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Abstract

This paper explores the connection between the proliferation of cashless, or e-
money, payments and value-added tax (VAT) compliance. We present both visual
and descriptive evidence that illustrates a negative correlation between e-money
use and VAT evasion, proxied by the VAT compliance gap for countries in the Eu-
ropean Union, from 2001 until 2021. We find that increased e-money usage by 100
percentage points (pp) is associated with a reduction in the VAT gap of 0.3pp or
1.92% of the aggregate VAT compliance gap over time. Moreover, we contribute
a novel estimate of the causal impact of cashless payments on VAT evasion dur-
ing the COVID-19 public health emergency. We identify a link between mobility
restrictions in the European Union and reductions in VAT compliance gaps, facili-
tated by changes in payment norms. An estimated rise of 1pp or 5.51% in e-money
use results in an 11.9% reduction in the VAT compliance gap. Our findings sug-
gest that changes in transaction payment behavior such as the adoption of cashless
payments may yield significantly more tax revenues by curbing non-compliance.
Policies aimed at promoting e-money usage and limiting cash circulation are rele-
vant steps forward in this direction.
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1 Introduction

It is widely accepted that third-party reporting of income operates as one of the
primary drivers of tax compliance by individuals and firms (Kopczuk and Slemrod, 2006;
Kleven et al., 2011). Its importance is exemplified in the design of the value-added tax
(VAT) that generates a paper trail of business-to-business transactions known to facilitate
tax compliance, but not sufficient to fully deter evasion downstream (Pomeranz, 2015;
Waseem, 2023). The rise of cashless transactions has expanded opportunities to curb
consumption tax evasion by establishing an electronic trail of individual consumption
expenditures and firm income (Artavanis et al., 2016; Slemrod et al., 2017). The aims of
this paper are to investigate the interplay between the expansion of cashless payments and
VAT compliance, to explore potential mechanisms driving the underlying relationship,
and to derive a credible estimate of the effect of cashless payments on VAT compliance
following exogenous changes in cashless payments.

This analysis is particularly important as tax administrations around the world are
investing heavily in modernizing IT infrastructure and are implementing reforms that will
enable them to harness increasingly-available transaction data from financial institutions
and reduce the tax gap (Treasury, 2021; Bellon et al., 2022; Waseem, 2023). This policy
development is also gaining ground in the European Union (EU), where 18 of the 27
member states have adopted tax information reporting systems of varying sophistication
that range from standardized accounting standards to real time e-invoicing (Holá et al.,
2022).

Early evidence in the literature identifies a positive impact of cashless payments on
VAT compliance (Hondroyiannis and Papaoikonomou, 2020; Madzharova, 2020). Studies
exploiting exogenous variation in the use of cashless payments find large improvements in
VAT compliance but are either relying on instruments based on regional banking infras-
tructure differences or focusing on a single country (Hondroyiannis and Papaoikonomou,
2017; Immordino and Russo, 2018; Danchev et al., 2020; Alognon et al., 2021). How-
ever, there is no evidence to this day of the EU-wide effect of cashless payments on VAT
compliance driven by external behavioral shifts in population-level e-money usage norms.

This study fills this gap in the tax compliance literature by providing a comprehensive
evaluation of the association between e-money usage and VAT compliance gaps from 2001
through 2019, and contributing a novel estimate of the causal effect of cashless payments
on the VAT compliance gap during the COVID-19 public health emergency (PHE) in
the years 2020 and 2021. In addition, we provide evidence of an unintended effect of the
PHE mobility restrictions in reducing consumption tax evasion that was not previously
documented in the literature. Thus, a third contribution of this study is the examination,
for the first time to the best of our knowledge, of the interplay between the PHE and tax
compliance.

Initially, we provide comprehensive visual and descriptive evidence on the trends
and the correlational association between cashless payments via debit or credit cards
(hereafter, e-money) and the VAT compliance gap, measured as the difference between
realized and expected VAT revenue. The negative relationship between these two factors
suggests that VAT tax compliance gains may be realized in periods of rapid e-money
usage growth. Leveraging the ubiquitous e-money use growth during the COVID-19
public health emergency (PHE), we employ an instrumental variables approach based on
the stringency of national mobility restrictions. The results provide a causal relationship
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between increased e-money use as a a share of the GDP and improved VAT compliance
in EU member states.

We begin in Section 2 with a description of the variables we employ in the exploratory
data analysis and empirical investigations. Section 3 provides visual evidence of e-money
and VAT compliance gap developments in EU countries over time. This section shows
a distinctly negative correlation between VAT compliance gaps and e-money use. The
exploratory data analysis is supplemented by empirical evidence in Section 3 drawing from
an extended time-series data confirming the negative association between e-money and
VAT compliance. Finally, the descriptive evidence based on historical data is supported
by the quasi-experimental analysis in Section 4 of a more recent natural experiment, the
PHE, that shifted behavioral norms surrounding e-money use. Section 5 concludes.

2 Data

Before diving into the analysis, we provide a description of the information we em-
ploy, which includes variable definition and data sources. We proxy our study outcome,
population-level VAT non-compliance, by the VAT compliance gap. This measurement of
non-compliance is defined as the difference between expected and realized VAT revenues,
representing the overall loss of VAT revenue due to non-compliance, and is expressed
in percentage terms as a share of the expected revenues, the so-called VAT Total Tax
Liability (VTTL). The VAT compliance gaps and the VTTL are produced by the Center
for Economic and Social Research (CASE) on behalf of the European Commission and
obtained from its latest report in November 2023 (Poniatowski et al., 2023).

Information on payment statistics comes from the European Central Bank (2022).
We approximate e-money use based on the value of transactions with credit and debit
cards, issued by resident payment service providers (PSPs).1 E-money information is
not available for Cyprus, Latvia, and Malta for all years. Even though the focus of
our study is e-money adoption, it is necessary to examine cash developments over the
same period. Cash use is proxied by the value of cash withdrawals with cards issued
by resident PSPs, which is not available for the full sample period for Bulgaria, Cyprus,
Estonia, Luxembourg, and Malta.

For the instrumental-variables (IV) analysis, we use three proxies of COVID-19 re-
lated social distancing policy to isolate exogenous variation in e-money usage. Our mea-
sure of intensity of the PHE social distancing policies comes from the Oxford Covid-19
Government Response Tracker (OxCGRC) and, specifically, its government stringency
index, a composite measure that includes information on nine distinct response metrics:
school closures, workplace closures, cancellation of public events, restrictions on public
gatherings, closures of public transport, stay-at-home requirements, public information
campaigns, restrictions on internal movements, and international travel controls (Hale
et al., 2021). Data on individual mobility based on mobile ping geo-location data are ob-
tained from the Google COVID-19 Community Mobility Reports and reflect percentage
changes in mobility across different categories of places relative to a pre-PHE baseline
(January 3 to February 6, 2020). To capture the intensity of mobility restrictions that

1We focus on resident PSPs to minimize confounding variation in the volume of payments with cards
issued by nonresident PSPs which are affected by PHE-related disruptions in international travel.
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may affect cashless payments, we focus on percentage changes in retail and recreational
mobility. To represent differences in social distancing policy at the country level, we
also use an indicator of mobility restrictions that were enforced in all member states but
Sweden during 2020 and 2021.

Finally, we use a collection of explanatory variables to account for changes in economic
and tax policy indicators in member states over time. Information on economic indica-
tors includes GDP, government expenditures, government debt, and unemployment rate
sourced from the Eurostat (Eurostat, 2023). Data on socio-demographic indicators such
as population, percentage of urban and rural population, the industry and trade sectors’
value added as a share of GDP, the share of population that is self-employed, public sec-
tor corrupt exchanges, the number of mobile cellular subscriptions per 100k individuals,
and fixed broadband subscriptions per 100k individuals are obtained from the Quality
of Government Institute (Teorell et al., 2022). Data related to COVID-19 caseload is
retrieved from the World Health Organization (WHO) COVID-19 Dashboard. Survey
measures of tax morale are based on the Eurobarometer. Policy changes that introduce
more sophisticated tax reporting systems are accounted for by an indicator of “VAT
listings” from Holá et al. (2022). These publicly-accessible data sources are reported in
detail in Table 5.

3 Trends in Payment Methods and VAT Gaps
This section provides an overview and discussion of major trends in the evolution of

payment methods and estimated VAT gaps in the EU. The first subsection focuses on a
descriptive overview of these trends including a brief discussion of the recent COVID-19
period. A second subsection presents correlations between payment methods and VAT
gaps, and investigates the evolution of VAT gaps of countries depending on their levels
and growth rates of e-money usage. This subsection also includes a discussion of VAT
gaps during the PHE and an illustration of their differential trends by the stringency of
PHE-related mobility restrictions.

3.1 Descriptive Analysis
Technological innovations and changes in consumer preferences in recent years have

led to the proliferation of cashless payments. The share of payments using credit and
debit cards issued by domestic financial institutions among all payment transactions in
the EU nearly doubled from 25.8% in 2000 to 50.3% by 2020 (European Central Bank,
2022).

The VAT gap, measured as the difference between expected and realized VAT revenue
(refer to Section 2 for details), has also undergone profound changes in recent years, as
documented in Figure 1. Since 2012, the estimated VAT gap has been steadily decreasing
within EU countries, from about 18% in 2012 down to 8% of expected revenue in 2021.
Moreover, this downward trends seems to evolve in parallel to the decrease in cash usage.

The PHE has accelerated these developments in payment norms. In 2021, the pre-
existing trends of increasing e-money usage, decreasing cash usage, and decreasing VAT
gaps all experienced a strong increase in their respective steepness. These PHE-induced
changes in the trends of payment methods constitute a unique natural experiment.
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The just-discussed visual evidence of EU-wide trends is likely to mask important cross-
country differences in usage of e-money as a share of GDP and in VAT non-compliance
as a share of the VAT total tax liability (VTTL). Figure 7 in the Appendix provides
an overview of how these variables evolve over time for each country along with cash
withdrawals as a share of GDP. We can see that the Nordic countries have been early
adopters of e-money, while also displaying low levels of VAT compliance gaps. On the
opposite side of the spectrum, Central and Eastern European countries display higher
levels of the VAT compliance gap while also being late adopters of e-money usage.

Figure 1: 2000-2021 trends in VAT compliance gaps, e-money use, and cash withdrawals

Notes: For each year, we calculate the average e-money use and cash withdrawals as a share of the GDP
in the EU by dividing the value of credit and debit card transactions and the value of cash withdrawals
with nominal GDP. The solid black series plots EU-average VAT compliance gap levels as a share of the
VTTL from 2000 till 2021 in annual frequency. The dashed green series plots e-money use as a share
of the GDP from 2000 till 2021 in annual frequency. The dashed red series plots cash withdrawals as a
share of the GDP from 2000 till 2021 in annual frequency.

3.2 Correlations between Payment Methods and VAT Gaps
In particular since the 2010s, there seems to be a strong correlation between the

prevalence of payment methods and estimated VAT gaps. While cash usage and VAT
gaps evolve almost in parallel, e-money usage is clearly negatively correlated with the VAT
gap (see Figure 1). This corresponds to the time period after which tax authorities rely
increasingly more on third-party information and implement tax administration reforms
such as VAT listings to combat VAT evasion (Holá et al., 2022).
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Figure 2: Binned scatterplot of VAT compliance gaps and e-money use

Notes: The binscatter procedure groups e-money use into equal-sized bins, then computes the average
value of e-money use as a share of GDP and VAT compliance gap as a share of VTTL within each bin, and
finally generates a scatterplot of these average values. The 20 blue circles are the binned scatterpoints
and the solid orange series plots the best linear fit based on an OLS regression of e-money on the VAT
compliance gap.

The focus of this study is the relationship between VAT compliance and e-money
usage. We visualize the univariate relationship between VAT gap estimates and e-money
use employing a binned scatterplot shown in Figure 2.

A clear image of a negative correlation between VAT compliance gaps and e-money use
emerges. The negative pattern is robust to a different specification (see Figure 8, based
on Cattaneo et al. (2019)). The negative relationship between VAT non-compliance and
e-money usage we report is in-line with prior evidence in the literature (Hondroyiannis
and Papaoikonomou, 2020; Madzharova, 2020; Alognon et al., 2021).

While a negative correlation between e-money use and VAT gaps holds for aggregate
cross-country averages, it is unclear whether VAT gaps and the prevalence of specific
payment methods are also correlated at the individual country level. By distinguishing
EU countries by their average e-money adoption over time in Figure 3, we can see that
countries with above-average e-money adoption as share of the GDP display consistently
low VAT compliance gaps. These VAT gaps mostly range between 5%-15% of the expected
VAT revenue (VTTL) and do not exhibit significant within-country variation over time.
At the same time, countries with below-average e-money usage as a share of GDP are also
those with relatively greater VAT compliance gaps. For the majority of countries in this
group, VAT compliance gaps typically take values between 20%-35% of the VTTL. There
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Figure 3: 2000-2021 trends in member-state VAT compliance gaps by high, low share
of e-money use

Notes: We group countries into high or low e-money use as a share of the GDP if they, respectively,
record above or below average EU e-money use levels in 2000 to 2021. The collection of navy blue series
plot country-specific VAT compliance gap levels as a share of the VTTL of the high e-money use group of
countries from 2000 till 2021 in annual frequency. The collection of light blue series plot country-specific
VAT compliance gap levels as a share of the VTTL of the low e-money use group of countries from 2000
till 2021 in annual frequency.

is a notable reduction in the variance of VAT compliance gaps among below-average e-
money usage countries in later years, especially starting from 2013. This suggests that
even countries with low e-money adoption as a share of GDP were able to achieve VAT
gap reductions and moderate VAT gaps to levels comparable to high share of e-money
adoption countries. Therefore, high levels of e-money adoption as a share of GDP alone
may not be a necessary condition for countries to achieve VAT gap reductions.

However, to better understand the dynamics behind VAT gap reductions, it is equally
important to look at how changes in e-money levels are related to observed VAT gaps. To
this end, we provide a second sample split along the growth rates of e-money adoption.
Figure 4 differentiates countries based on their speed of e-money growth, defined as
the average year-on-year percentage change of e-money usage for the period 2000-2019.2

Following this graphic, countries that experience larger long-term increases in e-money
adoption are also those in which the VAT compliance gap declines faster.

Specifically, in the majority of countries with above-average growth in e-money use,

2The PHE years are excluded from these calculations given the peculiarity of that period.
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Figure 4: 2000-2021 trends in member-state VAT compliance gaps by fast, slow growth
of e-money use

Notes: We group countries into fast or slow e-money growth groups if they, respectively, record above
or below average EU e-money growth rates in 2000 to 2021. The collection of navy blue series plot
country-specific VAT compliance gap levels as a share of the VTTL of the fast e-money growth group of
countries from 2000 till 2021 in annual frequency. The collection of light blue series plot country-specific
VAT compliance gap levels as a share of the VTTL of the slow e-money growth group of countries from
2000 till 2021 in annual frequency.

VAT gaps trend non-monotonically, fluctuating widely around 25% in early years before
steadily declining in later years. On the contrary, VAT gaps in countries with below-
average growth in e-money use persist around 10% before reducing further to 5% after
2019. This provides support to the notion that faster penetration of e-money may be
relatively more effective in reducing VAT gaps.

These country-level descriptive analyses allow for two additional observations. First,
the strong reductions in observed VAT gaps initiated around 2011 and happened almost
universally across all countries. This puts a spotlight on the effectiveness of combining
third-party information with information technology, which experienced a strong increase
in that time period.

Second, during the PHE all countries experienced strong increases in the usage of
e-money along with further decreases in the observed VAT gaps, see Figure 5. These
changes took place irrespective of the baseline levels or growth rates of e-money adop-
tion. Moreover, these PHE-related developments may be associated with the COVID-19
mitigation strategies chosen by each country. Figure 6 splits the sample of countries
by the stringency of their mobility restrictions (a compound measure, see Section 2 for
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Figure 5: 2000-2021 trends in member-state VAT compliance gaps

Notes: The black lines plot VAT compliance gap levels as a share of the VTTL from 2000 till 2021 in
annual frequency of 27 EU countries labeled with name tags. The red vertical line denotes the first year
of the COVID-19 public health emergency in 2020.

details), demonstrating that countries with above average stringency restrictions expe-
rienced a notably stronger reduction in their estimated VAT gaps than countries with
below-average stringency reductions.

To summarize, this section has documented how technological innovations and changes
in consumer payment preferences have led to the proliferation of cashless payments during
the time period 2000-2021. Concurrently, observed VAT gaps have reduced substantially
and in accordance with reductions in cash since about 2011. Moreover, we have doc-
umented a clear and strong negative correlation between e-money usage and estimated
VAT gaps. These observations point to the fact that changes in payment norms seem
to have provided authorities with improved possibilities to enforce VAT and deter non-
compliance. While these correlations cannot be interpreted as causal evidence, they
provide a strong indication that e-money usage seems to support VAT gap reductions.
The subsequent section will provide an empirical analysis, drawing on both the length of
the observed panel data as well as a natural experiment arising due to the influence of
the PHE on population-level payment behavior.

8



Figure 6: Trends in VAT compliance gaps by country stringency groups

Notes: We group countries into above- or below-average stringency of mobility restrictions groups if
they, respectively, record above or below average EU stringency levels in 2020 and 2021. The solid blue
series plots mean VAT compliance gap levels as a share of the VTTL of the above-average stringency
group of countries from 2000 till 2021 in annual frequency. The dashed red series plots meean VAT
compliance gap levels as a share of the VTTL of the above-average stringency group of countries from
2000 till 2021 in annual frequency.

4 Regression Analysis

4.1 Panel OLS Regressions
Descriptive statistics for the EU countries over the period 2000-19 are provided in

Table 1. They show an average VAT compliance gap of about 15.6%, the evolution of
which has been examined in more detail over time and by country groups in the earlier
paragraphs. E-money usage as a percentage of GDP has a value of about 11.6% on
average and, notably, this has been expanding very quickly at an average rate of 11.3%.
We can note an average share of cash withdrawals of 12.5% of GDP, which has varied only
marginally during the overall period. It should be noted, however, that this low growth
rate masks an increase followed by a decrease of cash withdrawals as seen in Figure 1.
Another relevant aspect to be mentioned at this stage is that about 23% of country-year
observations display the use of VAT listings, showing that the adoption of VAT listings
is also non-negligible in our setting.

For the long-run, descriptive part of the regression analysis, we estimate the following
two-way fixed effects model.

V AT gapct = αc + θt + β1E −money growthct +X′
ctΓ + uct, (1)
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Table 1: Summary Statistics, All countries – 2000-2019

Mean SD Min Max N

VAT Gap 0.156 0.095 -0.009 0.464 509

E-money (% GDP) 0.116 0.070 0 0.425 524

E-money Growth Rate 0.113 0.421 -0.626 8.834 492

Cash Withdrawals (% GDP) 0.125 0.057 0.009 0.302 489

Cash Growth Rate 0.025 0.159 -0.469 1.634 462

VAT Listings 0.228 0.419 0 1 540

Self-employed (% of total employment) 16.183 7.187 6.71 46.11 540

Unemployment (% of total labor force) 8.739 4.429 1.716 27.47 520

% Urban Population 69.239 18.829 -0.526 98.041 520

Industry Value-added Share (% of GDP) 4.045 4.512 2.344 26.804 520

Trade (% of GDP) 113.941 65.75 17.249 377.843 520

Population 15.354 2.86 2.654 18.235 520

% Rural population 27.129 13.634 -0.314 49.246 540

Public Sector Corrupt Exchanges 2.778 0.727 0.239 3.926 520

Mobile Cellular Subscriptions (per 100k people) 104.876 30.433 9.114 172.151 540

Fixed Broadband Subscriptions (per 100k people) 20.488 12.600 0.0119 46.211 513

Notes: Column 2 presents the standard deviation of each variable. The natural logarithm of member
state population is used in regression analysis but shown above in levels. See Table 5 for data sources.

where V AT gapct is the VAT compliance gap of country c in year t and E−money growthct

represents the growth rate of e-money for the same observation. Our coefficient of interest
is β1 which represents the relationship between a one percentage point (pp) increase in
e-money usage and the percentage-point change in VAT gaps. Based on our theoretical
priors of improved third-party information and on the earlier graphical evidence, our hy-
pothesis is that β1 is negative. Regression 1 also includes country fixed effects αc and year
fixed effects θt. Xct is a vector of time-varying control variables, including an indicator
of VAT listings, the unemployment rate, the share of self-employed among all employed
individuals, the shares of urban and rural population, the value added by the industry
and trade sectors as a share of the GDP, the natural logarithm of population and public
sector corrupt exchanges, the number of mobile cellular subscriptions per 100k individ-
uals, and the number of fixed broadband subscriptions per 100k individuals. Standard
errors are clustered at the country level.

The results from Equation 1 are shown in Table 2. The first column shows the results
for all the countries in the period 2001-19. The empirical estimates confirm the negative
association between the two variables. Specifically, a one pp increase in the e-money
growth rate relates to a VAT gap decline by about 0.003 pps. We further conduct a
heterogeneity analysis to explore this relationship by splitting the sample for countries
with slow and fast adoption of e-money, as we did in Figure 4. The estimates for countries
with slow e-money adoption are non statistically different from zero (column 2), while in
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Table 2: Correlations, E-money Growth Rates, 2001-2019

(1) (2) (3)
All Slow Fast

E-money growth -0.003∗ 0.014 -0.006∗∗

(0.002) (0.042) (0.002)
Observations 463 322 141

Notes : All regressions include control variables,
omitted for brevity. Standard errors clustered at
country level in parentheses. ∗ p < 0.10, ∗∗ p < 0.05,
∗∗∗ p < 0.01.

countries with fast e-money adoption the baseline effect doubles in magnitude and is also
more precisely estimated (column 3). This highlights the importance of quick adoption
of e-money in the fight against VAT non-compliance.

Although these results are in line with graphical evidence and support our hypothe-
sis, they represent correlational evidence. Despite our efforts in curbing omitted variable
bias by including important covariates related to both e-money adoption and VAT com-
pliance, the observed e-money growth rates are plausibly not exogenous. To go beyond
correlational evidence, we exploit the policy-induced changes in e-money (and cash) usage
during the PHE and present this analysis in the next subsection.

4.2 Instrumental-variables Analysis
The COVID-19 public health emergency (PHE) intensified the use of cashless pay-

ments in Europe as consumer behavior adapted to PHE-related stay-at-home orders
(Kotkowski and Polasik, 2021). Even though all EU member states (except for Swe-
den) adopted mobility restrictions during the initial stages of the PHE, the stringency
of such measures varied greatly, ranging from low-stringency information campaigns to
high-stringency containment and closure policies. We exploit this source of national-level,
exogenous variation in mobility restrictions and, in turn, in cashless transactions to iden-
tify the causal effect of e-money use on VAT compliance in EU member states during the
PHE using an instrumental-variables approach. Specifically, we isolate population-level,
exogenous variation in e-money use generated by the imposition of mobility restrictions
in response to the undoubtedly unanticipated PHE.

4.2.1 Descriptive Statistics and Methods
Figure 6 illustrates the evolution of the VAT compliance gap (2012-2021) for EU mem-

ber states with below- and above-average mobility restrictions. This figure plots the VAT
compliance gap levels of 27 EU member states from 2012 to 2021. It distinguishes be-
tween 15 member states (Austria, Belgium, Cyprus, Czechia, France, Germany, Greece,
Ireland, Italy, Malta, Portugal, Romania, Slovakia, Slovenia and Spain) with above- and
12 member states with below-average stringency of mobility restrictions (Bulgaria, Croa-
tia, Denmark, Estonia, Finland, Hungary, Latvia, Lithuania, Luxembourg, the Nether-
lands, Poland and Sweden). This figure demonstrates an overall decline in VAT gaps in
both sets of countries during the past decade which was particularly pronounced in 2020
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among below-average stringency countries and in 2021 among above-average stringency
countries.

Although data on changes in mobility are available for 2020-2022, the VAT gap in-
formation is only available for the full panel of countries through 2021 and, thus, the
empirical analysis is restricted to a 2019-2021 panel of 26 EU countries in annual fre-
quency, excluding Cyprus due to no e-money information availability. Table 3 shows
summary statistics for countries with above- (Panel A) and below-average (Panel B)
stringency mobility restrictions for 2019, the pre-PHE year used in regression analysis.

The two groups are quite comparable with respect to several characteristics and eco-
nomic indicators. Notably, countries adopting more stringent restrictions have, on aver-
age, higher VAT gaps, and use more cash and less e-money as a share of GDP, in line
with theoretical predictions of the economics of deterrence (Becker, 1968).

The identification strategy in this part of the paper is based on an instrumental
variables approach exploiting various measures of PHE mobility restrictions and their
effect on the prevalence of two classes of payment methods: cash versus e-money. We
employ a combination of three different instrumental variables gauging the intensity of
the PHE restriction policies of a given country. First, we use an intensity measure of the
stringency summarizing all PHE-related mobility restrictive policies. Second, we use an
indicator function for whether a country enacted any mobility restrictions in 2020 and
2021, with Sweden being the only country that never enacted restrictions. Third, we
use the intensity of the observed change in retail and recreational mobility, as provided
by Google mobility data (refer to Section 2 for more details on the variables). The
stringency of the PHE restrictions and the reductions of retail and recreational mobility
may be considered instruments capturing the intensive margin of restrictions whereas the
mobility restrictions indicator reflects their extensive margin. It should be noted that our
analysis does not rely on a parallel trends assumption for identification but on exogenous
variation in e-money adoption levels.

In the first stage of our estimation we regress a given measure of payment method {e-
money to GDP, cash to GDP} on our instruments. Specifically, we estimate the following
regression:

Payment methodct = ηc + Z′
ctΘ+X′

ct∆+ ϵct, (2)

with the vector of first stage instruments Zct including various combinations of the
three aforementioned instrumental variables for country c in year t. The first stage
regression includes Xct, a vector of time-varying control variables such an indicator of
VAT listings, the unemployment rate, the share of urban population, the value added by
the industry and trade sectors as a share of the GDP, the natural logarithm of population
and public sector corrupt exchanges, and country fixed effects ηc.

In the second stage of the two-stage least squares estimation setup, we regress our
main outcome of interest, the observed VAT gap, on the predicted change in payment
method from the first stage:

V AT gapct = αc + β1
¤�Payment methodct +X′

ctΓ + uct. (3)

The above regression includes the same time-varying control variables used in the first
stage regression (Xct), country fixed effects αc, and standard errors uct are clustered at
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Table 3: Summary Statistics – Year 2019

Mean SD Min Max N

Panel A – Countries with high restrictions

VAT Gap 0.147 0.089 0.055 0.353 15

E-money (% GDP) 0.172 0.078 0.101 0.389 13

Cash (% GDP) 0.124 0.051 0.047 0.226 13

Vat Listings 0.533 0.516 0 1 15

Unemployment (% of total labor force) 6.687 4.397 1.716 17.31 14

Urban population (% of total population) 66.599 23.802 0.568 98.041 14

Population 15.327 3.883 2.764 18.235 14

Industry Value-added Share (% of GDP) 24.324 8.591 12.497 43.744 14

Trade (% of GDP) 121.120 75.040 22.272 275.290 14

Public Sector Corrupt Exchanges 2.721 0.748 0.408 3.55 14

Total Government Expenditure 42.78 7.601 24.3 55.4 15

General Government Debt 81.438 41.216 30.049 180.607 15

Tax Morale 0.267 0.458 0 1 15

Panel B – Countries with low restrictions

VAT Gap 0.083 0.050 0.013 0.206 12

E-money (% GDP) 0.193 0.046 0.105 0.263 11

Cash (% GDP) 0.115 0.072 0.019 0.207 10

Vat Listings 0.667 0.492 0 1 12

Unemployment (% of total labor force) 5.173 1.385 3.28 6.83 12

Urban population (% of total population) 76.137 12.266 57.242 91.876 12

Population 15.432 1.136 13.337 17.452 12

Industry Value-added Share (% of GDP) 21.482 4.316 11.703 28.637 12

Trade (% of GDP) 143.122 78.394 79.605 377.843 12

Public Sector Corrupt Exchanges 2.921 0.634 1.83 3.926 12

Total Government Expenditure 43.358 5.705 34.7 53.3 12

General Government Debt 40.664 19.339 8.548 71.040 12

Tax Morale 0.5 0.522 0 1 12

Notes: Panel A refers to countries with mean stringency restrictions in 2020 and
2021 above the EU average, while panel B refers to countries with stringency re-
strictions below the EU average. Sources: See Table 5.

the country level.
The validity of this research design is based on the exogeneity of our instruments.

We argue that PHE mobility restrictions did not have a direct effect on the level of
VAT compliance in the economy, and that their only effect went through the change
in payment behavior by the population. This is particularly credible for VAT evasion
operating primarily through unreported cash payments received by businesses. Moreover,
we do not expect the decisions of policymakers regarding optimal PHE mobility restriction
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policies to be influenced by tax administration performance. While this assumption is
not directly testable, we corroborate that the effect remains similar in direction and
magnitude when using different instruments and different first-stage outcome variables.

To test the strength of our instruments, we employ various tests of first-stage signifi-
cance, including standard F-statistics on the strength of the first stage instruments, but
also Anderson-Rubin (AR) F-tests for weak-instrument robust inference. We exploit the
fact that we have several instruments to conduct an overidentification test, i.e., we report
the Hansen J statistic.

4.2.2 Instrumental Variables Results
This section summarizes our results from the instrumental variables estimation based

on PHE mobility restrictions affecting the usage of payment methods in the population,
and subsequent changes in comparable measures of VAT compliance. We begin by docu-
menting descriptive evidence on the VAT gap, mobility restrictions, and usage of different
payment methods. The section then describes the empirical estimates of the first stage,
second stage, and reduced form.

When comparing countries based on the stringency of their mobility restrictions
(above versus below average stringency mobility restrictions) in figure 6, we report a
general downward trend in the VAT compliance gap, corresponding to an increase in
VAT compliance, in line with findings in earlier sections. Moreover, we observe that
countries with relatively stronger mobility restrictions also experienced a stronger drop
in the VAT compliance gap, particularly in 2021.3 This provides first descriptive evi-
dence for the reduced form connection between PHE restrictions and VAT compliance.
Moreover, it appears that the two groups of countries, while exhibiting different levels of
VAT compliance, evolved relatively in parallel before the onset of the PHE. Even though
the validity of our research design is not based on parallel trends, this lends credibility
to the exogeneity of the variation behind the intensity of the PHE mobility restrictions.

Our main estimates are presented in Table 4. In the first stage (Panel B), we observe
that in particular our measure for mobility restrictions has a strong effect on the usage of
payment options. In column (1) more stringent restrictions are related to an increase in
the usage of e-money, and in column (4) they are associated with a decrease in the usage
of cash in the economy. When employing the first stage outcome of cash versus GDP
(columns 4-6), the first stage F statistics are continuously above 15 and we can therefore
consider our instruments to be “strong”. However, the regular F-statistics range between
10 and 20 for the first stage outcome of e-money/GDP (columns 1-3). We therefore
additionally employ the AR F-test, which tests for the statistical significance of the second
stage estimates in the face of potentially weak instruments. These AR F-statistics and
the corresponding p-values indicate that despite the relatively low values of the first-stage
F-statistics and potentially weak instruments, the causal effect of e-money-to-GDP on
the VAT gap is statistically significant. The Hansen J test for overidentification (weakly)
rejects the validity of the second instrument in columns 3, 5, and 6. This is in line
with our prior that the stringency intended by policymakers is the strongest instrument
among the three, and that both the observed behavioral change and the indicator for any

3This trend reversal was not present in 2020, although in this year the mobility restrictions were already
in place. We rationalize this with the delayed effect of changes in compliance behavior on VAT gaps,
because of the retrospective nature of the tax collection process [p. 137, Poniatowski et al. (2023)].
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mobility restrictions do not provide sufficient additional variation. We therefore consider
the results in columns (1) and (4) to be our baseline estimates.

Table 4: Effects on VAT compliance gap, 2019-2021

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

Panel A: 2SLS
E-money (% GDP) -1.4083∗∗∗ -1.3746∗∗∗ -0.8561∗∗

(0.383) (0.392) (0.428)

Cash (% GDP) 3.6628∗∗∗ 2.5392∗∗∗ 2.6073∗∗∗

(0.922) (0.831) (0.975)

Panel B: First Stage
Stringency 0.0005∗∗∗ 0.0004 0.0002 -0.0002∗∗∗ 0.0001 -0.0001

(0.000) (0.001) (0.000) (0.000) (0.000) (0.000)

I [Mobil. Res.] 0.0074 -0.0159∗∗

(0.033) (0.007)

∆(Retail Mobil.)% 0.0008 -0.0002
(0.001) (0.000)

Panel C: Reduced Form
Stringency −.0007∗∗∗

(0.0001)

Observations 72 72 72 68 68 68
F − 1st stage 19.179 10.896 13.575 28.979 20.215 15.393
AR F-test 25.966 17.215 15.922 25.104 15.373 13.795
AR F-test p-value 0.000 0.000 0.000 0.000 0.000 0.000
Hansen J statistic 0.000 0.796 5.665 0.000 4.311 6.458
Hansen J statistic p-value 0.372 0.017 0.038 0.011

Notes: Mean VAT gap in 2019 is 11.81pp. Inverse retail change denotes retail and recreational
mobility changes relative to 2019 in percent terms multiplied by -1 to express mobility reductions.
All regressions include control variables, estimated coefficients of industry/trade value-added, VAT
listings, unemployment rate, % urban population, the natural logarithm of population, and public
sector corrupt exchanges omitted for brevity. Standard errors clustered at country level in paren-
theses. AR F-Test refers to the Anderson-Rubin (AR) F-test for weak-instrument robust inference
(Baum et al., 2007), the Hansen J statistic is a test for over-identification. ∗ p < 0.10, ∗∗ p < 0.05,
∗∗∗ p < 0.01.

Panel A of Table 4 reports second stage results of the two stage least squares (2SLS)
estimation procedure laid out in equation (3). By leveraging arguably exogenous variation
in e-money and cash usage arising from different intensities of PHE mobility restrictions
across EU member states, the IV regression estimates shed light on the causal relationship
between payment method and tax compliance. Our preferred estimates in columns (1)
and (4) indicate a substantial negative relationship between e-money usage and gaps
in VAT compliance, while cash usage is positively related to gaps in VAT compliance.
Besides being statistically significant, the effects are sizeable: A one pp increase in e-
money/GDP usage is related to a decrease in the VAT gap by 1.4pp, while a similar
increase in the cash/GDP ratio is related to an increase in the VAT gap by 3.7pp. While
these effects may seem small, they appear significantly larger when set in relation to the
2019 baseline values of the quantities. First, a one pp increase of e-money/GDP and
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cash/GDP corresponds to increased e-money usage by 5.51% (baseline e-money/GDP of
18.13pp) and cash withdrawals by 8.33% (baseline cash/GDP of 12.01pp). These large
changes in payment methods employed by the population are associated with substantial
differences in the observed VAT gap, which was 11.81pp on average in 2019. Based on this
pre-treatment average, an estimated 5.51% increase in e-money use is causing an 11.9%
reduction in the VAT compliance gap whereas an 8.33% increase in cash withdrawals is
leading to a 31% increase in the VAT compliance gap.

When interpreting these coefficients it should be noted that their different magnitudes
may be explained from the different nature of payment methods. One potential explana-
tion why the effect of cash is stronger than that of e-money is the fact that while e-money
is recorded for each individual transaction, the data on cash/GDP measures how much
cash is withdrawn from bank accounts. This cash then enters the economy and remains
in circulation where it is used repeatedly. Therefore, any amount of cash pushed into
economic activities is subject to a certain “magnifying effect”.

Panel C of Table 4 also reports results on the reduced form estimation, where we
estimate the direct effect of the stringency of PHE policies on the observed VAT gap.
When evaluated at a hypothetical country with the average level of stringency (value of
54.5), the introduction of the mobility restrictions are associated to a modest decrease
of 0.038 percentage points in the VAT gap. While this is undoubtedly a small effect,
this cannot be interpreted as evidence that tax compliance did not improve with the
onset of the PHE. As we have shown in our previous results, the PHE is associated with
a strong change in payment behavior of the population and also a strong change in tax
compliance behavior. This reduced-form estimate only picks up that part of the variation
in both payment behavior and tax compliance which can be explained by cross-country
differences in the stringency of mobility restrictions. While this provides a good setup to
estimate the causal effects of payment behavior on VAT evasion, this procedure is less
suited for assessing the overall influence of the PHE on tax compliance.

4.2.3 Robustness
Table 6 presents further results from robustness tests, which are conducted for both e-

money and cash usage. Columns 1 and 6 include an additional instrument for the severity
of the PHE via the share of COVID-19 infections per 100k individuals. Since the spread
of COVID-19 infection might affect VAT compliance via social interactions and policy, we
include it as an additional instrument in the first stage and the results remain comparable
to the baseline ones. The other tests include only the average stringency instrument,
following our preferred specification. Columns 2 and 7 include a control for government
expenditure, while columns 3 and 8 include a control for public debt. Here the rationale is
to account for budget-related developments that might be related to stringency but would
not be captured by e-money or cash usage (Ufier, 2017). Elevated public expenditures
during the PHE driven by preferences for redistribution, representing VAT compliant
purchases with certainty, may also be contributing to VAT gap reductions (Klemm and
Mauro, 2022). The negative (positive) effect of e-money usage (cash withdrawals) on VAT
gap reported in our baseline estimates is robust to the consideration of these measures
of PHE severity and government fiscal health in Columns 1-3 (6-8). Tax morale might
also be an an important determinant of VAT compliance and is measured by the share
of the population that is open to performing paid work that goes undeclared to tax
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authorities. Tax morale cannot be used as a control due to the availability of a single
data point for 2019 from Eurobarometer. Instead, we present results for e-money use
(cash withdrawals) in Columns 4-5 (9-10) separately for countries with below- and above-
average tax morale. Columns 4 and 9 show the results for countries with tax morale above
the mean, columns 5 and 10 for those below the mean. These findings suggest that in
high tax morale environments, the e-money coefficient becomes negative and very large,
though insignificant. Column 10 shows that particularly in countries with below-average
tax morale, cash withdrawals are significantly associated with VAT gap increases.

5 Conclusion

This paper identifies the long-run association and short-run effects of e-money use
on a population-level measure of VAT non-compliance, the VAT gap. We provide visual
illustrations, descriptive results using panel data methods, and causal evidence based on
an instrumental variables approach of a negative relationship between e-money and the
VAT gap.

Our findings support the view that increased e-money usage and decreased cash
circulation can be linked to higher levels of VAT compliance. The results from the
instrumental-variables analysis indicate that the PHE mobility restrictions had a mea-
surable impact reducing the usage of cash and increasing the prevalence of e-money in
economies of the EU. We document changes in the payment behavior of the population,
which in turn had an effect on the observed VAT gap. Our preferred instrumental-
variables estimates indicate a strong underlying relationship between the prevalence of
payment methods and measured VAT gaps. An 8% reduction in cash usage is associated
with a 31% decrease in the VAT gap, while a 5.5% increase in e-money usage can be linked
to a decrease in the VAT gap by 11.9%. Due to the universality of these mobility restric-
tions, our findings are both credible and generalizable to other high- or middle-income
countries.

This study is subject to a number of limitations. First, our IV setup with one baseline
year and two PHE periods does not allow us to use sophisticated methods for panel data
sets, as the data only provide yearly cross-country variation. Using a single pre-PHE
year is done to ensure that our measures of pre-PHE mobility are as comparable to PHE
mobility changes as possible and refrain from extrapolations to additional pre-PHE years.
Furthermore, the arguably underpowered analysis lends to conservative regression esti-
mates. Despite the limited sample size of the IV analysis, it is nonetheless reassuring that
e-money and cash have effects that go in the opposite direction, as expected. Second,
we do not consider changes in interchange fees in the presence of cashless stores that
may also influence cashless payment adoption rates during the PHE (Shy, 2022). Third,
trends in VAT compliance gaps may be influenced by underlying social capital that has
impacted the incidence of the PHE and resulting mobility restrictions in Austria, Ger-
many, Italy, the Netherlands and Sweden (Bartscher et al., 2021). Although we do not
directly account for trust in government, to minimize these concerns we control for public
sector corruption, which is known to erode social capital, and further analyze countries
by their level of tax morale (Bjørnskov, 2003).

The study findings have important policy implications. Although the estimates that
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can be causally interpreted stem from a time of unprecedented crisis, they highlight the
significance of the link between payment methods and tax compliance. This important
takeaway underscores the benefits of increased use of e-money during the PHE to curb
VAT evasion. Still, the shift towards increased e-money usage to promote VAT com-
pliance should not be achieved through higher stringency environments or mandates.
In fact, enhanced tax administration e-capacity through the adoption of VAT listings
may have been conducive to increased tax compliance by improving adopters’ ability
to process third-party information and capitalize on the rise in e-money usage during
the PHE. Although our study does not focus on whether these investments may lead
to population-level, VAT compliance gap reductions detectable at conventional levels of
statistical significance, our findings indicate that nearly costless behavioral changes in
transaction payment norms such as the adoption of cashless payments may also yield sig-
nificantly more tax revenues at a, presumably, significantly lower tax price to traditional
tax enforcement strategies such as audits. Policies designed to increase e-money usage
and decrease cash circulation such as those adopted in Italy, Greece or India are relevant
steps into this direction (Hondroyiannis and Papaoikonomou, 2017; Sands et al., 2017;
Danchev et al., 2020; Russo, 2022; Das et al., 2023).

Future research could investigate more deeply whether a policy increasing e-money
usage with the explicit aim to improve tax compliance has the same effects as the PHE
policies studied in this paper. Moreover, additional work is needed to understand how
far incentivizing businesses to accept (more) e-money could lead to similar improvements
in outcomes by exploiting country-specific instances of mandatory usage of e-money im-
plemented by various member states in recent years. Another research question reserved
for a potential follow-up analysis relates to the interactive impacts of VAT listings and
e-money usage on VAT evasion.
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A Figures

Figure 7: 2000-2021 member state-specific trends in VAT compliance gaps, e-money
use and cash withdrawals

Notes:
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Figure 8: Binned regression plot of VAT compliance gaps and e-money use using
Cattaneo et al. (2019)

Notes:
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B Tables

Table 5: Data sources

Variables Source Link

VAT Compliance Gap Poniatowski et al. (2023) accessed 11.02.2023

Cash and E-money (% GDP) European Central Bank accessed 12.15.2022

Unemployment rate Eurostat accessed 11.28.2023
Government expenditures Eurostat accessed 10.23.2023
Government deficit/surplus, debt Eurostat accessed 10.23.2023

Retail Mobility Changes Google Community Mobility Reports accessed 01.23.2023

Government Stringency Index Hale et al. (2021) accessed 02.23.2023

VAT listings Holá et al. (2022) accessed 10.15.2022

Industry sector value added Teorell et al. (2022) accessed 10.15.2022
Trade sector value added Teorell et al. (2022) accessed 10.15.2022
Population Teorell et al. (2022) accessed 10.15.2022
% Urban population Teorell et al. (2022) accessed 10.15.2022
% Rural population Teorell et al. (2022) accessed 10.15.2022
Public sector corrupt exchanges Teorell et al. (2022) accessed 10.15.2022
% Self-employed population Teorell et al. (2022) accessed 10.15.2022
Fixed broadband subscriptions Teorell et al. (2022) accessed 10.15.2022
Mobile cellular subscriptions Teorell et al. (2022) accessed 10.15.2022

COVID-19 Infection Count World Health Organization accessed 10.23.2023

Tax Morale Eurobarometer accessed 10.23.2023
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https://op.europa.eu/en/publication-detail/-/publication/84ba1bdf-7230-11ee-9220-01aa75ed71a1
https://data.ecb.europa.eu/data/data-categories/payment-statistics/payment-services-large-value-payment-systems-and-retail-payment-systems/transactions-type-payment-service
https://ec.europa.eu/eurostat/databrowser/view/tps00203__custom_8745725/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/GOV_10A_MAIN__custom_7993608/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/gov_10dd_edpt1__custom_7993800/default/table?lang=en
https://www.google.com/covid19/mobility/index.html?hl=en
https://ourworldindata.org/covid-stringency-index#learn-more-about-the-data-source-the-oxford-coronavirus-government-response-tracker
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://academic.oup.com/cesifo/article-abstract/68/3/297/6584956?redirectedFrom=fulltext
https://covid19.who.int/WHO-COVID-19-global-data.csv
https://europa.eu/eurobarometer/surveys/detail/2250


Table 6: Effect on VAT gap – Robustness tests

Covid Cases Gvt Exp. Public Debt Tax Morale Covid Cases Gvt Exp. Public Debt Tax Morale

High Low High Low
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

E-money (% GDP) -1.2915∗∗∗ -1.1817∗∗∗ -1.8775∗∗∗ -10.6995 -0.5881
(0.3719) (0.4451) (0.7040) (35.2513) (0.4663)

Cash (% GDP) 3.5806∗∗∗ 3.2333∗∗∗ 2.9369∗∗∗ 1.0665 2.7230∗∗

(0.7927) (0.6050) (0.6755) (1.0230) (1.3637)

First Stage
Stringency 0.0002 0.0006∗∗ 0.0004∗∗∗ 0.0000 0.0010∗ 0.0001 -0.0002∗∗∗ -0.0002∗∗∗ -0.0003∗∗∗ -0.0002∗

(0.0002) (0.0002) (0.0002) (0.0001) (0.0005) (0.0003) (0.0000) (0.0000) (0.0001) (0.0001)

# COVID-19 infections 0.0002 -0.0000∗

(0.0002) (0.0000)

Observations 72 72 72 45 27 68 68 68 38 30
F − 1st stage 11.790 7.212 8.004 0.062 3.394 16.309 31.537 44.169 19.671 4.599
AR F-test 19.368 21.934 20.107 0.824 3.295 19.743 23.107 20.339 0.630 4.245
AR F-test p-value 0.000 0.000 0.000 0.379 0.107 0.000 0.000 0.000 0.443 0.069

Notes: All regressions include control variables; estimated coefficients of industry/trade value-added, VAT listings, unemployment rate, % urban population,
the natural logarithm of population, and public sector corrupt exchanges omitted for brevity. Col’s (1), (2), (3) and (4-5) include estimates additionally
adjusted by the COVID-19 infection rate, government expenditures, public debt growth and tax morale, respectively. Standard errors clustered at country
level in parentheses. AR F-Test refers to the Anderson-Rubin (AR) F-test for weak-instrument robust inference (Baum et al., 2007), the Hansen J statistic
is a test for over-identification. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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