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Sammendrag 

Pissarides og Weber (1989) viste hvordan man kunne utlede underrapportert inntekt blant 

selvstendig næringsdrivende ved å sammenligne forholdet mellom matkonsum og inntekt for 

lønnsmottakere og selvstendig næringsdrivende. Et høyere matkonsum blant selvstendig 

næringsdrivende for en gitt rapportert inntekt ble forklart med underrapportering av 

næringsinntekt.  

 

Et problem ved å benytte matkonsumet er at det er hentet fra utvalgsundersøkelser, med 

begrenset størrelse og potensielle skjevheter som følge av lav svarprosent. I denne artikkelen 

benytter vi i stedet administrative data for gaver til frivillig organisasjoner i Norge. Siden slike 

gaver er fradragsberettiget, rapporterer hver organisasjon mottatt gavebeløp og giver til 

skattemyndighetene. I motsetning til data basert på utvalgsundersøkelser, har vi dermed data for 

hele populasjonen og kan dessuten etablere paneler, som innebærer at vi kan kontrollere for 

faste effekter i beregning av underrapportering av inntekt. 

 

Ved å kontrollere for faste effekter kan vi ta høyde for preferanseforskjeller i giveradferden 

mellom lønnsmottagere og selvstendige. Standard OLS på tverrsnittsdata kan gi skjeve estimater 

på grunn av dette. Dessuten vil estimater basert på tverrsnittsdata også kunne reflektere 

effekten av selv-seleksjon, det vil si effekten av at noen har valgt å bli selvstendig 

næringsdrivende på grunn av muligheten for underrapportering og skatteunndragelse.  

 

Vi finner, som forventet, at når vi kontrollerer for faste effekter synker estimatet på 

underrapportering blant selvstendig næringsdrivende.  

 



1 Introduction

Tax evasion represents a huge problem for governments, threatening to under-
mine the overall legitimacy of the tax system. But determining the extent of
the problem is far from straightforward. Pissarides and Weber (1989) (PW)
introduced the expenditure approach to identify income underreporting by
the self-employed in Britain. By using food consumption as an indicator of
true income, the degree of underreporting among the self-employed is inferred
by comparing the food-income ratios of wage earners and the self-employed
for reported income. PW �nd that the observed income of self-employment
households in Britain in 1982 must be multiplied by 1.55 in order to arrive
at true income.

The PW study has sparked identi�cation of such scaling factors for sev-
eral other countries, including Kukk, Paulus, and Staehr (2019) for many
EU countries, Schuetze (2002) for Canada, Johansson (2005) for Finland,
Engström and Holmlund (2009) and Engström and Hagen (2017) for Swe-
den, Martinez-Lopez (2013) for Spain, Paulus (2015) for Estonia, Hurst, Li,
and Pugsley (2014) for the US, Kim, Gibson, and Chung (2017) for Korea
and Russia, Nygård, Slemrod, and Thoresen (2019) for Norway, and Cabral,
Gemmell, and Alinaghi (2021) for New Zealand.

Given that conventional food expenditure data are usually derived from
sample surveys of limited size, which often are contaminated with non-response
bias, it is desirable to establish alternatives to the food trace for measuring
income underreporting. The present study connects to a number of post-PW
studies that seek to �nd traces of true income by examining information on
consumption items other than food. For example, Duncan and Peter (2014)
make use of electricity consumption information, Braguinsky, Mityakov, and
Liscovich (2014) use cars, while Engström et al. (2021) employ the values of
pleasure boats.

Here, as in Feldman and Slemrod (2007) (FS), we use donations to char-
itable organizations for the whole Norwegian population over the period
2012�2017 as an indicator of true income. Access to large-scale adminis-
trative register panel data is a clear advantage in studies of income underre-
porting, as rich administrative data permit some of the main empirical chal-
lenges in studies of income underreporting to be addressed and overcome.
Previous studies have already emphasized that panel data are important
for establishing a measure of permanent income (Kim, Gibson, and Chung,
2017; Engström and Hagen, 2017). For example, Engström and Hagen (2017)

4



demonstrate that not controlling for transitory income �uctuations in income
introduces attenuation bias in estimates of the degree of underreporting, and
in their case causes it to be overestimated by around 40 percent.

The present study draws attention to another advantage of employing
panel data, namely that the PW and FS speci�cations for measuring income
underreporting can be estimated using the panel data �xed e�ects model.
It is generally acknowledged (for example, by both PW and FS1) that an
estimate of income underreporting based on the expenditure approach would
re�ect self-selection. The self-employed includes individuals that have de-
cided to enter into self-employment precisely because it o�ers opportunities
for underreporting and tax evasion. Then an estimate of income underre-
porting obtained by the standard expenditure approach and OLS estimation
re�ects a mix of self-selection and general income underreporting behavior.
As �xed e�ects estimation controls for the unobservables that make individu-
als self-select into self-employment, it informs about income underreporting
short of self-selection. In this perspective, �xed e�ects estimation results are
informative about the underlying causes behind the income underreporting
of the self-employed (Kim, Gibson, and Chung, 2008).

Furthermore, a critical assumption of the expenditure approach is that it
requires that the preferences for the consumption item used as trace of true
income, conditional on disposable income, are equal for self-employed and
wage earners. The assumption of identical intrinsic consumption preferences
being the same for self-employed and wage earner households is critical for
any choice of trace of true income trace. With respect to the present study,
which employs donations or �consumption of generosity� as the consumption
item, there could be several reasons for conditional charity-income ratio to
vary by occupational choice (Slemrod, 2019). For example, Glazer and Kon-
rad (1996) claim that charitable donations signal wealth (or integrity), a mo-
tive which is arguably more relevant for some self-employed people, which,
in turn, implies that the donation share (ceteris paribus) is higher for the
self-employed than for the wage earners (Feldman and Slemrod, 2007). It fol-
lows that standard OLS estimates likely are upward biased because of such
omitted variables. Thus, another main argument for employing the �xed
e�ects estimator in studies of income underreporting is that it controls for

1For example, FS writes (p. 333): �Another problem involves possible self-selection
into self-employment by individuals who are inherently dishonest in all aspects of their tax
returns, because self-employment presents a greater opportunity to understate income.�

5



systematic di�erences in time-invariant unobservables leading to di�erences
in preferences of individuals belonging to the two groups.

In the following we demonstrate the advantages of employing �xed e�ects
estimation in studies of income underreporting. We present OLS and �xed
e�ects estimates of the PW scaling factor to get from reported to true income,
presenting estimates using both the PW and the FS identi�cation methods
for data at both individual level and household level. For the latter, we focus
on two-adult households, which is standard in the literature.

The Norwegian administrative donation data that we have access to for
the present analysis are generated by support for charitable organizations,
as in many other countries, being encouraged by making these expenses de-
ductible in the personal income tax system.2 In the Norwegian context, this
means that recipients of donations (say the Red Cross) report electronically
to the tax administration data on whom they have received support from
and how much each has donated over the calendar year. This third-party re-
ported information is in turn used to generate pre-�lled income tax returns.
All donations of more than NOK 500 Norwegian kroner (USD 61; EUR 54)
to approximately 400 charities and religious/belief-based organizations on a
list of pre-quali�ed organizations3 are recorded. On average, approximately
350,000 of a total of some 2.3 million households donate each year.

The donation data are linked to several other administrative registers,
such as the Register of Income Tax Returns (Statistics Norway, 2019), through
a personal ID number. This means that the data include information on
several other characteristics of individuals and households, such as income,
wealth, age, education, number of children, etc.

As expected, we �nd that �xed e�ects estimation yields smaller estimates
of income underreporting than OLS. For two-adult households and given our
main de�nition of self-employment, we obtain �xed e�ects estimates of 1.12
and 1.16, compared to 1.19 for OLS. As �xed e�ects estimation accounts for
self-selection into self-employment by individuals inclined to tax evasion, a
lower estimate is anticipated. We may decompose the total e�ect into a gen-
eral income underreporting e�ect of the sector and the e�ect of self-selection
into self-employment and a positive di�erence between OLS estimates and

2For 2021, the taxpayer gets a 22 percent deduction for up to a maximum of NOK
50,000 (approximately USD 5,700 or EUR 5,000). Here, and in the following, we use
exchange rates for 2017 (USD 1 = NOK 8.26; EURO 1 = NOK 9.32).

3The same income deduction scheme also applies to support for research, but that type
of transfer constitutes a minor part.
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�xed e�ects estimates signi�es that self-selection plays a role in the income un-
derreporting. But as �xed e�ects estimation controls for omitted variables in
general and given that we employ donation as our trace of true income, there
are likely other reasons for �nding lower �xed e�ects estimates too. If there
is a positive correlation between individual �xed e�ects and self-employment
with respect to donations, as for example follows from the visibility argument
of Glazer and Konrad (1996), the standard OLS estimate is biased upward.

The paper is organized as follows: In Section 2 we present the two main
versions of the expenditure approach, the original PW method, and the mod-
i�cation by FS. Next, in Section 3 we present the administrative donations
register that we have had access to for this study. Then, in Section 4, we
compare the results of OLS and �xed e�ects estimations. Section 5 concludes
the paper.

2 Income underreporting measured by expenditure methods

2.1 The Pissarides and Weber approach

The seminal work of PW demonstrates how information on income under-
reporting by the self-employed can be obtained using food consumption as
an indicator of true income. The basic idea is to use consumer expenditure
data to estimate a common Engel curve for food consumption for the self-
employed and wage earners, but allowing for a shift in the intercept for the
self-employed. Then the excessive food consumption by the self-employed
for identical income levels in the two groups is attributed to non-reported
income on the part of the self-employed. PW de�ne a scaling factor or a pro-
portionality factor, k, which is the factor by which observed income, y, must
be multiplied in order to obtain the true income, y∗, of the self-employed,
k ≡ y∗

y
.4

More speci�cally, the PW approach builds on estimating

ln ch = β0 + Z
′

hγ + β ln yh + δqh + ξh, (1)

where ch is food consumption for household h, yh is income for household
h, Z

′
h is a set of household control variables, β0 is a constant, ξh is the

4Whereas Pissarides and Weber (1989) report income underreporting as measured by
a scaling factor or a disproportionality factor, k, many recent studies refer to results in
terms of an income gap: the proportion of true income that is underreported, κ = 1− 1

k .
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error term. As the indicator variable, qh, takes the value 1 if there is a self-
employed person in the household (otherwise 0),5 the parameter δ measures
the di�erence in intercepts between the self-employed and the wage earners.
The other key parameter is β, which measures the slope of the Engel curve
for food. Although consumption is usually determined by permanent income,
many applications let income, yh, be represented by current income. In that
case, current (true) income is assumed to �uctuate around permanent income
by a factor g, de�ned as y∗ = gype, where ype is permanent income. PW
assume that the coe�cients g and k follow lognormal distributions around
their means, ln g = µg + u and ln k = µk + v . Then, after some rearranging,
we get an estimate of the adjustment faktor, k, given by the average factor
of income underreporting for the self-employed, k,

k̄ = exp
[
µkSE +

1

2
σ2
vSE

]
= exp

[
δ̂

β̂
+

1

2

(
σ2
vSE + σ2

uWE − σ2
uSE

)]
, (2)

where σ2
vSE is the the variance of the error term v for the self-employed,

σ2
uWE is the variance of the error term u for the wage earners and σ2

uSE is the
variance of the error term u for the self-employed. Subscripts SE and WE
indicate self-employed and wage earners, respectively.

There are at least two complicating factors. First, the variances of equa-
tion (2) are not known. Second, as already discussed, yh in equation (1) refers
to annual income. Given these challenges, PW treat the annual income vari-
able as endogenous and instrument it. They also impose assumptions about
variances in order to obtain upper and lower bounds for k. PW use income
and expenditure data drawn from the British Family Expenditure Survey of
1982, and refer to a general estimate for k of 1.55, meaning that the dispos-
able household income of the self-employed must be multiplied by 1.55 on
average in order to yield true income.

Recall that a major advantage of having access to panel data is that mea-
sures of permanent income can be constructed in a straightforward manner
(Engström and Hagen (2017). When permanent income, based on aggregat-
ing income over several years, is entered into the Engel function, equation (2)
can be simpli�ed, as σ2

uWE= σ2
uSE. This makes a stronger case for not em-

ploying instrumental variables, and hence we do not utilize an IV approach
in the following.

5In the present study our main de�nition of a �self-employment household� is one in
which at least 25 percent of gross income stems from self-employment.
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Importantly, the focus of the present study is on the key assumption (of
the PW approach) that intrinsic consumption preferences are the same for
self-employed and wage earner households (Slemrod, 2019). This assump-
tion can be questioned for any choice of trace of true income and certainly in
the case where information about charitable donations is used. As unobserv-
ables likely are positively correlated to the self-employment dummy variable,
standard OLS estimates of the parameter δ in the PW model becomes large,
and hence the estimate of income underreporting. Moreover, another reason
for the parameter δ in the PW model may become large is that it re�ects
self-selection into self-employment, to the extent that agents decide to be
self-employed because of the scope for tax evasion (Kim et al., 2008).6 This
e�ect is not picked up by standard OLS estimates. However, the PW model
can straightforwardly be extended to allow for estimation by the �xed e�ects
estimator, which holds the promise of producing estimates that account for
self-selection and other omitted variables.

2.2 The extension by Feldman and Slemrod

In addition to employing register data on donations instead of food con-
sumption, FS exploit information on income in the income tax return data
directly, instead of relying on explicit categorization into wage earners and
self-employed.7 By assuming that a person's charitable inclinations are un-
related to their source of real income, but not necessarily to the income and
sources of income that are declared, underreporting is backed out from dif-
ferences in the relationship between charitable contributions and reported
income. In the spirit of PW, the relationship between donations and wage
and salary income represents the non-evasion benchmark. Similarly, any
di�erences between this norm and the relationship between charitable con-
tributions and income earned from other sources, such as income from self-
employment, farming and capital, are attributed to income underreporting.

In the FS model, donation, G, is a function of observed income, V , and
invisible income, I. The agents decide how much of the latter they report
to the tax authorities, denoted R. Given that there is a linear relationship
between reported and true income for the invisible part, I = kFSR, we have

6However, the evidence reported in Parker (2003) do not suggest that opportunities to
evade or avoid income tax signi�cantly a�ect peoples' decisions to be self-employed.

7See also Dominguez-Barrero, Lopez-Laborda, and Rodrigo-Sauco (2017) for a study
using this technique on Spanish data.
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G = G

(
V +

∑
i

kFS
i Ri, Z

′
)
, (3)

where Z
′
is a vector of other household characteristics and subscript i refers

to types of invisible income (as FS allow for several income components to be
underreported). Thus, FS postulate that there is a common k relationship be-
tween reported income and true invisible income. But as FS identify income
underreporting in terms of the gross value of one or more income components,
and the k of PW is based on household disposable income, the k of FS is
di�erent from the k of PW. This is signi�ed here by the superscript FS as-
signed to the k of equation (3). To obtain comparable measures, estimates of
kFS are recalculated into PW results; the technique used is further explained
in Section 4.3. Note also that only self-employment income is assumed to be
underreported in the present analysis, in contrast to in FS, where deviations
are reported for several income components. The main reason is that other
income components, such as capital income, are predominantly third-party
reported in the Norwegian system.8

Given that we have information on household composition too, we not
only estimate equation (3) at the individual level (as FS), but derive k by ag-
gregating income and donations across household members. It can be argued
that economic decision-making is predominantly carried out at household
level and using the household as the unit of analysis is preferable. For exam-
ple, one person (of the family) could be in charge of the family's donations,
while another is self-employed and has scope for underreporting.

Like FS, we adopt a log-log speci�cation, and the estimation equation
can then be represented as

logG = α0 + α1 log
(
V + kFSRi

)
+ βZ

′
, (4)

which indicates that we are estimating only one k, the one for self-employment
income. It follows from this method that the overall relationship between true
income and donations is re�ected by the estimate of α1. Note that, unlike
FS, we do not include a constructed variable (S) in order to di�erentiate
between two types of individuals reporting no invisible income, R = 0: those

8We have veri�ed that estimates are insensitive to this choice by obtaining estimates
for an OLS speci�cation in which capital income is included.
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with and those without the opportunity for misreporting.9 Other di�erences
from the analysis of FS are that we have information on more control vari-
ables, represented by Z

′
in equation (4), and that donations are third-party

reported in our data.
In contrast to FS, who include a representation of the tax price in their

empirical speci�cation, equal to one minus the �rst-dollar marginal tax rate,
we do not enter a tax variable in equation (4). The reason is that under the
dual income tax scheme of Norway, there is a �at tax on the income base
from which donations are deductible, currently at 22 percent, which means
the price of the �rst krone given to charity is the same (0.78), independent
of being self-employed or wage earner. Regression results (not reported here)
con�rm that this choice does not a�ect results.10

As in the PW approach, the FS method can provide for permanent income
and �xed e�ects estimation. The permanent income modi�cation is obtained
by simply letting V in equation (4) be represented by a measure of permanent
income. As we do not have access to a ready-made �xed e�ects procedure
for the FS approach, the econometric speci�cation is obtained by taking
�rst di�erences of the characteristics of all years against the corresponding
averages over the time period. We estimate

logG− log Ḡ = λ0 + λ1

[
log(V + kR)− log(Ī + kR)

]
+ δ

(
Z − Z̄

)
, (5)

where the bars symbolize average values. This means that we estimate on dif-
ferences between average values (across time) and year-speci�c characteristics
for individuals/households. This removes unobserved heterogeneity, similar
to as in the standard �xed e�ects model.

3 Administrative register panel data on donations

3.1 Donation as an indicator of true income

A main reason for turning the attention towards using administrative register
data in the measurement of income underreporting is that food consumption
datasets are usually small. For example, the food consumption data used in

9The results of FS do not suggest that this addition to the estimated equation is
important.

10Confer Ring and Thoresen (2023) on how donations respond to changes in the personal
income tax and the wealth tax in a Norwegian setting.
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Nygård, Slemrod, and Thoresen (2019) came from pooling information from
annual versions of the Norwegian Survey of Consumer Expenditure from 2003
to 2009 and for 2012 to obtain a su�ciently large dataset. Despite this, only
observations for approximately 6,000 households were obtained, of which
around 800 are characterized as self-employment households, according to
the de�nition used. Another weakness is that the average response rate to
the Survey of Consumer Expenditure is approximately 50 percent.

In contrast, donation data from an administrative register, to which we
have access, implies that there is information on charitable giving for the
whole population. In our case this means that we have annual records of
positive amounts for approximately 350,000 of a total of approximately 2.3
million households. This also signi�es that there is a strong prevalence of
corner solutions,11 as a majority of households do not donate.12 As we will
return to below, the empirical evidence is obtained by addressing information
on donors.

But the donation trace is associated with other complications and, most
critically, one may contest that wage earners and the self-employed have the
same �consumption of generosity� patterns for the same levels of true in-
come (Slemrod, 2019). First, self-employment income in general may not be
spent in the same way as income from other sources, as argued by Lyssiotou,
Pashardes, and Stengos (2004). For example, households may decide to use
their steady wage income on regular non-luxury goods and then use the self-
employment income to buy luxuries. Second, one cannot simply rule out
the possibility that the self-employed may be guided by stronger altruistic
preferences than those of other people, as discussed by Teal and Carroll
(1999). Third, one may argue that the demand for charitable solicitations is
not the same across occupations. Tietz and Parker (2014) �nd, with respect
to the US, that the self-employed give substantially more to organizations
that address local community issues. As emphasized by Glazer and Konrad
(1996), charitable donations may signal wealth or integrity � motives that
could be more relevant for the self-employed, as hypothesized by FS. Fourth,
a discussion of donations in terms of tax evasion may also open the way for
more subtle explanations for links between tax evasion behavior and contri-
butions to charities, such as donation as a �repayment to society� (by the

11An advantage of employing conventional food data is that there are no zero values.
12This testi�es to philanthropism being limited in Norway (Sivesind, 2015).
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tax evader).13 However, a key message of the present study is that �xed
e�ects estimates, which imply controlling for any unmeasured variables that
are constant over time, of the individual or the household, are less vulnerable
to such confounders.

3.2 Data description

Register data for Norwegian donations have become available because do-
nations of over NOK 500 (USD 61; EUR 54) are tax-deductible. They are
deducted from the base for ordinary income (the general income tax base),
which means that for 2021 the government pays 22 percent of donations up
to a limit of NOK 50,000 Norwegian kroner (USD 6,100 and EUR 5,400).
The tax authorities operate a list of organizations (of about 400 pre-quali�ed
charities and religion/belief-based organizations), support for which makes
the individual eligibible for the deduction. Importantly, the data are not only
recorded up to the cap, but the charities report the full amounts donated by
each individual to the tax authorities. Given that the information is third-
party reported to the tax authorities, these data are not weakened by the
measurement error associated with self-reporting. This latter phenomenon,
often referred to as �endogenous itemizations�, has received substantial atten-
tion in analyses based on administrative data from the US; see for example
Clotfelter (1980).14

The present analysis is based on a comprehensive set of register data, as
the donation dataset is linked to other administrative registers, such as the
Register of Income Tax Returns (Statistics Norway, 2019), through a personal
ID number. This means that we have access to information on several other
characteristics, such as income, wealth, age, education, etc. As the data
contain information on household formation, we also obtain estimates for the
household as the unit of analysis, which is the dominant empirical strategy
in the underreporting literature. Importantly, given our empirical strategy,
the data are converted in a straightforward manner into a panel dataset.

13In general, Bittschi, Borgloh, and Moessinger (2016) point out that the economics
literature is far from consistent in its view of the donation-income relationship: the same
donation regression that is used by the researcher to explore income underreporting by
the self-employed is applied to discussions of both the generosity of the self-employed and
the validity of the life-cycle theory.

14See also Fack and Landais (2016) on donation behavioral responses to a change in the
reporting system in France.
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In order to restrict the analysis to individuals in their prime working
age, we condition on age, 25�62 years. As we provide estimates of underre-
porting for datasets consisting of both individuals and households, the age
restriction imposed on the household dataset is implemented by conditioning
with respect to the age of the household head � the person in the household
with highest income. Ultimately, this means that our empirical investigations
are based on approximately 11.7 million observations of individuals over a
period of six years and approximately 2.3 million of these individuals do-
nate. This corresponds to a total of approximately 7.6 million observations
of households, of which around 2 million donate. Table 1 presents descriptive
statistics for the dataset.

FS allow for the possibility of income sources being negative, which
corresponds (in our case) to allowing for the possibility of negative self-
employment income when estimating the model. It turns out that whether
or not a restriction is imposed on positive business income has no e�ect on
the results of the present analysis. Therefore, business owners with negative
self-employment income are removed from the samples, for both the PW and
the FS estimations.

As �xed e�ects estimation requires su�cient variation in the explanatory
variable, we must make sure that individuals and households shift between
the self-employment and wage earner categories in the panel data. We �nd it
reassuring that we observe around 30,000 shifts between self-employment and
wage earner or vice versa for both the individual and the household datasets.

In Table 2 we show descriptive statistics in which we di�erentiate between
wage-earner and self-employment households, providing separate �gures for
donating and non-donating households. A household belonging to the self-
employment group is de�ned by a household gross income share of at least 25
percent stemming from self-employment (according to the main de�nition).
Table 2 shows that self-employment households both donate somewhat more
and have higher disposable income than wage earner households. But these
characteristics do not say much about the level of underreporting, as the
identi�cation is based on a comparison of wage earners and self-employed for
the same income level.

At the outset, as FS, we explore to what extent we can see traces of
income underreporting in a simple table depiction of donation patterns. In
Table 3 we order individuals (and households) by the the ratio of wage in-
come to reported gross income, in ascending order. The �rst deciles contain
those taxpayers who receive little of their income in the form of wages and
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Table 1. Descriptive statistics for the donation dataset, 2012�2017

Individuals Households
No donations Positive donations No donations Positive donations
Mean SD Mean SD Mean SD Mean SD

Donation 0 0 4,438 7,168 0 0 5,144 9,827
Disposable income 420,358 263,930 480,932 448,203 662,702 470,668 890,528 1,204,006
Pre-tax income 547,981 402,570 646,822 662,297 899,955 704,435 1,254,329 1,630,999
Self-employment income 33,238 205,771 42,219 501,955 46,553 246,316 74,689 577,324
Wage income 505,354 356,508 589,867 461,275 740,287 506,114 1,019,150 699,791
Age 42.66 10.04 44.84 9.978 42.63 10.03 45.15 9.859
Male 0.544 0.498 0.404 0.491
Number of adults 1.787 0.751 2.045 0.795
Number of children 0.731 1.003 0.889 1.078
Higher education dummy 0.396 0.489 0.614 0.487 0.368 0.482 0.564 0.496
Regions of Norway
South 0.0513 0.221 0.0633 0.243 0.0505 0.219 0.0599 0.237
Oslo 0.133 0.339 0.161 0.367 0.148 0.355 0.162 0.368
Eastern (excl. Oslo) 0.260 0.438 0.209 0.407 0.262 0.440 0.212 0.409
Western 0.257 0.437 0.290 0.454 0.247 0.431 0.285 0.451
Central 0.0887 0.284 0.0759 0.265 0.0874 0.282 0.0773 0.267
Northern 0.0923 0.289 0.0797 0.271 0.0922 0.289 0.0773 0.267
No of observations 9,410, 661 2,278,962 5,539,030 2,064,706
Notes. Average measures for 2012�2017. A self-employment household is de�ned as one in which at least 25% of household

gross income stems from self-employment. Age and education refer to the age and education (dummy variable for higher education:

university or univ. college degree) of the household head (person with highest income in the household).

salaries and high deciles contain those individuals who have the majority of
their income source from wages and salaries. Given that self-employment
income is underreported, we expect to �nd, similar to FS, that donation
shares (donation as share of gross income) decreases when the share of wage
increases. When gross income at low levels of wage income (high levels of
self-employment income) is underreported, individuals (or households) ap-
pear to have higher charitable inclinations than what is true. Although the
levels are lower than as reported by FS, the same pattern is seen in Table 3:
donation shares decrease with the wage versus gross income ratio.
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Table 2. Descriptive statistics for the donation dataset, 2012�2017. Wage-
earner and self-employed households

No donations Positive donations
Wage earners Self-employed Wage earners Self-employed
Mean Std Mean Std Mean Std Mean Std

Donation 0 0 0 0 5,123 9,654 5,385 11,570
Disposable income 657,526 428,085 735,810 837,766 879,311 1,081,405 1,015,221 2,132,476
Pre-tax income 837,821 607,118 981,459 1.197e+06 1,233,221 1,433,925 1,488,978 3,051,990
Self-employment income 11,028 123,116 511,257 650,084 21,090 196,764 670,508 1,794,745
Wage income 765,739 500,645 408,006 455,239 1,053,355 699,499 638,909 580,223
Age 42.49 10.04 44.52 9.678 45.05 9.892 46.30 9.413
Number of adults 1.774 0.744 1.967 0.817 2.027 0.790 2.249 0.816
Number of children 0.726 0.998 0.793 1.059 0.882 1.073 0.961 1.123
Higher education dummy 0.371 0.483 0.322 0.467 0.567 0.495 0.529 0.499
Regions of Norway
Southern 0.051 0.219 0.047 0.211 0.061 0.238 0.0530 0.224
Oslo 0.148 0.355 0.155 0.362 0.161 0.368 0.166 0.372
Eastern (excl. Oslo) 0.259 0.438 0.292 0.455 0.209 0.407 0.242 0.428
Western 0.250 0.433 0.215 0.411 0.287 0.452 0.261 0.439
Central 0.088 0.283 0.082 0.274 0.078 0.267 0.076 0.264
Northern 0.092 0.289 0.093 0.292 0.082 0.276 0.082 0.274
No of observations 5,144,066 393,149 1,894,299 170,407
Notes. Average �gures for 2012�2017. A self-employment household is de�ned as one in which at least 25% of household

gross income stem from self-employment. Age and education refer to the age and education (dummy variable for higher education:

university or univ. college degree) of the household head (person with highest income in the household).

Table 3. Donation as percentage of total gross income by decile of the ratio
of wage income to gross income

Decile Individuals Households
1 0.232 0.154
2 0.225 0.161
3 0.219 0.159
4 0.199 0.170
5 0.172 0.167
6 0.169 0.153
7 0.175 0.154
8 0.157 0.146
9 0.148 0.141
10 0.149 0.146

Notes. Decile rankings are established by

calculating the ratio of wage income to

total gross income and then sorting

individuals and households in ascending order.
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4 Comparison of OLS and �xed e�ects estimates

4.1 PW estimates

In the following we compare OLS and �xed e�ects estimates of income un-
derreporting, for both the PW and the FS approaches to the measurement of
income underreporting. In this section we present the PW estimates, while
Section 4.3 presents estimates of the FS approach.

Most studies of tax evasion and underreporting use data on households,
but we also obtain results for the individual as the unit of analysis. In the
household dataset, we focus on two-adults households, which is the common
approach in the literature (including PW). Recall that a self-employment
household is one in which at least 25 percent of gross income stems from
self-employment.15

Further, as already discussed, in contrast to when using food consumption
as a trace of true income, the donation measure involves a large number of
corner solutions, i.e., individuals and households who not donate. Here, we
show results for donors, i.e., we restrict our sample to donating individuals
and households. The results when all observations are used in the estimations,
i.e., including the non-donating households, do not deviate much from the
results presented in the following.

We also draw attention to the fact that the estimation results for k for
individuals are not directly comparable with the results for households, given
that most estimates of the literature are for households. In Table 4 this is
expressed by referring to kIND for estimates obtained directly from the indi-
vidual dataset, while k refers to the conventional PW estimate � the mean
scaling factor for the household disposable income of the self-employed. To
convert results from kIND to k(PW), we adjust disposable income of the
self-employed individuals by letting individual incomes be adjusted by kIND.
Then we obtain household-level k's by comparing the average disposable
household income of self-employment households with and without the ad-
justment for individual income underreporting. The converted values of k
are reported in the second row of Table 4. It follows that although the indi-
vidual estimates of k are large, for example kIND = 1.35 for the permanent
income speci�cation, we obtain estimates comparable to the household-level
PW estimates which are substantially smaller, at 1.22. This follows from

15Some attention has been paid to the e�ects on results of the procedure to categorize
into self-employed and wage earners; see Kukk and Staehr (2017).
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not all household members being self-employed in a �self-employment house-
hold�. The converted k's are not marked by level of signi�cance, but it follows
from the z-values of the estimated k's that the converted k's are signi�cantly
di�erent from 1 too.

We show results for speci�cations where both annual income and perma-
nent income are used as income measures. As already discussed, another
major advantage of having access to panel data is that measures of perma-
nent income can be established in a straightforward way. Thus, results are
provided which also testify to this use of panel data. The control for per-
manent income is a measure of average disposable income over the period
2012�2017, when all incomes are measured in 2017-prices. According to Kim,
Gibson, and Chung (2017), a six-year average provides a su�ciently long pe-
riod for controlling for transitory variations in annual income. As expected,
see the reasoning in Engström and Hagen (2017),16 the permanent income
speci�cation results in smaller values of k. We note that for the preferred
permanent speci�cation, we obtain estimates for the PW scaling factor (k)
of 1.22 (individuals) and 1.19 (households). This is somewhat higher than
what Nygård, Slemrod, and Thoresen (2019) found for Norway when using
consumption of food as the trace of true income; they report estimates in the
range 1.14�1.16.17

Next, these estimates are compared to results for �xed e�ects versions of
the PW technique. As already discussed, there are factors that likely implies
that �xed e�ects estimates are lower than standard OLS estimates. First,
as �xed e�ects estimation accounts for self-selection into self-employment by
individuals inclined to evade taxes, this leads to smaller estimates of income
underreporting. Furthermore, given that we use donation as trace of true
income, OLS estimates of income underreporting could be upward biased as
the dummy variable for self-employment of equation 1 is positively correlated
with the �xed e�ects, resulting in an omitted variable bias. We expect that

16As transitory income �uctuations likely cause attenuation (or errors-in-varaibles) bias
in the slope of the Engel curve, see equation (2), the slope estimate is increased by em-
ploying permanent income. Given that the degree of underreporting decrease in the slope
estimate, employing permanent income reduces estimated underreporting.

17A closer look at the e�ect of the control variables suggest that controlling for educa-
tion (we employ a dummy variable for high eduation), in particular, contributes to higher
estimates of k. Education is positively related to charitable donations. The slope param-
eter estimate goes up and the shift parameter estimate goes down when education is not
accounted for.

18



Table 4. PW estimates, OLS estimates. Individual and household data,
donors

Individuals Two-adult households
Annual Permanent Annual Permanent
income income income income

kIND 1.401*** 1.352*** � �
(10.36) (10.1)

k 1.251 1.220 1.225*** 1.186***
(12.36 ) (12.04 )

Slope 0.107*** 0.114*** 0.205*** 0.233***
(67.0) (64.3) (95.29) (104.9)

Shift 0.036*** 0.035*** 0.0415*** 0.0396***
(12.4) (11.9) (13.88) (13.27)

Const. -5.332*** -5.229*** 4.956*** 4.626***
(-245.3) (-221.9) (155.6) (142.4)

Obs. 2,277,519 2,278,094 1,714,549 1,715,049
R-squared 0.028 0.028 0.045 0.046

* p < 0.1, ** p < 0.05, *** p < 0.01

Notes. Pooled OLS regressions, with controls for age, age squared, dummy

for higher education, regional dummies, year dummies and dummy for

gender. For household data we also control for the number of household

members and the age and education of the head of household.

A self-employed person and a self-employment household have at least

25% of their gross income from self-employment. Permanent income

is de�ned by average income over the period 2012�2017. The t-statistics

and z -statistics in parentheses are for regression coe�cients and k -values,

respectively. z -statistics for k are based on the delta method, taking

account of variance in β and δ under the null hypothesis that k = 1.
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the speci�c characteristics of the donation behavior of the self-employed, se
discussion of them in Section 3.1, contributes to overshooting by OLS.

Given this reasoning, we �nd, as expected, that the �xed e�ects estimates
of k are lower than the corresponding OLS estimates, see Table 5. Fixed ef-
fects estimates are 1.14 and 1.12 for individuals and households, respectively,
which are clearly below the OLS estimates reported in Table 4, which are
1.22 and 1.19 for individuals and households, respectively (for the preferred
permanent income speci�cation). Given the calculated z-scores (reported in
both Table 4 and Table 5), accounting for statistical uncertainty does not
undermine this conclusion.18 Moreover, we also note that the �xed e�ects
estimation results (for charitable donations) are somewhat below the OLS
estimates obtained for Norwegian data on consumption of food, reported in
Nygård, Slemrod, and Thoresen (2019). The permanent income OLS esti-
mate of Nygård, Slemrod, and Thoresen (2019), at 1.16, is lower than the
estimate for two-adult households of Table 5), at 1.12.19

4.2 Sensitivity check with respect to the de�nition of self-employed

In contrast to the FS methodology, of which the results we will return to
shortly, results of the PW approach are most likely sensitive to the de�-
nition of self-employment. Given that the allocation of observations into
self-employed and wage earners is essential in the PW approach, we have
taken a closer look at how results vary with respect to the de�nition of
self-employment, also because the �xed e�ects estimation depends on ob-
servations shifting occupations. In Table 6 we therefore present results for
other de�nitions of self-employment. In addition to the de�nition used so
far, where self-employment, both at the individual and the household level,
is de�ned as having at least 25 percent of gross income from self-employment,
we also report estimates of k for 15 percent and 40 percent restrictions.

We see that the estimate for k is relatively large for the 40 percent thresh-
old and the individual dataset, 1.19, but it is still below the corresponding
(not reported) OLS (pooled) estimate of 1.22. Moreover, Table 6 reports the
number of units that shifts their status during the period we have data for.

18But, of course, there are other sources to uncertainty, such as model uncertainty, which
we do not address here.

19However, it should be noted that the standard errors of estimates of Nygård, Slemrod,
and Thoresen (2019) are much higher than estimates reported in the present study � this
a main drawback of the employing data based on standard food expenditure surveys.
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Table 5. PW estimates, �xed e�ects regressions. Individual and household
data, donors

Individuals Two-adult households
kIND 1.209*** �

(5.455)
k 1.142 1.122***

(5.768)
Slope 0.488*** 0.809***

(65.77) (79.49)
Shift 0.093*** 0.093***

(6.019) (6.138)
Const. -19.89*** -9.075***

(-157.6) (-53.19)
Obs. 3,402,630 2,465,407
R-squared 0.053 0.054

* p < 0.1, ** p < 0.05, *** p < 0.01

Notes. Fixed e�ects regressions for individual and household

datasets, with controls for higher education, year dummies

and regional dummies. For households we also control for the

number of household members and education and age of the

head of the household. Datasets restricted to individuals

and households who donate at least once 2012�2017. A

self-employed person and a self-employment household

have at least 25% of total gross income from self-employment.

t-statistics and z -statistics are reported in parentheses for

regression coe�cients and k -values, respectively. z -statistics

for k are based on the delta method, and take account of

variance in β and δ under the null hypothesis that k = 1.
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Table 6. Fixed e�ects regression estimates for k for di�erent de�nitions of
self-employment, represented by self-employment income as percentage share
of gross income

15% 25% 40%
Individuals Scaling factor, k 1.12 1.14 1.19

Number of shifts 32,486 27,951 24,427
Two-adult Scaling factor, k 1.18 1.12 1.09
households Number of shifts 38,530 33,103 28,536
Notes. Fixed e�ects regressions for individual and household datasets.

The number of shifts is the number of observations in each estimation

which have at least one shift over the panel data period, 2012�2017,

from self-employment to wage earner or vice versa. The percentage

shares at the top of the table refer to the share of self-employment

income de�ning self-employed households/individuals. k-estimates

refer to the PW scaling factor, for self-employment household income.

They are all statistically signi�cantly di�erent from k = 1.

Although the number of shifts is low compared to the total number of obser-
vations, we bene�t from the large amount of observations in administrative
register data, which gives many observations of change in occupational status
too.

It follows from the way we assign occupational status under the PW ap-
porach that an individual or a household may shift occupational category be-
cause of small increases or decreases in self-employment income. This hardly
re�ects any real change in the self-employment status and results may be
biased because of these artefacts. To test the sensitivity of results with re-
spect to marginal changes in type of income, we obtain �xed e�ects estimates
when we also restrict to individuals having increased or decreased their self-
employment income by more than NOK 100,000 (USD 12,000; EUR 11,000)
to qualify for an occupational shift. However, we �nd that this additional
data restriction only has small e�ects on estimates. With reference to the 25
percent self-employment de�nition (middle column of Table 6), the estimate
of k increases to 1.18 and 1.13 for individuals and households, respectively,
when the restriction is enforced.
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4.3 FS-estimates

Next, we explore whether the same pattern is observed for the FS approach
as just described for the PW approach. As discussed in Section 2.2, k(FS)
and k(PW) are not directly comparable, and in Tables 7 and 8 we �rst report
estimates for k(FS) as indicated by the superscript FS. These estimates refer
to underreporting in terms of gross income, see equation (4). To move from
underreporting in terms of addition to gross income components (FS) to
underreporting in terms of addition to disposable income (PW), we employ
a tax-bene�t model (Aasness, Dagsvik, and Thoresen, 2007), calculating the
increase in average post-tax income that corresponds to the increase in (gross)
business income, and obtaining estimates of k analogous to the k of PW (no
superscript).20

As in the PW approach, the results of Table 7 clearly demonstrate the
importance of controlling for permanent income when using the standard
expenditure approach in the identi�cation. For example, the estimate of k
for two-adult households is reduced from 1.22 to 1.19 when annual income
is replaced with permanent income.21 But more importantly, we again �nd
that the �xed e�ects estimates are smaller than the OLS estimates. For
individuals, Table 7 and Table 8 show that estimates of k are 1.28 and 1.16
for OLS and �xed e�ects estimation, respectively (when focusing on the
result of the permanent income speci�cation for the OLS alternative). For
two-adult households, the estimates are 1.19 and 1.09, respectively.

Finally, one may ask what the lower estimates means in terms of overall
revenue loss. According to Nygård et al. (2019) the tax revenue from the
personal income tax would have been approximately NOK 8 billion higher
if the self-employed reported all their (true) income. Compared to the the
main �xed e�ects estimate of PW approach, which is 1.12, an estimate of
the revenue loss for the year 2017 is approximately NOK 7.2 billion. As the
main FS �xed e�ect estimate is in the same range as found in Nygård et al.
(2019), the corresponding revenue loss is NOK 9.5 billion (in 2017).

20The converted k's are not star-marked with respect to statistical signi�cance, but given
the FS estimates, they are statistically signi�cantly di�erent from 1.

21Similar to FS we also estimate a version of equation (3) where we have added in
quadratic terms, allowing quadratic relationship between true and reported income. In
contrast to FS we get negative squared terms, i.e., that the ratio of true to reported income
decreases with reported income (similar to Nygård et al. (2019)).
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Table 7. FS estimates, OLS estimates. Individual and household data,
donors

Individuals Two-adult households
Annual income Permanent income Annual income Permanent income

kFS 1.516*** 1.509*** 1.392*** 1.325***
(9.2) (9.0) (11.1) (10.3)

k 1.285 1.283 1.223 1.185
Gross inc. 0.091*** 0.097*** 0.185*** 0.206***

(61.4) (61.4) (97.9) (105.2)
Const. 5.489*** 5.408*** 5.177*** 4.946***

(271.3) (249.4) (175.8) (165.3)
Obs. 2,277,519 2,277,519 1,714,549 1,714,549
R-squared 0.028 0.028 0.045 0.046

* p < 0.1, ** p < 0.05, *** p < 0.01

Notes. Non-linear least square estimation with controls for age, age squared, education,

regional dummies, year dummies and dummy for gender. For the household data

we also control for the number of household members, and use the age and education

of the head of household. Permanent income is obtained by averaging income

over the period 2012�2017. t-statistics are reported in parentheses, t-statistics for k

are reported under the null hypothesis that k = 1.
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Table 8. FS estimates, �xed e�ects regression results. Individual and house-
hold data, donors.

Individuals Two-adult households
kFS 1.162*** 1.277***

(3.0) (4.8)
k 1.092 1.158
Gross inc. 0.0937*** 0.120***

(68.4) (61.8)
Const. 0.00152*** 0.00312***

(5.7) (9.7)
Obs. 1,452,890 1,102,599
R-squared 0.032 0.045

* p < 0.1, ** p < 0.05, *** p < 0.01

Notes. Non-linear least square estimation with explanatory variables

constructed by taking deviations from the mean for each variable.

We control for higher education, year dummies and regional dummies.

For households we also controll for the number of household members,

and use the age and education of the head of household.

Datasets restricted to individuals and households that donate at

least once 2012-2017. t-statistics for k are obtained under the null

hypothesis that k = 1.
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5 Conclusion

Considerable attention is devoted to obtaining estimates of the hidden econ-
omy, including the extent to which the self-employed underreport their in-
come. Since the introduction of the expenditure approach of Pissarides and
Weber (1989) (PW), it has been standard to back out measures of under-
reporting based on excess food consumption by the self-employed compared
to wage earners, for the same level of reported income. But the standard
approach of using food consumption as a trace of true income su�ers from
expenditure survey datasets being small and likely exposed to non-response
bias. Thus, if we can �nd traces of true income other than the conventional
one of food consumption, the scope for empirical investigations increases.
Accordingly, there are several examples of studies employing information on
other consumption items in order to obtain measures of underreporting, such
as electricity use and spending on boats and cars.

In the present paper, as in Feldman and Slemrod (2007) (FS), we direct
attention at the use of donations to charitable organizations in this type
of work. Given that donations are reported in income tax returns in many
countries, and therefore can be derived from administrative registers, the
datasets would typically be much larger than for food expenditures. In the
present analysis, we exploit data for approximately 350,000 Norwegian donors
each year over six years (2012�2017).

These data come with additional advantages. We bene�t from the dona-
tion register data being linked, through a personal ID number, to information
from several other administrative registers, such as the Register of Income
Tax Returns. Most importantly, from the perspective of the present study,
the data hold a panel dimension, which opens up for �xed e�ects estimation
of the Engel function of the expenditure approach. As OLS estimates of in-
come underreporting likely re�ect that agents self-select into self-employment
in order to evade tax, employing panel data and using �xed e�ects estimation
is helpful to for obtaining estimates without the self-selection component. In
light of this reasoning we expect obtaining �xed e�ects estimates of income
underreporting that are smaller than the OLS estimates, re�ecting that self-
employment is attractive for persons inclined to evade taxes.

However, there are reasons to expect that �xed e�ects estimates also pick
up other omitted variables following from the expenditure approach. In gen-
eral, there are likely di�erences between wage earners and self-employed with
respect to the consumption of the trace of true income used for identi�cation.
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In the present study, where we employ donation as trace of true income, we
refer to a number of reasons for the relationship between donations and true
income for wage earners and the self-employed to di�er. For example, the
self-employed may donate more as a means of signalling (Glazer and Kon-
rad, 1996). We argue that �xed e�ects estimation is preferable given such
measurement problems, as OLS estimates most likely are upward biased be-
cause the dummy variable for self-employment of the Engel curve (used in
the estimation) is positively correlated with the �xed e�ects.

Previous studies have already emphasized that panel data allows for the
establishment of a measure of permanent income (Kim, Gibson, and Chung,
2017; Engström and Hagen, 2017). Moreover, Engström and Hagen (2017)
demonstrate that the degree of underreporting is substantially overestimated
when permanent income is not used as a measure of income. The results of
the present study similarily suggest that not controlling for �xed e�ects leads
to overestimation of underreporting. When focusing on results for households
(which is common in the literature) and the permanent income speci�cation,
we �nd OLS estimates with a scaling factor of 1.19 (the same as for the PW
and FS approaches), whereas �xed e�ects are clearly smaller; 1.12 and 1.16
for the PW and FS techniques, respectively. We expect that the di�erence
between OLS and �xed e�ects estimates are explained by both self-selection
and measurement problems due to di�erences in the donation behavior of
self-employed and wage earners. Whereas the latter re�ects estimation bias,
the former may be seen as adding to the information on the causes behind
income underreporting.

Given these results, we are inclined to conclude that controlling for �xed
e�ects is important for measuring the magnitude of the income underreport-
ing problem. As governments seek to obtain precise information about the
extent of of the problem, one implication is that analysts should put more
e�ort into gaining access to panel data when exploring the issue. In this per-
spective, we hope and expect that more countries will follow the examples of
the Nordic countries and produce large-scale panel datasets. We argue that
this is important also from an econometric identi�cation perspective.

Con�ict of interest statement. The authors have no con�icts of in-
terest to declare. All authors have seen and agree with the contents of the
manuscript and there is no �nancial interest to report.
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