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Abstract

Does the digitization of transactions in an economy increase tax compliance? We study the effect
of financial incentives on the adoption of electronic payment technology and on tax compliance by
firms. Exploiting administrative data and policy variation from Uruguay, we show that i) consumer
VAT rebates for credit and debit card transactions trigger an immediate 50% increase in the
number of card transactions, ii) firms' use of card machines increases only on the intensive margin,
and iii) tax compliance is unaffected. Endogenous card machine adoption and a low share of card
sales in total reported sales can rationalize the findings.
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1 Introduction

The idea that the digitization of transactions through electronic payment technology can help
increase tax compliance has been prominent in academic circles (e.g. Rogoff 2016), in the
policy advice provided by international organizations (OECD 2018, Gupta et al., eds 2017,
World Bank 2016), and it is reflected in actual policy implementation, most prominently in
India’s 2016 demonetization campaign (Das et al. 2022). Unlike cash transactions, electronic
transactions are processed by a third-party, distinct from the two transacting partners, creating
a paper trail which governments can access for tax compliance purposes. The existence of such a
third-party paper trail, combined with a tax audit function which leverages the information, can
deter taxpayers from under-reporting taxable transactions (Kleven et al. 2011, Pomeranz 2015,
Naritomi 2019). This would increase reported taxable sales and tax liabilities. Following this
logic, governments in numerous countries have attempted to accelerate the pace of digitization
through fiscal incentives for transactions conducted with electronic payment methods (see Table
A.1 for an overview).

Yet, whether such policies have the intended effect on tax compliance depends on endoge-
nous technology adoption decisions by firms and consumers and on the share of transactions
ultimately covered by electronic records. If only firms which are already tax compliant re-
spond to the incentives, or if electronic records cover a smaller share of transactions than the
share which firms already report for tax purposes, an increase in electronic transactions might
not affect tax compliance. In addition, electronic records can help deter evasion only if tax
administrations actually use them to detect misreporting, and if taxpayers are aware of this.

We study the effect of VAT rebates on the adoption of electronic payment technology and
on tax compliance, exploiting policy variation from Uruguay in regression discontinuity and
difference-in-difference estimations. The rebate program was introduced in August 2014, at a
time when Uruguay lagged behind peer countries in key financial inclusion measures (Figure
A.1). There was significant scope to increase the use of electronic payment technology, and the
reform program provided large and salient incentives: the rebates reduced the VAT payable on
debit card transactions by up to 40 perent. The rebates were immediately granted to customers
paying by card, without the need for refund claims or other hassle costs. We evaluate this
program using transaction-level data on all electronic transactions and monthly firm-level VAT
declarations for 2006-2015.

We document three main results. First, we use the high frequency of our data and a

regressions discontinuity design in time to show that the introduction of the rebates lead to an



immediate 50 percent increase in the number of debit and credit card transactions, and a 30
percent increase in the volume of card transactions. To establish the validity of our research
design, we show that the increase emerges sharply in the first week of August 2014, when the
rebates were introduced, after otherwise stable and approximately linear trends. The month-
on-month growth rates of the number and volume of card transactions in the reform month are
more than an order of magnitude higher than the month-on-month growth rate at any other
point during 2011-2015. Consumers are hence extremely responsive to the incentives. Firms
are much less responsive. The number of point-of-sales (POS) terminals in use increased by 10
percent between July and August 2014, but this effect is entirely driven by firms which already
used a POS prior to the reform. The number of firms with at least one POS does not increase
discontinuously with the reform, and there is no acceleration in the POS adoption trend after
the reform. We also study the consumer response to a second reform in August 2015, which
lowered the size of the VAT rebates. We find that the number and volume of card transactions
does not decline, suggesting that even temporary incentives can generate a lasting increase in
consumer use of electronic payment technology.

Second, we examine the impact of the rebate-triggered increase in card transactions on tax
compliance, leveraging a difference-in-difference estimation that compares treated retail sector
firms to wholesale sector firms. This is motivated by the fact that retailers are ex-ante less tax
compliant than wholesalers, as the VAT self-enforcement mechanisms typically breaks down at
the point of sale to the final consumer (Naritomi 2019); and only retailers are directly treated
by the reform, as the VAT rebates do not apply to firm-to-firm transactions. We find that
retail and wholesale sector firms exhibit parallel trends in reported sales and other outcomes
prior to the introduction of the VAT rebates, and no divergence thereafter. The difference-
in-difference treatment effect is close to zero and precisely estimated. Consistent with this,
the treatment effect on reported output VAT and net VAT liability is also very small and
statistically indistinguishable from zero. This means that tax compliance was unaffected, and
the VAT rebates generated an overall fiscal cost of about 1.5 percent of VAT revenue.

Finally, we discuss how to reconcile the large consumer response to the VAT rebates with the
null-effect on tax compliance. One explanation for the results is that firms self-select into using
POS, weighing costs and benefits. The costs include variable and fixed costs for POS usage and
a potential increase in required tax payments, while the benefits are retention or attraction of
customers and the speeding up of transactions. Our results suggest that the strong increase in
consumer demand for card payments after the VAT rebate introduction was not sufficient to

increase POS adoption by firms on the extensive margin. This is consistent with the fact that



firms experience an increase in their tax liability after adopting a POS, as we show in monthly
event studies. We also find no evidence that firm POS adoption responds to subsidies for POS
usage, to a reduction in tax withholding rates applied by card processing companies or to a
reduction in the commissions charged on card transactions. This suggests that accelerating
firms’ adoption of POS would require much larger financial incentives or a mandate obliging
firms to offer card payment facilities.

The second explanation for our results is the fact that, even among retail and wholesale
firms with a POS, card sales constitute on average less than 30 percent of total reported sales,
and less than 20 percent in the majority of firms. This means that firms already report a
large share of their cash sales. Thus, even if cross-checks between the card sales and firms’
self-reported sales, combined with audits on misreporters, create a lower bound on what firms
report for tax purposes, the relatively high compliance level means that firms have room to
increase card sales without increasing their total reported sales.

This study connects to several sets of literature. First, financial inclusion and the use
of financial technology have been shown to have far-reaching development benefits (Jack and
Suri 2014, Dupas and Robinson 2013, Burgess and Pande 2005). Technologies for electronic
identification and transaction processing have been shown to enhance governments’ capacity
to manage expenditure and prevent leakages (Muralidharan et al. 2016, Banerjee et al. 2020).
It is thus a natural extension to investigate the contribution of electronic payment technology
to enhancing also other aspects of state capacity, namely tax capacity (Okunogbe and Santoro
2021).

The mechanism through which electronic payment technology can impact tax capacity — the
generation of third-party reports on taxable transactions — has been prominently discussed in
the public finance literature (Kleven et al., 2011; Jensen, 2019). Pomeranz (2015) and Naritomi
(2019) show that third-party reporting improves VAT compliance in Chile and Brazil respec-
tively.! Closely related to our study is Das et al. (2022), who show that India’s demonetization
campaign led firms to significantly increase reported taxable sales, and likely also tax liabilities.
Demonetization lead to a much larger increase in electronic sales than Uruguay’s reforms, but
demonetization also had large economic costs, and is hence at best a debatable strategy for
policy makers wishing to promote electronic payment technology with a view on improving tax
compliance.

Our work also relates to a set of studies evaluating government policies to generate third-

ICarrillo et al. (2017) and Slemrod et al. (2017) show that third-party reporting is not a panacea, since
firms might offset increased third-party reporting (and hence tax compliance) on the sales margin by increasing
reported costs.
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party reports on firm-to-firm transactions through VAT annexes (Mittal and Mahajan, 2017;
Fan et al., 2018) or electronic billing systems (Ali et al., 2022; Lovics et al., 2019; Bellon et al.,
2019; Bérgolo et al., 2017). These studies use firm-level data and leverage difference-in-difference
or event studies techniques. They typically find positive effects of the technology on firms’
reported income or tax liabilities. The distinction between these studies and ours is twofold.
On the one hand, we focus on a technology which has many benefits beyond its potential effect
on tax compliance. On the other hand, unlike e-billing systems, the technology we focus on
is not intended to cover all transactions a firm makes, but only a subset of transactions. This
distinction is key for explaining the lack of a tax compliance effect we demonstrate, and has
not previously been emphasized.

Finally, our study connects to parts of the finance literature studying the use of electronic
payment technology by consumers (Arango et al., 2015; Agarwal et al., 2007; Bolt et al., 2010)
and firms (Beck et al., 2018; Dalton et al., 2018; Arango and Taylor, 2008). Our results
differ from those in Higgins (2020), who shows that an increase in debit card ownership led
retailers in Mexico to adopt POS. This may be due to differences in the policy variation — the
Mexican government provided debit cards to one million households — or due to difference in
the policy context — the Mexican government can access POS information only in the case of
an audit, while the government in Uruguay automatically receives information on all electronic
transactions from card processing companies.

The paper is organized as follows. Sections 2 and 3 lay out some conceptual considerations
and present the policy background and the data we use. Sections 4 and 5 examine the impact
of VAT rebates on the use of electronic payment technology and on tax compliance. Section 6

discusses the interpretation of the results and Section 7 concludes.

2 Conceptual Considerations

To guide our empirical analysis, we briefly discuss how the expansion of electronic transactions
may affect tax compliance. Consider that firms have true sales S = C' 4+ E, where C are cash
sales and F are electronic sales, i.e. sales paid for by electronic payment methods. Reported
sales R may be smaller than true sales, R < S. That is, firms may misreport their true sales
to minimize their tax liability. However, it is reasonable to assume that firms have to report
at least R, = E, as electronic sales are reported to the tax authority by credit/debit card
companies and are routinely cross-checked with firms’ tax declarations. Reporting R < E

would thus trigger a discontinuously higher audit probability, as discussed in Carrillo et al.



2017.

Define Ry as the level of reported sales prior to the introduction of VAT rebates and R as
the level of reported sales after the introduction of VAT rebates. Define Ey and E; analogously,
so that AFE is the increase in electronic sales triggered by the VAT rebates. For simplicity, we
assume for now that AE = —AC, so the VAT rebates lead consumers to switch from paying
in cash to paying by card, but do not affect overall consumption. We are interested in whether
Ry > Ry. Given the above-mentioned audit rule, firms have to report Ry > Ey + AFE after the
introduction of VAT rebates. So firms’ reporting behavior will change if R, < Ey + AFE, that
is, if the consumer response AE/Ej to the VAT rebates is sufficiently large and the share of

true sales reported to the government prior to the reform, Ry/S, is sufficiently low.?

3 Background and Data

This section describes the relevant aspects of Uruguay’s tax system, the policy variation gen-

erated by the financial inclusion reforms and the data we use.

3.1 Tax System

Firms in Uruguay are liable for an annual corporate income tax (CIT) at 25 percent and remit
a monthly VAT. The VAT is levied at a standard rate of 22 percent, with a reduced rate of 10
percent for necessity goods such as basic food products. Large firms which are part of the large
taxpayer office called CEDE (Control Especial de Empresas) file and pay the VAT monthly.
All other firms (henceforth called non-CEDE firms) file the VAT annually, but report output
VAT, input VAT and net VAT for each month in their annual VAT declaration.® In 2015, there
were 4099 CEDE firms and 60,640 non-CEDE firms registered.

Credit and debit card companies in Uruguay report all card transactions of their client
firms (i.e. firms using their POS) to the tax authority. The tax authority uses the card
transaction reports to cross-check taxpayers’ self-assessment declarations, and to strengthen
the credibility of enforcement among taxpayers with discrepancies between self-reported and
third-party reported income. Bérgolo et al. (2018) show that firms in Uruguay perceive the
audit probability over a three-year period to be 40 percent, although the true audit probability

20ur discussion focuses on revenue reporting, as any change in compliance in our setting should be driven
by a change in reported sales. Since there is no evidence for a change in reported sales in response to the VAT
rebates, there is no reason for reported costs to change. We thus do not consider cost adjustments.

3In Appendix Section A.1, we discuss why firms in simplified tax regimes should not be affected by the VAT
rebates we study.



is 8 percent. Taxpayer perceptions are roughly consistent with survey responses indicating that
20 percent of taxpayers had experienced some control activity from the tax administration in
the previous year. Of these controls, about half focused on verifying discrepancies or third-party
information (United Nations, 2014). It is thus reasonable to consider that firms are aware of
the use of third-party information in the tax enforcement process.

Despite this, prior to the financial inclusion reforms, the tax administration estimates that
at least 20 percent of potential VAT revenues were evaded in 2012, corresponding to a revenue
loss of 2.5 percentof GDP (Direccién General Impositiva, 2019).* Uruguay also registered a
higher level of informality than most other countries at a similar income level (Figure A.1,

Panel B).

3.2 VAT Rebates for Consumers

The main policy variation we exploit in this paper is generated by large VAT rebates for
consumers using electronic payment methods. These rebates became available on August 1,
2014, and apply to all types of goods and services purchased by final consumers.” The rebate
rates vary across card types, transaction amounts, and over time, as shown in Figure A.2.

Debit card transactions of up to 500 USD (4,000 Unidades Indezadas, a Uruguayan account-
ing unit) initially received the highest subsidy rate of 4 percentage points (ppt). Larger debit
card transactions, other electronic payments and credit card transactions of up to 500 USD
were granted a 2 ppt rebate. In August 2015, the rebates for debit card and credit card trans-
actions up to 500 USD were decreased to 3 ppt and 1 ppt respectively. Further rate changes
took place in later years, but these are not considered in this study. The moderate VAT rates
mean that the VAT rebates granted for card payments are very large, implying a 40 percent
tax reduction in the case of reduced-rate goods of a value of less than 4,000 UI purchased with
a debit card. This rebate corresponds to a reduction of the tax-inclusive price of 3.3 percent for
standard-rated goods and of 3.6 percent for reduced-rated goods. For comparison, Sao Paulo’s
e-receipt program studied by Naritomi (2019) provided smaller consumer VAT rebates of on
average one percent of the consumer’s total purchase value.

The implementation of the rebate system is illustrated in Figure A.3. Importantly, con-
sumers pay the tax-inclusive price net of the rebate at the time of purchase, so rebates are

immediately devolved to consumers. Put differently, consumers do not have to request a refund

4Gomez Sabaini and Jiménez (2012) provide an even higher VAT evasion estimate of 26.3 percent. Bérgolo
et al. (2020) find that 15.5 percent of income tax filers under-reported their wage.

®Decree 203/014. Rebates are granted only for firm-to-consumer transactions, and not for firm-to-firm
transactions, i.e. any transactions in which the client requests the tax ID number of the seller.
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nor incur a hassle cost. The rebate is stated on a consumer’s transaction receipt, which makes
it highly salient, as show in Figure A.4. The rebates were also introduced with great media
fanfare (Figure A.5), so consumers should have been well aware of their existence.

Firms are required to file their VAT declaration as if they had charged the consumer the
full VAT, at either the standard or the reduced rate, whichever applies. Credit and debit
card companies processing the card transactions observe the amount of VAT rebates a firms’
consumers have been granted each month. These companies then provide a fiscal credit of the
monthly aggregate firm-specific rebate amount to their client firms. These fiscal credits are
transferred to firms together with the processed credit/debit transaction amounts. The credit
and debit card companies are then reimbursed for these credits by the government. These
reimbursements happens monthly, so that firms should not experience a significant change in
liquidity due to the granting of VAT rebates.

Figure A.6 shows that the VAT rebates were indeed granted starting in August 2014, as
per the legislation. The figure displays a sharp increase in the share of firms registering VAT
rebates to consumers in August 2014. The share of retail firms registering VAT rebates reaches
almost 50 percent. In contrast, only 15 percent of wholesale firms registered any VAT rebates,
as these firms sell largely to other firms, with only a small share of their output going to final

consumers.®

3.3 Other Financial Inclusion Measures

The VAT rebates were not introduced in isolation, but rather as part of a package of measures
aimed at enhancing financial inclusion for its many benefits. The 2014 reforms were also
accompanied by a large media and public engagement campaign raising awareness about the
benefits of financial inclusion. Aside from the VAT rebates, the most important policy measures
included the lowering of commissions for POS usage, the reduction of tax withholding rates
applied by card companies, subsidies for POS rental for firms, mandates for wages and pensions

to be paid into bank accounts and the provision of free bank accounts with debit cards to all

5Two earlier types of VAT rebates are worth mentioning, as they explain why the share of firms registering
VAT rebates is slightly above zero prior to August 2014. First, starting in January 2006, consumers received
a 9 percentage point (ppt) VAT rebate on credit/debit card purchases in hotels and restaurants (Law 17.934
and decree 537/005). The retail and wholesale sector does not include hotels and restaurants, but sector codes
are prone to errors, so we expect a certain degree of misclassification. The reform predates data availability,
and is thus not part of this study. Second, starting in September 2012, users of social security debit cards
(Tarjeta Uruguay Social or BPS Prestaciones) benefited from a 22 percentage point reduction — i.e. a complete
elimination — of the VAT and firms benefited from a waiver of VAT withholding on these transactions (Decree
288/012). We do not study this reform as it should affect tax compliance only in upstream firms and not in the
directly affected firms selling to incentivized consumers.



citizens. While these other policies can amplify the effect of the VAT rebates, none of them
was introduced concurrently with the VAT rebates. We hence leverage this additional policy
variation in Section 6 to help interpret our main results. We now discuss each policy measure
in turn.

The lowering of commission fees — the variable fee that card processing companies charge
for transactions — preceded the main financial inclusion reform. As of January 1, 2012, the
maximum commission for debit card payments was reduced from 7 percent to 2.5 percent, and
the maximum commission for credit card payments to food retailers, pharmacies and a specified
number of other sectors fell to 4 percent. For foreign payment cards and some other types of
transactions, the commission were capped at 4.5 percentto 4.9 percent. These commission caps,
affecting 96 percent of all transactions, were self-imposed by the card processing industry.

In exchange, the government reduced the tax withholding rates applied by card companies
on card transactions, introduced legislative changes to facilitate the inter-operability of card
networks, and provided financial subsidies to expand the use of POS. Starting from January
2012, tax withholding rates on non-CEDE firms were reduced from 2 percent to 5 percent (see
Figure A.7). Card network businesses investing in POS and POS accessories that would be
rented out to firms were granted tax credits for their investments. Starting from September
1, 2012, firms with a turnover below UT 4,000,000” (approximately USD 500,000) and newly
created firms were eligible for a subsidy for POS rental fees. Eligibility was determined based on
a firm’s turnover reported in the last corporate income tax declaration, and the high turnover
threshold implied that roughly 80 percent of all firms were eligible for the subsidy.® Until
December 2013, the subsidy rate was 100 percent of the rental cost of a POS, which is equivalent
to approximately 10 USD per month. Starting in January 2014, the subsidy rate was reduced
to 70 percent, and remained at this level until December 2017.

Together with the passage of the financial inclusion law on April 24, 2014, it was announced
that many types of payments would gradually have to be made through electronic payment
channels. The law set out a schedule for these mandates to enter into effect over 2014-2015 (see
Table A.2), though several of the timelines were ultimately postponed. Most importantly, wage

earners and pensioners were given the option to request payment into a bank account (rather

"Four million Ul is also a threshold for other laws and regulations. For example, firms whose income in the
previous fiscal year was above 4 millions Ul are required to have formal accounting and no longer qualify for
the simplified income tax regime (Decree 150/007, article 168).

8Decrees 288/012, 319/014 and 351/015. Very few firms that were not eligible for the subsidy received it.
There is little mass and no bunching in the distribution of turnover at the eligibility threshold, suggesting no
manipulation of the eligibility criteria. There is also no discontinuity in any of the outcomes studied below at
the turnover threshold. It is unclear whether firms would have expected the subsidy to be temporary.



than in cash) starting in October 2015. To prepare for the implementation of the mandates, the
financial inclusion law required banks to offer free bank accounts that fulfilled certain criteria
(specified numbers of free transfers, withdrawal etc.).”

Figure A.8 shows that the use of bank accounts and electronic payment technology in
Uruguay increased significantly between 2011 and 2017, much more than in most other countries

over the same period.

3.4 Data

To study the effect of electronic payments on tax compliance, we merge multiple data sets. First,
we use transaction-level card payment data, which contain the universe of transactions between
2007 and 2016. Credit and debit card companies send these data to the tax administration
every month. The data contain the transaction date, transaction amount, VAT rebate amount,
the tax ID of the firm, and a POS identifier. We can thus count the number of POS a firm
uses. We collapse the data at the firm-month level.!® While we refer to these data as the
card payment data for simplicity, it is important to note that these data contain all electronic
transactions (e.g. including transactions via apps such as PayPal, Square etc.).!!

We merge the card transaction data with monthly VAT returns, containing all line items
from the tax return.'? Our main outcome variables are output VAT (i.e. VAT on sales), input
VAT (i.e. VAT paid on inputs and deducted from output VAT), and the net VAT liability
(=max(output VAT - input VAT, 0)).

Information on firms’ sector of activity is obtained from the firm registry, which contains
the six-digit CITU industry code for all firms (Clasificacion industrial internacional uniforme).
In the CIIU, the first two digits of the CIIU code capture the division. Division number 46
designates retail firms and division number 47 designates wholesale firms. The firm registry
also documents in which one of Uruguay’s 19 departments the firm is located.

Finally, we have access to the list of firms that received the subsidy for POS rental, with the

months during which the firm received the subsidy and the total subsidy amount each month.

9Having to offer the free bank accounts became a mandate for banks in October 2015. For wage earners and
social benefit recipients who did not exercise the option to create a bank account by June 2016, the employer
or social security agency had to choose a financial institution for the beneficiary by September 2016. It became
mandatory for wages and pensions to be transferred into bank accounts from May 2017 onwards. In 2014, 43
percent of respondents in the World Bank Global Findex Survey indicated having used a debit or credit card
in the previous year.

10 A variable indicating the type of card transactions (debit or credit card) is available only since August 2014.

Ve are also in the process of trying to obtain data on the number of credit and debit cards issued around
the time of the reform from a large private bank.

12These data are also used and described in Bérgolo et al. (2021) and Foremny et al. (2018).
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We use corporate income tax records to confirm firms’ turnover and hence their eligibility for
the POS rental subsidy.

Figure A.9 shows that the number of VAT filers has increased steadily over time, with a
mild slowdown in the growth rate in 2014 and 2015. There is thus no indication that the
introduction of the VAT rebates motivated previously informal firms to register. Table A.3
provides summary statistics for the full sample of VAT filers, and for retail and wholesale firms,
the treated and control firms for part of our analysis. Retail firms are very similar to wholesale
firms in terms of the distribution of their annual sales and VAT liability, except at the top of
the distribution, where wholesale firms are larger. The key distinction between the two groups
is that 52 percent of retail firms used a POS terminal even in 2013, before the reform, but only

16 percent of wholesale firms did. In both sectors, POS usage increases with firm size.

4 Use of Electronic Payment Technology

We begin our analysis by evaluating the impact of VAT rebates on the use of electronic payment
technology. As the rebates became available to all consumers nation-wide on the same day,
we examine the effect of the rebates on aggregate outcomes. We use a regression discontinuity
estimation in time around August 1, 2014, when the rebates became available. In the following

sections, we present our empirical strategy, the results and robustness tests.

4.1 Empirical Strategy

We use the following variables to measure the use of electronic payment technology on the
extensive and intensive margin: the aggregate number of card transactions, the volume of card
transactions, the number of POS in use, and the number of firms with at least one POS. Figure
1, Panel A, plots the raw time series of these outcomes between January 2010 and June 2016.
Some of the series, especially the number and volume of transactions, exhibit seasonal variation
with peaks in December and during the spring holiday season. We thus need to de-seasonalize

the data while estimating the regression discontinuity. Concretely, we estimate

p
log(Zim) = gm + Z [Br - t* + vk - PostJuly2014, - t*] + wy, (1)
k=0

where Z, ,,, is the aggregate outcome in time period ¢ and month-of-year m, g, are month-
of-year fixed effects, t* is a time trend, the PostJuly2014 dummy indicates months after July
2014 (i.e. post-reform months), p is the degree of the polynomial we fit (either 1 or 2), and

11



u, is the error term.'® The inclusion of the post-reform indicator and its interaction with the
time trend allows both the trend and the level of the outcome to change with the reform. In
our preferred specification, we set p = 1, fitting a linear trend. Figure 1, Panel B, plots the
de-seasonalized outcomes log(Zt) =109(Zym) — G-

Our coefficient of interest is 7y, which measures the VAT-rebate-driven jump in the outcome
in August 2014, under the assumption that no other policy or economic change coincides with
the reform to provoke a change in the outcome. Put differently, the outcomes are assumed to
evolve smoothly around the reform time in the absence of the reform. Our preferred specification
uses weekly outcome data and weeks as running variable. Weeks are defined such that the first
day of a week coincides with the first post-reform day. In auxiliary analyses, we also estimate
a firm-level version of Equation 1 in which we include firm fixed effects, hence estimating the
average effect of the reform across firms while weighting all firms equally.

Ideally, we would also like to examine the estimate for 1, capturing whether the reform was
associated with a change in the growth rate of the outcome. However, a causal identification of
~v1 would require us to make the very strong assumption that the outcome would have evolved
according to the same growth trajectory before and after the reform, in the absence of the
reform. This is unlikely to be true. Instead, we conduct a non-parametric comparison of the
month-on-month growth-rate distributions before and after the reform, to evaluate the presence

of suggestive evidence for a trend acceleration.

4.2 Results

Considering first the raw and de-seasonalized data (Figure 1), it is clear that the number of
card transactions jumps sharply in August 2014, precisely when the VAT rebates first become
available. This immediate and large response is not surprising, as the VAT rebates were large
in size, were introduced with great media fanfare, and were very salient to consumers (Figures
A.2-A5).1

The second outcome of interest, the volume of card transactions, also increases with the
reform, but the increase here is less pronounced. The increase in the number of transactions
is hence driven by smaller transactions. This is consistent with the fact that the VAT rebates
were proportionally smaller for larger transaction amounts, and that a larger share of large

transactions was likely already carried out through electronic payment methods before the

3Here, t can be a week or a month. For weeks that stretch across two months, we consider that each week
falls into the month in which it has more days.

14We do not observe prices or the incidence of the VAT rebate, but the strong consumer response suggests
that a substantial share of the rebate was passed through to consumers.
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introduction of VAT rebates. The number of POS in use and the number of firms with at least
one POS also increases over time, but only the former series displays a slight jump around the
time of the reform.

To precisely estimate the size of the discontinuity in outcomes in August 2014, we now turn
to our regression discontinuity estimations, the results of which are displayed in Figure 2, Panel
A. The introduction of the VAT rebates is associated with a 50 percent increase in the number
of card transactions, and an almost 30 percent increase in the volume of card transactions.!'®

Despite the increase in consumer demand for card payments, the number of POS in use
increased by only 10 percent in the month of the reform. It is possible that firms need time
to adjust to the increase in consumer demand, in which case the response in the number of
POS would be delayed compared to the consumer response. However, there is no sign of an
acceleration in the growth trend in POS after the reform.

To examine the possibility of a growth acceleration, we compare the distribution of month-
on-month growth rates prior to the reform to the post-reform distribution of growth rates.
Figure 2, Panel B, shows these distributions of growth rates for the pre- and post-reform
period. The graphs and the associated statistical tests reported below each panel confirm that
the introduction of VAT rebates is not associated with an acceleration in the month-on-month
growth trend in any of the outcomes.

The histograms and associated randomization-inference-style p-values also reveal that the
reform-month growth rates (July to August 2014) for the number and the volume of card trans-
actions are extreme outliers compared to the pre and post-reform growth rate distributions.'®
This supports our interpretation of these effects as being driven by the introduction of the VAT
rebates as opposed to being driven by other policy changes or random variation over time. For
the number of POS, the reform-month growth rate also lies statistically significantly above the
mean of the distribution. A different result emerges, however, when considering the number of

firms with a POS, for which the reform-month growth rate is in fact close to the mean and mode

of the distribution of growth rates, and the randomization-inference p-value is 0.373. There is

5To appreciate the size of this effect, consider that the average share of card sales in total reported sales is
25 percent prior to the reform. Estimates from the firm-level version of Equation 1 suggest that the firm-level
volume of card sales increased on average by 15 percent (Figure B.2). In general, the results in Figure B.2 are
qualitatively similar to our main results, though with smaller point estimates, suggesting that the aggregate
impact of the VAT rebates is driven by larger firms. For comparison, India’s demonetization campaign lead to
increases in electronic sales that are an order of magnitude larger than what we observe here, but this shock
also generated a large and negative real effect, meaning this is not a commendable policy nor one whose causal
effect on tax compliance can easily be identified.

16To construct the randomization inference p-values, we divide the number of times a month-on-month growth
rate is higher than the reform-month rate by the number of months - 1. We also show placebo RD estimates
with randomization inference p-values in Figure B.7.
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thus no evidence for a reform-triggered increase in POS take-up on the extensive margin, above
and beyond the gradual growth over time in the number of firms that employ POS. The reform
did, however, trigger an increase in POS take-up on the intensive margin, among firms that
were already using POS. This is not surprising, as the cost of adopting another POS is likely
much smaller for firms already using POS."

Lastly, we note that none of the outcomes considered in Figure 2 exhibits a discontinuity
in August 2015 (marked by a dashed line), when the VAT rebates were reduced.’® Figure B.4
formally shows that there is no statistically significant discontinuity in any of the outcomes
in August 2015. This is consistent with two possible explanations. Either the introduction of
the VAT rebates induced a permanent change in consumer behavior which persists even after
the incentives are reduced, or consumers respond more strong