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A B S T R A C T

Making use of a unique administrative data set consisting of the universe of administrative filings in Rwanda,
this paper investigates the impact of tax audits on businesses’ reporting behaviour. The evidence suggests that
tax audits have a positive impact on corporate income and corporate tax liabilities reported for three years after
the start of the audit process. The results also suggest that the type of audit matters. While ‘comprehensive’
tax audits have a significant positive effect on compliance, ‘narrow-scope’ tax audits exhibit both a positive
and a negative effect during a three-year period after the audit, with the net impact being negative. The
implication of this, from a tax compliance perspective, is that ‘narrow-scope’ audits are ineffective and that
doing more of those and less of comprehensive ones might have a negative impact on tax compliance. Effective
tax compliance strategy therefore requires the careful evaluation of all types of audits.
1. Introduction

Recent estimates have it that achieving the Millennium Devel-
opment Goals requires increasing domestic revenues in low-income
countries by around 15 percentage points of GDP, a target which
requires the implementation of key policy reforms (Gaspar et al., 2019).
While the effort to boost domestic revenue mobilisation in developing
countries continues, it is now even more challenging, and pressing,
given the recent and much needed relief measures implemented to ease
the impact of the COVID-19 pandemic.1 Amongst the policy reforms
for improving revenue mobilisation is strengthening tax administration

∗ Correspondence to: Autonomous University of Barcelona (UAB), Department of Economics (UFAE), Edifici B - Campus Universitari 08193, Bellaterra
(Barcelona), Spain.

E-mail address: luca.salvadori@uab.cat (L. Salvadori).
1 Between 2010 and 2019 the average tax-to-GDP ratio in Africa (30) increased by 1.8 percentage points, an increase which is similar in magnitude to the

increases in Latin American Countries (LAC) and the OECD averages during the same period. Non-tax revenues, however, decreased substantially and by around
1.8 percent of GDP. During this period external debt costs also increased by 1.1 percent of GDP a figure that is expected to rise considerably as a consequence
of the adverse impact of the COVID-19 pandemic, OECD et al. (2021).

2 As an illustrative list of contributions (relying on data from high-income countries) see Kleven et al. (2011), Løyland and Øvrum (2017), DeBacker et al.
(2018a,b), Beer et al. (2020), and Advani et al. (2023) presenting evidence for a positive impact of audits, and Antinuan and Asatryan (2020), Alm and Malézieux
(2021) and Kasper and Rablen (2023) for negative. This latter possibility has been until recently only theoretical. This effect has been mostly associated with
what colloquially has been described as the ‘bomb-crater’ effect, and driven by the perception of the taxpayer that lightning (a metaphor for audit) does not strike
twice. Along the same line Mendoza et al. (2017), using country-level data, report evidence of a U-shaped relationship between the level of tax auditing and tax
evasion supporting somewhat the notion that fiscal controls may lead to an increase in noncompliance. Evidence that tax audits can backfire is also presented in
Genakos et al. (2024).

capacity, an issue which has come to the fore for many countries around
the world during the last two decades.

An integral part of tax compliance is operational audits, and the
extent to which they are conducive to future compliance. There is
a growing literature on audit assessment providing mixed evidence
regarding the impact of tax audits on future compliance.2 Surprisingly,
however, little attention has been paid to the compliance impact of
the types of audit, which are broadly categorised as ‘comprehensive’
and ‘narrow-scope’ (with the latter further categorised as desk-based
or issue-oriented). Comprehensive audits are in-depth and in-person
examinations conducted across different tax bases and fiscal years,
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whereas narrow-scope audits focus on a limited number of fields in
a tax return. This distinction in audit types, and their impact on tax
compliance, is at the heart of the contribution of this paper.

More specifically, this paper investigates the impact of auditing on
deterring future noncompliance of incorporated businesses in Rwanda,
paying particular attention to evaluating the impact of the different
types of tax audits performed by the Rwandan Revenue Authority
(RRA). Focusing on Corporate Income Tax (CIT) audits is important
as reliable evidence is lacking and potentially large sums of underre-
ported revenues are involved (Slemrod, 2019).3 Focusing on Rwanda
resents a unique opportunity in understanding how well tax audits
erform in a developing country whose economy over the last decade
as been growing steadily. Indeed, research has recently begun to
ay attention to developing countries, and there is now an emerging
iterature analysing tax compliance issues from a number of different
erspectives.4 But the evidence on the compliance impact of tax audits
s still rather limited, considering their importance for much needed
omestic revenue mobilisation.5

To address the issue discussed above use is made of unique ad-
inistrative data consisting of the universe of incorporated businesses’

nonymised tax declarations, the universe of risk-based anonymised
udit data for the audit wave in 2015, as well as detailed information
n the risk rules employed by RRA to prioritise CIT audits. Tax audits
re prioritised by RRA through a risk-based assessment procedure and
herefore the audited taxpayers might not be (in a statistical sense)
dentical to the unaudited ones. To address this potential selection
ias the analysis employs a matched-Difference-in-Difference approach
matched-DID).

The results provide evidence of a significant and increasing pro-
eterrence effect of audits on corporate taxable income and CIT liability
eported over the three years after the audit process.6 The estimates

reveal that the total dynamic deterrence effect associated to this change
in reporting behaviour amounts to approximately 16.6 percent of the
total revenues collected through the audit process, which include also
the detected underreporting and penalties. This pro-deterrence effect
is driven by comprehensive and not narrow-scope audits (desk-based
and issue-oriented); with the latter having a positive pro-deterrence
impact only one year after the audit, and turning to counter deter-
rence from then on effectively outweighing the pro-deterrence impact
observed in the first year.7 A possible explanation for this behaviour is

3 Generally, the literature has focused on individual tax behaviour with
otable exceptions being DeBacker et al. (2015) and Li et al. (2019) which
nvestigate corporate tax behaviour.

4 See, for example, Brockmeyer et al., 2019 on the role of communication
n compliance in Costa Rica, Waseem (2021) on the role of withholding in
he self-enforcement implicit mechanism of VAT in Pakistan, Balán et al.
2022) on the role of tax collectors in property taxes, Bergeron et al. (2023)
n property taxes and the Laffer curve in D.R Congo, Tourek and Dada
2021) on the role of peer information and social norms for compliance in
wanda. See also Mascagni et al. (2016, 2022) who investigate the nexus
etween tax compliance and progressivity and the phenomenon of nil-filing
n Rwanda. Ebrahim et al. (2021) evaluate a pilot program introducing a risk-
ased system for audit selection in Tanzania showing that the intervention
ncreases adjusted taxable income by about 15 percent on the first year of
mplementation and Best et al., 2021 on the deterrence value of VAT audits
n Pakistan.

5 Perhaps the neglect comes from the fact that quality tax administrative
ata has been until recently difficult to come by.

6 Taxable income reported and CIT liability reported are of course related,
ut given the existence of different tax regimes their relationship is not one-
o-one. For this reason the analysis reports estimates on both outcomes. See
lso Section 4.

7 The results obtained on audit type relate, conceptually, to a recent report
tilising U.S. data finding that correspondence audits are not a perfect substi-
ute for face-to-face examinations with the former being generally associated
ith a counter-deterrent effect while the latter with a pro-deterrence effect

Erard et al., 2019).
2

(

that a taxpayer who experiences a more mechanical audit,8 and have
underreported on fields not examined under a desk audit, may revise
their expected gain from noncompliance upwards thereby increasing
noncompliance, following the audit. The implication of this, from a tax
compliance perspective, is that ‘narrow-scope’ audits are ineffective and
that doing more of those and less of comprehensive ones might have
a negative impact on tax compliance. This does not of course suggest
that narrow-scope audits are not a desirable instrument for compliance.
What the analysis here points to is that the presumption that if Revenue
Authorities do more of those and less of comprehensive tax compliance
will increase might be incorrect: Effective tax compliance strategy
requires the careful evaluation of all types of audits.

The reminder of the paper is organised as follows. Section 2 reviews
the literature placing the paper within the broader scholarly research
area of tax audits evaluation, and Section 3 provides a conceptual
framework whose sole purpose is to explore the role of information
provided by audits in taxpayers’ compliance behaviour and thus ratio-
nalise the empirical results derived. Section 4 presents the institutional
setting and the data the analysis is based on. Section 5 describes the
methodological approach followed, and Section 6 presents the results.
Section 7 provides some concluding remarks.9

2. Literature review

This paper contributes to several strands of the literature that
evaluates the impact of tax audits on audited taxpayers.10 First, it con-
ributes to the emerging literature that evaluates the impact of audits
hat differ in their intensity and scope. As noted in the introductory
ection, like many countries around the world, RRA, and in addition
o comprehensive audits, relies also on audits that are narrower in
heir scope. Research on this is scant, with notable exceptions being
he empirical contribution of Erard et al. (2019) and the contribution
f Kasper and Alm (2022) who provide experimental evidence that
ax audits may have differential effects on compliance. Like them, this
aper finds support that these types of audits have the opposite impact
o the one intended for: comprehensive audits increase compliance but
arrow focused do not.

The paper also contributes to the evidence basis of the deterrence
ffect of audits on corporate tax behaviour. To the best of our knowl-
dge there are only two contributions that evaluate the future impact
f audits on corporate behaviour using business level administrative
ata.11 Li et al. (2019) find evidence for a pro-deterrence effect of
orporate tax audits on businesses’ behaviour using data obtained
rom a local tax office in China, showing that after firms have been
udited they significantly increase taxes paid, reduce their book-tax
ifferences, and also reduce their income-decreasing discretionary ac-
ruals. Tax audits might also increase corporate tax aggressiveness, a
inding reported in DeBacker et al. (2015) who, using U.S. data, provide
vidence of an increase in corporations’ tax aggressiveness for a few
ears after having received an audit and show that tax aggressiveness
rogressively reduces with time.

Lediga et al. (2020) investigate corporate tax audits in South Africa,
ocusing on the extent to which audits have an impact on neighbouring
that is, those that are in close proximity) businesses, showing that the
mpact is short-lived and levels off two years after the audit has taken

8 And on a single issue, such as VAT refund, declared expenses for tax
eductions or insufficient documents to assess tax liability. This presumes that
he finding of the audit neither triggers a comprehensive one (or subsequent
arrow-scope ones) nor it penalises heavily the taxpayer.

9 All appendices referred to in the paper can be found in the online material.
10 For a more elaborate review across the many dimensions of audits,
ee Kotsogiannis and Salvadori (2024).
11 Additional contributions – but based on indirect approaches and with
ixed evidence – are Atwood et al. (2012), Hoopes et al. (2012), Finley

2019), and Eberhartinger et al. (2020).
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place. Focusing on VAT, Best et al. (2021) exploit a national program
of randomised VAT audits in Pakistan to investigate how much evasion
audit uncovers and how much evasion it prevents through changing
behaviour of businesses, finding that although tax audits uncover a
substantial amount of evasion they do not deter future compliance. Best
et al. (2021), based on interviews they had with tax auditors, rationalise
their finding by suggesting that audits in Pakistan tend to focus on
checking mechanical violations of law which typically are likely to
result in additional revenue but unlikely to move firm priors on the
detection probability outward.

Like most of the recent contributions employing different method-
ologies across different contexts,12 this paper finds a significant positive
impact of tax audits on the future reporting behaviour of audited
taxpayers. Interestingly, this is not the case for narrow-scope audits,
with the evidence suggesting a reverse of the effect after the first
post-treatment year leading to a net negative impact overall.

3. Conceptual framework

This section provides a conceptual framework whose sole purpose is
to describe a mechanism through which tax audits might affect taxpay-
ers’ future compliance behaviour. There are two elements underlying
this mechanism. First, audits performed by RRA partially reveal the
extent of underreporting, either because audits are narrower in their
scope (and less intensive) or because (even if they are comprehensive)
they do not detect the true extent of underreporting. Secondly, taxpay-
ers rationally utilise the available information, which can be obtained
from various sources, including the audit process and its outcome, in
order to infer the true probability of them being audited. Both of these
elements put together affect the trade-off between underreporting and
being caught (and penalised) and not being caught and, therefore, the
level of underreporting given true income.13 It is therefore conceivable
hat if tax audits provide the wrong type of information to the taxpayers
relative to some initially held belief regarding their likelihood of them
eing audited and found noncompliant), they might rationally decide
o become less compliant in the subsequent years. The discussion next
urns to further elaborating on this mechanism.

.1. On the role of information

To elaborate on the role of information obtained in taxpayers’
pdating their beliefs regarding the true likelihood of auditing, suppose
hat at time 𝜏 the taxpayer has access to a prior distribution, denoted by
(𝑝), which gives the probability, denoted by 𝑝, of them being audited
and found noncompliant) with its mean and variance being given by
(𝑝) and 𝑉 𝑎𝑟(𝑝), respectively. This prior might reflect past experience
nd/or information provided by RRA including information transmitted
hrough their business plans but also the annual reports regarding the
aggregate) likelihood of auditing.14 The prior belief of taxpayers might
ot reflect precisely the true probability distribution of 𝑝, an aspect that
s captured by the 1∕𝑉 𝑎𝑟(𝑝). Denote the information received by the
axpayer15 by �̃� ∈ [0, 1] and assume that this information is unbiased

12 See, for example, Kleven et al. (2011), Løyland and Øvrum (2017), De-
acker et al. (2018a), DeBacker et al. (2018b), Beer et al. (2020), and Advani
t al. (2023).
13 The reasoning developed here follows that of Advani et al. (2023), De-
acker et al. (2015), and Best et al. (2021).
14 The RRA, as other Revenue Authorities do, does publish the total number
f audits to be conducted throughout the year in its business plan and
lso (though less often) the sectors which maybe targeted through the audit
ampaign. In the annual reports they, too, publish aggregate information on
he performance of these audits. Nevertheless, since this information is neither
usiness specific nor the exact criteria used in the risk-based assessment are
evealed, business cannot infer accurately the likelihood of them being audited.
15 The information received could be called ‘signal’ which is received by the

axpayer and rationally utilised to infer the true value of the audit probability.
3

a

in the sense that conditional on the true probability of auditing the
expected value of the information received is the true likelihood of
auditing, that is 𝐸(�̃� ∣ 𝑝) = 𝑝. The information transmitted is unbiased
but not precise an aspect that is captured by the 1∕𝐸(𝑉 𝑎𝑟(�̃� ∣ 𝑝)), which
ives the precision of the information received (if 1∕𝐸 (𝑉 𝑎𝑟(�̃� ∣ 𝑝)) → 0
∞) then the information is inaccurate (accurate)).

Given the information received, businesses update their prior belief.
ssuming that the posterior density 𝑧(�̃� ∣ 𝑝) and the prior density 𝑔(𝑝)
ive rise to a linear posterior density, the expected probability of being
udited16 at time 𝜏 is given by

(𝑝 ∣ �̃�) =
⎛

⎜

⎜

⎝

1
𝑉 𝑎𝑟(𝑝)

1
𝑉 𝑎𝑟(𝑝) +

1
𝐸(𝑉 𝑎𝑟(�̃�∣𝑝))

⎞

⎟

⎟

⎠

𝐸(𝑝) +
⎛

⎜

⎜

⎝

1
𝐸(𝑉 𝑎𝑟(�̃�∣𝑝))

1
𝑉 𝑎𝑟(𝑝) +

1
𝐸(𝑉 𝑎𝑟(�̃�∣𝑝))

⎞

⎟

⎟

⎠

�̃� , (1)

nd so it is a weighted average17 of the business/taxpayer’s prior mean
f the probability of being audited 𝐸(𝑝) and the information obtained
rom the audit �̃�, at time 𝜏, with the weights depending on the pre-
ision of the prior distribution, 1∕𝑉 𝑎𝑟(𝑝), and the precision of the
nformation obtained, 1∕𝐸 (𝑉 𝑎𝑟(�̃� ∣ 𝑝)). Differentiating (1) with respect
o 1∕𝐸 (𝑉 𝑎𝑟(�̃� ∣ 𝑝)) gives

𝜕𝐸(𝑝 ∣ �̃�)

𝜕
(

1
𝐸(𝑉 𝑎𝑟(�̃�∣𝑝))

) = −
1

𝑉 𝑎𝑟(𝑝)
(

1
𝑉 𝑎𝑟(𝑝) +

1
𝐸(𝑉 𝑎𝑟(�̃�∣𝑝))

)2
(𝐸(𝑝) − �̃�) , (2)

and so the expected probability of auditing 𝐸(𝑝 ∣ �̃�) is decreas-
ing in the precision of the information received by the businesses,
1∕𝐸 (𝑉 𝑎𝑟(�̃� ∣ 𝑝)), if and only if the expected prior, 𝐸(𝑝), is greater than
the information received, �̃�; otherwise it is increasing.

.2. Likelihood of auditing

The point thus far – and central to the analysis in this paper – is
hat information matters for the taxpayers and it informs the estimated
robability of auditing which affects their decision to underreport.18 If

audits are not informative for the businesses then there is no reason
for them to change their future compliance behaviour, for given true
income. If, on the other hand, current audits convey accurate, and
therefore valuable, information for the businesses then a businesses
will rationally incorporate this in their decision to underreport in the
future. It is therefore conceivable that audits (to be interpreted broadly)
might have a negative impact on compliance. This will be the case if
current audits are more uninformative from the previous ones: In this
case the taxpayers will rationally rely more on their prior regarding
the audit probability. This follows directly from (2): for given �̃�, (2)
implies that 𝐸(𝑝 ∣ �̃�) is decreasing in the precision of the information
obtained if and only if 𝐸(𝑝) > �̃�, and increasing otherwise. This is
the case, if the expected prior mean of the taxpayer is higher than
the information obtained (and this information is accurate) then the
taxpayer revises their belief regarding the probability of being audited
next period downwards. If underreporting is a decreasing function of
the expected probability of being audited then underreporting will
increase (and vice versa if 𝐸(𝑝) < �̃�).

16 This follows from Erikson (1969). For an application of this in taxation
matters see Kotsogiannis and Serfes (2014).

17 Notice that Eq. (1) is satisfied under prior-posterior distribution functions,
Beta-Binomial, Gamma-Poisson and Normal-Normal.

18 Implicit in this discussion there is a time dimension: information received
at time 𝜏 informs the optimal decision to underreport of the taxpayer at time
𝜏 + 1. Also the RRA, consistent with Allingham and Sandmo (1972), is not an
ctive player. This is, arguably, a limitation which, however, does not affect
ualitatively the important role the information plays in compliance, as long

s there is a capacity constraint on the part of RRA.
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3.3. Information and decision to under-report

To put the above into context consider the canonical model devel-
oped and analysed by Allingham and Sandmo (1972) but appropriately
modified to incorporate the expectation derived in Eq. (1). In this
model a taxpayer decides whether, and how much, to evade their tax
liabilities, a decision which is influenced by existing penalties (and the
legal environment) if the taxpayer is audited and found underreporting
their tax liabilities. Denote the true income of the taxpayer by 𝑦, the
axpayer who has verified income 𝑥 pays a proportional tax, denoted by
on declared income, and so 𝑡𝑥. The taxpayer is also aware that if they
re audited their true income 𝑦 will be determined with certainty, and
hey will have to pay all additional taxes due plus a penalty. If income
nderreported is discovered (in the sense that income declared 𝑥 is less

than true income 𝑦) through auditing (which occurs with probability
𝑝), the taxpayer pays a penalty, denoted by 𝜋, proportional to the
amount of income underreported that is, 𝜋𝑡(𝑦 − 𝑥). The total amount
the taxpayer pays in this case is 𝑡𝑦 + 𝜋𝑡(𝑦 − 𝑥) and the realised income
is 𝑍 = 𝑦(1 − 𝑡) − 𝜋𝑡(𝑦 − 𝑥). If on the other hand the taxpayer is not
audited their income is given by 𝑌 = 𝑦− 𝑡𝑥. Recalling that the expected
probability of auditing is given by (1), and assuming risk aversion,19

the taxpayers maximise expected utility, denoted by 𝑊 and given by,

max𝑊 = 𝐸 (𝑝 ∣ �̃�)𝑈 (𝑍) + (1 − 𝐸(𝑝 ∣ �̃�))𝑈 (𝑌 ), (3)

by choosing how much income 𝑥 to report to the Revenue Authority,
with the optimal 𝑥 (𝑦, 𝐸 (𝑝 ∣ �̃�) , 𝜋, 𝑡), and so noncompliance 𝑦−𝑥(𝑦), being
determined by the necessary condition (for an interior solution)20

𝑊𝑥 (𝑥; 𝑦, 𝐸 (𝑝 ∣ �̃�, 𝜋, 𝑡)) = (1 − 𝐸 (𝑝 ∣ �̃�))𝑈𝑌 (𝑌 ) − 𝐸 (𝑝 ∣ �̃�)𝑈𝑍 (𝑍)𝜋 = 0. (4)

It is straightforward to show, following Allingham and Sandmo (1972),
that an increase in the (expected) probability of auditing 𝐸 (𝑝 ∣ �̃�)
reduces underreporting in the sense that 𝑥𝐸(⋅) < 0, since it makes the act
of underreporting more expensive for the taxpayer. The question now is
how does the information content of audits affect compliance? The an-
swer to this relies on how the expected probability of auditing, 𝐸 (𝑝 ∣ �̃�),
s affected by the information obtained by the taxpayer. Following from
1), if the information obtained from audits is uninformative (in the
ense that 1∕𝐸(𝑉 𝑎𝑟(�̃� ∣ 𝑝)) is significantly low with the extreme being
) then it is rational that the taxpayers put more weight on the mean
f the prior distribution of auditing. In this case the taxpayer, for given
ncome 𝑦, chooses the level of underreporting 𝑥 basing their decision
ore on the prior mean 𝐸(𝑝). If, on the other hand, audits convey

nformation, in the sense of 1∕𝐸(𝑉 𝑎𝑟(�̃� ∣ 𝑝)) being significantly high,
then tax audits are informative and so more weight in updating the
beliefs regarding the probability of auditing is put on the information
obtained through the audits �̃�.

The framework outlined is not indented to model the behavioural
response of the taxpayer when faced with the two types of audits, but
its purpose is to emphasise that the accuracy of an audit matters for
the underreporting decision of the taxpayer. Whether comprehensive
tax audits are conducive to more or less compliance than narrow-scope
will of course depend on a number of factors, such as the level of fine
under each audit, the extent to which narrow-scope audits might trigger
a comprehensive one, as well as the impact on the taxpayer’s risk profile
which might influence future risk assessment (and so the frequency of
the audit) of the taxpayer. Narrow-scope audits are typically more me-
chanical and therefore easier to be manipulated by the taxpayer.21 As

19 A subscript denotes differentiation with respect to the argument given.
20 Notice, as already noted above, the audit probability in principle can be
onditioned on the income reported 𝑥, as in Reinganum and Wilde (1986). In

addition, audit success on the part of the Revenue Authority depends on the
intensity and quality of an audit which is all subsumed within the function
𝑝(𝑥), see Kotsogiannis and Serfes (2016).

21
4

Much like as in Best et al. (2021).
such if narrow-scope audits identify less underreporting than the true
level (and relative to the comprehensive ones) then, ceteris paribus, one
would expect that they are conducive to less compliance.

The next section presents the institutional setting and the data used
in the analysis.

4. Institutional setting and data

Rwanda is a representative low-income country, with a tax-to-GDP
ratio similar – in both level and trend – to the average of African
peer countries and increasing, and therefore provides an interesting
framework for assessing tax audit strategies in developing countries.22

RRA classifies businesses as follows: Micro-businesses are defined as
those declaring a turnover of less than 12 million Rwf (US$ 13,380
as of February 2019 exchange rate) in a tax period; Small-businesses
have a turnover between Rwf 12 million and Rwf 50 million (US$
55,750); Medium and Large-businesses have a turnover higher than Rwf
50 million. Any person/business subject to any type of tax administered
by RRA has to be registered with RRA and obtain a fiscal number before
engaging in any economic activity. Rwanda collects around 50 percent
of its tax revenues from CIT (the average of the CIT tax base for 2013–
2018 is 17.24 percent) and VAT (the average of the VAT tax base for
2013–2018 is 33.06 percent). The CIT is a tax on income generated
by incorporated businesses, and has to be declared and paid annually
before April (by 31st March) of the following tax period. There are
three CIT regimes: The CIT-real, CIT-lump sum and CIT-flat tax.

The CIT-real regime entails a standard tax rate of 30 percent on
profit with some reductions available for specific groups. Small busi-
nesses can decide to benefit from a simplified CIT-lump sum tax regime
having to pay a lump sum tax at the rate of 3 percent on their
turnover while micro-businesses companies pay a CIT-flat-tax between
Rwf 60,000 and Rwf 300,000, as classified by their turnover.

Businesses are required to file a CIT declaration form annually and
irrespective of the CIT regime, and CIT can be prepaid in quarterly
instalments. Businesses reporting under the CIT-real regime provide
detailed information on the amount of business income and income
from other sources, total expenses and depreciation income, and de-
ductions, all of which determine the taxable income, as well as tax
discounts and credits which define the tax liability owed by the business
in that tax year, among other items. Businesses under the CIT-lump-
sum regime are also required to file a CIT declaration annually but one
that is significantly less detailed. The information provided under the
CIT lump-sum regime includes income from different sources – which
determine the taxable income and tax liability – and withholding taxes.
Businesses under the CIT-flat regime are required to file a considerably
simplified form including their business income, which determines the
amount to be paid, and tax credits claimed that coincide with the sum
of quarterly instalments already paid.

The analysis focuses on taxable income and CIT liability reported
by businesses as the two outcome variables. Taxable income reported
across the tax regimes is the tax base upon which the corporate income
tax is applied, while CIT liability is the tax payable by taxpayers net of
any tax discounts claimed.23

22 The tax-to-GDP ratio in Rwanda has been steadily increasing from 10
percent in 1998 to 16.3 percent in 2018–2019, RRA (2019). In terms of
structure, tax revenues follow the average of a low-income country with
reliance on CIT and VAT which collect almost half of the total tax revenues (46
percent), RRA (2019), lower than the 48 percent average of Africa, and higher
than Latin America and Caribbean lower (44 percent); while the average share
is significantly lower in OECD countries (29 percent).

23 More precisely, for CIT-real regime taxable income corresponds to the
total income obtained from different sources and is calculated net of expenses,
depreciation adjustments and deductions. When this calculation leads to a
negative amount, the taxable income reported is null as the business is

not required to pay CIT and may carry forward the registered loss as a
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Fig. 1. Distribution of businesses and taxable income (2015–2018). Note: Authors’ calculations based on data provided by RRA.
All data employed in this paper is at the taxpayer (business) level:24

They include mostly financial variables used to calculate taxes (for
example, total sales, taxable income, VAT refunds), as well as some
taxpayer characteristics, such as sector and geographical location (at
tax centre level). Fig. 1 presents the average distribution of businesses
reporting taxable income by size across the period 2015–2018 together
with the corresponding share of taxable income declared by size of
business. The large majority of businesses filing a CIT declaration
in Rwanda in this period are identified as Small-businesses (95.79
percent), with Medium-businesses and Large-businesses consisting to-
gether of roughly 2.55 percent of the total, while Micro-businesses
represent 1.66 percent of the population. Not surprisingly, despite
their small number, the main share of taxable income is reported by
large/medium businesses, which account together for 64.54 percent
of total taxable income declared (52.96 percent for large and 11.58
percent for medium businesses). This pattern is even amplified in terms
of revenues collected. Fig. 2 shows that the main share of tax revenues
is collected from large/medium businesses, which account together for
81.94 percent of total revenues collected (68.54 percent for large, and
13.40 percent medium businesses).25

A significant share of CIT filers (around 55 percent in 2015) –
known as ‘nil-filers’ – are taxpayers who have not reported any business
activity during a given tax period. Fig. 3 presents the average share
of nil-filers and filers (those who submitted a tax return and declared
positive taxable income) by size of business across the period 2015–
2018. The majority of nil-filers belong to the categories of small and

deduction in the following declarations (up to a period of five years). For
businesses declaring under CIT-lump sum regime, taxable income reported
corresponds to the total income declared from different sources while for
taxpayers reporting under the CIT-flat regime taxable income coincides with
their business income. Given their favourable tax schedule, business reporting
under the two simplified regimes may not reduce the taxable income through
deductions nor CIT through discounts.

24 See also Appendix A for additional information on the data set.
25 Interestingly, as shown in Appendix A, there is a similar U-shaped

relationship between audit probability and taxable income reported which also
relates to the riskiness of noncompliance (see in particular Figure A.5 and A.7).
5

micro-businesses. In particular, 30 percent of micro-businesses are nil-
filers, while 54 percent of small-businesses report zero on all fields of
their tax declaration. The percentage of nil-filers is smaller for medium
(2 percent) and large-businesses (2 percent).

To assess the impact of tax audits on CIT filers’ reporting behaviour
the analysis relies on different data sets provided by RRA: The world
of (anonymised) CIT declarations for the tax periods from 2013 to
2018, as well as detailed records of audits undertaken by the Large
Taxpayers Office, Small and Medium Taxpayers Office, and the Regions
and Decentralised Tax Office during the years 2013 through 2016.
We have also been given access to the tax audit appeals which is an
important element of the audit process. Given the small number of
appeals related to audits in the 2015 wave they do not appear to play
an important role in determining the results of the analysis.

The analysis will also utilise detailed confidential information on
the criteria for audit selection which includes the risk rules employed
to assign risk scores to CIT declarations, with the information spanning
across tax bases.26 The administrative data is retrieved from the RRA
systems which collect and store tax data from tax procedures followed
by taxpayers.

In general, the RRA tends to audit two tax periods but taxpayers are
required to keep their records for a period of ten years. Tax enforcement
examinations involve different types of audits:27 Desk audits, issue
audits (both of which are classified as narrow-scope) and compre-
hensive audits. Desk audits utilise information already submitted to
RRA through various sources including from the declarations of many

26 After each return has been filed, audit flags are generated based on
the characteristics of the returns in a deterministic way. In conducting the
audits, tax auditors follow the audit procedures described in the manual of
audits which provides a systematic approach to the tax audit process ensuring
consistency in auditing. The integrity of the tax and audit data has been
assured by the RRA.

27 Following an administrative procedure RRA may also amend submitted
tax liability which is initiated when the tax administration discovers a miscal-
culation or omission, an understatement or any other error in which case the
tax administration rectifies the submitted tax liability. These amendments are
not considered audits and therefore they do not appear in the analysis.
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Fig. 2. Distribution of businesses and revenues collected (2015–2018). Note: Authors’ calculations based on data provided by RRA.
Fig. 3. Nil-filers and Filers by size (2015–2018). Note: Authors’ calculations based on data provided by RRA.
tax types, including VAT. These audits are conducted if the turnover
of VAT does not correspond to the turnover of income tax without
justification; if the tax declarations are not corresponding to paid taxes;
if the taxpayer deducted from taxable income non-deductible expenses;
if one or more invoices were not declared; in any other situation
where the tax administration has sufficient documents that can be
used to assess taxes. In a desk audit the taxpayer is not necessarily
informed by the RRA, but it is invited for explanations before the tax
notification is issued. An issue audit usually focuses on a single tax
6

type, single aspect or single tax period (for example, refund audits
are a type of issue audit which focuses on tax declarations claiming
refunds, VAT or income tax, from the RRA). Issue audits may be desk-
based or, depending upon the nature of the inquiry, they may involve
visits to the taxpayer’s business premises. Comprehensive audits are
more in-depth and time-intensive and usually are conducted through
RRA staff visiting the taxpayer’s business premises in order to review
all relevant documents. During 2015 the RRA performed 435 audits
involving corporate taxable income reported, with 389 of those (and so
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Table 1
Audits in 2015: Descriptive statistics.

Variable Obs Measurement
unit

Mean Std.Dev Min Max

Audit outcome 435 1000 US $ 101.15 969.81 0 19,369.84
Audit outcome (%) 435 % Potential

tax base
67.36 41.42 0 100

Total fines 435 1000 US $ 56.36 585.85 0 11,621.90
Total audit outcome 435 1000 US $ 157.50 1555.13 0 30,991.74
Total audit outcome (%) 435 % Potential

tax base
(including fines)

71.47 39.45 0 100

Note: Authors’ calculations based on data provided by RRA.
Table 2
Audits in 2015: Descriptive statistics - Comprehensive audits.

Variable Obs Measurement
unit

Mean Std.Dev Min Max

Audit outcome 161 1000 US $ 251.5 1584.231 0 19 369.84
Audit outcome (%) 161 % Potential

tax base
59.068 39.827 0 100

Total fines 161 1000 US $ 143.463 957.765 0 11 621.9
Total audit outcome 161 1000 US $ 394.963 2541.211 0 30 991.74
Total audit outcome (%) 161 % Potential

tax base
(including fines)

62.177 38.746 0 100

Note: Authors’ calculations based on data provided by RRA.
Table 3
Audits in 2015: Descriptive statistics - Narrow-scope audits.

Variable Obs Measurement
unit

Mean Std.Dev Min Max

Audit outcome 274 1000 US $ 12.799 55.78 0 854.036
Audit outcome (%) 274 % Potential

tax base
72.239 41.625 0 100

Total fines 274 1000 US $ 5.174 30.149 0 462.796
Total audit outcome 274 1000 US $ 17.973 84.54 0 1316.832
Total audit outcome (%) 274 % Potential

tax base
(including fines)

76.924 38.896 0 100

Note: Authors’ calculations based on data provided by RRA.
89.43 percent of all audits) uncovering taxable income underreported
by taxpayers, with 217 leading to the application of tax fines (which
amounts to 49.89 percent of the total).

Table 1 presents summary statistics for the main outcome variables
associated with the tax audits performed by the RRA in 2015 and for all
tax periods audited. The maximum amount of taxable income underre-
ported uncovered (given by audit outcome) is just over US$ 19,000,000,
with the mean being just over US$ 101,000 and the standard deviation
just under US$ 1,000,000. Audit outcome is also reported as a share of
the potential tax base (defined as the sum of taxable income declared by
the taxpayer and the audit outcome). Total fines, which gives the sum of
all fines and penalties applied to those businesses found underreporting
taxable income has a maximum of under US$ 12,000,000, with a
mean of just over US$ 56,000 and standard deviation of just over US$
585,000. Total audit outcome gives the sum of audit outcome and total
fines. Finally, total audit outcome (%) is calculated as the percentage
of total audit outcome over the potential tax base including fines (defined
as the sum of taxable income declared by the taxpayer and total audit
outcome as to include tax fines).

Table 1 reveals that audits contribute a substantial amount of tax
revenues in terms of uncovered taxable income underreported which
amounts to 67.36 percent of the potential tax base audited in 2015
(71.47 percent including fines). Tables 2 and 3 present the same
information organised by audit type grouping together the audits that
are narrow in scope (desk and issue audits). In terms of the portion of
underreported revenues uncovered by type of audits, comprehensive
7

audits detect the major share of noncompliance by uncovering 92
percent of all underreporting detected while narrow-scope audits detect
8 percent.28 In relative terms, and with respect to the corresponding
self-assessment, comprehensive audits detect 60 percent of the potential
tax base not including fines (62 percent including fines in the potential
tax base). On the other hand, narrow-scope audits detect 72 percent of
the potential tax base without fines (77 percent including fines).

To summarise, in order to assess the impact of tax audits on CIT
filers’ reporting behaviour the analysis relies on different data sets
matched at the (anonymised) taxpayer identification number. These
are:

• The world of anonymised CIT declarations for the tax periods
from 2013 to 2018.

• The world of anonymised records of completed audits undertaken
by both the Large Taxpayers Office and the Small and Medium
Taxpayers Office in RRA in 2015. During the audit wave of 2015,
37.01 percent of the 435 tax audits were comprehensive, 44.6
percent were desk and 18.39 percent were issue-oriented. Notice
that any taxpayer audited between 01∕04∕𝑡 and 31∕03∕𝑡 + 1 is
classified as ‘treated’ in wave 𝑡−1 in the sense that the tax return
of year 𝑡 − 1 is the last tax return reported before receiving the
treatment (audit) and the tax return of year 𝑡 is the first one
reported after the treatment has started (that is, the first year

28 It is of course not surprising that comprehensive audits uncover signifi-
cantly more underreported income than the narrow-scope ones. It is the impact
of those audits on future compliance that is one of the concerns of this paper.
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of impact is year 𝑡). With the exception of 3 audits, which are
conducted on businesses under the flat tax system, all other audits
are conducted on businesses under the linear tax system (which
entails both the CIT-real and CIT-lump sum tax regimes).

• Detailed information on the criteria used in audit selection, which
includes the risk rules and the corresponding weighting schemes
employed to assign risk scores to all tax declarations. The risk
criteria utilise information across all tax bases including VAT.

The next section presents the methodology employed to estimate the
ausal effect of audits on the future reporting behaviour of CIT filers
nd discusses in detail the identification strategy.

. Estimation strategy

To estimate the impact of audits on audited firms’ future reporting
ehaviour – the average treatment on treated, ATT – we combine

matching methods29 with a DID approach, and we use two alterna-
tive outcome variables: The taxable income and tax liability reported
as defined in Section 4 and expressed in levels. The main estima-
tor for the aggregate30 ATT is the Coarsened Exact Matching (CEM).
CEM provides also a data preprocessing step that stratifies the sample
based on relevant covariates associated with audit selection before
estimating audit-type specific ATT utilising the Inverse Probability of
Treatment Weighting with regression adjustment (IPTW). Indeed, CEM
possesses a set of powerful statistical properties and when used as
a data preprocessing step can improve other matching methods by
providing common support and improving the quality of the inferences
drawn from these estimators.31 The CEM procedure is intuitive. First,
CEM temporarily coarsens each relevant pre-treatment variable into
meaningful groups through a threshold assigned by the user based
on intuitive substantive information, where it is possible, or through
alternative standard binning algorithms. Subsequently, units with the
same ‘bin signature’ (that is, with the same values) for all the coarsened
variables are placed in a single stratum. And, finally, the control units
within each stratum are weighted to equal the number of treated units
in that stratum. Strata without at least one treated and one control unit
are pruned from the data set. Each treated unit is weighted with 1 while
the weights for each control unit equals the number of treated units in
its stratum divided by the number of control units in the same stratum,
normalised so that the sum of the weights equals the total matched
sample size. By employing these weights we analyse the unpruned units
through a DID approach to finally estimate the ATT through weighted
fixed effects models.

Leveraging on the detailed information about the audit selection
rules provided by the RRA, we have matched treated and untreated
taxpayers based on their estimated risk profiles. This matching process
considers both the aggregate likelihood of noncompliance and the spe-
cific sources of noncompliance for each taxpayer. Specifically, our set of

29 For a discussion on the various matching methods see, among others, Stu-
rt (2010), King et al. (2011), Imbens and Rubin (2015), and Guo and Fraser
2015).
30 Propensity Score Matching (PSM) and Mahalanobis distance metric match-

ng (MHD) estimators are then also employed on the CEM-stratified sample as
obustness (see Appendix B.1.1). Appendix B.1.2 provides further robustness
o the CEM-DID approach by estimating the aggregate ATT of audits on the
hole balanced dataset – that is, without stratifying the sample through CEM
based on Synthetic DID (SDID, see Arkhangelsky et al., 2021).
31 Particularly, CEM has been shown to perform better than commonly used
atching methods (like PSM and MHD) in reducing the initial imbalance

cross treatment cohorts because it targets multivariate rather than univariate
mbalance reduction. CEM also reduces model dependence, estimation error,
ias, variance, mean square error, and other criteria while seeking a trade-off
etween sample size and balance (see Iacus et al., 2011, 2012; Blackwell et al.,
009; King et al., 2011; King and Nielsen, 2019 for more details and formal
roofs, and Iacus et al., 2019 for a discussion on the inference theory).
8

pre-treatment matching variables for CEM stratification includes both
the synthetic Risk Index and all its specific components that is, the risk
criteria used by the RRA to flag potential noncompliance evaluated in
the year of audit (2015). These are categorical variables, each flagging a
specific source of potential noncompliance, involving the identification
of discrepancies encountered while comparing information across tax
records, tax bases and different fiscal years, as well as other behaviours
that may be indicative of noncompliance. Therefore, by employing
exact matching across all audit selection criteria, in addition to the
synthetic risk score, our approach comprehensively addresses the tax-
payers’ risk profiles for noncompliance at both aggregate and granular
levels, capturing nuances related to specific behaviours flagged by the
RRA as indicative of different sources of potential noncompliance. In
addition to these variables associated with audit selection, we also
exact match on a categorical variable identifying nil-filers in 2015.32

We choose these pre-treatment covariates because they provide us with
detailed information about the taxpayers’ noncompliance riskiness. As a
result, we obtain a good matching outcome in terms of the sought trade-
off between reducing imbalance and maximising the matched sample
size.

Stratification, ideally, should involve – apart from some measures
of noncompliance riskiness – exact matching on time-invariant char-
acteristics like firms’ industry and business activity, but in our case
there are substantial limitations in the data regarding these dimensions
due to missing data. Thus, using these variables in the stratification
would reduce drastically the matched sample size below any reasonable
threshold even when used in combination with fewer variables (for
example, the Risk Index). Moreover, there is compelling evidence that
the reliability of the information reported in these variables is doubtful.
Indeed, when filling their tax returns, firms in Rwanda provide infor-
mation on their business activity and industry under multiple fields
and there is evidence that they often report different and completely
unrelated categories across different fields even during the same fiscal
year. Making use of this information in the estimation would seri-
ously blur the identification of the actual firm’s business activity and
industry.33 Generally, by adding any additional variable to the stratifi-
cation procedure, in particular variables on which is necessary an exact
matching or for which the share of missing values is not negligible,
reduces significantly the size of the matched sample. Nevertheless, we
also employ broader sets of stratification variables with respect to our
baseline as robustness and obtain results that are consistent with the
results of the main analysis (see Appendix B.3).

Before employing the CEM procedure to select the matched sample,
restrictions are applied to the data in order the effect of one single
audit to be unambiguously estimated. More specifically, a small number
of outliers with effective tax rates higher than one is excluded from

32 A word of clarification is in order here. Audit selection is based on
the product of two likelihoods, the likelihood of a business underreporting
its income and conditional on underreporting (and found noncompliant) the
likelihood that the audit generates some expected revenue yield. The synthetic
Risk Index used relates to the former likelihood while the impact-on-revenues
likelihood that is not observed relates non-linearly to the taxable income.
Figure A.6 in Appendix A plots the probability of being audited across deciles
of the Risk Index showing it is increasing, with underlying correlation of
0.9494 between the decile of the risk score a business belongs to and the
probability of being audited in that decile. Figure A.5 shows a U-shaped
relationship between the probability of being audited and taxable income
reported and Figure A.7 further elaborates on this by estimating the probability
of being audited, by the combination of deciles of risk scores and taxable
income reported (for the year before treatment is applied).

33 There are businesses, for example, declaring to be in the manufacturing
of footwear and simultaneously in the business consulting activity; or in the
sewage and refuse disposal and in the retail sale of hardware; or again in the
sector of manufacture of dairy products and belonging to the tour operators
industry. These are all categories that do not even belong to the same broader
industry.
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Table 4
Description of sample selection.

Sample selection

Step Description Control
sample

% 𝛥 Audit
sample

% 𝛥 Total
sample

% 𝛥

0 Universe of CIT filers in 2015 28,739 – 435 – 29,174 –
1 Drop outliers with effective tax rate >1 28,730 99.97% 435 100.00% 29,165 99.97%
2 Balancing the panel 8,362 29.11% 348 80.00% 8,710 29.86%
3 Violation of (pre&post 2015) non-audit restrictions 7,980 95.43% 264 75.86% 8,244 94.65%
4 Final matched sample after CEM 4,287 53.72% 215 81.44% 4,502 54.61%

Note: Authors’ calculations based on data provided by RRA.
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the control group (there are 9 observations of those) and the dataset
is balanced in order to ensure that both the control and treatment
units can be followed along the whole period. This ensures the pre-
treatment parallel condition across cohorts can be properly checked on
the selected sample. This reduces the sample to 8,710 units. Moreover,
taxpayers who have been audited previously and/or subsequently in
other waves are also excluded since not doing this would make impos-
sible to disentangle the impact of the 2015 audit wave from the impact
of other audit waves. There are 84 of those in the treatment group and
382 in the control group. With this further restriction we are left with
8,244 taxpayers to which we apply the CEM stratification procedure to
select the final matched sample of 4,502 taxpayers. Table 4 summarises
the selection steps.

CEM assesses both the reduction in the multivariate imbalance
and in the univariate imbalance of pre-treatment variables through
𝐿1 statistics introduced by Iacus et al. (2011), and reported in Ta-
ble 5. Specifically, the comprehensive measure of global imbalance is
based on the 𝐿1 difference between the multidimensional histogram
of pre-treatment covariates across treatment cohorts. The measures of
univariate imbalance are defined analogously employing the unidimen-
sional histograms of pre-treatment covariates (see Iacus et al. (2011)
for a formal definition). In short, 𝐿1 is bounded between 0 and 1 –

ith higher values indicating higher imbalance – and it is an index that
hould be evaluated in relative rather than absolute terms by comparing
he values before and after the stratification process.

Table 5 shows the performance of the CEM procedure in reducing
mbalance in our sample. The overall multivariate imbalance across
re-treatment covariates after CEM almost disappears passing from
.76 to virtually zero (2.14𝑒−15), while maintaining a considerably high
hare of treated taxpayers in the final matched sample (81.44 percent,
ee Table 4). The reduction in pre-treatment univariate imbalance is
lso really pronounced in particular for the Risk Index and its compo-
ents, indicating that homogeneity across treatment cohorts increases
ignificantly in these covariates as a result of the CEM process.34 This is
isually confirmed in Fig. 4 that plots the distribution of pre-treatment
isk Index before and after the CEM procedure.

Thus far we have discussed the methodology used for the estimation
f the aggregate ATT for audited taxpayers independently of the type
f treatment received. In order to provide an estimate of the ATT by
ype of audit, we aggregate audits in two main audit categories, com-
rehensive and narrow-scope (including desk-based and issue-oriented
udits) and we perform an IPTW estimation (see, for example, Cattaneo,
010; Wooldridge, 2002, 2007) on the CEM-matched sample.35 IPTW

estimates a type-specific counterfactual term for any different type of
audit estimating a specific ATT for any treatment. Specifically, IPTW
is based on PSM and employs a multinomial logit model to estimate

34 Here we report the average 𝐿1 across all the risk rules because we
annot disclose how many criteria are involved in the risk flagging procedure
erformed by RRA.
35 As additional robustness checks to this analysis we also perform estima-

ions of the ATT based on separate CEM-stratification by type of audits, also
ifferentiating desk from issue audits within the narrow-scope category. The
9

esults obtained validate our main analysis and are discussed in Appendix B.2.
Table 5
Imbalance pre and post CEM matching.

Panel A: Overall imbalance, Multivariate 𝐿1

𝐿1 statistic pre CEM: 0.76
𝐿1 statistic post CEM: 2.14e−15

Panel B: Univariate imbalance

𝐿1 pre CEM 𝐿1 post CEM
Risk Index 0.38 2.72e−15
Nil-filer .19 8.74e−16
Risk Rules (average) 0.16 1.72e−15

Note: The table depicts 𝐿1 statistics for multivariate and univariate imbalance as defined
in Iacus et al. (2011).

the propensity scores associated with a comprehensive audit (𝑝𝑐𝑖 ), a
esk-based audit (𝑝𝑑𝑖 ) and no audit (𝑝𝑛𝑎𝑖 ), respectively. Type-specific
stimates for the counterfactual outcomes are then computed with a
egression model as a weighted average of the outcomes observed
or the unaudited taxpayers in the sample using as weights the ratio
f the relevant treatment-specific propensity score (𝑝𝑐𝑖 or 𝑝𝑑𝑖 ) and the
ropensity score for no treatment (𝑝𝑛𝑎𝑖 ).36

There is still substantial debate in the literature about how to
rovide valid inference when matching estimators are employed to
stimate the ATT (for an insightful discussion see, for example, Iacus
t al., 2019; Bodory et al., 2020). In particular, Iacus et al. (2019)
rgue that when ex-ante stratification solutions are employed (as, for
xample, for CEM) these concerns are misplaced and unaltered regres-
ion standard errors are correct. In the context of IPTW, Wooldridge
2007, 2002) has shown that ignoring the first-stage estimation of
he selection probabilities when performing inference yields to more
onservative standard errors than those adjusted. Moreover, the use of
egression adjustment provides a double-robust technique, in the sense
hat implements both the estimation of the probability of treatment
nd the outcome regression model at once so that there is no need to
orrect the standard errors in the second step to reflect the uncertainty
urrounding the predicted outcomes (see Cattaneo, 2010; Wooldridge,
002, 2007). Given these premises, we provide inference by reporting
obust standard errors (clustered by tax centre) for both the CEM and
PTW estimators.

The next section presents the results of the empirical analysis.

. Results

This section presents the results, starting with the aggregate ATT,
ollowed by the audit-type-specific aggregate ATT, and concludes with

back-of-the-envelope calculation of the return on investment (ROI)
f audits. In Appendix B we present further sensitivity analysis which

36 The set of covariates employed in the outcome model includes dummies
identifying nil-filer and late reporters at the time of the audit and an indicator
of the quartile of the VAT output-to-input ratio. The covariates used to estimate
𝑝𝑐𝑖 , 𝑝𝑑𝑖 and 𝑝𝑛𝑎𝑖 include the risk rules specific to any type of audit, dummies for
nil-filers and taxpayers reporting income from different sources, and dummies
for late reporters in the last 3 years before the audit process.
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Fig. 4. Univariate imbalance reduction (CEM). Note: Authors’ calculations based on data provided by RRA.
validates the results presented in the main text and the methodology
used.37

6.1. Aggregate ATT

A crucial assumption behind any DID analysis is the existence of
a common previous trend in the outcome variable at the time of the
treatment (Meyer, 1995) which, in the present context, means that
one should observe a similar pattern (trend) in reporting behaviour
of audited and unaudited taxpayers before treatment. To test for this,
as well as estimate the period-specific audit effects on the outcome
variables, we rely on Weighted Fixed Effect regressions based on panel
data from 2013 through 2018 and weights obtained from our CEM
stratification. In the regressions we also include both individual and
year fixed effects. The excluded category is the last year before the
treatment is applied (2015). Figs. 5 and 6 present the results of this
analysis for taxable income and tax liability, respectively, largely con-
firming that there is no statistically significant difference in trends
between audited and matched controls before audits take place. After
treatment, the estimates indicate a positive and increasing effect of
audits on subsequent tax reporting behaviour of audited taxpayers for
the three years after the treatment and the two outcome variables.

Quantitatively, audited taxpayers exhibit an approximate increase
of US$ 11,000 in reported taxable income compared to their matched
counterparts in the initial year following the audit. This difference
widens to US$ 23,000 and US$ 26,000 in the second and third years
after the commencement of the audit process, respectively (Fig. 5).
In terms of CIT liability reported in the three years after the audits,
this converts to an impact of around US$ 3,600, US$ 6,100, and US$
7,500 respectively (Fig. 6). This means that CIT audits in Rwanda raise
on average a total of US$ 17,246.25 by changing the behaviour of
audited taxpayers over the three years after the start of the enforcement
process. This amount corresponds to roughly 57 percent of the direct
impact of audits in terms of detected underreporting – or approximately

37 In particular, as already mentioned, Appendix B.1 presents the results
of the analysis based on alternative matching methods (Subsection B.1.1)
and SDID (Subsection B.1.2); Appendix B.2 reports the results of the analysis
obtained by matching separately by type of treatment; and Appendix B.3
reports the results of the estimation of our models obtained by applying more
inclusive sets of covariates for the CEM stratification. Moreover, Appendix B.4
provides further validation of our estimation strategy by testing the sensitivity
of our main results to random subsampling; and Appendix B.5 replicates the
analysis on the intensive margin just for the sample of audited taxpayers with
positive reportings (and their matched controls), and estimates the extensive-
margin effect of audits for audited nil-filers (compared to their matched
controls) through linear probability models for the likelihood to report positive
outcomes after the audit process, conditional on being nil-filers at the time of
the audit.
10
20 percent of the overall detection impact of audits, inclusive of under-
reporting and fines – and 16.6 percent of the overall revenue collected
as a result of audits (through detection and deterrence). While the
deterrence impact is substantial when measured in absolute terms, its
relative effectiveness compared to detection is somewhat more limited
in comparison to findings from similar studies framed in the high-
income context, notably Advani et al. (2023) and DeBacker et al.
(2018a) which estimate the deterrence effects to be around 150 percent
of the detection effect (or around 60–65 percent of total audit impact)
for the UK and the US, respectively.

6.2. Comprehensive versus narrow-scope audits ATT

As already noted, comprehensive and narrow-scope audits are con-
siderably different types of tax enforcement examinations.38 Table 6
presents the results of the estimation of the ATT by audit type con-
ducted via IPTW, showing that comprehensive audits drive the aggre-
gate results, having a sizable pro-deterrence effect along the post-audit
period. More precisely, following comprehensive audits lead to an
average increase of about US$ 51,051, US$ 34,035, and US$ 129.857 in
terms of taxable income reported by audited taxpayers along the three
years after receiving this type of audit when compared to the control
group. In terms of CIT liability reported, this impact translates to an
increase of US$ 15,377, US$ 10,105, and US$ 36,394 over the three
years following the audit, with an aggregate deterrence effect totalling
US$ 61,875.61. This represents 82 percent of the detection effect of
these audits, when considering solely the amount of taxable income
underreported, or 28 percent of the detection effect when fines are
also taken into account. Expressed in terms of total revenues collected,
this corresponds, on average, to 20 percent of total revenues collected
through this type of audit.

Interestingly, narrow-scope audits have a positive impact on com-
pliance one year after the audit, after which there is a significant
counter-deterrence effect that is sufficiently strong so that the aggregate
impact of those audits across the three-year period is negative. To be
more precise, narrow-scope audits tend to have a positive impact of
about US$ 4,638 (US$ 1,327) on taxable income (CIT liability) the first
year after the audit. In the second year, businesses that experienced this
type of audit report a significant counter-deterrent impact, with taxable
income (CIT liability) decreasing by US$ 6,832 (US$ 1,391). Over the
third year, the point estimates (US$ −5,107 for taxable income and US$
−766 CIT liability) indicate that the negative effect tends to persist on

38 And, as alluded to in Section 3, they are generally perceived differently
by taxpayers since they tend to involve different degree of deepening in the
examination of declared tax items, and thus they are likely to have a different
impact in deterring future noncompliance depending upon the accuracy of
information conveyed to taxpayers regarding the true probability of auditing.
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Fig. 5. The Dynamic impact of audits on Taxable income reported (in levels - thousands of US$).
Note: CEM-Weighted Fixed Effect estimates of the period-specific audit effects on taxable income based on panel data 2013–2018. Individual and year fixed effects are controlled
for. The excluded category is the last period before treatment (2015); 90, 95 and 99 percent confidence intervals are shown and based on robust standard errors (clustered by tax
centre). Matching variables are discussed in Section 5.

Fig. 6. The Dynamic impact of audits on Tax liability reported (in levels - thousands of US$).
Note: CEM-Weighted Fixed Effect estimates of the period-specific audit effects on tax liability based on panel data 2013–2018. Individual and year fixed effects are controlled for.
The excluded category is the last period before treatment (2015); 90, 95 and 99 percent confidence intervals are shown and based on robust standard errors (clustered by tax
centre). Matching variables are discussed in Section 5.
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Table 6
Main Results – ATT by audit type.

Dep. variable Taxable income reported CIT liability reported

Years after audit I II III I II III
Type of Audit (1) (2) (3) (4) (5) (6)

Comprehensive 51.051∗∗∗ 34.035∗∗∗ 129.857∗∗∗ 15.377∗∗∗ 10.105∗∗∗ 36.394∗∗∗

(5.896) (10.908) (15.731) (1.808) (3.292) (4.333)
Narrow-scope 4.638∗∗∗ −6.832∗∗∗ −5.107 1.327∗∗∗ −1.391∗∗∗ −0.766

(1.426) (1.874) (3.992) (0.423) (0.341) (0.842)

Note: Robust standard errors (clustered by tax centre) are reported in parentheses; ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
verage even though there is not enough precision to perfectly identify
t.39

The overall revenue impact of narrow-scope audits, in relation to
heir detection effect – taking into consideration only the significant
stimates – is −16.7 percent when considering only underreporting
nd approximately −0.71 percent when fines are also included in
he measurement. Overall, the net average counter-deterrence effect
f narrow-scope audits represent −0.72 percent of the total revenues
mpact of these audits. These results are corroborated qualitatively,
uantitatively and in terms of timing of the effect by a robustness
nalysis employing separate CEM stratification and matching for any
ype of audit, comprehensive, narrow-scope, and within this category
esk-based and issue-oriented audits (see Appendix B.2). For narrow-
cope audits, the net expected return to noncompliance is positive, even
hough a business has been detected to be noncompliant.

What drives the incentive to reduce compliance, having been de-
ected as noncompliant, is certainly a complex issue. One way to
ationalise this timing relates to the frequency with which businesses
erceive they can be audited again and the role of information con-
eyed by their more mechanical nature40: More frequent audits make
usinesses more cautious in underreporting, but their mechanical na-
ure makes them more willing to do so, given that, following the audit,
hey are not audited again.41

.3. Returns to auditing

Both types of audits, comprehensive and narrow-scope, verify in-
ome underreported (see Tables 1–3). But comprehensive audits are
ompliance conducive whereas narrow-scope tax audits have, on the
ggregate, a negative impact on compliance, following the tax audit.
omprehensive tax audits are also less frequent audits, verify more

ncome underreporting than narrow-scope ones, but they cost more in
erms of resources allocated to them. How do these different tax audits
hen perform in terms of cost effectiveness? This is the question the
iscussion now briefly turns to.

Table 7 presents a back-of-the-envelope calculation of benefits and
osts to auditing. Benefits include both the amount of underreported tax
iability detected, including penalties, and the amount of tax liability
ssociated with future compliance which corresponds to the estimated
ype-specific ATT over the three years after the audit. The calculation

assumes that when the impact is statistically insignificant, there is no
impact and so no benefit; in doing so the calculation is conservative in
terms of the counter-deterrence effect of narrow-scope audits the third
year after the process. The costs of audits are estimated using the salary
of full time equivalent staff employed in auditing and other inspection-
related activities, using data reported by the RRA to the ISORA database

39 These results are consistent with the experimental evidence provided
n Kasper and Alm (2022).
40 Though anecdotal evidence supports this, with the current data it is not
hypothesis that can be tested. But it is certainly an issue that deserves more

ttention.
41 This is somewhat consistent with the restrictions applied in selecting the
12

ample of Table 4.
for the year 2019, the first available year for which this data exists
(CIAT et al., 2019). The average duration of comprehensive audits is
just below seven months while the average duration of narrow-scope
audits is slightly more than two and a half months.

Taking now the ratio between the net benefit of each type of audits
and their respective costs, the net yield to a US$ invested is around 2.5
US$ on the aggregate, but this return to investment is due entirely to
comprehensive audits. Indeed, while comprehensive audits provide a
yield of around 4.9 US$ per dollar invested, narrow-scope audits cost
52 cents per US$ invested.

7. Concluding remarks

Improving tax enforcement is undoubtedly a major challenge for
Revenue Authorities across the world, and is particular so for de-
veloping countries where the need for tax revenues (the only form
of sustainable public finance) is significant: Just to achieve its 2030
Sustainable Development Goals in health, education, water and sanita-
tion, roads, and electricity, Rwanda needs to spend an additional 18.7
percent of GDP per year, Gaspar et al. (2019).

By using tax administrative data for incorporated businesses and
tax audits performed, this paper has investigated the role of tax en-
forcement in Rwanda in achieving compliance. The evidence suggests
that there is in general a sizable pro-deterrence effect of tax audits on
taxable income and CIT liability reported by audited businesses leading
to an average increase of tax revenues of about US$ 17,246 over the
three years after the audit process. This corresponds to about 16.6 per-
cent of the total revenue raised by audits also including the uncovered
underreporting and penalties applied, and represents approximately 5.9
percent of total CIT liability declared by all incorporated businesses in
the three years after the audit process.

The results have shown that the type of audit matters. Comprehen-
sive audits drive the pro-deterrence results while narrow-scope audits
(desk-based and issue-oriented) tend to have the opposite effect starting
from the second year following the audit. Interestingly, this result
is consistent with the evidence provided by the recent contribution
of Erard et al. (2019) for the U.S. suggesting that correspondence
audits appear to be substantially less consistent in terms of improving
future taxpayers’ reporting behaviour and they are not, therefore, a
perfect substitute for face-to-face (comprehensive) examinations. This
is reflected also in the back-of-the envelope calculation regarding the
return of investing a dollar on either of the two types of audits. In more
general terms, and from a policy perspective, what this points to is
that Revenue Authorities should pay close attention to the evaluation
of their tax audits portfolio.

The analysis also suggests avenues for future research. It has ab-
stracted, for example, from assessing the impact of past audits on
compliance, following the current audit. Disentangling the impact of
the current audit, from the impact of past audits is of course by no
means an easy issue to explore, but it is certainly one that deserves
particular attention.42 Related to this is the role of communication

42 Along the lines of Henning et al. (2023).
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Table 7
Return On Investment (ROI) of audits: A back-of-the envelope calculation.

Aggregate Comprehensive Narrow-scope

Benefits
Detection 86,705.00 218,913.00 9,013.70
Dynamic deterrence 17,246.25 61,875.61 −64.09
Total 103,951.25 280,788.61 8,949.61

Costs 29,519.17 47,875.65 18,733.05

Net Benefit 74,432.09 232,912.96 −9,783.45

Return to Investment 2.52 4.86 −0.52

Note: Author’s calculations based on data provided by RRA and estimated ATT. All values are per-audit and
expressed in US$.
nd information in improving the performance of audits. Intuition,
nd existing evidence from the tax compliance literature (see, for
xample, Kirchler, 2007 and Antinuan and Asatryan, 2020), suggests
hat appropriate messaging could improve compliance. Whether this is
he case in the context of corporate income taxes, and the distinction
etween comprehensive versus narrow-scope audits, it remains to be
een.

We hope to have shown that the results obtained are instructive and
he issues identified merit further investigation.
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