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Abstract
This paper demonstrates how tax administrations can
evaluate future compliance gains from risk-based tax
enforcement that audits all taxpayers above a risk thresh-
old. Expanding tax enforcement in this setting means
reducing the audit threshold. The compliance gains from
such an expansion consist of a mechanical audit correc-
tion effect and a behavioural effect that reflects changes
in self-reporting in the subsequent years. We estimate this
behavioural effect in a regression discontinuity analysis
with the risk score as the forcing variable. We find that
taxpayers at the margin had a significant reduction in
self-reported deductions in the next years’ tax filing. The
behavioural effect over a three-year post-audit period is
estimated to be of a magnitude similar to that of the direct
adjustment of the audit. This compliance effect does not
change when we include the reporting of the spouse. We
find that the risk score threshold that maximizes net pub-
lic revenue from the audits is considerably below current
practice.

1 INTRODUCTION

Operational tax audits are typically risk-based, targeted towards filers predicted to be
non-compliant. Although the most obvious and immediate impact of audits is the detection and
correction of non-compliance on the spot, audits may also change subsequent tax filing behaviour
of audited (specific deterrence) and non-audited (general deterrence) taxpayers. In this paper, we
focus on the specific deterrence effects of tax audits.

To optimize tax audits, it is essential to take into account the long-term behavioural responses
to such tax enforcement policies. However, obtaining this information can be difficult. In contrast
to the immediate disclosure and revenue effects of tax audits, effects on subsequent tax filing
cannot be measured directly. Estimates of behavioural effects must be based on a counterfactual,
but a suitable control group can be hard to define since audit selection will often be based on
criteria that are unobservable for outside analysts.
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We use data from an operational audit to estimate the response of high-risk filers to being
audited. The traditional way of targeting audits is to flag taxpayers with suspicious features of
specific items in their tax files. Today, it is becoming more common for tax administrations to
use advanced predictive analytics to risk score taxpayers (OECD 2019). These methods typi-
cally use a large array of individual characteristics, including past filing behaviour, to predict the
likelihood of non-compliance with tax rules. Our data come from Norway, where the tax admin-
istration risk scores all personal taxpayers who self-report substantial income tax deductions.
All taxpayers with a risk score above a threshold are subsequently audited. With this assignment
procedure, audits are as good as random around the threshold, and this provides a power-
ful strategy to estimate how being audited causally affects future compliance. Several years of
post-audit observations enable us to estimate how the compliance effect of being audited evolves
over time.

The behavioural effect that we identify with this regression discontinuity (RD) framework
is ‘local’, that is, valid for taxpayers around the threshold. The fact that RD design estimates a
local average treatment effect can be a limitation when treatment effects are heterogeneous. In our
case, however, the local estimate around the threshold contains exactly the information that tax
administrations need in order to decide whether they should adjust the risk threshold for audit
assignment.

Our analysis shows that being audited leads to a considerable drop in self-reported deductions
in the years following the audit. The effect declines over time, but is significant also in the sec-
ond year after the audit. Summing over three post-audit years, the average drop in self-reported
deductions is about 2600 USD, or 23,476 Norwegian kroner (NOK), which is of the same order
of magnitude as the direct adjustment of the audit. We also investigated the effects of multiple
audits and spillover effects on the spouse of the audited taxpayer. The evidence suggests that the
effect of being audited more than once is negligible, and we find no indication of spillover effects
on the tax filing of the spouse of the audited taxpayer.

We contribute to the literature on long-term compliance effects of tax audits; see Andreoni
et al. (1998) and Slemrod (2019) for a general discussion and an overview of this literature.
Our study demonstrates how tax administrations can evaluate future compliance gains from
risk-based tax enforcement in a setting where taxpayers above a pre-specified risk threshold are
audited. Future effects of audits can then be identified by using an RD analysis with the risk score
as the forcing variable. Population-wide randomized audits have been used to identify effects on
future compliance (Kleven et al. 2011; Gemmell and Ratto 2012; DeBacker et al. 2018; Advani
et al. 2023), but it is less expensive and more practical to use data from operational audits if
audit assignments are based on risk scores. The operational RD also provides the effect for the
marginally audited taxpayers.

To our knowledge, we are the first to combine data from operational audits of high-risk filers
with a credible empirical strategy to identify behavioural effects of being audited.1 A strand of
this literature uses traditional flag audits and matching techniques to find a suitable control group
for the audited (Beer et al. 2020; Mazzolini et al. 2022). However, it is difficult to find a credi-
ble comparison group since taxpayers are typically selected for such audits based on suspicious
filing patterns, often reflecting a transitory drop in taxable income. For audited taxpayers, tax-
able income will therefore typically be mean-reverting, and it is difficult to isolate this mechanical
effect from the behavioural effect of audits (Ashenfelter 1978; Heckman and Smith 1999).

In the final section of the paper, we go beyond the current threshold and ask how far down
on the risk score the tax administration should go in order to maximize the tax revenue. We use
data from a random audit to locate the risk score where the marginal tax income from an extra
audit, taking into account both short- and long-term compliance effects, equalizes the marginal
audit costs. We find that the risk score threshold that maximizes net public revenue from audits
is considerably below current practice. This analysis contributes to the literature on optimal tax
enforcement (Keen and Slemrod 2017).
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Closing the gap between the taxes that people owe and the taxes that they actually pay can
be an efficient and equitable way to raise government revenue (Sarin and Summers 2020). Since
more tax enforcement resources can reduce this gap, our methods and findings are of considerable
policy relevance and should have practical interest for tax administrations. Although predictive
risk score analysis combined with threshold assignment to audits has become increasingly com-
mon in modern tax enforcement (OECD 2019), we have not seen any study using such data
to estimate the behavioural effects of operational audits. Such strategies are called for by, for
example, OECD (2021), and our study illustrates how operational audit data can be used to esti-
mate the long-term effects of audits. The external validity of our study is strengthened by the
similarity between the audits that we study and correspondence audits in other countries. The
substantial positive long-term compliance effects of operational audits that we identify should
be of relevance and interest to other tax administrations.

The structure of the paper is as follows. Section 1 reviews key features of the Norwegian tax
system, including tax audits, the risk score model based on random audit data, and the risk-based
threshold audit. In Section 2, we present the data. Section 3 explains the empirical strategy used
to estimate compliance effects. In Section 4, compliance effects are discussed and main results
are presented. Extensive evidence of robustness is provided in Section 5. Section 6 discusses the
optimal audit capacity, and Section 7 concludes.

2 INSTITUTIONAL SETTING

Taxes, tax filing and audits in Norway
Norway had about 5.2 million inhabitants in 2015, of which 79% were liable to pay taxes and file
a tax return. The administration and enforcement of personal taxation in Norway are divided
between the Norwegian Tax Administration (NTA) in assessing personal taxes based on gross
and taxable income, and the municipalities that are responsible for direct tax collection.2 Nor-
wegian income tax differentiates between income from work (Y ) and capital (I). For wage
earners, taxes also depend on deductions (D). Liable taxes (T) are given by T = t(Y , I ,D), with
0.22 < 𝜕T∕𝜕Y < 0.47 and 𝜕T∕𝜕I = −𝜕T∕𝜕D = 0.22, such that the marginal tax on wage income
is higher than for interest and other capital income.

Given our research question, it is important to have a clear understanding of the sequence
of actions and the information exchange between the NTA and taxpayers. Table 1 depicts the
timeline of tax returns for personal taxpayers. Information on relevant items in year t is filed
during April and May in year t + 1. For wage earners, employers report taxable income and
withhold taxes to the NTA. For the self-employed, there is no third-party reporting of labour
income. Many itemized tax income deductions, such as donations to charitable organizations,
interest paid on bank loans, realized losses in share values, etc., are reported by third parties, but
some are self-reported by the taxpayer.

Based on third-party information, the NTA prepares and distributes tax returns to taxpayers
at the beginning of April. Wage earners can then make corrections to their tax returns and submit
self-reported items (income and/or deductions) until 30 April (for the self-employed, the deadline
is 31 May). The difference between the total income or deductions in the final tax return and those
in the pre-filled version is what we label as self-reported in this analysis. For example, a taxpayer
who has pre-filled income tax deductions of 60,000 NOK in terms of bank loan interest payments,
but a total claim of 90,000 NOK in deductions, has self-reported deductions of 30,000 NOK.

Tax audits are carried out from May to December following the income year. Our study con-
cerns audits of itemized income tax deductions. Taxpayers are selected for such audits in two
different ways, based on either computer-generated flags that depend on some specific feature of
deduction items, or the risk profiles of individual taxpayers. In the latter case, taxpayers are risk
scored, and audits targeted towards those at the high end of the score. In our data, the risk score
is generated by a machine learning model, which is described in the next subsection.
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EVALUATING COMPLIANCE GAINS 145

T A B L E 1 STYLIZED TIME LINE OF EMPLOYEE TAX RETURNS FOR TAX YEAR t

Period year t + 1 Action Actors Outcomes

January–February Third-party reporting Employers and Income, interests, wealth

financial institutions

March Pre-filled tax NTA Income by source, deductions,

returns distributed gross wealth, debt

April–May Check, correct and Taxpayers Acceptance of pre-filled or

self-report if relevant self-reported income and

deductions items

May–December Checks (standard, automatic) NTA

Audit

Documentation

Final assessment NTA Taxable income and wealth,

sanctions

Risk score threshold audits
In 2013, the NTA implemented a random audit to collect data to build a model to predict
non-compliance. The NTA singled out a population of approximately 310,000 taxpayers who
filed self-reported deductions above a threshold of Z NOK on one or two items from a list
of 29 specified expenses. The target population constitutes 7% of the whole population of per-
sonal taxpayers of 4.4 million individuals. The most common self-reported income tax deduction
items are interest on debt, personal work-related expenses on stays away from home, includ-
ing foreigners who commute to Norway to work, childcare deductions, and deficit from letting
out property. From the target population of 310,000 taxpayers, around 15,000 taxpayers were
selected randomly for a thorough check of the claimed deductions, and 17% were found to be
non-compliant.

These audits were carried out as ordinary operational audits of itemized income tax deduc-
tions. The audits are standard low-cost office-based audits, commonly labelled ‘correspondence
audits’ (Hodge et al. 2016). The audit checked ‘suspicious’ itemized tax deductions and asked for
taxpayer documentation if necessary. The auditors did not check other items in the tax report.
For example, they did not check income reporting. Taxpayers would be notified if the auditor
found irregularities in the claimed deductions. Hence every taxpayer who had their deductions
adjusted by the NTA knew that they had been audited. Those who were audited without dis-
closed irregularities would not know about the audit, unless they were asked for additional
documentation.3

When the taxpayer is found to be non-compliant, the NTA shall consider issuing a pecuniary
penalty on top of the audit adjustment. The penalty is 10-40% (normally 20%) of the tax advan-
tage that is detected and corrected during the audit. In this study, we are unable to separate the
compliance effects of the audit adjustment itself from any additional penalties.4

The NTA used the random audit data to train and test a gradient boosting machine learn-
ing algorithm to predict a binary classifier of compliance/non-compliance. When training and
building the machine learning model, random audits drawn from the target population were
divided into a training (8168 taxpayers), validation (2972 taxpayers) and test (3717 taxpayers)
dataset.

The binary classifier was the outcome in the final model that used 29 individual characteristics,
including current and past tax filings, as predictors. After running the model on the training data
and tuning hyperparameters on the validation data, the model was confronted with test data and
the performance was good.
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146 ECONOMICA

(a) (b)

F I G U R E 1 Audit probability and risk score distribution. Notes: (a) The risk score and the audit probability across
the entire risk score. (b) Zoom in on our estimation sample. The NTA selected taxpayers for audits in three different
waves for the 2014 audit. In the first two, conducted in May and June, the thresholds were basically identical, with risk
score 0.8. In the July audit, only 800 taxpayers were selected for an audit, and the risk score threshold was set at a
higher level (0.92). Our analysis is based on data from all three waves, and we have normalized the thresholds to 0.

Since 2013, this prediction model has been used to select taxpayers for audits. Each year, the
model assigns a risk score to every taxpayer in the target population. All taxpayers with a risk
score above a threshold are selected for audit. The risk score threshold for audits has varied over
the years, mainly due to variation in the budget allocated to this type of audit. In the first year
when the machine learning model was employed, for the income year 2014, resources allowing
for about 8000 audits were allocated from the management of the tax returns. In this year, 71% of
the audited taxpayers were found to be non-compliant. Thus the share of non-compliance was 54
percentage points higher with the risk score audits in 2014, than with the random audits in 2013.

3 DATA DESCRIPTION AND SAMPLE RESTRICTIONS

Our main analysis is based on data from the 2014 audit because it provides the longest post-audit
period to estimate the persistence of compliance effects. Taxpayers submitted information for
2014 to the NTA over a three-month period (May to July 2015). During this period, the NTA
selected individuals for the risk score audit in three waves, 8000 taxpayers in total. The risk score
threshold is determined by the resources allocated to audits each year; a larger audit budget
implies that more taxpayers in the target population can be audited, and this means a lower risk
score threshold. Thus there is no room for the auditors to influence the cut-off level. In the first
two waves, conducted in May and June, the threshold was basically identical, 0.82. In the July
wave, the risk score threshold was set at a higher level (0.92). Our analysis is based on data from
all three audits.5

Figure 1(a) displays the distribution of the 2014 risk score in the entire group of taxpayers with
self-reported deduction above Z NOK, together with the probability of audit (indicated by dots).
The threshold audit focused on a minority as less than 3% of the taxpayers with self-reported
deduction above Z NOK were selected. Figure 1 also reveals that a small fraction of taxpayers
below the threshold are audited in flag-based audits. This fraction increases in the risk score. Just
below the threshold, one in five taxpayers were audited based on single-item flags. The impor-
tant observation for our identification strategy is that the audit probability makes a distinct leap
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T A B L E 2 PRE-AUDIT CHARACTERISTICS—2014 THRESHOLD AUDIT

Target population All taxpayers

Mean S.D. Mean S.D.

Variables (1) (2) (3) (4)

Income and deductions

Pre-filled deductions 131,006 66,748 102,205 64,119

Self-reported deductions 54,033 50,880 4745 28,221

Taxable income 432,576 369,926 286,710 283,841

Individual characteristics

Age 41 12 47 19

Female 0.33 0.49

Immigrant 0.16 0.06

Married 0.44 0.42

Risk score 0.11 0.32

Observations 286,488 4,377,723

Notes: Taxable income is from the pre-audit year 2013, and deductions are for 2014, before the audit was conducted.

to unity at the threshold. In Figure 1(b), we zoom in on the bandwidth (±0.05) used in the
estimations.

The sample includes taxpayers between 17 and 70 years of age at the time of audit. To avoid
estimates driven by outliers, all variables in NOK (income and deduction variables) are trimmed
such that observations above the 99th percentile are dropped. Columns (3) and (4) of Table 2 pro-
vide background information on the whole population of about 4.4 million Norwegian personal
taxpayers. Columns (1) and (2) provide the corresponding information for the target population.
All monetary values in the text, tables and figures are measured in 2015 prices.

4 EMPIRICAL STRATEGY

We use the jump in audit probability at the risk score threshold in a fuzzy RD regression to
estimate the compliance effects of being audited. The estimator combines the two equations

yi,t0+k = g(rsi) + 𝜋11(rsi,t0
≥ rs) + 𝛽1yi,t0

+ ui,t0+k, (1)

Auditi,t0
= f (rsi) + 𝜋21(rsi,t0

≥ rs) + 𝛽2yi,t0
+ 𝜀i,t0

, (2)

where yi,t0+k is the tax filing variable of interest measured k years after the audit. The risk score
rs is the forcing variable, and g and f are unknown functions that are continuous at rs. The only
pre-audit variable that we control for in the outcome regression is self-reported deductions filed
just before the audit (yi,t0

). The effect of the audit on future tax filing behaviour (compliance) is
found by dividing the effect of the risk score threshold on future tax filing behaviour (𝜋1) by the
effect of the risk threshold on the probability of being audited (𝜋2). This is a standard IV scaling
of the reduced-form effect of a random treatment. Our strategy is based on the assumption that
the compliance effect is the same for threshold and flag audits. This is justified since the taxpayers
were not informed about the audit selection mechanism, and the same protocol was used whether
the taxpayer was selected by the risk score or single items in a flag audit. All estimates are based
on the robust RD estimator developed by Calonico et al. (2014).
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148 ECONOMICA

The critical identifying assumption for our analysis is that taxpayers just above and below
the audit threshold would have had the same expected future tax filing behaviour had it not been
for the audit. This assumption could be violated if taxpayers were able to manipulate their own
risk score or if there are other reasons for discontinuities in taxpayer characteristics around the
threshold. In our case, there are strong reasons to expect balance across the threshold. Most
taxpayers are not aware that they are risk scored, and even if they knew, it would be impossible
for them to affect their audit status by manipulating their own risk score, which is based on
a complex prediction model that loads on a large set of individual characteristics. Moreover,
the exact threshold chosen by the NTA for each audit is determined by the budget allocated to
this type of audit, and does not relate to expectations about taxpayers’ future filing behaviour.
As expected by these arguments, predetermined taxpayer characteristics are balanced around
the threshold. Figure 2 reveals no discontinuities at the audit threshold for characteristics such
as gender, age, marriage, immigrant background and risk score. The pre-audit deductions and
income are also balanced around the threshold, as shown by Figure 3.

With annual tax audits, some taxpayers will be audited multiple times over the years. This
complicates the estimation of behavioural responses. The future behaviour of a taxpayer who
experienced an audit in a given year may depend on both previous and future audits. With
long-lasting audit effects, one concern is that the 2014 audit is unbalanced with respect to pre-
vious audits. Approximately 20% of the taxpayers close to the risk score threshold were selected
for the same type of audit in the previous year, as shown in Figure 3. Reassuringly, there is no
discontinuity at the 2014 risk threshold.

A visual inspection of the distribution of taxpayers around the threshold in Figure 1 indicates
a bump just above the audit threshold. The McCrary test also rejects continuity of the risk score
density at the threshold.6 However, for the reasons explained above, it is unlikely that this eleva-
tion in the distribution is caused by taxpayers manipulating their own risk score. Furthermore, if
manipulation were possible, then we should expect bunching below and not above the threshold;
why would taxpayers, if they could, manipulate themselves into an audit? Thus we find it highly
unlikely that the (small) bunching just above the audit threshold leads to any selection bias in our
estimate of audit effects.

5 COMPLIANCE

This section presents our main results of how audits influenced post-audit tax compliance. Before
we present the behavioural effects of tax audits, it is useful to consider the direct audit adjust-
ment as a benchmark. The estimated effect of being audited on the probability of an adjustment
of self-reported deductions is 0.47 (see Table 3). The average adjustment in self-reported deduc-
tions is −24,546 NOK (≈ 2700 USD). Thus the average claimed adjustment was 52,225 NOK
(= 24,546∕0.47).

Although these adjustments reflect the reporting prior to the audit, Table 4 reports the
behavioural effects of an audit on future self-reported deductions. We report the effect for each of
the three post-audit years, as well as the aggregated effect over all three post-audit years. We can
see that the audit had a substantial impact on future filing behaviour. In the first year after the
audit (column (2), panel A), the drop in self-reported deductions caused by the audit is estimated
to be 14,345 NOK (or about 1590 USD). This corresponds to 19% of the self-reported deduc-
tions claimed by taxpayers with a risk score just below the threshold, or 58% of the average audit
adjustment. Although the future compliance effect tapers off rather quickly, we do find a negative
and significant effect on self-reported deductions in the second year. In the third post-audit year,
the estimate is also negative, but not statistically significant. Adding up the first three post-audit
years, we find that the behavioural effect of the audit on self-reported deductions is 23,476 NOK,
that is, of the order of the same magnitude as the direct audit adjustment reported in Table 3.7
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(e) Risk Score
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-.05 0 .05

RD Estimate: -0.003 (0.020)

(f) Audit 2013

F I G U R E 2 Pre-audit balance around the audit threshold—demographics and risk score. Notes: Estimates are
based on the robust RD estimator, with fixed bandwidth 0.05 around the risk score threshold (normalized at zero). The
local linear estimators are specified using triangular kernel functions. The sample sizes are affected by trimming the one
percentile tails of the annual distributions. Age in years; female, immigrant, married, and previous audit in 2013 are
shares.

The effects of the audit on self-reported deductions are illustrated in Figure 4, where we
display graphs for the three years after the audit. These graphs reveal a distinct reduction in
self-reported deductions around the threshold, but the drop is smaller and more blurred over
time. Compared to Advani et al. (2023), our post-audit compliance effects are greater but more
short term. We find compliance effects that are on a par with the direct audit effect. In Advani
et al. (2023), compliance effects linger for five post-audit years, but in terms of taxable income,
the aggregate behavioural response constitutes only around 60% of the direct audit effect.
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F I G U R E 3 Pre-audit balance around the audit threshold—deductions and income. Notes: Estimates are based on
the robust RD estimator, with fixed bandwidth 0.05 around the risk score threshold (normalized at zero). The local linear
estimators are specified using triangular kernel functions. The sample sizes are affected by trimming of the one-percentile
tails of the yearly distributions. Income and deductions are in 1000 NOK (exchange rate NOK/USD is around 9).

Taxpayers with a spouse will typically not make filing decisions in isolation. Some deduc-
tions are household-specific and can potentially be transferred from one spouse to the other as a
response to an audit. Spouses may also update their knowledge about tax rules or audit proba-
bilities when their partner has been audited. Both mechanisms make it potentially important to
include the filing behaviour of the spouse in the estimation of future compliance effects of audits.
In panels B and C of Table 4, we focus on married taxpayers and households. The compliance
effects of married taxpayers are very similar to those of the full sample, but the effect estimates
are less precise because of fewer observations.

 14680335, 2024, 361, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ecca.12499 by N

orw
egian Institute O

f Public H
ealt Invoice R

eceipt D
FO

, W
iley O

nline L
ibrary on [25/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



EVALUATING COMPLIANCE GAINS 151

T A B L E 3 AUDIT ADJUSTMENT BY THE NTA OF SELF-REPORTED DEDUCTIONS

Average adjustment Probability of adjustment

Audit −24,546*** 0.470***

(2828) (0.0219)

Observations 6997 6997

Notes: Unconditional average adjustment in NOK. Estimates are based on the robust RD estimator. The bandwidth is 0.05 around the
risk score threshold (normalized at zero). The local linear estimators are specified using triangular kernel functions. The sample sizes are
affected by the trimming of the one-percentile tails of the yearly distributions. Standard errors in parentheses.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.

T A B L E 4 COMPLIANCE EFFECTS ON SELF-REPORTED DEDUCTIONS

Pre-audit Post-audit All post

2014 2015 2016 2017 2015–17

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

A. Audit 741 −14,345*** −7299* −2799 −23,426**

(3544) (3513) (3301) (3567) (7757)

Observations 6997 6915 6842 6749 6960

B. Married taxpayers 5705 −12,421*** −6886 −6333 −25,646*

(5976) (5002) (4962) (4481) (11,086)

Observations 2557 2528 2526 2508 2548

C. Married households 1953 −10,591* −10,871* −6136 −26,136*

(5778) (5316) (5235) (4778) (11,571)

Observations 2390 2329 2330 2321 2383

D. Wage earners 2536 −14,467*** −7299* −3723 −24,497**

(3605) (3436) (3300) (3209) (7803)

Observations 6339 6277 6207 6127 6312

E. Self-employed −14,395 −15,256 −10,218 6106 −16,162

(14,511) (10,045) (17,977) (13,073) (35,437)

Observations 658 638 635 622 648

Notes: Estimates are based on the robust RD estimator. Control for pre-audit self-reported deductions as in equation (1). The bandwidth
is 0.05 around the risk score threshold (normalized at zero). The local linear estimators are specified using triangular kernel functions.
The sample sizes are affected by the trimming of the one-percentile tails of the yearly distributions. Standard errors in parentheses.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.

Total self-reported deductions increase when the partner’s items are included, but in the
absence of audit spillovers to spouse, the audit effect on future compliance should be of the same
magnitude as for individual filings. If the audited person reallocates some of the deductions to
the spouse, then we expect lower compliance effects for households than for the audited person.
On the other hand, with behavioural spillovers, we should expect a larger drop in self-reported
deductions at the household level than for individual taxpayers. Since the effect estimates are
very similar based on household deductions (panel C of Table 4), the evidence indicates minor
reallocations and spillovers within the household.

It is often pointed out that non-compliance in terms of under-reporting is first and foremost
a problem among the self-employed since they self-report their income to the tax authorities
(Kleven et al. 2011). For itemized income tax deductions related to personal income, wage earners
have, however, the same opportunity to evade taxes as the self-employed. An interesting question
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(a) First Year (2015)

0
2
5

5
0

7
5

1
0
0

1
2
5

S
e
lf
-R

e
p
o
rt

e
d
 D

e
d
u
c
ti
o
n
s

-.05 0 .05

(b) Second Year (2016)
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(c) Third Year (2017)
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(d) Three First Years (2015-2017)

F I G U R E 4 Compliance effects—post-audit self-reported deductions. Notes: Plots of self-reported deductions (in
1000 NOK, exchange rate NOK/USD about 9) for each of the three post-audit years as well the accumulated
deductions against the forcing variable (risk score). The bandwidth is 0.05 around the risk score threshold (normalized
at zero). The local linear estimators are specified using triangular kernel functions, and ten bins are shown on both sides
of the threshold. Error bars show the 95% confidence limits.

is if the self-employed are of a different stature than wage earners with respect to how they
respond to tax enforcement policies. Since our data include personal tax files for both wage earn-
ers and self-employed, we can check if the compliance effects for the self-employed are different
from the response of the wage earners. A comparison of panels D and E in Table 4 reveals that
the point estimates for the self-employed and wage earners are about the same. Since the data
contain relatively few self-employed, the compliance estimates for these taxpayers are imprecise.

6 ROBUSTNESS AND EXTENSIONS

In this section, we assess the robustness of our results with respect to alternative placebo
thresholds and empirical specifications. We also discuss effects on income and taxes, possible
implications of multiple audits, and results from the 2015 audit.

Placebo tests and specifications
As a first robustness test, we estimate the model for alternative (placebo) thresholds, and the
results are summarized in Figure 5. We find it reassuring that the only threshold for which we find
a significant compliance effect is the one where the audit actually took place. For the placebos,
the estimated effects are close to zero.

In our main specification, we control for pre-audit values of self-reported deductions. In
Table A1 of the Appendix, we present the estimates without pre-audit controls (panel A). The
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F I G U R E 5 Placebo tests—first post-audit year compliance effects at different placebo thresholds. Notes: RD
robust estimates of the effect on self-reported deductions (NOK) in the first post-audit year. Separate estimates for
different placebo thresholds. Error bars show the 95% confidence limits.

results are very similar. Another robustness check is to ignore flag-based audits below the thresh-
old. This corresponds to a situation where all the differences in outcomes can be attributed to
the threshold audit. The effects are estimated with a sharp RD, and the results are presented in
panel B of Table A1. As expected, the effects are slightly smaller but not qualitatively different
from our main specification. The final check in Table A1 (panel C) addresses the low-risk thresh-
old in wave three and shows that the results are very similar if we drop the individuals at both
sides of the threshold in wave three.

As a final set of specification checks, we report estimates with different bandwidths, polyno-
mial orders and kernel functions. As seen in Figures A1 and A2 in the Appendix, non-linearity of
the risk score does not matter, and the estimates are robust with respect to the choice of bandwidth
and kernel function.

Income and tax effects
Taxpayers who got their self-reported deductions adjusted in the audit may respond not only by
reducing self-reported deductions but also by adjusting their income and/or how they report it. In
Table 5, we first check whether the audit affected subsequent gross income (panel A). There are no
signs of effects on total income before deduction. When we run the regression with self-reported
net income as the outcome, we obtain point estimates that are of the same order of magnitude
as for self-reported deductions (with opposite sign); see panel B of Table 5. This indicates that
taxpayers’ behavioural response to being audited was confined to the compliance effects that we
have seen in self-reported deductions. However, note that the income effects are not precisely
estimated. The reason is that transitory components are more important for income than for
deductions. The standard deviation of pre-audit self-reported net income is more than three times
larger than the standard deviations for self-reported deductions. For taxable net income, which
includes third party and self-reported items, the standard deviation is even greater. Given the large
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154 ECONOMICA

T A B L E 5 EFFECTS ON INCOME AND TAXES

Pre-audit Post-audit All post

2014 2015 2016 2017 2015–17

A. Gross income −22,838 −8649 −1647 942 5480

(17,854) (11,769) (14,351) (16,043) (38,174)

Observations 6997 6915 6842 6749 6960

B. Self-reported net income −5322 19,465* 15,458 4629 37,423

(11,760) (9182) (10,045) (11,352) (25,776)

Observations 6997 6915 6842 6749 6960

C. Taxable net income −15,678 6245 5371 6120 26,160

(16,456) (11,530) (14,049) (15,374) (36,146)

Observations 6997 6915 6842 6749 6960

D. Taxes paid 10,033** 4943 2872 3487 13,565

(3476) (4087) (4522) (5127) (12,621)

Observations 6997 6915 6842 6749 6960

Notes: Gross income is the sum of the reported and self-reported income of the third party before deductions. Self-reported net income is
self-reported income minus self-reported deductions. Taxable net income is pre-filled income plus self-reported income minus pre-filled
deductions minus self-reported deductions. Taxes paid include annual income and wealth tax. Standard errors in parentheses.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.

variability of income, we do not have statistical power to detect effects in self-reported income
or taxable income. For taxes paid, there are additional items, such as wealth, that contribute to
variation and reduced power.

Multiple audits
In light of the long-lasting effects of being audited, one might be concerned that the estimated
effects reflect past audit experiences. We find, however, that the pre-treatment audit exposure (in
2013) is balanced around the 2014 threshold, as shown in Figure 2. Even with a balance in pre-
vious audits around the 2014 audit threshold, multiple audits may affect the interpretation of
our estimates. Since the audit leads to a drop in self-reported earnings over the next few years,
one might expect that a lower exposure to a future audit will limit the persistence of compliance
effects. The timing of the tax filing implies that a 2015 audit could not impact the first-year com-
pliance effect of the 2014 audit, simply because the self-reporting on 2015 items happened before
any audit. In Figure 6, we see an indication of a decrease in the probability of audit for 2015
around the 2014 threshold. But the impact on the future audit is tiny and not statistically sig-
nificant (see the Figure 6 Notes for details). Therefore, our estimated audit effects on tax filing
behaviour for 2016 and 2017 are unlikely to be affected by subsequent audits. Finally, consecu-
tive audits could be complements or substitutes. If mainly the first audit matters, then the results
in Table 4 would underestimate the compliance effect of being audited for the first time in 2014,
since a fraction of the control group had a first time audit in 2013. We can assess to what extent
our main estimates are influenced by multiple audits by estimating the effects of the 2014 audit
conditional on the 2013 audit status. The results in Table 6 show that the compliance effects are
slightly higher for those without audit in 2013, compared to the entire sample (Table 4). This
suggests that the compliance effect of an additional audit is lower than the effect of the first audit.

The 2015 threshold audit
The NTA followed the same audit threshold procedure in 2015. However, compared to the 2014
audit, the NTA expanded the capacity and doubled the number of audits. This expansion implied
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EVALUATING COMPLIANCE GAINS 155

(a) (b)

F I G U R E 6 Subsequent audit (2015) by risk score (2014). Notes: (a) and (b) depict the 2014 risk score distribution
(as in Figure 1) and the audit probability in the subsequent year (2015), with (b) zooming in on our estimation sample.
The RD robust estimate of the effect of audit in 2014 on the probability of audit in 2015 is −0.0313, with 95%
confidence interval (−0.069, 0.006).

T A B L E 6 COMPLIANCE EFFECTS ON SELF-REPORTED DEDUCTIONS–FIRST TIME AUDIT

Pre-audit Post-audit All post

2014 2015 2016 2017 2015–17

Audit, without 2013 audit 3088 −18,635*** −10,368** −2148 −30,511**

(3097) (3886) (3475) (3316) (8290)

Observations 5449 5189 5303 5238 5425

Notes: These estimates are based on the robust RD estimator. We control for pre-audit self-reported deductions. The bandwidth is 0.05
around the risk score cut-off point for tax audit, normalized at zero. The local linear estimators are specified using triangular kernel
functions. Standard errors in parentheses.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.

a distinct jump in the audit probability at a lower threshold (see Figure A3 of the Appendix).
With a lower audit threshold, we expect to find a lower compliance effect of the audit, since
both the probability of non-compliance and the self-reported deductions of taxpayers increase in
the risk score. As expected, Table 7 shows a smaller first-year compliance effect for self-reported
deductions compared to the 2014 audit, and the second-year effect is not statistically significant.

7 OPTIMAL AUDIT THRESHOLD

For tax administrations, tax revenue net of enforcement costs is a natural criterion to decide the
scale and scope of tax audits (OECD 2006). Evaluated from a social welfare perspective, however,
tax revenues from audits are to a large extent transfers from private individuals to the government.
The net social value of the marginal audit can therefore be written as

𝜙(ΔTax revenue − ΔAdministrative costs) − 𝜔 ΔPrivate costs,

where 𝜙 is the marginal value of public funds, and 𝜔 is the social welfare cost of taking one
unit of income from a non-compliant taxpayer. In addition to reducing private after-tax income,
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156 ECONOMICA

T A B L E 7 COMPLIANCE EFFECTS OF THE 2015 AUDIT

Pre-audit Post-audit All post

2015 2016 2017 2016–17

A. Audit adjustment by NTA −25,797***

(1198)

B. Self-reported deductions 2119 −6283*** −3516 −9979**

(2183) (1852) (1950) (3335)

Observations 15,011 14,764 17,465 14,861

Notes: Panel A reports the average adjustment in self-reported deductions as a result of the audit, with the standard error of the estimate
in parentheses. These estimates in panel B are based on the robust RD estimator, controlling for pre-audit deductions. The bandwidth is
0.05 around the risk score cut-off point for the tax audit, normalized at zero. The local linear estimators are specified using triangular
kernel functions.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.

reducing future tax evasion can also reduce private concealment costs and moral costs to the
taxpayer (Kreiner 2010; Keen and Slemrod 2017; Meiselman 2018; Slemrod 2019).

In the calculations below, we simplify and assume that 𝜔 = 0. More specifically, we ask how
far down the risk threshold the tax administration must go to hit the audit threshold that max-
imizes its net revenues. A positive weight on audited taxpayers (𝜔 > 0) would imply a higher
optimal audit threshold. One way to interpret our calculations is that it derives a lower bound
for the optimal audit risk score threshold. Another caveat is that we do not consider the general
deterrence effect of audits, which should also be accounted for in a complete cost–benefit calcu-
lation of tax enforcement. The general deterrence effects are likely to depend on the overall level
and visibility of tax enforcement policies. Here, we consider a more narrow question, namely the
costs and benefits of expanding one specific type of tax audit, taking into account both the direct
audit effect and the specific deterrence effect.

With random audits, the extra tax income generated by a small expansion of audits equals the
average treatment effect and is therefore independent of the initial number of audits. This is not
the case for threshold audits targeted towards high-risk filers. When audit selection is based on
the taxpayer’s risk score, an expansion of audits implies a lower risk score at the threshold, and
since taxpayers with a lower risk score have fewer misfilings, the expected marginal tax revenue
declines in the audit level.

We can use the estimates from Section 5 to calculate the net tax revenue generated at the
2014 audit threshold. The audit reduced deductions by 24,546 NOK in the year of the audit, and
by an additional 23,476 NOK in the three post-audit years. Multiplying the total reduction in
tax deductions by the relevant tax rate, 22%, we find that the audit increased taxable income by
10,565 NOK. The unit cost of this type of audit is 1625 NOK.8 Hence, based on our estimates,
a small expansion of the 2014 audit would generate a net tax income of 8940 NOK. This is a
substantial surplus, and to maximize tax revenue, the tax authorities should lower the risk score
threshold and audit more taxpayers. How far down the risk score should they go?

Since RD estimates provide only local information at the threshold, our analysis so far cannot
answer this question. To locate the risk score where the marginal tax revenue of an audit equals the
unit audit costs, we need to know how the tax income generated by the marginal audit vary over
the entire risk score distribution. To obtain this information, we use data from the 2013 sample of
about 15,000 randomly audited taxpayers; this is the sample that was used to build the machine
learning model in the first place. With these data, we can obtain estimates of the detection effect
and the compliance effect over the whole range of risk scores in the target population.

In Figure 7(a), we display, by risk score, the fraction who had their self-reported deductions
adjusted upon audit. The population is divided into four risk score brackets. Although only 5%
of the taxpayers in the lowest risk bracket had their self-reported deductions adjusted, more than
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F I G U R E 7 Random audit (2013)—audit outcomes by risk score. Notes: (a) For four different risk score intervals,
the fraction of audited taxpayers that had their deductions adjusted (i.e. not approved). (b) The average amount
(in 1000 NOK) that was adjusted by the NTA at different risk score levels. Error bars show the 95% confidence limits.
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(b) Predicted Tax Revenues

F I G U R E 8 Random audit (2013)—post-audit self-reported deductions and predicted tax revenues by risk score.
Notes: (a) The estimated accumulated four-year reductions in post-audit self-reported deductions. (b) The predicted tax
revenue defined as the total reduction in deductions from the audit adjustment and subsequent post-audit compliance
effects, multiplied by the marginal tax rate (0.22). Error bars show the 95% confidence limits.

40% of the taxpayers in the group with the highest risk scores got an adjustment. Figure 7(b)
shows that the average amount adjusted by the tax authorities also increases the taxpayer risk
score.

Turning to the estimated behavioural effects, Figure 8(a) depicts the aggregated four-year
post-audit drop in self-reported deductions for different risk score intervals. The compliance
effect is close to zero in the lowest bracket, but turns statistically significant when the risk score
exceeds 0.25. If we sum the direct adjustment effect and the four-year post-audit behavioural
effects, and multiply by 0.22, then we get an estimated tax revenue effect by risk score interval
as shown in Figure 8(b). The tax revenue generated by an audit increases in the risk score, since
both effects (i.e. the direct adjustment and the future reductions in self-reported deductions) are
increasing in the risk score.

Comparing audit costs and net tax revenues, our estimates suggest that an audit of a tax-
payer with a risk score in the 0.5–0.75 region would clearly raise net public revenues. Of course,
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158 ECONOMICA

it is only under special circumstances that the redistributive element of audits (redistributing from
the non-compliant to the compliant via public budgets) justifies a zero weight on the income taken
from the non-compliant (Slemrod and Yitzhaki 1987). In most cases, it is reasonable to assign a
positive welfare weight to non-compliant taxpayers, especially when non-compliance arises from
ignorance or confusion because the taxpayer lacks the resources—or does not exercise effort—to
fully understand a complicated tax system. The more weight the social planner puts on the loss
of income for non-compliant taxpayers, the fewer audits should be carried out. Anyhow, the net
revenue effect and how it varies with risk scores is, of course, still a key parameter for deciding
optimal audits.

There are other non-distributive arguments for expanding tax enforcement policies beyond
the capacity where marginal revenue equals audit costs. Audits may induce concealment costs, as
well as moral costs of cheating. In addition, non-compliance breaks the principle of horizontal
equity where individuals with similar incomes and assets should pay the same taxes. In this paper,
we focus on the individual preventive effects of audits, but there are also general deterrence effects
of audits, as well as potential network effects stretching beyond the spouse of the audited taxpayer
that could influence the optimal audit capacity.

8 CONCLUSION

Audits are a cornerstone in tax enforcement policies. Audits detect and correct non-compliance
on the spot, but may also change the subsequent behaviour of the audited, either by providing
new information to misinformed taxpayers, or by changing the perceived risk of future audit
for those who deliberately under-report taxable income. The design of optimal tax enforcement
depends critically on how taxpayers respond to being audited. In contrast to non-compliance
disclosed directly by the audit, any impact on future filing behaviour must be estimated within a
framework of counterfactual outcomes. To identify behavioural compliance effects, we use data
from operational audits in which all taxpayers with an individual risk score above a critical value
were audited. Such threshold audits are ideal for using the RD design to identify effects on future
tax filings that are relevant for policy.

We identify substantial long-term compliance effects of being audited. Compared to their
non-audited neighbours in the risk distribution, audited taxpayers reduced self-reported deduc-
tions by 19% in the first post-audit year. Even if the yearly effect declined over the next years,
the behavioural effect over a three-year post-audit period is similar to the direct adjustment of
the audit. We find no indications of spillover effects on spousal tax filing, and the (imprecise)
estimates on net income suggest that pre-tax income is unaffected by the audit.

The evidence from several audits, including the random audit used to estimate a prediction
model, shows that the reduction in deductions is increasing in the risk score. By comparing
marginal tax revenue and audit costs, we show that an expansion of the audit capacity would raise
public net revenue. If the (marginal) welfare weight assigned to a non-compliant taxpayer is low,
then the policy implication is to lower the threshold and audit a larger fraction of the taxpayers,
even if the average net revenue from the audited taxpayers falls.

Since profiling and machine learning strategies are used increasingly as enforcement tools in
many countries, our application of the RD design and the empirical results that we present should
be of general interest and extend beyond Norwegian tax enforcement policies.
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ENDNOTES
1 In a recent paper, Sánchez (2022) uses an RD design to estimate the effects of receiving a non-compliance notification.
2 From 1 November 2020, the responsibility for direct tax collection was transferred to the NTA.
3 We do not know who among those who were checked but found to be compliant actually became aware of the audit.

But even if we had this information, it could not be used to identify compliance effects for this group, as it is endogenous
and we have no appropriate control group with which to make comparisons.

4 See (Hebous et al. 2023) for a closer discussion on audits and penalties in a Norwegian context.
5 Only 883 taxpayers were selected for audit in the third wave. Our robustness check shows that the results are very similar

if we drop wave three observations. The small number of audits and the fact that the taxpayers in the last wave are
mainly self-employed explains why the risk score threshold in the third wave is much higher compared to the first two
waves.

6 Using a default bin size calculation, the bin size is 0.000828079, with discontinuity estimate (log difference in height)
0.19122, standard error 0.05181, and significance at the 1% level.

7 As pointed out by a referee, the effects on total deductions, i.e. on the sum of pre-filled (third party reported) and
self-reported deductions, would be lower than the effects on self-reported deductions if corrected taxpayers had legit-
imate deductions but were audited and corrected because they had not done the necessary paperwork to get the
deductions registered and reported by a third party. To check for this, we run the same regressions with total deductions
as the outcome variable. This gives a compliance effect that is slightly higher than for self-reported deductions.

8 This is an estimate that the NTA gave us based on the average variable cost associated with this type of desk audit.
It includes wages and social costs (e.g. payroll taxes, mandatory employer insurance and holiday pay), IT equipment
costs, and office costs. In the calculations below, we assume that the unit cost is independent of the risk score. This is a
simplification; it is more plausible that the time required to control a taxpayer increases in the taxpayer’s risk score. If
that is the case, then our estimate of the optimal risk score threshold, which is based on a unit cost independent of the
risk score, provides an upper bound of the true revenue maximizing threshold.
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APPENDIX

T A B L E A1 COMPLIANCE EFFECTS, SELF-REPORTED DEDUCTIONS—ROBUSTNESS

Pre-audit Post-audit All post

2014 2015 2016 2017 2015–17

A. No pre-audit control 741 −13,989*** −7120* −2373 −22,775**

(3544) (3715) (3374) (3212) (8170)

Observations 6997 6952 3860 6779 6891

B. Sharp RD 741 −11,528*** −5896* −2262 −18,803**

(3544) (2804) (2659) (2550) (6004)

Observations 6997 6952 3860 6779 6891

C. Sample waves 1 and 2 5168 −15,966*** −8600** −4142 −27,706***

(4128) (3540) (3206) (3387) (8219)

Observations 5473 5331 5337 5409 5461

Notes: These estimates are based on the robust RD estimator. The bandwidth is 0.05 around the risk score cut-off point for tax audit,
normalized at zero. The local linear estimators are specified using triangular kernel functions. Standard errors in parentheses.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.

T A B L E A2 SCALED EFFECTS ON POST-AUDIT SELF-REPORTED DEDUCTIONS

2015 2016 2017

Audit −0.263* −0.265*** −0.125

(1.04) (0.074) (0.093)

Notes: The dependent variable is self-reported deductions in each post-audit year, scaled by the pre-audit self-reported deductions in
2014. Estimates are based on the robust RD estimator. The bandwidth is 0.05 around the risk score cut-off point for tax audit,
normalized at zero. The local linear estimators are specified using triangular kernel functions. The sample sizes are affected by the
trimming of the one-percentiles of the yearly distributions. Standard errors in parentheses.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.
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T A B L E A3 POST-AUDIT PRE-FILLED AND TOTAL DEDUCTIONS—SUM ALL POST-AUDIT YEARS

Pre-filled deductions (NOK) Total deductions (NOK)

Audit 141 −30,078***
(8179) (12,001)

Observations 6950 6950

Notes: Estimates are based on the robust RD estimator. We control for pre-audit values of deductions. The bandwidth is 0.05 around the
risk score threshold (normalized at zero). The local linear estimators are specified using triangular kernel functions. The sample sizes are
affected by the trimming of the one-percentile tails of the yearly distributions. Standard errors in parentheses.
*, **, *** indicate significance levels p < 0.05, p < 0.01, p < 0.001, respectively.
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(d) Polynomial fit of order 2
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(e) Polynomial fit of order 3
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(f) Polynomial fit of order 4

F I G U R E A1 Compliance effects for different bandwidths and polynomial orders. Notes: Regression discontinuity
plots and estimates for accumulated self-reported deductions in 1000 NOK for the three first post-audit years against
the forcing variable (risk score) for different bandwidths and polynomial orders, as robustness checks for the main
specification in Figure 4. The local estimators are specified using triangular kernel functions, and ten bins are shown on
both sides of the threshold. Error bars show the 95% confidence limits.
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(a) Polynomial 1, triangular kernel
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(b) Polynomial 1, uniform kernel
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(c) Polynomial 1, epanechnikov kernel
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(d) Polynomial 2, triangular kernel
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(e) Polynomial 3, triangular kernel
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(f) Polynomial 4, triangular kernel

F I G U R E A2 Compliance effects for alternative kernels for optimal bandwidth. Notes: Regression discontinuity
plots and estimates for accumulated self-reported deductions in 1000 NOK for the three first post-audit years against
the forcing variable (risk score) for optimal bandwidths and different polynomial orders and kernel functions, as
robustness checks for the main specification in Figure 4. Error bars show the 95 % confidence limits.

F I G U R E A3 Audit probability (2015) by risk score. Notes: In 2015, the NTA selected taxpayers for audits in three
different waves. But the budget allocated to this audit was substantially larger, which means that the risk score threshold
was set at a lower level than in 2014. Our analysis is based on data from all three waves, and we have normalized the
threshold to 0. We can see that below the threshold, the probability of a flag audit of self-reported deductions increases
in the risk score, and there is a distinct jump at the threshold.

 14680335, 2024, 361, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ecca.12499 by N

orw
egian Institute O

f Public H
ealt Invoice R

eceipt D
FO

, W
iley O

nline L
ibrary on [25/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	Evaluating compliance gains of expanding tax enforcement 
	1 INTRODUCTION
	2 INSTITUTIONAL SETTING
	Taxes, tax filing and audits in Norway
	Risk score threshold audits
	3 DATA DESCRIPTION AND SAMPLE RESTRICTIONS
	4 EMPIRICAL STRATEGY
	5 COMPLIANCE
	6 ROBUSTNESS AND EXTENSIONS
	Placebo tests and specifications

	Income and tax effects
	Multiple audits
	The 2015 threshold audit
	7 OPTIMAL AUDIT THRESHOLD
	8 CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

