescu et al., 2022; Crozet et al., 2022; Espitia et al., 2021). Among firm characteristics that
matter, some are external attributes, such as size (Bricongne et al., 2012; Cirera et al., 021a), global
engagement (Constantinescu et al., 2022; de Lucio et al., 2022), and intensity of GVC participation
(Constantinescu et al., 2022; Borino et al., 2021; Brucal et al., 2021; de Lucio et al., 2022; Hyun et al.,
2020), while others are internal traits such as management capabilities (Grover and Karplus, 2021;
Hyun et al., 2020; Brucal et al., 2021; Borino et al., 2021) and pre-crisis digital readiness (Cirera et al.,
2022; Constantinescu et al., 2022).

The rest of the paper is organized as follows. Section 2 describes the data. Section 3 specifies the
empirical strategy. Section 4 presents the results. Section 5 concludes.

2. Data and Descriptive Statistics

Our work combines data from the World Bank Business Pulse Surveys (BPS) and the COVID-19
follow-up of the World Bank Enterprise Surveys (WBES) for the (almost) two years between April
2020 and September 2021. Since the onset of the pandemic, these surveys have been monitoring the
impact of the pandemic on the private sector across the world on critical dimensions of business
performance, such as sales. For most countries, the sampling frame for the BPS was based on firm
censuses from Statistics Agencies or business listings from Ministries of Finance or Economy and
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Business Associations. Additional details on the survey methodology are offered in Apedo-Amah
et al. (2020); Cirera et al. (021b); and Cirera et al. (021a). For theWBES COVID-19 follow-up surveys,
see for example Muzi et al. (2022).

Our sample covers 68, 007 firm-level observations from 61 countries. The list of countries and the
number of firms sampled in each country is presented in Appendix Table A1.2 Small, medium-sized,
and large firms, respectively, account for 6%, 23%, and 11% of the sample. And 19.3% of firms in
the sample are exporters. The sectoral distribution is skewed towards the non-agricultural sector
that comprises 94% of firms in the sample (32% in manufacturing, 8% in hospitality services, 32% in
retail services, 3% in knowledge -intensive services, and 19% in other services) (see Appendix Table
A2).

We measure the amenability for remote work by the fraction of occupations that can be performed
remotely in the U.S. computed in Espitia et al. (2021) using the 2017 O*NET data. This measure of
amenability is computed at the level of both 2-digit and 4-digit sectors in the International Standard
Industrial Classification (ISIC). The WBES already includes the 2-digit and 4-digit sector identifiers
for each firm in the sample. For the BPS, we use the 2-digit and 4-digit ISIC identifiers obtained by
Constantinescu et al. (2022) using the description of the economic activity for each business collected
by the enumerator.3 At the 2-digit ISIC level, the amenability to remote work ranges from 14% in
crop and animal production and 32% in the manufacture of wearing apparel to 71% in computer
programming services and 72% in financial services (see Appendix Table A3).

We measure internet penetration at the country level by the fraction of the population using the
internet as well as by the number of secure internet servers per 1 million people for 2019 (or the
latest year available before the pandemic).The share of individuals using the internet ranged from
15.0% in Madagascar and 16.5% in Mozambique to 89.9% in the Slovak Republic and 90.8 % in
Cyprus. Similarly, the number of secure internet servers per 1 million people ranged from 3 in
Burkina Faso and 8 in Madagascar to 83,313 in Estonia and 56,187 in Czechia (see Appendix Table
A4). We measure the severity of the pandemic across countries and over time using data from
Google mobility reports around transit stations (Google, 2021). For countries without available
data, we impute the severity based on the Oxford Government Response Tracker index (Hale et al.,
2021) following Apedo-Amah et al. (2020).

In countries among the top 5% in terms of digital infrastructure (% of the population using the
internet), firms in sectors with greater amenability to remote work experienced a smaller decline
in sales (Figure 1). However, in countries among the bottom 5% in terms of digital infrastructure,
there is no clear relationship between greater amenability to remote work and the change in firms’
sales (Figure 2).

2The sample includes 43, 389 panel businesses, which were interviewed more than once in the 2-year span.
3The algorithm for allocating a 2-digit or 4-digit ISIC sector to each firm based on the firm’s main activity has been

developed by Giesberts and Eapen (2022) and facilitates a fast, high-quality and, in great part, automatic ISIC assignation
to text from multiple languages.
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Figure 1: Percentage change in sales and remote work intensity - countries with highest digital
infrastructure

Figure 2: Percentage change in sales and remote work intensity - countries with lowest digital
infrastructure
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3. Empirical Strategy

During the pandemic, WfH practices helped firms overcome constraints of social distancing through
digital solutions that substituted for face-to-face interactions. So, the development of digital infras-
tructure should disproportionately help firms (or industries) more amenable to remote working
arrangements. To assess this effect, we exploit the variation in firm sales across sectors with different
amenability to remote work, and across countries with different levels of internet penetration. In
other words, we assess whether firms in sectors with higher feasibility to work remotely were more
resilient during the pandemic in countries with higher levels of internet penetration. In doing so,
we examine the interaction between internet penetration by country and remote flexibility by sector
in a regression explaining changes in sales by firm during the pandemic period. This is helpful
because it looks for evidence of a specific mechanism by which digitalization affects firm resilience,
thereby providing a stronger test of causality.

This approach was successfully applied in Rajan and Zingales (1998) - to show that industries
dependent on external finance grow faster in countries with higher financial development - and
in subsequent contributions to the financial development literature (Beck, 2003; Fisman and Love,
2003, 2007; Beck and Demirgüç-Kunt, 2008; Hur et al., 2006; Manova, 2008, 2013). This approach has
also been applied to analyze topics as diverse as the linkages between property rights and growth,
firm entry costs and firm creation, contract enforcement and comparative advantage, uncertainty
aversion and growth, road networks and trade, and digital infrastructure and trade (Claessens and
Laeven, 2003; Claessens and Klapper, 2005; Levchenko, 2007; Nunn, 2007; Jaimovich, 2019; Paunov,
2016; Fernandes et al., 2019).

Our specification is as follows:

Yisct = α+ β1sizeit + β2mobilityct + γ [remotes ∗ internetc] + δs + δc + δt + ϵisct. (1)

Yisct denotes, for firm i in sector s and country c, the reported percent change in sales, 30 days prior
to the interview at time t, relative to the same period in 2019. Sizeict denotes the size of the firm (log
of the number of employees);mobilityct gauges the country-specific severity of the shock through
the average mobility around transit stations 30 days prior to the interview as measured in the Google
mobility reports (Google, 2021). The amenability of remote work at the 4-digit sector level is denoted
by remotes while internetc denotes internet penetration at the country level.4 We include fixed
effects for 2-digit sectors δs and country fixed effects δc to correct for potentially omitted country
and sector specific time-invariant covariates. We also include quarter fixed effects δt (April-June
2020, July-September 2020, etc.) to capture the changing severity of the shock.

We estimate equation 1 by least squares for exporters and non-exporters, together and separately, to
compare estimates of the coefficient γ across samples. Since sampling weights are not consistently
available across data sets, we weight the estimates using the inverse of the number of observations

4Both enter the regression as z-scores.
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in each country.

We then introduce a triple interaction term between amenability of remote work at the sector level,
internet penetration at the country level, and an exporter dummy variable at the firm level. This
helps establish whether or not there is an exporter premium on the effect of a country’s digital
infrastructure on firm performance, conditional on a sector’s amenability to remote work.

4. Results

This section presents the baseline results, robustness of those results and the heterogeneity in the
effects.

4.1 Baseline specification
The results from estimation of equation (1) presented in Table 1 show that firms in sectors more
amenable to remote working experienced, on average, a more resilient sales performance during
the pandemic in countries with better digital infrastructure compared to other countries, when
controlling for country and sector fixed effects. For the full sample, the interactions between the
amenability of remote work at the sector-level (measured as the share of remote workers) and the
country-level quality of digital infrastructure (measured as the percentage of population using the
internet) yields a positive and statistically significant coefficient of 0.979 for the change in firms’
sales (Table 1, column 1).5

Table 1: Change in Sales
Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 1.739∗∗∗

(0.550)
WfH x digital infra. 0.979∗∗∗ 1.607∗∗ 0.923∗∗∗ 0.980∗∗∗

(0.254) (0.626) (0.280) (0.278)
WfH x digital infra. X exporter 0.076

(0.605)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.262 0.308 0.241 0.262

Observations 68,007 13, 145 54, 862 68, 007

The F-stat testing the equality of coefficients in columns 2 and 3 is 0.998, with p value 0.318.
Estimations also control for (log) firm’s size, quarter F.E, and Google’s Mobility index. Estimations are weighted using country weights.
Standard errors in parentheses. Significance levels ***, **, and *, correspond to p<0.01, p<0.05, p<0.1, respectively.
The amenability of remote work and internet use/penetration do not enter the regression individually because the former are
absorbed in sector fixed-effects and the latter in country fixed-effects.

Notably, both exporting and non-exporting firms in sectors that are amenable to remote work enjoy a
premium in countries with larger penetration of internet users (columns 2 and 3 in Table 1) although
the coefficient is smaller for the latter. This is consistent with the evidence that even when remote
work is feasible in a given sector, the drop in sales was 6%-7% higher for non-exporters compared
with exporters (Constantinescu et al., 2022). However, the difference in this coefficient across the
samples of exporters and non-exporters is not statistically significant.

5The amenability of remote work and internet use/penetration enter the regression individually because the former
are absorbed in sector fixed-effects and the latter in country fixed-effects.
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It is possible that the larger coefficient on the interaction term for the exporter sample is driven
by stronger firm capabilities associated with exporters.6 During the pandemic, although all firms
invested extensively in digital technologies to enable WfH among other things, the larger, innovative
or globally engaged firms have invested relatively more (Bellmann and Hübler, 2021; Riom and
Valero, 2020; Constantinescu et al., 2022). To test the differences between exporters and non-exporters,
we combine the sample and run the model with the triple interaction between sectoral amenability to
remote work, digital infrastructure at country level, and an exporter dummy. The triple interaction
term is not statistically significant (Table 1, column 4). The exporter dummy is itself statistically
significant. This suggests that the larger effect on sales for exporters, relative to non-exporters, in
sectors more amenable to remote work and in countries with greater internet penetration reflects
their better capabilities.

In terms of magnitude, the benefits on trade from working remotely are considerably larger in
countries with good internet infrastructure. For instance, the baseline regression reported in Table
1, column 4, suggests that the gap between the average sales decline of exporting firms in apparel
manufacturing (a sector in the 25th percentile for remote flexibility) and the smaller average sales
decline of exporting firms in computer programming and related services (a sector in the 75th
percentile for remote flexibility) is 7.4 percentage points wider in Zambia (a country in the 25th
percentile for internet usage) compared to Latvia (which is in the 75th percentile for internet usage).7
The impact is also economically meaningful, accounting for about 50 percent of the mean difference
between the average changes in the sales of the exporting firms in the two sectors, across the countries
in the sample.

4.2 Robustness checks
4.2.1 Measuring remote work and internet penetration
We test the robustness of our measures for remote work and digital penetration. A qualitatively
similar set of results holds when internet penetration is measured by the number of secure internet
servers per 1 million people (Table 2, column 1), although the coefficient is smaller compared to the
baseline specification in Table 1.

The gap between the average decline in sales of exporting firms in apparel manufacturing (a sector
in the 25th percentile of the remote flexibility measure) and the relatively smaller average sales
decline of exporting firms in computer programming and related services (a sector with remote
flexibility level in the 75th percentile) is wider by 2.3 percentage points in Zambia (a country in
the 25th percentile of the share of population using internet), compared to Latvia (which is in the
75th percentile of the same measure). The impact is again economically meaningful, accounting for

6Evidence suggests that firms with better management practices and technology use tend to cope better than others
during periods of turmoil (Grover and Karplus, 2021; Cirera et al., 021a), and it is usually the globally engaged firms
that have stronger capabilities (Grover and Torre, 2019; Tanaka, 2020), stronger technology readiness (Bustos, 2011) and
higher levels of productivity (Melitz, 2003).

7The 7.4 percentage point difference is calculated as the product of three factors: the effect of the interaction between
remote flexibility and internet penetration for exporting firms (1.056=.980+.076); the difference between the flexibility
measures of the two sectors (2.587, z-score based); and the difference between the internet penetration of the two countries
(2.719, z-score based). This calculation is necessary because the interaction coefficients alone do not give the magnitude
of the impact on trade, although they do indicate its direction and significance.
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Table 2: Alternative measures of remote work and internet penetration
Panel A. Internet Servers

Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 1.698∗∗∗

(0.559)
WfH x digital infra. 0.644∗∗∗ 1.072∗∗∗ 0.590∗∗ 0.707∗∗∗

(0.186) (0.336) (0.237) (0.237)
WfH x digital infra. x exporter −0.090

(0.353)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.260 0.307 0.239 0.261

Observations 65,742 12, 910 52, 832 65, 742

The F-stat testing the equality of coefficients in columns 2 and 3 is 1.375, with p value 0.241.
Estimations also control for (log) firm’s size, quarter F.E, and Google’s Mobility index. Estimations are
weighted using country weights. Standard errors in parentheses. Significance levels ***, **, and *,
correspond to p<0.01, p<0.05, p<0.1, respectively.

Panel B. Remote work defined at granular sector level
Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 1.930∗∗∗

(0.577)
WfH x digital infra. 1.956∗∗∗ 3.065∗∗∗ 1.898∗∗∗ 1.945∗∗∗

(0.441) (1.054) (0.500) (0.480)
WfH x digital infra. x exporter 0.220

(0.759)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.267 0.312 0.245 0.267

Observations 63,126 12, 180 50, 946 63, 126

The F-stat testing the equality of coefficients in columns 2 and 3 is 1.001, with p value 0.317.
Estimations also control for (log) firm’s size, quarter F.E, and Google’s Mobility index.
Estimations are weighted using country weights.
Standard errors in parentheses. Significance levels ***, **, and *, correspond to p<0.01, p<0.05, p<0.1, respectively.
The amenability of remote work and internet use/penetration do enter the regression individually because
the former are absorbed in sector fixed-effects and the latter in country fixed-effects.

about 15 percent of the mean difference between the average changes in the sales of the exporting
firms in the two sectors (based on the coefficients reported in Table 2, Panel A, column 4).

The positive and statistically significant coefficient on the interaction between remote work and
digital penetration also holds when the amenability to remote work variable is defined at the 4-digit
level of classification. (Table 2, Panel B).
4.2.2 Endogeneity
Reverse causality is less of a concern in our empirical specification because our interaction variables
remote work and digital infrastructure, respectively defined at the sector and country levels, are
exogenous to individual firm performance.

However, omitted variable bias might still be a concern, that is, if additional explanatory variables
that vary both with industry and country are correlated with the interaction between amenability to
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remote work and digital penetration. We, therefore, include average firm sales by industry in each
country as an additional regressor. The interaction between the share of remote workers and the
share of the population using the internet remains positive and statistically significant. Here too,
the coefficient is larger for exporters relative to non-exporters and the triple interaction with the
exporter dummy is not statistically significant (See Table 3, Panel A).

11



Table 3: Robustness checks
Panel A. Check for omitted variable bias

Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 1.502∗∗∗

(0.547)
WfH x digital infra. 0.852∗∗∗ 1.335∗∗ 0.802∗∗∗ 0.906∗∗∗

(0.262) (0.619) (0.300) (0.295)
WfH x digital infra. x exporter −0.146

(0.603)
Log (Av. sales by country-sector) 0.614∗∗∗ 0.433∗∗ 0.633∗∗∗ 0.604∗∗∗

(0.097) (0.221) (0.108) (0.097)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.272 0.312 0.249 0.272

Observations 56,548 12, 710 43, 838 56, 548

The F-stat testing the equality of coefficients in columns 2 and 3 is 0.600, with p value 0.439.
Panel B. Check for human capital as confounding factor

Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 1.769∗∗∗

(0.575)
WfH x digital infra. 0.857∗∗ 0.717 0.848∗∗ 0.818∗∗

(0.363) (0.940) (0.383) (0.377)
WfH x digital infra. x exporter 0.215

(0.663)
Country schooling years x Sh. remote workers 0.046 0.447∗∗ −0.003 0.050

(0.095) (0.228) (0.103) (0.096)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.267 0.314 0.243 0.267

Observations 61,995 12, 490 49, 505 61, 995

The F-stat testing the equality of coefficients in columns 2 and 3 is 0.016, with p value 0.898.
Panel C. Digitalization as proxy for frontier industry maturity

Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 1.804∗∗∗

(0.551)
WfH x digital infra. −0.367 2.334∗∗ −1.004∗∗ −0.394

(0.431) (1.086) (0.469) (0.431)
WfH x digital infra. x exporter −0.119

(0.613)
Log(GDP per capita) x Sh. remote workers 1.319∗∗∗ −0.654 1.958∗∗∗ 1.389∗∗∗

(0.376) (0.785) (0.440) (0.383)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.262 0.308 0.241 0.262

Observations 68,007 13, 145 54, 862 68, 007

The F-stat testing the equality of coefficients in columns 2 and 3 is 0.769, with p value 0.005. Estimations also control for (log) firm’s size,

quarter F.E, and Google’s Mobility index. Estimations are weighted using country weights.

Standard errors in parentheses. Significance levels ***, **, and *, correspond to p<0.01, p<0.05, p<0.1, respectively.

The amenability of remote work and internet use/penetration do enter the regression individually because the

former are absorbed in sector fixed-effects and the latter in country fixed-effects.
12



Another concern is whether the amenability to remote work or digital penetration is a proxy for
some other related factors. In principle, there may be several determinants of firm performance
that are correlated with firms’ dependence on remote work and digital penetration. We rule out
two such possibilities below. First, industries that are more amenable to remote work – financial
and business services, for example – could also be relatively more intensive in the use of human
capital. To the extent that digital penetration and the availability of human capital are correlated,
the observed interaction between amenability to remote work and digital penetration may proxy for
the interaction between human capital dependence and the availability of trained human capital.
We therefore include an interaction term between the industry’s amenability to remote work and a
measure of the country’s stock of human capital proxied by average years of schooling in population
over the age of 25.

In the full sample, the coefficient on the human capital interaction term is small and not statistically
significant, while the digital penetration interaction remains positive and statistically significant
(see Table 3, Panel B, column 1). These results are mostly driven by non-exporters (Table 3, Panel
B, column 3), while the coefficient for exporters is insignificant. (Table 3, Panel B, column 2). The
latter is not surprising, given the evidence on a positive association between the share of white
collar, skilled employees and exporting (Bernard and Jensen, 2004); as a result, interacting human
capital with the share of remote workers absorbs the distinct effects coming from exporters. Overall,
these results are consistent with the finding that digital penetration is not a proxy for the industry’s
dependence on human capital.

Another possibility is that greater amenability to remote work in advanced economies simply
reflects the greater maturity of the industry. And since developing countries are more likely to
have lower levels of digital penetration, the interaction effect may simply reflect the maturity of
technological development in advanced economies. We therefore test if digital penetration is a
proxy for frontier industry maturity by including additional interaction term between the industry’s
amenability to remote work and a country’s log of per capita GDP. The coefficient on the interaction
between amenability to remote work and digital penetration is now close to zero and not statistically
significant (Table 3, Panel C, column 1). However, the coefficient on this interaction term is positive
and statistically significant only for the sample of exporters (Table 3, Panel C, column 2). This is
expected, given the spatial concentration of digital infrastructure and of exporters, both in dense and
developed parts of the countries. For non-exporters, our previously observed effects are absorbed
by the interaction term with GDP per capita suggesting that their benefits from digital penetration
is perhaps correlated with broader development.

4.3 Heterogeneous effects
The importance of digital connectivity and remote work in lending resilience to firms varies across
sectors. In the manufacturing sector, the coefficient on the interaction term between amenability to
remote work and the digital infrastructure is statistically significant for exporters and non-exporters,
with the coefficient being larger for exporters (Table 4, Panel A, columns 2 and 3). The triple
interaction is also positive and statistically significant (Table 4, PanelA, column 4), thereby suggesting
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that there is a premium to exporting per se. Thus, for manufacturers, the benefit from opportunities
in sectors amenable to remote work located in countries with better internet penetration is higher
for exporters relative to non-exporters. For firms in the services sector, the triple interaction term is
not statistically significant. In fact, the coefficient on the interaction term between amenability to
remote work and internet penetration is statistically significant only for the sample of non-exporters.
Only around 10% of services sector firms in the sample are exporters (Table 4, Panel B).8

Table 4: Heterogenous effects, by sector
Panel A. Manufacturing

Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 3.230∗∗∗

(0.950)
WfH x digital infra. 2.966∗∗∗ 5.172∗∗∗ 2.331∗∗ 1.465∗

(0.836) (1.710) (0.954) (0.882)
WfH x digital infra. x exporter 4.553∗∗∗

(1.466)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.282 0.303 0.245 0.284

Observations 21, 628 6, 956 14, 672 21, 628

The F-stat testing the equality of coefficients in columns 2 and 3 is 2.104, with p value 0.147
Estimations also control for (log) firm’s size, quarter F.E, and Google’s Mobility index. Estimations are
weighted using country weights. Standard errors in parentheses. Significance levels ***, **, and *,
correspond to p<0.01, p<0.05, p<0.1, respectively.

Panel B. Services (excluding hospitality)
Full Exporters Non-Exporters Full
(1) (2) (3) (4)

Exporter 0.860
(0.798)

WfH x digital infra. 0.793∗∗ 0.078 1.104∗∗ 0.995∗∗

(0.401) (0.958) (0.446) (0.436)
WfH x digital infra. x exporter −0.907

(0.784)
Country F.E. Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes
R-squared 0.255 0.330 0.240 0.255

Observations 37, 106 5, 194 31, 912 37, 106

The F-stat testing the equality of coefficients in columns 2 and 3 is 0.945, with p value 0.331
Estimations also control for (log) firm’s size, quarter F.E, and Google’s Mobility index.
Estimations are weighted using country weights.
Standard errors in parentheses. Significance levels ***, **, and *, correspond to p<0.01, p<0.05, p<0.1, respectively.

Our data also provides indicative evidence that the benefits of digitalization on firms’ sales in
sectors that are more amenable to remote work have not dissipated since the pandemic started. The
coefficient on the interaction between amenability to remotework and digital infrastructure (whether
the share of internet users or the number of secure internet servers per 1 million people) (Table 5) is
consistently positive and significant after the first quarter April-June 2020 until April-September 2021.
This stands in contrast to a study on German firms which finds the impact of regional differences in
digital capital endowment and WfH on local employment to be larger in the short-run. After the

8Hospitality services firms were excluded from the sample of Table 4, Panel B, due to the lower prevalence of exporters
(6.7% compared to 13.6% or higher in other service categories). If these firms are included, the triple interaction term is
negative and statistically significant at the 10% level of significance. This may reflect extended travel restrictions, which
persisted long after the lifting of lockdowns, and disproportionately affected hospitality firms dependent on foreign
visitors.
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relaxation of the first lockdown restrictions in Germany, a region’s WfH potential did not matter for
its employment outcomes, even if remote work remained a common practice (Arntz et al., 2022).
The difference in our results from that observed in Germany (acknowledging that the outcome
variable and data are different) is suggestive that while WfH via digital adoption among firms in
developing countries was possibly boosted by the COVID-19 shock, it may have still been below the
optimal level such that the returns to WfH continued through all periods in our database.

Table 5: Heterogenous effects, by time
Internet Users Internet Secure Servers

Full Exporters Non-Exporters Full Exporters Non-Exporters
(1) (2) (3) (4) (5) (6)

Sh. remote workers x Internet x Apr-Jun ’20 1.175 2.096 1.098 0.405 1.723 −0.103
(0.781) (1.888) (0.848) (0.846) (1.529) (1.008)

Sh. remote workers x Internet x Jul-Sep ’20 2.704∗∗∗ 2.974∗∗∗ 2.545∗∗∗ 1.555∗∗∗ 1.079 2.022∗∗∗

(0.557) (1.148) (0.637) (0.435) (0.693) (0.549)
Sh. remote workers x Internet x Oct ’20-Mar ’21 1.476∗∗∗ 1.609∗∗ 1.579∗∗∗ 0.417∗ 1.116∗∗∗ 0.178

(0.415) (0.695) (0.481) (0.227) (0.303) (0.321)
Sh. remote workers x Internet x Apr-Sep ’21 2.088∗∗∗ 3.058∗ 1.760∗∗∗ 2.344∗∗ 3.336∗∗ 1.677

(0.579) (1.711) (0.605) (1.022) (1.630) (1.224)
Country F.E. Yes Yes Yes Yes Yes Yes

Sector F.E. Yes Yes Yes Yes Yes Yes
R-squared 0.155 0.221 0.135 0.158 0.222 0.137

Observations 61, 951 11, 622 50, 329 59, 886 11, 412 48, 474

Estimations also control for (log) firm’s size, round F.E, and Google’s Mobility index. Estimations are weighted using country weights.
The sample only includes country-quarters with more than 100 observations.
Standard errors in parentheses. Significance levels ***, **, and *, correspond to p<0.01, p<0.05, p<0.1, respectively.

15



5. Conclusion

This paper provides novel evidence on the benefits of digitalization, through the remote work
channel, on firms’ resilience during the pandemic. While there is literature on the benefits of remote
work on trade, our analysis finds that both exporters and non-exporters benefit in a way that is not
significantly larger for exporters. However, there are some differences between the manufacturing
and services sectors. In themanufacturing sector, a positive and significant triple interaction between
country-level digital infrastructure quality, sector-level amenability to remote work, and firm-level
global engagement suggests a premium to exporting in explaining firms’ resilience to shocks. By
comparison, services firms, mostly in the non-knowledge intensive sector, do not get this additional
kick from exporting when faced with shocks. Furthermore, the benefits of digital adoption through
theWfH channel remained persistent through the duration of the pandemic and were not contingent
on the definition of digital infrastructure penetration at the country-level or the granularity of the
sector for defining remote work amenability.

These findings have policy implications for addressing adaptation to shocks. Public support to firms
can be targeted to the most affected sectors where a viable solution for introducing flexibility can be
introduced. In the case of the pandemic, these were sectors with high amenability to remote work
where firms could be trained for technologies (e.g., digital) and practices (e.g., human resources
management) that would facilitate remote working arrangements.9 Building capabilities at the
firm-, sector- and country-level to respond to shocks matters. Boosting investments in (digital)
infrastructure and supporting the development of firm capabilities through solving information
failures and financial constraints in order to facilitate technology adoption could also help prepare
for future shocks. To the extent that there is an export premium for digital adoption that enables
WfH practices in the manufacturing sector, export promotion policies that provide information,
skills and technology for facilitating remote working arrangements can help exporters mitigate the
adverse impacts of economic shocks and contribute to a more resilient recovery. For example, Choi
et al. (2023) find that trade promotion organizations (TPOs) heightened their efforts to support
both the non-exporters and non-exporters through e-commerce type of training programs across
sectors.

The identification of other channels, such as online sales and e-commerce, through which the
adoption of digital technologies can boost the resilience of firms would be an important extension
of this work. Related research in the future can also focus on the many benefits that WfH practices
had during the pandemic and beyond. This includes productivity growth and sustainability in the
context of the green and digital transitions.

9Sectors with low amenability to remote work would likely need a different type of intervention in a shock that
requires physical distancing.
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Appendices

A. BPS Data (Sample, Summary Statistics); Sectoral and Country Attributes

Table A1: Number of firms in the BPS data sample per country
Country Firm Country Firm Country Firm

Number Number Number
Afghanistan 595 Hungary 706 Poland 1,824
Algeria 340 India 2,956 Portugal 853
Argentina 210 Indonesia 768 Romania 1,373
Bangladesh 899 Italy 487 Senegal 377
Benin 814 Jordan 48 Sierra Leone 432
Brazil 1,009 Kenya 1,721 Slovak Republic 346
Bulgaria 1,357 Kosovo 1,663 Slovenia 314
Burkina Faso 507 Kyrgyzstan 1,248 South Africa 1,760
Chile 214 Latvia 325 Sri Lanka 436
Cóte d’Ivoire 339 Lithuania 229 Sudan 414
Croatia 381 Madagascar 329 Tajikistan 1,237
Cyprus 201 Malta 39 Tanzania 874
Czechia 458 Moldova 309 Togo 150
El Salvador 474 Mongolia 290 Tunisia 481
Estonia 297 Morocco 900 Türkiye 1,444
Gabon 110 Mozambique 2 Uzbekistan 1,264
Georgia 619 Nepal 1,510 Viet Nam 492
Ghana 3,890 Nicaragua 228 Zambia 564
Greece 576 Nigeria 296 Zimbabwe 87
Guatemala 232 Pakistan 508 Total 43,389
Honduras 198 Paraguay 385
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Table A2: Summary statistics for BPS sample
Number of obs.

(number of firms)
Mean

(unweighted)
Standard
Deviation

% of exporters
in each category

Firm outcome
Change in sales (% relative to 2019) 68,007(43,389) -33 37.823

Firm characteristics
Exporter =1, non-exporters =0 68,007(43,389) 19% 0.395
Micro/small (0-19 workers) =1, 0 otherwise 68,007(43,389) 66% 0.473 10%
Medium (20-99 workers) =1, 0 otherwise 68,007(43,389) 23% 0.423 30%
Large (100+ workers) =1, 0 otherwise 68,007(43,389) 11% 0.307 53%
Agriculture and mining =1, 0 otherwise 68,007(43,389) 6% 0.232 16%
Manufacturing =1, 0 otherwise 68,007(43,389) 32% 0.466 32%
Hospitality =1, 0 otherwise 68,007(43,389) 8% 0.269 7%
Retail and wholesale =1, 0 otherwise 68,007(43,389) 32% 0.467 14%
Knowledge intensive services =1, 0 otherwise 68,007(43,389) 3% 0.179 18%
Other services =1, 0 otherwise 68,007(43,389) 19% 0.395 14%
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Table A3: Summary statistics for remote workers by sector

ISIC 2 digits
Sector N Mean Sector N Mean
Crop and animal production 2695 0.14 Retail trade, except vehicles/motorcycles 13140 0.51
Forestry and logging 149 0.15 Land transport and transport via pipelines 1581 0.32
Fishing and aquaculture 151 0.16 Water transport 96 0.35
Mining of coal and lignite 12 0.37 Air transport 34 0.29
Extraction crude petroleum/gas 4 0.47 Warehousing and support for transport. 346 0.31
Mining of metal ores 526 0.28 Postal and courier activities 273 0.36
Other mining and quarrying 324 0.26 Accommodation 1492 0.33
Mining support service activities 24 0.28 Food and beverage service activities 3832 0.35
Manuf. of food products 3991 0.22 Publishing activities 89 0.69
Manuf. of beverages 620 0.33 Motion picture/television/music 66 0.56
Manuf. of tobacco products 24 0.22 Programming and broadcasting activities 30 0.68
Manuf. of textiles 781 0.34 Telecommunications 286 0.49
Manuf. of wearing apparel 2377 0.32 Computer programming, and consultancy 875 0.71
Manuf. of leather 575 0.38 Information service activities 20 0.71
Manuf. of wood and cork 1440 0.32 Financial services (no insurance/pension) 863 0.72
Manuf. of paper 190 0.33 Insurance, reinsurance/pension funding 185 0.71
Printing/reproduction of media 341 0.39 Activities auxiliary to financial and insurance 26 0.71
Manuf. coke and refined petrol. 6 0.36 Legal and accounting activities 288 0.58
Manuf. of chemicals 301 0.36 Head offices; management consultancy 217 0.67
Manuf. of pharmaceuticals 305 0.4 Architectural and engineering 218 0.5
Manuf. of rubber and plastics 616 0.31 Scientific research and development 11 0.59
Manuf. other non-metallic mineral 681 0.39 Advertising and market research 217 0.59
Manuf. of basic metals 784 0.27 Other professional, scientific and technical 297 0.59
Manuf. of fabricated metal prod. 1318 0.34 Veterinary activities 19 0.47
Manuf. computer/electr./optical 375 0.53 Rental and leasing activities 278 0.47
Manuf. of electrical equipment 243 0.41 Employment activities 53 0.32
Manuf. of machinery and equip. 1044 0.39 Travel agency, tour operator 366 0.38
Manuf. of motor vehicles, trailers 450 0.31 Security and investigation activities 215 0.24
Manuf. of other transport equip. 83 0.38 Services to buildings and landscape activities 235 0.26
Manuf. of furniture 1321 0.3 Office administrative, office support 468 0.6
Other manufacturing 3507 0.4 Public admin./defence/compulsory social secur. 64 0.59
Repair machinery and equipment 255 0.37 Creative, arts and entertainment activities 108 0.44
Sewerage 7 0.31 Libraries/archives/museums/other culture 7 0.64
Construction of buildings 3023 0.35 Gambling and betting activities 55 0.34
Civil engineering 486 0.29 Sports activities and recreation activities 174 0.36
Specialized construction activities 808 0.3 Activities of membership organizations 178 0.54
Whsle/retail vehicles/motorcycles 2345 0.45 Repair of personal and household goods 448 0.51
Wholesale trade 6299 0.5 Other personal service activities 2376 0.24

Total 68007 0.4
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Table A4: Summary statistics for internet services by country

Individuals using Internet (% of population)
Country N Mean Country N Mean Country N Mean
Afghanistan 731 18.4 Hungary 1,256 84.8 Poland 3,572 83.2
Algeria 340 62.9 India 3,369 43.0 Portugal 1,505 78.3
Argentina 210 85.5 Indonesia 1,425 53.7 Romania 2,797 78.5
Bangladesh 1,225 24.8 Italy 843 70.5 Senegal 634 42.6
Benin 814 25.8 Jordan 71 66.1 Sierra Leone 668 18.0
Brazil 1,859 81.3 Kenya 4,221 29.5 Slovak Republic 619 89.9
Bulgaria 2,355 70.2 Kosovo 2,265 89.4 Slovenia 475 86.6
Burkina Faso 507 22.0 Kyrgyzstan 1,497 51.0 South Africa 2,552 70.0
Chile 214 88.3 Latvia 492 88.9 Sri Lanka 685 35.0
Cóte d’Ivoire 339 36.3 Lithuania 343 83.1 Sudan 777 28.4
Croatia 677 78.3 Madagascar 519 15.0 Tajikistan 1,505 22.0
Cyprus 334 90.8 Malta 68 86.9 Tanzania 1,298 22.0
Czechia 785 81.3 Moldova 544 76.1 Togo 150 24.0
El Salvador 786 54.6 Mongolia 489 62.5 Tunisia 752 71.9
Estonia 494 89.1 Morocco 1,478 84.1 Türkiye 1,747 77.7
Gabon 110 62.0 Mozambique 2 16.5 Uzbekistan 1,354 71.1
Georgia 1,071 72.5 Nepal 1,834 37.7 Viet Nam 1,602 70.3
Ghana 6,926 58.0 Nicaragua 368 45.2 Zambia 1,054 19.8
Greece 1,071 78.1 Nigeria 296 35.5 Zimbabwe 87 29.3
Guatemala 381 50.0 Pakistan 865 25.0 Total 68,007 58.9
Honduras 315 42.1 Paraguay 385 74.0

Secure Internet servers (per 1 million people)
Country N Mean Country N Mean Country N Mean
Afghanistan 731 28 Hungary 1,256 26,241 Portugal 1,505 19,151
Algeria 340 50 India 3,369 389 Romania 2,797 19,165
Argentina 210 3,018 Indonesia 1,425 1,684 Senegal 634 19
Bangladesh 1,225 100 Italy 843 15,313 Sierra Leone 668 5
Benin 814 10 Jordan 71 108 Slovak Republic 619 20,091
Brazil 1,859 2,741 Kenya 4,221 248 Slovenia 475 42,530
Bulgaria 2,355 40,238 Kyrgyzstan 1,497 288 South Africa 2,552 14,353
Burkina Faso 507 3 Latvia 492 19,858 Sri Lanka 685 328
Chile 214 11,014 Lithuania 343 31,455 Sudan 777 4
Cóte d’Ivoire 339 45 Madagascar 519 8 Tajikistan 1,505 71
Croatia 677 22,756 Malta 68 10,840 Tanzania 1,298 39
Cyprus 334 8,221 Moldova 544 4,525 Togo 150 20
Czechia 785 56,187 Mongolia 489 1,690 Tunisia 752 271
El Salvador 786 94 Morocco 1,478 370 Türkiye 1,747 5,438
Estonia 494 83,313 Mozambique 2 21 Uzbekistan 1,354 453
Gabon 110 25 Nepal 1,834 189 Viet Nam 1,602 2,597
Georgia 1,071 2,776 Nicaragua 368 86 Zambia 1,054 36
Ghana 6,926 45 Nigeria 296 75 Zimbabwe 87 68
Greece 1,071 6,647 Pakistan 865 63 Total 65,742 8123
Guatemala 381 94 Paraguay 385 348
Honduras 315 93 Poland 3,572 20,606
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