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Abstract

The thesis consists of three essays on labour market structure and policies.

Minimum Wage and Tax Fvasion: Theory builds a theoretical model to analyse
the interaction between minimum wage legislation and tax evasion by employed
labour. The firm and the worker agree on the amount of earnings to report to the
fiscal authorities, which possess an imperfect detection technology. The introduction
of the minimum wage poses a constraint on the reporting decision and induces an
increase in compliance by some agents. As a consequence, a spike at the minimum
wage appears in the distribution of declared earnings. Moreover, a nominally neutral
fiscal regime becomes regressive, while fiscal revenues may increase.

Minimum Wage and Tax Evasion: Empirical Evidence tests the prediction de-
rived from the model in the first essay that a minimum wage hike implies a fall
in true income even for those workers who appear to benefit from it. It uses the
massive increase in the minimum wage that took place in Hungary in 2001 as a
quasi-natural experiment. A difference-in-difference approach is used, comparing
food consumption before and after the minimum wage hike for households affected
by it and for similar but unaffected households. The treatment effect is negative
and significant across different specifications, thus supporting the prediction of the
model. The control group is validated by showing that it did not differ from the
treatment group in the pre-policy period.

In-Work Benefits in Search Equilibrium investigates the general equilibrium ef-
fects of in-work benefits in a search framework. Introducing in-work benefits reduces
equilibrium unemployment, moderate wages, and boosts participation and search.
Total employment increases as a result. Compared to a partial equilibrium analy-
sis, accounting for general equilibrium effects reinforces the impact of benefits on
labour market variables. The case when benefits are financed through proportional

taxation on wages is also analysed.
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Chapter 1
Introduction

This thesis consists of three chapters on labour market structure and policies. The
first two chapters analyse the interaction between underreporting of earnings by
employed labour and minimum wage legislation from a theoretical and empirical
perspective. The third chapter investigates the impact of in-work benefits in search
models.

Tax evasion by employed labour in the form of underreporting of earnings to fiscal
authorities is a widespread phenomenon in several countries. This practice is partic-
ularly common in Eastern Europe and the Former Soviet Union (World Bank, 2005;
Renooy et al., 2004), but also affects other economies, like Turkey (World Bank,
2006), Argentina (World Bank, 2007), Mexico, Italy and Spain (OECD, 2004). The
study of tax evasion by employed labour is of particular interest as the fiscal im-
position on labour in the form of social security contributions and personal income
tax represents the bulk of fiscal revenues in many countries. Despite the fact that,
among labour market policies, the minimum wage is probably the most studied one,
its implications for compliance with fiscal regulation have largely been overlooked.
The first two essays in the thesis aim at filling this gap and contributing to the un-
derstanding of tax evasion by employed labour by looking at the interaction between
underreporting of earnings and minimum wage legislation.

The first essay, entitled Minimum Wage and Tax Fvasion: Theory, builds a
model of a perfectly competitive labour market, where the firm and the worker
agree on the amount of earnings to report to the fiscal authorities, which possess
an imperfect detection technology. The introduction of the minimum wage poses a
constraint on the reporting decision and induces an increase in compliance by some
agents, while pushing others out of the formal labour market into the black econ-

omy or into inactivity. The overall effect when enforcement is not too effective is
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to unambiguously increase fiscal revenues. The distribution of the fiscal burden is
also altered, turning a nominally neutral fiscal regime into a regressive one. More-
over, an otherwise smooth distribution of declared earnings is transformed into a
distribution presenting a spike at the minimum wage level by the introduction of
the minimum wage. The model also predicts a positive correlation between the
size of the informal economy and the size of the spike at the minimum wage level,
which finds some support in the data. The model is extended in three directions:
first we allow for underreporting of both hours of work and hourly wage, then we
allow for discontinuities in productivity and expected fines when a worker-firm pair
operates completely in the black economy, and, finally we account for entitlements
from social security. A simple numerical example shows how the model is able to
generate the double digit spike at the minimum wage level observed in the wage
distribution of some countries. Moreover, it shows that the increase in revenues due
to the introduction of the minimum wage can be sizeable, despite the fact that it

mainly affects low productivity workers.

Another prediction of the theory is that a minimum wage hike implies a fall
in true income for those workers officially earning between the old and the new
minimum wage before the hike. Also workers who appear to benefit from the hike, as
they keep their job and experience an increase in official earnings, actually experience
a drop in true income. This is due to the fact that the higher minimum wage
forces them to officially declare at least part of the earnings that were previously
received informally. The second essay, Minimum Wage and Tax Evasion: Empirical
FEvidence, tests this prediction using the massive increase in the minimum wage
that took place in Hungary in 2001 as a quasi-natural experiment. Hungary is a
country where the degree of informality in the labour market is relatively high and,
moreover, the minimum wage is particularly important as it applies to all employees
without any exceptions. In 2001, the minimum wage was increased by almost 50%
in real terms, causing a massive price shock that, according to the theory, affected
the “underreporting technology” of some workers, while leaving others unaffected.
This variation is used to identify the impact of the minimum wage legislation on
underreporting, by adapting the methodology developed by Pissarides and Weber
(1989) to a panel framework and applying it to the Hungarian Household Budget
Survey Rotation Panel. A difference-in-difference approach is used, comparing food
consumption before and after the minimum wage hike by households affected by
it, the treatment group, to food consumption by similar but unaffected households,

the control group. The treatment effect is negative and significant across different
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specifications, thus supporting the prediction of the model. The control group is
validated by showing that it did not differ from the treatment group in the pre-
policy period.

By analysing the interaction between minimum wage and tax evasion, the first
two essays contribute to the policy debate on minimum wage in countries where
underreporting of earnings is common. They show that the minimum wage may
indeed be effective in increasing compliance by employed labour and, therefore, may
be used as a blunt, but substantially inexpensive, instrument to fight underreporting.
On the other hand, if the aim of the minimum wage hike is to boost income for low
productivity people, as it is often claimed when such policies are introduced, the
policy could backfire if not accompanied by a decrease in fiscal pressure for minimum
wage workers.

The last chapter, In-Work Benefits in Search FEquilibrium, deals with in-work
benefits, like the EITC in the US and the WTC in UK. This type of labour market
policy is becoming increasingly important, as it is used or is in the process of being
introduced in an increasing number of countries, while its scope has been progres-
sively extended in countries where it was adopted a long time ago. In-work benefits
are usually introduced to “make work pay”: by supplementing low wages, they pro-
vide employment incentives (Blundell, 2006). Research has almost exclusively been
concerned with the supply-side effects of in-work benefits. However, the expansion
of this type of programmes makes it increasingly relevant to account for their gen-
eral equilibrium effects. The aim of the paper is indeed to study the equilibrium
impact of in-work benefits in a simple analytical framework displaying involuntary
unemployment. Using a search model a la Pissarides (2000), we show that the in-
troduction of in-work benefits reduces equilibrium unemployment, moderates wages
and boosts participation and search effort. Total employment increases as a result.
We show that accounting for the general equilibrium effects actually reinforces the
impact of benefits on labour market variables. With the expansion of benefit pro-
grammes, the resources needed to finance them are not negligible and their impact
should be accounted for. Another contribution of the paper is to look at the issue
of financing. The analysis of financing reveals the conditions under which bene-
fits that are financed through proportional taxation on wages increase labour force

participation, employment, and search intensity by the targeted group.
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Chapter 2

Minimum Wage and Tax Evasion:

Theory”

1 Introduction

What are the fiscal implications of introducing or increasing the minimum wage?
How can we explain the very high spike at the minimum wage level appearing
in the wage distribution of some countries? This paper contributes to answering
these questions by studying the effects of the interaction between tax evasion and
minimum wage legislation.

The minimum wage is the subject of a rich literature and policy debate! , mainly
focusing on its effect on employment. The traditional view of adverse labour market
effects has been challenged (Card and Krueger, 1995) and, at present, there is no
overwhelming consensus on the issue. Potential beneficial effects of the minimum
wage for workers through shifts in the composition of jobs toward good (i.e. high-
wage) jobs have also been discussed (Acemoglu, 2001.) This paper highlights another
aspect of minimum wage policy that has not been considered so far and shows how
the minimum wage affects workers and firms through the "fiscal channel".

Large efforts have also been devoted to the theoretical and empirical study of tax

*1 thank the Department of Economics at Central European University, where part of this
research was conducted, for its hospitality. Comments and suggestions by John Hassler, Jim
Albrecht, Milo Bianchi, Peter Fredriksson, Nicola Gennaioli, Laszlo Goerke, Ethan Kaplan, Gdabor
Kézdi, Torsten Persson, David Strémberg, and several seminar and conference participants have
been most helpful. I am grateful to Christina Lonnblad for editorial assistance. Financial support
from Jan Wallander’s and Tom Hedelius’ Research Foundations is gratefully acknowledged.

' See Brown (1999) for a review.
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evasion and the shadow economy? . The study of tax evasion by employed labour is
of particular interest as the fiscal imposition on labour in the form of social security
contributions (SSC) and personal income tax (PIT) represents the bulk of fiscal
revenues in many countries® . However, to the best of my knowledge, the effects of
the interaction between underreporting of earnings and minimum wage legislation
have not previously been addressed in a formal model.

Undeclared work is a serious issue in many countries. It is difficult to obtain
reliable data on its extension, but raw estimates indicate that the phenomenon is
relevant, particularly in transition and developing countries but also in some OECD
economies. In a report for the European Commission, the authors stress how the
practice of paying “envelope wages” above the officially declared minimum “exists
in practically all of the Central and Eastern European countries” (Renooy et al.,
2004.) An OECD study of the Baltic countries (OECD, 2003) estimates that in
Latvia and Lithuania, 20% of the private-sector employees earn more than what
is officially reported® . Similar figures have been estimated for Bulgaria (Tomev,
2004.) In Russia, 8% of the employees reported that they received part of their
income "under the table" (Petrova, 2005.) The phenomenon is not limited to CEE
economies. OECD estimates a 30% shortfall in social security contributions due
to undeclared work for Hungary, Mexico and South Korea, and a shortfall above
20% for Ttaly, Poland, Spain and Turkey® (OECD, 2004). According to the World
Bank, "in Argentina, roughly 15 percent of workers receive pay partly on the books
and partly off the books" (World Bank, 2007). A World Bank study on labour
markets in Eastern Europe and the Former Soviet Union (World Bank, 2005) notices
how in several countries in the region, "disproportionately high shares of workers
cluster on declared wages at or just above the minimum wage (with evidence of
additional undeclared incomes above the minimum), creating incentives to sustain

a high minimum wage to sustain tax revenue" and calls for further research on this

2 See Andreoni et al. (1998) or Slemrod and Yitzhaki (2002) for surveys on tax evasion and
Schneider and Enste (2000) for a survey on the shadow economy.

3 Labour taxes are the largest source of tax revenue in the EU-25, representing around half of
total tax receipts (Eurostat, 2006).

4 The Latvian Central Statistical Office publishes data on earnings under the heading "Gross
wage of employed excluding all kinds of irregular payments by kind of activity" (italics added).

% In Turkey, firms belonging to the formal sector are estimated to underreport 28% of their wage
bill and for around 50% of the employees enrolled in SSK (Social Security Organization), the wages
reported by employers are at the minimum insurable level (World Bank, 2006).
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aspect of minimum wage policy. This is indeed the aim of the present paper.

A simple model of the labour market is created where underreporting of earnings
is made possible by imperfect detection of tax evasion. The introduction of the
minimum wage induces some worker-firm pairs to increase compliance, while pushing
others out of the formal labour market into the black economy or into inactivity. The
increase in compliance is due to the fact that the minimum wage poses a constraint
on reporting behaviour, as agents must choose whether to report nothing or report
at least the minimum wage. When faced with such a restriction, agents may prefer
to increase their reporting to the minimum wage level rather than decreasing it to
zero. The overall effect when enforcement is not too effective is to unambiguously
increase fiscal revenues. The distribution of the fiscal burden is also altered, turning
a nominally neutral fiscal regime into a regressive one. Moreover, an otherwise
smooth distribution of declared earnings is transformed by the introduction of the
minimum wage into a distribution presenting a spike at the minimum wage level.
The model also predicts a positive correlation between the size of the spike at the
minimum wage level and the size of the informal economy. Some supporting evidence
on this is presented.

The next section discusses some of the related literature. The model is introduced
in the third section. In section 4, the various effects of introducing the minimum
wage are explored. Section 5 looks at the model implications for the relationship
between the spike at the minimum wage and the underground economy. The follow-
ing section briefly explores the quantitative implications of the model. In section 7,

some extensions of the model are discussed. The last section concludes.

2 Related literature

The literature on tax evasion has mainly been focused on personal income tax and
the compliance decision by an individual filling the tax declaration form. However,
due to the tax withholding and information reporting systems present in many
countries, this is not an accurate description for the case of employed labour. Indeed,
the rate of non-compliance for wages and salaries at the stage of filling the tax
declaration form is often negligible. For instance, Klepper and Nagin (1989) report

a mere 0.1% of non-compliance for wages and salaries at this stage in the US,
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i.e. lower than for any other income category. Therefore, to study tax evasion by
employed labour it is necessary to take the interaction between the employer and

the employee into account.

The literature specifically looking at the labour market effects of tax evasion often
considers the formal and informal sections of the labour market as separate, with
workers and firms being either completely underground or completely compliant with
the regulation. Boeri and Garibaldi (2007) are a recent example of this. Fugazza
and Jacques (2003) also take this approach in their study of the effect of labour

market institutions when there is an underground sector.

Another strand of the literature, in line with the view taken in this paper, con-
siders that workers’ compliance with regulation can also be partial. Sandmo (1981)
and Cowell (1985) study models where working time can be allocated between the
formal and informal sectors. The former is mainly interested in determining the op-
timal income tax and enforcement, the latter in investigating the effects of fiscal and
enforcement parameters on the dimension of the informal sector. Kolm and Nielsen
(2005) study a search model with wage bargaining, where the worker and the firm
agree on the amount of remuneration not to be reported to the fiscal authorities.
They find that both higher taxes and weaker enforcement reduce unemployment.
Bargaining between the firm and the workers over the true and reported wage is
also assumed by Yaniv (1992) who explores the impact of fiscal and detection pa-
rameters on tax evasion and contrasts a withholding and a self-declaration system.
However, none of the above mentioned studies considers the impact of minimum

wage legislation in an economy with underreporting.

The literature on minimum wage deals extensively with its effects on wage dis-
tribution and employment. A spike at the minimum wage level has been observed
in several instances (see, for instance, DiNardo et al., 1996, Dickens and Manning,
2004). Such a spike has been defined as a "puzzle" for several standard types of
labour market models (Brown, 1999) and as an "anomalous finding from the stand-
point of the standard model of the low wage labour market" (Card and Krueger,
1995, p. 152). Proposed rationalizations include reductions in non-wage compensa-
tion or increases in required effort to offset a binding minimum wage, flatter earnings
profiles and adjustments in the amounts of hours worked. The model presented here

proposes an alternative rationale for the observed spike in a perfect competition
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framework. The positive correlation between the size of the spike at the minimum
wage and the estimated size of the informal economy in the data presented in the
Appendix suggests that the mechanism analysed in this paper indeed contributes
to shape the observed distribution of earnings in some countries. Recently, several
empirical studies have considered the impact of the minimum wage on other aspects
than employment, like fringe benefits (Simon and Kaestner, 2004), prices (Lemos,
2005), profits (Draca et al., 2006.) The impact of the minimum wage on tax evasion

has, to the best of my knowledge, never been investigated.

3 The model without minimum wage

The size of the population is exogenously given and normalized to 1. Every individ-
ual has an exogenously given productivity y;, distributed in the population according
to pdf g(y) and cdf G(y) on the support [y, 7], where y> 0. We assume the labour
market to be competitive, each firm employs one worker, there is no capital, and
production is equal to labour input. Moreover, there is free entry of firms, firms can
observe workers’ productivity, and workers can move from one firm to another at no
cost.

Firms are risk-neutral and maximize expected profits. In an environment without

tax evasion, profits for a firm employing a worker with productivity y; are given by
T = Yi — Wi,

where w; is the gross wage® . Firms have an obligation to withhold taxes and social
security contributions and transfer them to the authorities. Taxation is at the
proportional rate ¢ € (0,1). Workers are risk-averse, their (indirect) utility is an

increasing function of net income, given by

The wedge between the gross wage paid by the firm and the net wage received by

the worker, tw;, is paid to the fiscal authorities. Free entry of firms implies that in

6 No distinction is made between labour cost and gross wage and the two concepts are equivalent
in the model.



12 Chapter 2. Minimum Wage and Tax Evasion: Theory

equilibrium, the expected profits are zero which, in turn, in the full compliance case
implies that a worker with productivity y; would receive a gross wage v;, from which
the firm would deduct taxes ty;, thereby leaving the worker a net wage (1 — t)y;.

In this economy, however, it is possible to evade taxes and social security con-
tributions by not reporting part or all of the worker’s earnings to the authorities. A
firm employing a worker with productivity y; must therefore decide how much of the
worker’s production to declare to the tax authorities, z;, and how much to conceal,
y; — x;. If ©; = y;, the firm is fully compliant with the regulations. If z; = 0, the full
product is hidden from the authorities and the firm-worker pair operates completely
in the black economy. If z; € (0,;), there is underreporting. A worker-firm pair
can thus operate in the formal economy, by declaring a strictly positive income, or
be completely in the black market, by declaring nothing. A worker can also decide
to be inactive. In this case, income is normalized to 0.

Tax authorities may inspect firms to find out whether they comply with fiscal
regulation. We assume there to be an exogenously given probability of an audit
being performed v € [0, 1]. Fines are imposed on firms in case tax evasion is detected
and, given the assumption of risk-neutral firms and risk-averse workers, there is no
incentive for workers and firms to negotiate a different risk-sharing arrangement.
However, the fact that an audit is performed does not imply that the authority
with certainty discovers the true tax liability, but it may find evidence to impute
an income g; € [0,y;], where y; is the true product. For instance, Feinstein (1991)
estimates that IRS examiners on average managed to detect only half of the tax
evasion in the forms they audited” , while Erard (1997) rejects the hypothesis of
perfect detection in his empirical investigation of a model where detection can be
either complete or null.

We assume that §; is distributed over the support [0,;]® according to pdf h(-)
and cdf H(-), so that H(0) = 0 and H(y;) = 1, and H(-) does not depend on z;. To
simplify the discussion, we assume that h(-) > 0 within the support, so that H(-) is
invertible within [0, y;].

" An IRS study found that for every dollar of underreported income detected by examiners
without the aid of third-party information documents, another $ 2.28 went undetected (cited in
Feldman and Slemrod, 2007).

8 The assumption is that the tax authority cannot assess and upheld in court a tax liability
higher than the true one. To extend the model to situations where this may not be the case, due
for instance to ambiguity in the tax code, would be relatively straightforward.
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Given a declaration of x; and collected evidence of a true tax liability of ¢;, the
tax authority imposes on the firm, in case g; > z; , the payment of 0t (y; — x;),
consisting of taxes plus an additional fine proportional to the assessed tax evasion,
thus ¢ > 1. In case y; < x;, the tax authority cannot prove any tax evasion, so
no fine is imposed’ . Given a true product y; and a reported one z; € [0,y;], the

expected fine in case of auditing, f;, is

Yi

fi— 16 / (s — ) h(G)dd. (2.1)

T

Below, we determine the equilibrium wage and evasion. For convenience, sub-

scripts are suppressed where not necessary.

3.1 Equilibrium without minimum wage

For a firm employing a worker with productivity y, declaring z, and paying a gross

wage w, the possible realizations of profits are given by!’

Y

Jy—w with probability 1 — ~
= y—w — f with probability v

where f, the expected fine in case an audit is conducted, is given by (2.1). Therefore,

the expected profits for the firm are
E(r)=y—w—nf. (2:2)

Income [ for a worker employed in a firm paying a gross wage w and declaring

to the fiscal authorities x is given by

I =w-—tz. (2.3)

9 An equivalent narrative is that in an audit, the tax authority may find no evidence at all
of tax evasion with probability H(z;), which is increasing as the tax liability declared to the
authorities increases. Conditional on detection taking place, the density for any given level of
income g; € [z;,y;] being discovered is given by h (4;) /[1 — H (x;)].

10" Actually, when an audit is performed, possible realizations of profits are a continuum, due to
the stochastic nature of the fine. For expositional convenience, the expected value of the fine is
considered.
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This expression captures the fact that taxes and social security contributions are de-
ducted from the worker’s declared gross wage x, not from his true gross wage, w. As
income is non-stochastic, income maximization corresponds to utility maximization,

given the assumption that (indirect) utility only depends on net income.

The firm and the worker agree to choose = so as to maximize the expected total
surplus available to them, equivalent to the product minus total expected payments
to fiscal authorities, represented by taxes and social security contributions paid on

the declared wage and expected fines. Therefore, the optimal declaration is

¥ st. maxy-—-~f —tzr. (2.4)
z€[0,y]

After substituting (2.1) into (2.4), the first-order condition is

H(x*)—l—%@x*—Hl(l—%).

The second-order condition

—ty0h(z) <0

is always satisfied. The boundary condition = < y is always satisfied. Notice that
full compliance (i.e. * = y) does not take place unless 7 — +o00. The condition
x > 0 implies that full evasion will take place, i.e. x = 0, when enforcement is very
weak, i.e 70 < 1. To simplify the notation, the two enforcement parameters are
summarized by « = 1/ (7). To summarize, the solution to the reporting problem

without minimum wage is given by

. {Hl(l—a) it a<l (2.5)

=Y 0 it a>1

As 0a/0y < 0 and Ja/00 < 0 , in an interior solution, the fraction of production

that is evaded decreases as enforcement improves.

The equilibrium fine, f*, is given by substituting (2.5) into (2.1). Substituting
this into (2.2) and considering the free entry condition, we get the equilibrium gross
wage

w' =y —f",
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that substituted into (2.3) gives the equilibrium net income
I"=y—~f" —tx. (2.6)

To simplify the discussion, from now on we will assume A(-) to be uniform in the

support [0,y], i.e. §; ~ Upp,y,). The expression for the expected fine becomes'

vf =70y — x)*/ (2y) . (2.7)

The optimal reporting behaviour given by (2.5) becomes

. | l-a)y if a<l
x—{o it a>1 (2:8)

thus, the model implies that, irrespective of the specific level of productivity, a
constant fraction of the true tax liability is revealed to the fiscal authorities. Using

(2.7), the expected fine is given in equilibrium by

. Joyta/2 if a<l1
V= { yt/ (2a) if  a>1 (2.9)

and thus, substituting (2.8) and (2.9) into (2.6), we get the worker’s equilibrium net

income

. 1—%)+ayt/2 if a<l1
1 :{z([l—g/j(LQa%/ if a§1 (2.10)

Given the detection technology, the expected fraction of unreported tax liability,

y — x*, that is discovered in case of auditing is

Y

[ m@di) - x) = a2 2.11)
i.e. a fraction corresponding to half the ratio of evaded income over true product.
The assumption is thus that it is relatively easy to get away with tax-evasion. For
example, in an economy where 30% of the income are concealed, only 15% of the

evasion are, on average, detected in case of auditing.

1 The Appendix presents an alternative setting for imperfect detection giving rise to an equiva-
lent expression for the expected fine. It also discusses the case of the probability of an audit being
conditioned on declared income.
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4 Effects of the minimum wage

In this section, we study what are the effects of introducing a minimum monthly
wage w, with universal coverage, in the economy described in the previous section.
Workers cannot be legally employed at a wage below the minimum, in the sense that
their reported gross wage cannot be below the minimum. The assumption in the
model is that the minimum wage is fixed on a monthly basis for full-time work and
that no alternative working-time arrangements are available. However, in section
7.1, the model is extended to the case where the minimum wage is fixed on an hourly
basis, labour supply can vary across workers and underreporting can involve both
hours of work and hourly wage. The results remain qualitatively unchanged. In the

following, we focus on the case with partial evasion, i.e. a € (0,1) 2.

4.1 Effects on the distribution

With the introduction of a minimum wage, (2.4) becomes

x* st max y—~f—tx.
z€{0}U[w,y]

The only difference is in the choice set which shrinks from [0, y] to {0} U [, y]. The

introduction of the minimum wage divides worker-firm pairs into three categories:
1. High productivity: y; > w/ (1 — «)
2. Intermediate productivity: @ < y; < w/ (1 — «)
3. Low productivity: y; < w.

Worker-firm pairs characterized by high productivity would have declared more
than the minimum wage anyway, so they are unaffected by it. The minimum wage
is instead a binding constraint for worker-firm pairs that would have declared less

in its absence. We first analyse the case of low-productivity workers.

12 For this to be the case, we need v > 1. By assumption # > 1, but ~y, the probability of
being subject to an audit, may be low, so this condition may seem restrictive. Notice, however,
that in this model, an audit is extremely ineffective. As already mentioned if, for instance, 30%
of the income are evaded, only 15% of the evaded income are, on average, discovered during an
audit. Thus, instead of a full-fledged investigation, an audit should in the present set-up rather be
interpreted as a routine check by the fiscal authorities, thus occurring much more frequently than
a thorough inquiry.
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Low productivity A worker with productivity below the minimum wage, vy; < @,
can only work in the black market or be inactive. The possibility of a worker paying
back part of his wage to the firm is thus excluded. The main results are qualitatively
unaffected by this modelling choice. From (2.10), we get income in case of work in

the black market, i.e. full evasion,
Iym = yi [1 =t/ (2a)]. (2.12)

Income in case of inactivity is assumed to be 0. The labour market status is chosen

by comparing income in the two cases, giving the following condition
Iym >0 a>t)/2.

Then, if o > ¢/2, workers with productivity below the minimum wage work in the
black market, otherwise they withdraw from the labour market. Thus, the prediction
is that, for a given tax rate, in economies where enforcement is quite effective,
i.e. « is low, the minimum wage pushes workers into inactivity and therefore, it
has a negative impact on efficiency, as productive labour remains idle. Instead,
in economies where enforcement is not very effective, the minimum wage has no
negative impact on efficiency as workers continue to produce in the black market.
Naturally, this is true as far as going completely underground does not entail a drop

in productivity.

Intermediate productivity The possibility of declaring the minimum wage and
thus, participating in the formal labour market, is available for worker-firm pairs
whose optimal declaration in case of no minimum wage regulation is less than w,

but with a productivity above o, i.e.
l-ay<w<y<cw<y<w/(l-a. (2.13)
Income in case of declaring w is given by substituting x = w in (2.7) and (2.6)

Lnw = 5i(1 =) + (i — @)t — t (; — @)° / (2a) . (2.14)
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Declaring a wage higher than the minimum is never optimal for this group. More-
over, as I, > 0 for productivities satisfying (2.13), these workers will never go
into inactivity. The choice is thus between declaring the minimum wage or working
in the black market and declaring 0. The comparison between income in case of
declaring the minimum wage and income in the black market as given by (2.12)

gives the following condition
Liw > Iy < i > @/ [2(1 — @)] = Y- (2.15)

As the choice between employment at the minimum wage and employment in the
black market is only relevant for workers satisfying (2.13) to determine the behaviour
once a minimum wage is introduced, it is necessary to position y,,, in the interval
[, @/ (1 — a)]. The threshold y,,, is greater than the minimum wage if and only
if o > 1/2, while it is always the case that ¢, < @/ (1 — «). Thus, if the degree
of underreporting is high, i.e. @ > 1/2, the threshold y,,,, is internal to the interval
defined by condition (2.13). This implies that some of the workers affected by the
minimum wage and with a productivity higher than the minimum wage prefer to
decrease evasion and declare the minimum, while others prefer to go into the black
market. If the degree of underreporting is instead low, i.e. a < 1/2, all workers
affected by the minimum wage and with a productivity higher than the minimum
wage prefer to increase compliance and declare the minimum.

The results are summarized in the below proposition.

Proposition 2.1 The introduction of the minimum wage in an economy with un-
derreporting of earnings induces some workers to increase compliance by increasing
declared earnings to the minimum wage level. Workers with a high productivity are
unaffected. Workers with a productivity below the minimum wage work in the black
market if enforcement is not too effective, otherwise they withdraw from the labour

force.

The distribution of declared earnings x before the introduction of the minimum

wage is given by

9(i7%) yl—a)<z<y(l-a)

0 otherwise
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where ¢(-) is the pdf of the productivity distribution. After the introduction of the

minimum wage, distribution of declared earnings is given by

( wmax{ 51—, .
Jeretmmt gy if  w=0
= dy 1 =1
Gmw(T) = fwma"{ﬁiawl} owldy +f
g(ﬁ) if w<z<y(l-a)
L 0 otherwise.

Thus, a "smooth" distribution of productivity is associated with a "smooth" distrib-
ution of declared earnings without a minimum wage. However, with the introduction
of the minimum wage, two spikes appear at the minimum wage level and at zero.

Thus, we can state the following:

Proposition 2.2 In a perfectly competitive labour market with underreporting of
earnings, a spike at the minimum wage level appears in the distribution of declared

earnings.

Figure 2.1 depicts declared income as a function of productivity with and without
the minimum wage. Declared income when there is no tax evasion is also plotted as

a reference.

4.2 Fiscal effects

The minimum wage divides worker-firm pairs into three categories: those declaring
nothing, those declaring the minimum wage and the unaffected, i.e. those declaring
more than the minimum. Here, we first determine payments to fiscal authorities
for each category. Then, we use the above analysis of the distribution of declared

earnings to find out the effects of the minimum wage on fiscal revenues.

Payments to fiscal authorities Total payments, P, to fiscal authorities include
taxes, T', and expected fines, F'. For worker-firm pairs not affected by the minimum

wage, these quantities are

P =(1-a/2)ty < ﬁi%g}/; @) .
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Figure 2.1: Declared income
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Underreporting gives worker-firm pairs with a relatively high productivity the op-
portunity to reduce the "effective"'® tax rate by a factor a/2. For worker-firm pairs

declaring the minimum wage, fiscal payments are given by

/ T2 =tlw

P =ttty == Qo) S p = iy — )2/ (2a)

The remaining category is represented by worker-firm pairs that are either in the
black economy (when a > t/2) or do not participate in the labour market (when
a < t/2). For workers in the black market, fines are the only type of payment, so
that

Py = F; =ty/ (2a).

Workers who withdraw from the labour market do not contribute to the public
finances, so

Py =F,=0.

13 In the sense of total expected payments to fiscal authorities, including fines, over total product,
ie. Ply.
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Notice that P3/y > Py/y > P;/y in the relevant intervals' . Expected payments
as a portion of income are highest for worker-firm pairs in the black economy and
lowest for worker-firm pairs not affected by the minimum wage. Thus, considering

expected total payments, it is possible to state the following:

Proposition 2.3 The interaction of minimum wage and underreporting transforms

a nomanally neutral tax system into a regressive one.

The intuition behind this result is simple: worker-firm pairs try to minimize the
share of the product paid to fiscal authorities. The minimum wage is not a binding
constraint for high productivity workers who manage to reduce the "effective" tax
rate. For instance, if o = 40%, the "effective" tax rate for these workers is 80% of
t. For workers with intermediate productivity, the minimum wage is binding. Thus,
they are less "successful" in minimizing their "effective" tax rate, even if they still
manage to reduce it below t. Low productivity workers are even more constrained,
as their only choice is to work in the black market or withdraw from the labour
market, and they may end up facing an "effective" tax rate above t. With a = 40%),
for instance, the "effective" tax rate for these workers is indeed 125% of t. Figure

2.2 shows the effective tax rate as a function of productivity.

Effects of the minimum wage on revenues When workers with productivity
below the minimum wage work in the black market, i.e. when o > /2, total revenues

R are given by

@ max{ grrtay.1} w/(1-a)
R = / ty/ (20) g (3) dy+ / [t + £ (y — w)? / (209) g (v) dy+

0 wmax{ﬁ,l}

(1—a/2) tyg(y)dy. (2.16)

0 \@\

The marginal worker is indifferent between being employed in the black market or

declaring the minimum wage if @ > 1/2, while he prefers not to be completely

' In particular, Py/y > Py/y Yy, Ps/y > Pi/y Yy, P3/y > Py/y &y > . As only workers

2(1 )

with productivity y; > wmax{ } will declare the minimum wage, P3/y > P»/y for the

) 2(1704)
relevant interval.
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Figure 2.2: Effective tax rate

alpha=0.4 , minimum wage=3, t=0.33
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underground if ¢/2 < o < 1/2. In the first case, the only effect of a marginal
increase in the minimum wage is to extract higher payments from workers declaring
it while in the second case, there is the additional effect of pushing worker-firm
pairs previously in the official economy into the black market. In both cases, total

revenues increase with an increase in the minimum wage, i.e.

OR

— > 0.
Ow

When workers with a productivity below the minimum wage withdraw from the
labour market, i.e. when o < t/2 , there is no black market from which to extract

fines, and total revenues are given by the last two terms in expression (2.16). Then,

= /(1-a)
g_zi = —tug(w) + / [1—(y— @)/ (ay)ltg(y)dy.

The first term represents the fiscal loss due to the withdrawal of workers from the
labour market, the second term the higher payments by workers declaring the min-
imum wage. The net effect depends on the shape of the distribution. We can then

state the following proposition:
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Proposition 2.4 When underreporting is high, revenues increase with the mini-
mum wage. When underreporting is low, the effect of increasing the minimum wage

on revenues depends on the productivity distribution.

The intuition is straightforward: maximization of workers’ net income is equiva-
lent to minimization of transfers to the government. Choice is limited to the possible
declaration space {0} U [w, +00). Increasing the minimum wage shrinks the possible
declaration space, so that the newly chosen compliance after the increase in the
minimum wage cannot make workers better off. When the increase in the minimum
wage does not have a negative impact on production, i.e. it does not "shrink the
pie", this implies that the government cannot be made worse off, i.e. revenues can-
not decrease. This can be counterbalanced by a decrease in revenues due to reduced
total production when an increase in the minimum wage pushes low productivity
workers out of the labour market.

This implies that countries where underreporting is serious because of limited
enforcement capacity can use the minimum wage to boost fiscal revenues, without
having to worry too much about the impact on efficiency. As enforcement improves,
the minimum wage becomes a less effective fiscal instrument and efficiency issues
become more prominent. However, equity issues are also at stake, as the minimum
wage increases revenues by extracting more payments from low productivity workers.

The revenue boosting effect of the introduction of a minimum wage can be sub-
stantial. In Bulgaria, for instance, social security contribution payments increased
by almost 20% in 2003 "[al]s a result from the registration of the labour contracts and
the introduction of the minimum insurance income upon principal economic activi-

ties and qualification groups of professions, as well as from the improved economic

situation" (NSSI).

5 Underground economy and minimum wage spike

Both the size of the spike at the minimum wage and the size of the underground
economy relative to the economy as a whole are determined by the interplay of the
productivity distribution, the fiscal enforcement parameters as summarized by «,
and the minimum wage, w. In this section, we study the link between the size of

the underground economy and the size of the spike.



24 Chapter 2. Minimum Wage and Tax Evasion: Theory

The spike at the minimum wage The size of the spike at the minimum wage

w/(1-a)
S=/ o 9(y)dy.
wmax{m,l}

A decrease in enforcement parameters, i.e. an increase in «, induces the minimum

is given by

wage to be declared by some workers previously declaring more, thereby increasing
the size of the spike. If enforcement is sufficiently weak, i.e. if 1/2 < o < 1, an
additional effect plays a role, as some workers previously declaring the minimum

wage prefer to go into the black economy, thus reducing the size of the spike. In this

@§>0@ S >1 _“
da IN\1-a) 27\ 200 )"

Assuming that the distribution of productivity is single peaked, the above condition

case

is satisfied if the minimum wage is binding for workers with productivity lower than

the mode. If this is the case, the spike is always increasing as « increases.

The effect on the size of the spike of a marginal increase in the minimum wage
depends on the interplay between two effects: as w increases, some workers previ-
ously declaring the minimum wage are pushed out of the formal labour market, thus
decreasing the size of the spike, while some, previously declaring more, declare the
minimum wage, thus increasing the size of the spike. Given «, the condition for the

size of the spike to increase as the minimum wage increases is

aS w
% >O¢>g<1Ta) >g(w)max{1—a,1/2}

Also in this case are a single peaked productivity distribution and a minimum wage
binding for workers with productivity lower than the mode sufficient conditions for

the spike to increase with the minimum wage.!?

15 The analysis can also be conducted in terms of the size of the spike, relative to the size of the
officially employed workforce, where the latter is given by:

Y
L=/ ) 9(y)dy.
wmax{m,l}

The conditions for the spike relative to the officially employed workforce, S/L, to increase with «
and w are looser than those for S, as the size of the officially employed workforce is not increasing
with o and .
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The informal economy When workers with a productivity below the minimum
wage work in the black market, i.e. when o > ¢/2, the size of the underground

economy'® is given by:

wmax{ﬁ,l} w/(1l—a) Y
U= / yg(y)dy+ / (y —@)g(y)dy + « / yg(y)dy.
y

JY . \wmax{(z(lil_a),l} w/(1—a) )

TV
black economy underreporting

(2.17)
A decrease in enforcement, i.e. an increase in «, increases the size of the informal
economy as workers unaffected by the minimum wage evade more. Moreover, when
enforcement is already low, i.e. 1/2 < a < 1, some workers previously declaring the

minimum wage go into the black economy, thereby further increasing informality.

An increase in the minimum wage pushes some workers previously declaring the
minimum wage into the black economy, thus increasing informality, but also forces
workers continuing to declare the minimum to declare more of their true income, thus
reducing informality. Which effect prevails depends on the shape of the productivity

distribution.

When workers with productivity below the minimum wage withdraw from the
labour market; i.e. when o < ¢/2, there is no black market, thus the size of the
underground economy is given by the last two terms in expression (2.17). Also in
this case does a decrease in enforcement, i.e. an increase in «, increase the size of the
informal economy as workers unaffected by the minimum wage evade more!” . The
absolute size of the informal economy decreases with an increase in the minimum
wage, as workers declaring the minimum increase their compliance. However, in
this case, an increase in the minimum wage reduces the size of the economy that is

given by Y = fg yg(y)dy. The effect of an increase in the minimum wage on the

16 The analysis is made on the size of the informal economy in absolute terms, U. The size
of the informal economy relative to the economy as a whole, U/Y, or relative to the size of the
formal economy, U/ (Y — U), is also of interest. When « > /2, the size of the economy is given
by Y = fyy yg(y)dy and does not depend on « or w. Thus, the derivatives of U, U/Y, U/ (Y —U)

w.r.t. a and w all have the same sign.

17 There is a discontinuity in the size of the informal economy at o = ¢/2. When enforcement
parameters decrease (i.e. « increases), the size of the informal economy jumps up discretely as
workers previously withdrawn from the labour market enter into the black market. This jump
goes in the same direction as the derivative, so we can state that the size of the informal economy
always increases as enforcement decreases. The same is true if we consider the size of the informal
economy relative to the whole economy, U/Y, or relative to the formal economy, U/ (Y — U).
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size of the informal economy relative to the economy as a whole, U/Y’, or relative
to the formal economy, U/ (Y — U), is ambiguous, as it depends on the shape of the

productivity distribution. To summarize:

Proposition 2.5 When enforcement decreases, the size of the informal economy
increases, both in absolute terms or relative to the formal economy. Sufficient con-
ditions for the size of the spike at the minimum wage to increase when enforcement
decreases are a single peaked productivity distribution combined with a minimum
wage binding for workers with productivity lower than the mode or a not too weak
enforcement. The effect of an increase in the minimum wage on the size of the in-
formal economy relative to the formal economy is ambiguous. A sufficient condition
for the size of the spike at the minimum wage to increase when the minimum wage
increases 1s a single peaked productivity distribution combined with a minimum wage

binding for workers with productivity lower than the mode.

Thus, under mild conditions, the common dependence on « should induce a
positive correlation between the spike at the minimum wage and the size of the

informal economy. Some evidence on this correlation is presented in the Appendix.

6 A numerical example

In this section, the quantitative properties of the model are briefly explored. Work-
ers’ productivity is assumed to be distributed across 37 categories in the range
1-10, with the distance between adjacent productivity categories being 0.25. In the
baseline scenario, the distribution of the workforce across the different categories is
generated by normalizing the corresponding values of a lognormal with parameters
(1.5; 0.6). Tax and social security contributions are assumed to be equivalent to
30% and enforcement parameters are such that without a minimum wage, all agents
evade 20% of their income, i.e. & = 0.2. The minimum wage is assumed to be equal

to the income declared by the 6th productivity category, i.e. 1.8.

Figure 2.3 shows the distribution of declared earnings among the official work-
force before and after the introduction of the minimum wage. Without the minimum

wage, declared earnings are in the range 0.8-8, as 20% of the product is evaded. The
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Figure 2.3: Distribution of declared earnings
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distribution of declared earnings changes with the introduction of the minimum
wage. The minimum wage creates two spikes, at the minimum wage level and at
zero. As the minimum wage reduces the size of the official workforce by truncat-
ing it from below, the distribution of declared earnings is shifted upward above the
minimum wage. Notice that in the figure, the spike at the minimum wage is the
percentage of the official workforce declaring the minimum wage. Instead, the spike
at zero is the percentage of the population not participating in the official labour

market.

Table 2.1 reports the size of the two spikes. Other indicators are also calculated.
In the model developed in this paper, the minimum wage is assumed to apply to the
workforce as a whole; thus the Kaitz index is simply the minimum wage divided by
the average declared wage. The percentage increase in total fiscal revenues (taxes
and fines) due to the introduction of a minimum wage is also calculated. Finally,
the size of the informal economy as a percentage of the formal economy is presented.
In the baseline scenario, the informal economy would be 25% of the formal economy
without a minimum wage, as 20% of income would be evaded. With the minimum
wage, the informal economy is equivalent to 28% of the formal economy. Four other

scenarios are explored. In the "high evasion" scenario, enforcement is assumed to be
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Table 2.1: Numerical results

Spike o ! Spike 02 Kaitz Index® ARevenues* Informal Economy5
Scenario 1 - Baseline: =15 0=06 a=02 w=1.8
8.6 7.7 46.5 4.52 28
Scenario 2 - High Evasion: =15 ¢ =06 a=0.3 @w=1.575
11.5 4.6 47.3 1.41 44
Scenario 3 - High MW: p =15 0 =06 a=02 w=22
15.3 11.4 55.2 7.58 29.4
Scenario 4 - High Evasion, High MW: pt =15 0 =06 a=03 w=1.926
18.7 7.7 56.2 2.76 44.6
Scenario 5 - Spread-out Distribution: =15 ¢ =08 a=02 w=1.8
10.7 14.3 46.2 8.33 30.7

: as % of workforce in formal employment.
: as % of total population.
: minimum wage over average declared wage.

: % change in total fiscal revenues due to the introduction of the minimum wage.

Tt o W N =

: size of the informal economy as % of official economy.

weaker, so that 30% of income would be evaded without a minimum wage constraint,
ie. a = 0.3. The minimum wage remains equivalent to the income declared by
the sixth productivity category'®. The share of the population affected by the
minimum wage is the same as in the baseline scenario, as only a reshuffle between
workers declaring zero and workers declaring the minimum wage takes place!” . As
established in section 5, the size of the spike at the minimum wage level increases,

together with the size of the informal economy.

In the "high minimum wage" scenario, the minimum wage is assumed to be
equivalent to the income declared by the eighth productivity category, i.e. 2. In this
case, the minimum wage bites deeper into the wage distribution. As established in
section 5, the size of the spike at the minimum wage level increases. The significance
from a fiscal point of view is also increased as compared to the baseline scenario, as

established by Proposition 2.4.

18 Due to the increase in evasion, though, the actual level of the minimum wage is lower than in
the baseline scenario.

19 Notice that the size of the spike at the minimum wage level and the size of the spike at zero
do not add up to the same number in scenarios 1 and 2 and in scenarios 3 and 4 only because the
reported spike at the minimum wage level is expressed as a percentage of the official workforce,
while the spike at zero is expressed as a percentage of the total population.
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The "high evasion, high minimum wage" scenario combines the two previous
variations. In this case, both the spike at the minimum wage level and the size of
the informal economy reach very high levels.

In the last scenario, the distribution generating the frequencies is changed, in par-
ticular the standard deviation parameter is increased to 0.8. The resulting sizeable
change in some of the indicators points to the fact that the quantitative implications
of the model are sensitive to the assumption about the underlying distribution of
productivity. However, these simple calculations show that the model is able to
match the very high spike at the minimum wage observed in some countries and
that the fiscal implications of imposing a minimum wage can be sizeable, even if

only people with the lowest productivity are affected.

7 Extensions

In this section, the robustness of the model along several dimensions is discussed
and some extensions are proposed. First, we look at the issue of working time. The
model is extended to account for the fact that hours can also be underreported.
Then, we check the robustness of the model for possible discontinuities arising when
a firm-worker pair goes completely underground. In particular, discontinuities in
productivity and expected fines are considered. Finally, we look at the implications

for the model of accounting for entitlements from social security.

7.1 Working time

A minimum wage fixed on an hourly basis in an environment where firms could de-
clare the amount of hours worked with full flexibility and no risk of detection in case
of underreporting would pose an extremely loose constraint on reporting behavior.
However, the minimum wage can still play its role against underreporting of earnings
if there are legislative constraints on the amount of hours that can be reported or

20 ,21

incentives not to declare a minimal amount of hours or if misreporting hours

20 According to Eurostat data from LFS, the share of part-timers in Central and Eastern Euro-
pean countries is generally low, at around 7% of the employees.

21 According to OECD "To counter this [under-declaring earnings per employee|, the tax au-
thorities may appeal to employment regulations such as the minimum wage and restrictions on
part-time and temporary work. This issue helps explain why countries with a large informal econ-
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of work can also be detected and punished. In this section, we consider the latter
case.

Suppose that a worker with hourly productivity y; inelastically supplies h; hours
of work per period. However, the worker-firm pair can choose to report product per
hour z; € [0, y;] and hours of work 7; € [0, h;]. The audit and detection technologies
are the same in the two dimensions. In case of audit, the tax authorities manage to
impute z; € [0,y;] and 7; € [0, h;]. For analytical convenience, the probabilities of
detection are assumed to be independent and uniformly distributed over the relevant
intervals, so that ¢z, (Z;) = 1/y; and g;,(7;) = 1/h;. The corresponding c.d.f. are
indicated as G;, and G'z,. The imposed fine, f;, depends on the detected and declared
hours of work and product per hour. In particular, it is possible to distinguish four
cases:

.z, <zjand 7, <71; = f; =0

2. 3y <xyand T, > 71 = f; =0 (T — ) xy

3. Z;>x;and T; < 1, = f; =0 (3 — x;) 7

4. ;> x; and 7; > T, = f; =10 (3,7 — xTy)

In cases 2 and 3, underreporting is discovered in one dimension only and the fine
is imposed on assessed underreporting in that dimension multiplied by the declared
value on the other dimension. Thus, given a declaration (x;,7;), the expected fine

is given by (subscripts are suppressed where not necessary):
-y oh Y -

/ / (% — 27) g(, )drdi + TG () / (i — 2) ga(3)di+

f:te xr T b x ,

+2G () / (7 — 7) g (7)d7

L T .

where ¢(Z,7) = g2(2)g+(7). Given the hypothesis on the distributions, the expected

fine is equal to:
f=1t0[(R*+77) (y* + 2®) — dTyzh] / (4yh) . (2.18)

In what follows, the equilibria with and without the minimum wage are character-

omy maintain de facto strict employment regulations, even though these regulations are seen by
many analysts as a prime cause of informality." (OECD, 2004, page 227, italics added).
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ized.

Equilibrium without minimum wage If the worker-firm pair chooses to declare
7 hours and a product per hour x, the total surplus remaining within the firm-work
pair, equivalent to the worker’s net income because of the free entry assumption, is
given by

I =yh—x1t —~f, (2.19)

where [ is given by (2.18.) Therefore, the optimal declaration, equivalent to (2.4),
is given by:

T . h—xrt —~f. 2.20
(@*,77) s N N L vf (2.20)

The first-order conditions are simultaneously satisfied iff
™ =hvl—-2a 2" =yv1-2a,

where a = 1/(y#). To have an interior solution, it is necessary that o < 1/2,
otherwise full evasion in both dimensions takes place. In what follows, it is assumed
that o < 1/2, i.e. enforcement is sufficiently strong to avoid full evasion. The
maximand is locally concave at (z*,7*); however, it is not globally concave. To
establish whether (z*,7*) is indeed the global maximum point, it is necessary to
check the value of the function along the boundaries. As a reference, the income

corresponding to reporting (z*, 7%) is
I = yh(1 —t) + ayht. (2.21)

First, we analyse the boundaries within the axes, i.e. with full evasion in at least
one dimension.

1 . Substituting = 0 in (2.19), we get I| _, = yh —t (h* + 7) y/ (4ah) , that
is maximized for 7 = 0;

2. Substituting 7 = 0 in (2.19), we get I|__, = yh — t(y* + 2°)h/ (4ay) , that is
maximized for z = 0;

Thus, when there is total evasion in one dimension, then it is also optimal to have
total evasion in the other dimension. A positive declaration would only represent a

lower bound on the fine to be paid. Therefore, we need to compare I* given by (2.21)
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with the income corresponding to total evasion given by substituting z = 0,7 = 0
in (2.19):
I = yh —~tOhy/4. (2.22)

For o < 1/2, we always have that I* > I} .

The case with full compliance in at least one dimension is parallel to the case
analyzed in the main model, where indeed there is assumed to be full reporting of
the amount of hours worked.

3. In case x = y, then [ is maximized for 7 = (1 — «)h, resulting in an income
I"[,_, = yh(1 —t) + atyh/2;

4. In case 7 = h, then [ is maximized for x = (1 — a)y, resulting in the same
income as in the previous case.

Thus, the income when there is total compliance in one dimension is I}, =
I, = I'|._,. It is straightforward to show that I* > I7..

So, the analysis at the boundaries shows that (z*,7*) is indeed the global maxi-

mum point.

Equilibrium with a minimum hourly wage Given an hourly minimum wage

w, problem (2.20) becomes:

x*, T s.t. max h —xtt —~f.
( ) z€{0}U[w,y],7€[0,h] y ’)/f

Parallel to the main model, workers split into three categories:

1. High productivity: y; > @w/v/1 — 2« ;

2. Intermediate productivity: @ < y; < @w/v1 — 2a ;

3. Low productivity: y; < w.

High productivity workers are unaffected by the introduction of the minimum
wage as they would have declared higher hourly earnings anyway. Low productivity
workers are expelled from the formal labour market and can choose black market
activity or inactivity. The choice is made by comparing income in the two cases,

given by (2.22) and 0, respectively. This gives rise to the following condition:
Iy, >0sa>t/4 (2.23)

As in the main model, if enforcement is very effective (low «/), then the minimum
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wage has an efficiency cost as workers with positive productivity withdraw into idle-
ness. If enforcement is instead not too effective, workers with an hourly productivity
below the minimum wage work completely underground.

To analyse the behaviour of workers with intermediate productivity, we need to
compare the income when declaring the minimum wage to the income when being
completely underground and when fully reporting.

When declaring the minimum wage, i.e. * = w , the amount of declared hours

maximizing income is given by 7,,, = 2yhw(1 — a)/ (y* + w?) , giving an income:
. =uyh—th [(y2 + w?)? — (2yw)2 (1-— oz)ﬂ / [4ay (y2 + w2)] )

A worker firm pair can always choose to be completely in the informal economy,
i,e. x = 7 = 0. We have seen that this is the best that can be done when there
is full evasion in at least one dimension. Income in case of full evasion is given by
(2.22).

The choice between full evasion and declaring the minimum wage is made by

comparing income in the two cases. It turns out that:
I'y> I sy > o/ 41— a) — 1= Y.

As the minimum wage constraint is binding only if y; < @/v/1 — 2a and Y, <
w/¥Y1—2a Va < 1/2, there is always a productivity interval where workers
prefer increasing their compliance to the minimum wage rather than decreasing it
by declaring zero.

To complete the analysis, we need to analyse the remaining boundaries, i.e. the
case with full reporting in at least one dimension.

In case © = y, the maximum income that can be achieved is I, , where I}, > I7.
and Ij, > It for workers whose productivity is such that they are affected by the
minimum wage. In case 7 = h, the maximum income that can be achieved is
certainly less than /7, and thus less than [, and I . Thus, the choice faced by
this type of worker is indeed between increasing compliance to the minimum wage
level or decreasing it to zero.

In this section, the model has been extended by allowing hours of work to be

underreported, subject to the same detection technology as earnings. Also in this
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case does the introduction of the minimum wage induce some workers to increase
compliance, thereby producing a spike at the minimum wage level. Proposition 2.2
is thus robust to this extension. As the minimum wage acts as an effective constraint
for the low-productivity part of the workforce, Propositions 2.3 and 2.4 extend to

this more general setting.

7.2 The black economy

The model presents no discontinuity when a firm-worker pair leaves the formal
economy and goes completely underground. It may, however, be argued that being
completely in the black economy is substantially different than being part of the
official economy. In particular, we analyse the implication of possible discontinuities
in two key variables: productivity and expected fines. In the analysis, we assume

that enforcement parameters are such that there is underreporting.

Productivity discontinuity While it seems unlikely that the product generated
by a firm-worker pair is dependent on the reporting behavior in case of simple
underreporting, it is more plausible that completely entering into the black economy
may have an effect. More difficult access to the legal protection system to enforce
contracts and property rights, inability to tap formal credit, restricted possibility
to advertise, no access to support programmes (like training schemes, subsidies to
R&D) for enterprises are some of the factors that may cause a decrease in the surplus
once a firm goes underground. On the other side, the avoidance of official regulation
and red tape may boost the product of firms fully in the underground economy (see
Loayza, 1996, for a review). The relative relevance of the pros and cons depends on
the specific situation of a country. For instance, an ineffective court system and a
credit market that is not accessible for some types of enterprises (like SME) even if
registered may decrease the disadvantage of being underground.

Extending the model to take this potential discontinuity into account is straight-
forward. Assume that productivity is

Yi if ;>0 y; if x; >0
vi+d if ;=0 ot ny; if ;=0 "

In case d < 0 or n < 1, the cons of being in the black market outweight the pros.
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When there is no minimum wage nothing changes. When there is a minimum wage
w, then the worker-firm pair has a greater incentive to increase compliance to the
minimum wage level, instead of going into the black market, thus reinforcing the
tendency to show a spike at the minimum wage level and the positive impact of

minimum wage on fiscal revenues.

In case d > 0 or n > 1 (and « > t/2), being in the black market provides an
advantage as compared to being in the official economy. In case of an addictive pro-
ductivity difference, when there is no minimum wage, worker-firm pairs character-
ized by low productivity, i.e. with y; < d(2a—1t)/ [t (1 — a)2] , will go into the black
market, while nothing changes for higher productivity pairs. When there is a mini-
mum wage, a positive productivity advantage of being in the black market reduces
the incentive for firms to declare the minimum wage level instead of going into the
black economy, but as long as the minimum wage is sufficiently high as compared to
the productivity differential, in particular for d < tw 2y (1 — a) — w| / [(2a — t) 9],
there is still a spike at the minimum wage level. In case the productivity difference
is multiplicative, for the no minimum wage case, a sufficiently low productivity ad-
vantage, i.e. n < 1+#(1 —a)?/ (2 — t), is necessary for avoiding that all agents go
into the black market. In such circumstances, the incentives to declare the minimum
wage are reduced, but do not disappear. In particular, a spike at the minimum wage

level will be present anyway.

Discontinuity in expected fines A discontinuity at zero declaration may also
exist with regard to the expected fine. Once more, it is not a priori obvious in which
direction such a discontinuity may work. On the one hand, the non-existence of a
company in official registers may make it more difficult to localize it and perform
an audit. On the other hand, once an audit is performed, proving underreporting is
much more difficult than proving non-reporting, as in the latter case the operation
of a firm without registration constitutes evidence in itself. Discontinuities may
also exist in the fine applied in case of detection, with complete underreporting
being likely to be punished more harshly than partial underreporting. Assume the
expected fine to be:

{ ~vf aif x; >0 , where f is given by (2.1).

pvf oif xi=0
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In case p > 1, being in the black market gives rise to higher expected fines due to a
higher probability of auditing or higher fines imposed in case of detection. Without
a minimum wage, nothing changes. With a minimum wage, the incentives to declare
the minimum are stronger.

In case p € (0, 1), being in the black market gives rise to lower expected fines due
to a lower probability of auditing. Unless the advantage of being in the black market
is not too high, every agent goes underground. In particular for p > (2 — «) «, the
equilibrium without a minimum wage will not change, while in case of a minimum
wage, the incentives to declare the minimum wage instead of going into the black
economy are reduced, but do not disappear, with a spike remaining at the minimum

wage level.

7.3 Entitlements from social security

Social security contributions usually provide entitlements in the form of pensions,
unemployment benefits, health insurance, maternity benefits and so on. If workers
value such entitlements, their existence represents an incentive to contribute and
should be taken into account when analyzing the evasion decision. Entitlements are
usually partly linked to contributions and partly independent of them. Below, the

implications for the model are analyzed for each case.

Proportional transfers Suppose that workers receive a transfer proportional to
their declared wage, ¥z, from social security institutions. In theory, their value of
this could be more than its cost, i.e. ¥ > t. This may be the case when social
security funds run a deficit or are subsidized by the general budget (and thus by
fiscal imposition on a different tax base) or when workers value these transfers highly
(for instance because they provide some insurance that, due to some market failure,
cannot be purchased separately.) In this case, however, there is no reason to evade

taxes, so we assume, more realistically, that ¢ < ¢t. Equation (2.3) becomes:
I =w—ter+Jz.

In case equation (2.1) is also modified, so that fines are paid only on the amount of

evasion net of foregone benefits, the model is simply modified by substituting (¢ — )
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to t. In case fines continue to be paid on evaded taxes, the solution to (2.4) becomes

r=(1—a+ad/t)y.

Not surprisingly, evasion declines, while a positive correlation between the tax rate
and the portion of income that is evaded appears. This is consistent with the results
reported by Alm et al. (1990) in their study about Jamaican employees’ tax evasion
and avoidance. They find that "the tax base rises with higher benefit for payroll tax
contributions and falls with higher marginal tax rates", albeit estimated elasticities
are small. As for the effects of the minimum wage, the productivity threshold above
which workers prefer to declare the minimum wage is lower in case of transfers

proportional to contributions, thus possibly increasing the size of the spike.

Lump-sum transfers Here, the case of a lump-sum transfer ¢ is analyzed. The
transfer is assumed to be conditional on formal working status. In the absence of a
minimum wage, the only effect of a lump-sum transfer is to displace complete evasion
emerging when enforcement is weak with a minimal declaration, so as to qualify for
the transfer by formally being part of the workforce. More interestingly, in case of a
minimum wage, a transfer conditional on formal working status represents a further
incentive to declare the minimum wage instead of going into the black market and
thus reduces the productivity threshold above which workers prefer to declare the

minimum wage. In particular, the threshold (2.15) becomes

Ymw = @/ [2(1 — ) + 220/ (tw)] .

The lump-sum transfer § should be intended as the difference between transfers
conditional on being employed and transfers conditional on not being employed
(unemployment benefits or other forms of social support.) In case § < 0, then the
threshold would be higher as being formally employed would mean giving up some
net transfer, but the effects of the minimum wage will not disappear as far as the
monetary loss in case of official employment status is sufficiently low compared to

the minimum wage, in particular for |0] /w < t(1 — a)/ (2a).
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8 Conclusions

The paper develops a tractable model of underreporting of earnings by employed
labour and works out the implications of introducing minimum wage regulation in
such an environment.

A contribution of the paper to the literature on tax evasion is to show that
imperfect detection alone is able to generate an internal solution to the tax evasion
decision, even with a fixed probability of an audit and risk neutrality by the agent
subjected to this.

The interaction between tax evasion and minimum wage gives rise to a spike at
the minimum wage level. This is a mechanism that has never been proposed in the
literature, that works in a perfectly competitive labour market and that can account
for the double digit spike present in some countries.

In addition, the model contributes to the policy discussion on minimum wage in
countries where underreporting of earnings is a relevant phenomenon. In particular,
it is shown that introducing or increasing the minimum wage can boost fiscal rev-
enues. The discussion of the fiscal impact of the minimum wage has usually focused
on the expenditure side. The role of the state as an employer or the fact that, in
some countries, social benefits are indexed to the minimum wage are two reasons
why a higher minimum wage might deteriorate the fiscal balance. This paper claims
that this may not be the case, if the effect on revenues is sufficiently large to coun-
terbalance the higher spending. However, the boost in revenues is due to extracting
more resources from the lower end of the productivity distribution and introduces
some degree of regressivity in the fiscal system.

The model also makes a new prediction about the correlation between the size
of the spike at the minimum wage level and the size of the informal economy that
finds some support in the data.

The optimal auditing strategy by a tax authority in case it possesses an imperfect

detection technology is subject to ongoing research.



Bibliography

[1] Acemoglu, D. (2001), "Good jobs versus bad jobs", Journal of Labor Economics,
vol. 19, pp. 1-21.

[2] Alm, J., Bahl, R., and Murray, M. (1990), "Tax structure and tax compliance",
The Review of Economics and Statistics, vol. 72(4), pp. 603-613.

[3] Andreoni, J., Erard, B., and Feinstein, J. (1998), "Tax compliance", Journal of
Economic Literature, Vol. 36, pp. 818-860.

[4] Boeri, T., and Garibaldi, P. (2007), "Shadow Sorting", in: Pissarides, C. and
Frenkel, J. (eds.) NBER International Seminar on Macroeconomics 2005, MIT
Press, Cambridge, MA.

[5] Brown, C. (1999), "Minimum wages, employment, and the distribution of in-

come", Handbook of Labor Economics, vol. 111, Elsevier, Amsterdam.

[6] Card, D., and Krueger, A. (1995), Myth and measurement, Princeton University

Press, Princeton, NJ.

[7] Cowell, F. (1985), "Tax evasion with labour income", Journal of Public Eco-

nomics, vol. 26, pp. 19-34.

[8] Dickens, R., and Manning, A. (2004), "Spikes and spill-overs: the impact of the
national minimum wage on the wage distribution in a low-wage sector", Economic

Journal, vol. 114, pp. 95-101.

[9] DiNardo, J., Fortin, N., and Lemieux, T. (1996), "Labor market institutions and
the distribution of wages, 1973-1992: a semiprametric approach", Econometrica,

vol. 64(5), pp. 1001-1044.

39



40 Chapter 2. Minimum Wage and Tax Evasion: Theory

[10] Draca, M., Machin, S., and Van Reenen, J. (2006), "Minimum wage and firm
profitability", IZA DP 1913.

[11] Erard, B. (1997), "Self-selection with measurement errors. A microeconomet-
ric analysis of the decision to seek tax assistance and its implications for tax

compliance", Journal of Econometrics, vol. 81, pp. 319-356.

[12] Eurostat (2004), "Minimum Wages - EU Member States, Candidate Countries
and the US", Statistics in focus 10/2004.

[13] Eurostat (2006), "Small decline in overall taxation to 39.3% of GDP in 2004",
News release 62/2006.

[14] Feinstein, J. (1991), "An econometric analysis of income tax evasion and its

detection", RAND Journal of Economics, vol. 22, pp. 14-35.

[15] Feldman, N., and Slemrod, J. (2007), "Estimating tax noncompliance with
evidence from unaudited tax returns", The Economic Journal, vol. 117(518), pp.

327-352.

[16] Fugazza, M., and Jacques, J. (2003), "Labor market institutions, taxation and
the underground economy", Journal of Public Economics, vol. 88, pp. 395-418.

[17] Klepper, S., and Nagin, D. (1989), "The anatomy of tax evasion", Journal of

Law, Economics, and Organization, vol. 5(1), pp. 1-24.

[18] Kolm, A., and Nielsen, S.B. (2005), "Under-Reporting of Income and Labor
Market Performance", WP 2005:5, Stockholm University.

[19] Lemos, S. (2006), "A Survey of the Effects of the Minimum Wage on Prices",

forthcoming Journal of Economic Surveys.

[20] Loayza, N. (1996), "The economics of the informal sector: a simple model and
some empirical evidence from Latin America", Carnegie-Rochester Conference

Series on Public Policy, vol. 45, pp 129-162.

[21] NSSI (Undated), "Report from Jordan Hristoskov - governor of the National
Social Security Institute, concerning of the State Social Security Budget, 2003",

National Social Security Institute, Sofia.



Chapter 2. Minimum Wage and Tax Evasion: Theory 41

[22] OECD (2003), Labour market and social policies in the Baltic countries, OECD,

Paris.
[23] OECD (2004), Employment Outlook, OECD, Paris.

[24] Petrova, A. (2005), "Wages: On the Payroll or Under the Table?", Public

Opinion Foundation, Moscow.

[25] Renooy, P., Ivarsson, S., van der Wusten-Gritsai, O. and Meijer, R. (2004),

"Undeclared work in an enlarged Union", European Commission, Bruxelles.

[26] Sandmo, A. (1981), "Income tax evasion, labour supply, and the equity-
efficiency tradeoft", Journal of Public Economics, vol. 16, pp. 265-288.

[27] Schneider, F. (2005), "Shadow economies of 145 countries all over the world:
estimation results over the period 1999 to 2003", Working Paper.

[28] Schneider, F., and Enste, D. (2000), "Shadow economies: size, causes, and

consequences", Journal of Economic Literature, vol. 38(1), pp. 77-114.

[29] Simon, K.I., and Kaestner, R. (2004), "Do minimum wages affect non-wage job
attributes? Evidence on fringe benefits", Industrial and Labor Relations Review,

vol. 58, pp. 52-70.

[30] Slemrod, J., and Yitzhaki, S. (2002), "Tax avoidance, evasion, and administra-
tion", in: Auerbach, A., Feldstein, M. (eds.) Handbook of Public Economics, vol.

IT1, Elsevier, Amsterdam.

[31] Tomev, L. (2004), "Thematic feature - industrial relations and undeclared

work", EIRO, www.eiro.eurofound.eu.int.

[32] Yaniv, G. (1992), "Collaborated employee-employer tax evasion", Public Fi-
nance/ Finances Publiques, vol. 47(2), pp. 312-321.

[33] World Bank (2005), Enhancing Job Opportunities: FEastern Europe and the
Former Soviet Union, World Bank, Washington, DC.

[34] . (2006), Turkey. Country Economic Memorandum, World Bank, Washington,
DC.

[35] . (2007), Informality: Exit and Exclusion, World Bank, Washington., DC.



42 Chapter 2. Minimum Wage and Tax Evasion: Theory

Appendix

A1l - An alternative setting for imperfect detection

The tax authority devotes v > 0 units of "auditing resources" to every firm-worker
pair. The more resources, the more income is discovered in expectation. In particu-
lar, if v units of resources are used, then ¢, the income for which the tax authority can
find evidence, is distributed with uniform probability over the interval [(1—a~")y, ],

where a > 1 measures the effectiveness of auditing. Thus,

e if v = 0, i.e. no resources are used, the interval is [0,y|. The fact that even
with no resources there is the possibility of discovering some evasion may be
interpreted as the emergence of evidence from other investigations or from

receiving denunciation or by other costless means;

e if v — 400 the (degenerated) interval is [y,y] = {y}, i.e. full income is

discovered with certainty;

The pdf of the distribution over the interval [(1—a™7)y,y] is h(y) = a”/y. Given
that the tax authority devotes resources v to a taxpayer characterized by true income

y and declared income x, then the expected fine is

t0 / (7 — 2)h())dy if x> —-ay
[= * Yy
(1—a)y — x|t + t@/(@ —x)h(g)dy if r<(l—a")y

As the part of undeclared income below (1 — a™7)y is discovered with certainty and
a fine is imposed on it, it will never be the case that + < (1 — a™7)y , provided
that the taxpayer knows the detection technology and ~. Thus, concentrating on

x> (1—a)y we have

Yy

f=th / (6 — D)h(@)dj = a6y — 2)*/ (29)

xT

which is equivalent to (2.7), where the probability of an audit being performed,
v € 10, 1], is substituted by the coefficient a” > 0.



Chapter 2. Minimum Wage and Tax Evasion: Theory 43

A2 - Audit conditional on report z

The probability of performing an audit can be conditioned on declared income z, so

that v = ()
Proposition 2.6 As far as y(x)f < 400, it is impossible to induce full compliance.

Proof. Given a tax liability y and a probability of an audit vy(z) € [0,1] full

compliance is preferred to declaring = € [0,y) iff

(1—ty >y—v(z)f —tx.

Using (2.7), this becomes

to 9 2y
(1—t)y>y—7(x)@(y—x) —tr & 0y(z) > -

%
- Vr,y'

As lim, - 7}, = +00 , then, as far as 70 < +o0 , there is a neighborhood of y in
which the above condition cannot hold and thus underreporting is preferred to full
compliance. W

In the alternative setting for imperfect detection proposed in this appendix, the
equivalent condition not to have full compliance even in case of devoted "auditing
resources" conditional on declared income is a®f < 4o0.

The above proposition implies that whatever auditing policy is implemented,
there will be some evasion at any income level. So, for any auditing policy, there
is room for the minimum wage to exert its influence. However, a fixed cost for the
taxpayer of being subject to an audit, together with a higher probability of being
audited in case of non-compliance than in case of full compliance, would undo the

result.

A3 - Evidence on underground economy and minimum wage
spike

As stated in Proposition 2.5, a prediction of the model is that enforcement parame-
ters (as summarized by a) should induce a positive correlation between the spike
at the minimum wage and the size of the informal economy relative to the formal

economy. In this section, some supporting evidence is presented.
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Figure 2.4: Informal economy and minimum wage spike
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The two figures in this section present the relationship of the spike at the mini-
mum wage®? with the size of the informal economy relative to the formal economy?
and the ratio of the minimum wage to the average wage?* (in what follows, this
measure is indicated as the Kaitz index.) The countries included are all countries
for which Eurostat reports data on the minimum wage spike and Schneider (2005)
reports estimates of the informal economy. The sample includes 16 European coun-
tries and the US. Ten of the European countries are Central and Eastern European,

where statutory minimum wage arrangements are common.
A positive correlation clearly appears between the size of the spike at the min-

imum wage level and the estimated size of the informal economy (see figure 2.4).

As mentioned in the introduction, other mechanisms have been proposed to explain

22 The proportion of full-time employees with earnings exactly equal to the monthly minimum
wage (source: Eurostat). Notice that the data collected by Eurostat are obtained from admin-
istrative sources. For data points indicated with a triangle, the definition is different: part-time
workers are included (France, Spain), minimum wage is fixed on an hourly basis (France, Ireland,
UK, USA), earnings below the minimum wage are also included (UK, USA). See Eurostat (2004)
for details.

23 Informal economy as % of official GDP (source: Schneider 2005).

24 Minimum monthly wage as a proportion of average monthly earnings in industry and services
(source: Eurostat). For France, the figure has been calculated by the author dividing the hourly
gross wage by the average gross hourly wage for a full-time employee in industry, trade and services
(data source: INSEE.)
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Figure 2.5: Kaitz index and minimum wage spike
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the existence of a spike at the minimum wage level and one natural "culprit" for
a high spike would be a minimum wage "biting" deeply into the wage distribution.
However, no clear relationship appears between a measure of this "bite", the Kaitz
index, and the size of the spike (see figure 2.5).

Regression analysis (see table 2.2) confirms that the positive relationship between
the spike and the informal economy is not driven by a high minimum wage resulting
in both a high spike and a sizeable informal economy. Regressing the size of the spike
on the size of the informal economy and the Kaitz index, the former is significant,
while the latter is not. The model suggests that the positive correlation between
the size of the spike and the size of the informal economy is instead driven by the
common dependence on enforcement parameters. The regression implies that a 1%
increase in the size of the informal economy is associated with a 0.28% increase in

the share of employees earning the minimum wage.
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Table 2.2: Determinants of minimum wage spike

Informal Economy as % of Official GDP (2002) (()O 17193>
1
Minimum Wage / Average Wage (2002) (8 123)
S —8.337
onstan

(8.381)
R 0.30
Observations 17

a. Dependent variable is spike at minimum wage level in 2002.
b. OLS estimation. Standard errors in parenthesis.

c. FFE [**] (*) denote significance at 1, [5], and (10) percent level.



Chapter 3

Minimum Wage and Tax Evasion:

Empirical Evidence’

"Did you know that more than half of the people nominally employed at the
minimum wage earn more, and the only reason for such a declaration is to evade
taxes and social security contributions?* "

(Advertisement in Metro newspaper for the Hungarian government Green Book, 22

September 2006)

1 Introduction

The degree of informality of the Hungarian economy is high. For instance, a study
for the European Commission (Renooy et al., 2004) put the size of undeclared work
at 18% of GDP in 19982 . In 2001, Hungary experienced a massive increase in the
minimum wage, which is particularly relevant as it applies to all employees without

any exception. The combination of a high degree of informality in the labour market

*1 thank the Hungarian National Bank, where part of this research was conducted, for its
hospitality. T also thank the Institute of Economics at the Hungarian Academy of Sciences for
its hospitality and for providing the data. Comments and suggestions by John Hassler, Gyorgy
Molnar, Péter Benczir, Ethan Kaplan, Gédbor Kézdi, Istvin Kénya, Jdnos Kollo, Torsten Persson,
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and a big shock in minimum wage policy, makes Hungary an ideal testing ground
for the theory developed in chapter 2.

One of the predictions of the model is that a minimum wage hike implies a fall
in true income for those workers officially earning between the old and the new
minimum wage before the hike. Workers who appear to benefit from the hike, as
they keep their job and experience an increase in official earnings, also actually
experience a drop in true income, since the higher minimum wage forces them to
officially declare at least part of the earnings that were previously received informally.
The empirical test is done by adapting the methodology introduced by Pissarides
and Weber (1989) to a panel framework. Panels derived from the household budget
survey for the years 1999-2001 are used to compare food consumption, as a proxy
for true income, before and after the increase in the minimum wage for households
affected by this and for similar but unaffected households. The analysis suggests
that the minimum wage hike was indeed effective in squeezing more fiscal revenues
from affected households, thus supporting the prediction of the theory.

The next section discusses some of the empirical literature on tax evasion and
participation in the informal economy. The prediction of the model is derived in the
third section. Section 4 provides the institutional context, describing the macroeco-
nomic situation, the fiscal environment, the relevance of the informal economy, and
the minimum wage policy in Hungary around 2001. The statistical framework is out-
lined in section 5, while the following section presents the empirical implementation.

The last section concludes.

2 Related literature

The empirical study of tax evasion or participation in the informal economy by
labour is not straightforward. One method is to design specific surveys on these
issues. For example, Lemieux et al. (1994) conducted a survey with questions on
participation in the underground sector in Quebec city, Canada, and found that
underground labour-market activity is concentrated among people at the low end
of the income distribution. Another method is based on the comparison of income
or labour force participation data from different sources. For instance, Fiorio and

D’Amuri (2005) estimate tax evasion in Italy by comparing income from tax forms
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to survey-based data and find that for employees, evasion is high at lower levels of

income, but close to zero at the median.

The method used in this paper is based on the comparison of income and con-
sumption data from household budget surveys. This methodology was pioneered
by Pissarides and Weber (1989.) They study underreporting by self-employed in
the UK by assuming expenditure on food to be correctly reported by all income
groups, while income is correctly reported by employees, but underreported by the
self-employed. Lyssiotou et al. (2004) use a demand system approach to take into ac-
count preference heterogeneity. They also focus on tax evasion by the self-employed.
Tedds (2005) uses a nonparametric approach to address the same question and finds
evidence of a non-linear reporting function, with underreporting decreasing as re-
ported self-employment income increases. Instead of food consumption, Feldman
and Slemrod (2007) use charitable cash contributions in unaudited tax returns.
They estimate the relationship between charitable contributions and reported in-
come, depending on the source of income, and attribute to underreporting the fact
that the propensity to make a contribution is higher out of self-employment income

than out of wages and salaries.

The methodology developed by Pissarides and Weber has also been used to
study underreporting by private sector employees, using public sector employees
as a control group assumed to correctly report income (Besim and Jenkins, 2005).
However, Gorodnichenko and Sabirianova (2006) take the opposite view in their
study on bribery in Ukraine. They use the large estimated sectoral gap in reported
earnings between the public and the private sector and the absence of an expenditure

gap to identify the size of unreported bribes to public officials.

The methodology used in this paper to investigate the impact of the minimum
wage on underreporting is inspired by this strand of literature. Also in this case are
expenditures on food assumed to be correctly reported. There is no need, however,
to assume that a group truthfully reports income. The minimum wage hike that
took place in Hungary in 2001 represents a shock to the "underreporting technology"
affecting some workers but not others and this variation is exploited to identify the

impact of the minimum wage on underreporting.

A closely related study using a different methodology is McIntyre (2006), who

estimates an empirical model of illegal work on cross-sectional data from a large
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Brazilian household survey. The survey includes data on participation in the social
security system and possession of a legal work contract. The focus of the paper is on
mandated benefits. Workers are assumed to differ in their valuation of benefits and
can trade-off lower benefits for higher wages. Receiving benefits below the mandated
amount and receiving a wage below the statutory minimum entails an evasion cost.
This cost has a fixed component, once some form of illegality is incurred, and a
variable component, dependent on the deviation from the legal requirements. When
workers are illegal in both the benefit and wage dimensions, swapping one type of
illegality for the other, i.e. getting a higher wage at the cost of less mandated ben-
efits, does not change the total evasion cost. Once a worker receives at least the
minimum wage, however, a further increase in the wage component of his compen-
sation package at the expenses of mandated benefits increases the evasion costs. For
this reason, the worker’s budget constraint presents a kink at the minimum wage
level and a mass of workers’ clump at the minimum wage level. The ML estimation
reveals that almost half of the agents value benefits at or above their cost and that
the fixed component of the evasion cost is nil, while the marginal cost equals 8.1%
of the distance from the legal requirement. The differential impact of the minimum

wage for different agents is used to identify the model.

3 The effect of a minimum wage hike on incomes

Here, we characterize the change in income due to a minimum wage hike for different
categories of workers implied by the theory developed in the second chapter. Suppose
that in the first period, the minimum wage is w1, increasing to wy > w; in the second
period. The change in income due to the minimum wage hike is AI = I, — I, where
1; is income in period t.

If a worker already operates in the underground market or declares earnings
above w, in the first period, he will not change his behaviour after the minimum
wage hike and thus, his income remains unchanged, Al = 0. A worker whose
official earnings are exactly equal to the minimum wage in the first period, wy,

may experience an increase in declared earnings to ws, with a corresponding income
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change of
Al = —t(wy — @) [+ @1 — 2y(1 — )] / (2ay) <03

Alternatively, his declared earnings may decrease to 0. The income change in this

case is given by
Al =ty [y — 2y(1 — )] / (2ay) <015,

In any case, the minimum wage hike results in an income decline for this type of
worker. The last type of worker to be analysed here is the one with declared earnings
between the old and new minimum wage in the first period. Also in this case may
declared earnings in the second period increase to ws, resulting in an income drop
given by

Al = —t[y(1—a) — @/ (2ya) < 0,

or decrease to 0, with the corresponding income change given by
Al =—ty(1—a)’/(2a) <0°.

Notice that the decline in income for workers declaring ws in the second period
increases as the distance between the declared income in the first period and w,
increases. Thus, a worker who was declaring marginally above the minimum wage
w in the first period and increases his declaration to ws experiences a larger income
decline than a worker also declaring w, in the second period, but whose declared
income in the first period was higher. The income decline is even larger for workers
who declared the minimum wage in the first period.

The model thus predicts the following:

Proposition 3.1 As a result of a minimum wage hike, workers whose declared earn-

3 This is due to the fact that workers in this situation have productivity y; s.t. (1 —a)y; <
w1 < Wy .

4 This is due to the fact that workers in this situation have productivity v; s.t. v; > w; if
aSl/Qandyi>ﬁif0¢>l/2.

® This assumes that workers go underground. If a < t/2, so that workers withdraw from the
labour market, the decline in income is obvious.

6 See previous note.
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ings before the hike are between the old and the new minimum wage experience a
decline in income. Other workers are unaffected. For those workers declaring the
new minimum wage after the hike, the decline in income increases with the distance

between the new minimum wage and the declared income before the hike.

The intuition behind these results is that increasing the minimum wage effec-
tively shrinks the choice set of workers declaring a sum between the new and the
old minimum wage in the previous period, thereby making them worse-off. The

predictions are tested in the following sections.

4 The Hungarian context

In the period 2000-2001, the Hungarian activity rate was around 60%, with unem-
ployment declining from 6.4% in 2000 to 5.7% in 2001 and youth unemployment
from 12.5% to 11.3%. GDP growth in 2001 was 4.1% and CPI inflation 9.2% (see
table 3.1 for more details.) In Hungary, taxation on labour is heavy, also for low
paid workers. In the period 2000-2002, the tax wedge on a single person without
children earning 2/3 of the average production wage was at around 46%, i.e. one
of the highest in Europe, with marginal rates above 55% (OECD, 2001 and 2002).
The degree of informality is also high, with evidence of there being underreporting
of earnings. For instance, 56% of the households interviewed in a survey claim that
in their neighbourhood, employers are declaring the minimum wage to the tax au-
thority, while unofficially paying additional wages (ECONSTAT, 1999.) The failure
to correctly report tax liability involves the payment of a penalty corresponding to
50% of the tax evaded, plus late payment interest corresponding to twice the prime
rate of the Hungarian National Bank for up to three years” (OECD, 2004). Eco-
nomic organisations with legal entity status were in the period 2000-2001 subject
to an "audit intensity"® of around 45%. The corresponding number for economic
organisations without legal entity status was around 19% (APEH, 2006).

The statutory minimum wage’ was significantly increased from 25,500 HUF in

" The prime rate of the Hungarian National Bank was around 11% in the period 2000-2001.

8 Defined as the number of completed audits in the tax year (without cash-flow audits) divided
by the number of taxpayers in the given taxpayer group at the end of the previous year.

9 The statutory minimum wage covers all employment contracts and relates to gross monthly
earnings net of overtime pay, shift pay and bonuses for full-time employment. For part-timers, it
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2000 (98 EUR or 90 USD using the average exchange rate for the corresponding year)
to 40,000 HUF in 2001 (156 EUR, 140 USD.) As a consequence, the corresponding
total monthly payments to the fiscal authorities (PIT and SSC) increased by around
9,000 HUF (36 EUR, 32 USD.)! Tt is interesting to notice how the hike was decided
one-sidedly by the centre-right government, against the opposition of the largest
trade union federation. The impact of the minimum wage hike clearly appears in
figure (3.1). The share of full-time employees paid 95%-105% of the minimum wage
in firms employing more than five workers jumped from 5% in 2000 to 12.1% in 2001
(Kertesi and Koll6, 2003.)

In their study on the labour market impact of the 2001 minimum wage rise,
Kertesi and Kollé (2003) find a high level of compliance with the minimum wage
regulation, with only a minor spillover on the wage distribution. They compare the
job loss risk of workers earning 90-110% of the minimum wage in 2001, the treatment
group, to that of workers earning 110-125%, the control group, and find a significant
but small effect on the quarterly outflow into unemployment!! . They find no effect
on the flow from employment to non-participation. They also find a 7-8% drop in
the job finding probability of low-wage unemployed, defined as those receiving lower
than average unemployment benefits, relative to the unskilled as a whole, defined
as those with less than secondary education. The conclusion of their study is that

“despite the brutal price shock the immediate effect did not seem dramatic”.

5 The statistical framework

Reported income, z;; , is observed for household 7 at time ¢. Reported income is

related to true income, I;; , by the following relationship

Tit = ki,tji,h (3-1)

is proportionally lower, but part-timers only account for a small portion of all employees (3.6%
in 2001-2002.) According to the Hungarian UI Exit to Job Survey, 64.7% of the low-wage UI
recipients who found a job in April 2001 received a fixed salary, 33.8% were paid an hourly wage
and the remaining 1.5% concluded a business contract with the employer (Kertesi and K616, 2003).

10 See table 3.2 for details.

1 For a 25-year old male with five years of tenure, for instance, the estimated quarterly flow
is 0.243% for the treated and 0.119% for the control group. At average age and tenure of the
control group (40, 7.33), the figures are 0.0168% for the treated and 0.0068% for the control group.
Average age and tenure of the treatment group are not very different at 39.2 and 6.67, respectively.
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where 0 < k;; < 1.
True income is related to permanent income, [5, by the following relationship
Ly = pi,t[f;a (3.2)
where p;; > 0.

By combining (3.1) and (3.2) and taking logs, we can write permanent income

as a function of reported income:
In Ift =Inz;; —Ink;; —Inp;,. (3.3)

The relationship between food consumption and permanent income is assumed to

be
Inc;y = Zija+ Bln Ift + Eit, (3.4)

where Z;; is a row vector of household characteristics. The use of food consumption
is standard in the literature estimating tax evasion by using household budget survey
data. This is due to the fact that food consumption is more precisely recorded than
consumption of other types of goods over the limited time period in which the survey
is conducted. Substituting (3.3) into (3.4), we can express consumption as a function

of reported income
Inciy = Zipao+ Blnx;y — Blnk;y — Blnp;, + iy,
and taking first differences we get
Alncy = AZj o+ BAInw;y — fAInk; s — BAInp; + Ac; . (3.5)

As seen in section 3, the theory indicates that as a result of a minimum wage hike,
workers whose declared earnings before the hike are between the old and the new
minimum wage experience a decline in income, while other workers are unaffected.

Thus, for the former group of workers, we have

Aln/l;; =Alnz;; — Alnk;; <O0.
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In particular, for workers whose official earnings increase to the new minimum after
the hike, there is an increase in their compliance with the fiscal regulation, while
workers unaffected by the minimum wage hike do not experience a change in their

ability to underreport. Thus, labelling the former group as "treated", we have

< 0 for the "treatment group"
=0 for the "control group"

—A ln kj@t {

To identify the shock to the "underreporting technology" due to the minimum wage
hike, i.e. —Alnk;,, we use a difference-in-difference approach. The change in food
consumption for households that were affected by the minimum wage hike is con-
trasted to the change in food consumption for similar, but unaffected, households.
As Alnp;, is unobserved, particular care must be taken not to confound the shock
to the ability to underreport with other shocks to permanent income related to the

minimum wage hike due, for instance, to increased labour market risk.

Specification The basic specification is the following
Aci=a+vx* M+ 8+ TREAT; + A¢;, (3.6)

where Ac; is the change in food consumption for household 7 in two consecutive years.
M; is a set of dummies allowing for different trends depending on the months in
which the household is surveyed in two consecutive years. The seasonality displayed
by food prices makes it important to compare households that were interviewed in
exactly the same month in both years. The exact definition of this and the other
variables is provided in the Appendix. The coefficient of interest is 5. The exact
definition of TRE AT; is provided in what follows. Regressions including additional
controls like the change in household income or geographical dummies are also run.
The reason for preferring a specification in levels to one in logs is that the shock
to underreporting is not proportional to income but absolute. According to the
model, every worker declaring the minimum wage in 2000 and then increasing his
declaration to the new minimum in 2001 experiences a decline in his income of
around 9,000 HUF, irrespective of differences in the income level that may arise
from the availability of other sources of income or heterogeneity in the degree of

underreporting.
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Data and sample The data are from the Hungarian Household Budget Survey
Rotation Panel!? . The sample consists of around 10,000 households. One third of
the sample is rotated in each year. The two-year panels of interest for this study, i.e.
1999-2000 and 2000-2001, contain slightly more than 3,500 households. Notice that
households interviewed from 1999 till 2001 appear in both panels, so that around
half of the sample is the same in the two panels. The population of interest is
considerably reduced by the fact that all adults are retirees in around 40% of the
households.

More information about the way the survey is conducted is available in the
Appendix and in Kapitdny and Molndr (2004) and Molnédr (2005). It is worth
underlining that surveyors are expected to collect the income data used in this
analysis from documentation like the tax return sheet or the tax certification of
employer, whenever it is possible. This makes it more likely that income in the
survey corresponds more to income reported to the fiscal authorities than to true
income, which is possibly different.

The distribution of earnings in the dataset (see figure 3.2) clearly presents a spike
at the minimum wage level, corresponding to 4-5% in 1999-2000 and increasing to
around 14% in 2001. These figures are consistent with LFS data and underline the
relevance of the minimum wage hike. Table 3.3 summarizes the labour market status

and flows for the whole sample.

6 Empirical implementation

A household is considered as treated if at least one of its members has been affected
by the minimum wage hike. Two different methods are used to single out these
individuals. In the first case, individuals employed in 2000 at a wage between the
minimum wage in 2000 and the will-be minimum wage in 2001 are selected. The
treatment group is thus only defined on basis of pre-treatment characteristics. In the
second case, an additional requirement is imposed: being employed in 2001 at the

minimum wage. The reported earnings of these employees are thus actually pushed

12 The Hungarian Household Budget Survey Rotation Panel is created by the Institute of Eco-
nomics, Hungarian Academy of Sciences from the original HHBS of the Hungarian Central Statis-
tical Office. The data set is work in progress. The IE made every effort to clean the data and it
cannot be held liable for any remaining errors.
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up by the policy intervention while, in the former case, they were only potentially
pushed up. For this reason, the two cases are labelled "actual" and "potential".
In both instances, the variable "treatment" is defined as the number of household
members conforming to the above mentioned criteria. An alternative definition of
treatment is explored for the "actual" case. Instead of simply counting their number,
the difference between the minimum wage in 2001 and earnings in 2000 is summed up
for all members of the household affected by the hike. The aim of this continuous
measure is to capture the intensity of treatment. This definition of treatment is
labelled "continuous" as opposed to the "dummy" treatment previously described.

Households in the control group are defined on basis of the presence among their
members of individuals earning somewhat more than the 2001 minimum wage. To
check for the validity of the control group, a "placebo test" is conducted where the
absence of a treatment effect in the pre-policy period is ascertained. This is done
by looking at changes in food consumption in the period 1999-2000. Sample size
considerations restrict this analysis to the "potential" treatment case.

To ensure comparability, the analysis is always restricted to households that keep
a constant composition and whose income is within certain limits. Moreover, to avoid
confounding an increase in labour market risk with an increase in compliance with
fiscal regulation, only employees with stable positions are considered. The precise

definitions of treatment and control groups are provided in what follows.

Potential treatment In this section, the analysis is done on the two panels cov-
ering the years 1999-2000 and 2000-2001, respectively. For each two-year panel, only
households that kept a constant composition in the period and that had a positive
net income below 200,000 HUF in both years are considered. Moreover, we only
consider households where at least one member has been employed for the whole
period and whose wage in 2000 is between the minimum wage in 2000 and 200%
(150%) of the minimum wage in 2001. The sample is restricted in this way to ensure

comparability between treatment and control groups.

Definition of treatment Private sector employees who have been employed
for the whole period and who in the year 2000 earn a wage between the minimum
wage in the year 2000 (25,500 HUF) and the minimum wage in the year 2001 (40,000
HUF) are considered as treated. The variable TRE AT, contains the total number
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of members of household ¢ classified as treated.

Descriptive analysis The treatment and the control group are not ex ante
identical along all dimensions. For instance, the mean total net income and income
from the main activity at the household level are higher for the treatment than for
the control group (see tables 3.4 and 3.7.), with the notable exception of the smallest
control group in the post-treatment period. In this case, mean total net income does
not differ significantly from the treatment group, while mean expenditures on food
do. However, the considerable overlap in the distribution of household total net
income for treatment and control groups (see figure 3.3) indicates that the two
groups are not too heterogeneous. The same conclusion emerges by comparing the
estimated relationship between market food consumption and household total net
income for treatment and control groups (see figures 3.4 and 3.5.) The estimated

Engel curves are indeed quite overlapping in the pre-treatment period.

Results When the 2000-2001 panel is used, the coefficient of the treatment
variable is, as predicted, always negative and significant whenever the larger control
group is used. When the smaller control group is used, significance is not always
achieved (see tables 3.5 and 3.6.) Besides the basic specification described in (3.6),
regressions including the change in household income, the change in home production
of food, the change and level of household income, employee characteristics and
geographical dummies are also run.

The validity of the control group is confirmed by the fact that the treatment
is never significant in the "placebo test", when the analysis is done using the pre-
treatment panel, 1999-2000 (see tables 3.8 and 3.9.) The change in food consumption
does not differ between the treatment and the control group in the pre-policy period,
i.e. before the minimum wage hike. After the policy has been implemented, however,
the change in food consumption is significantly lower for treated households. The
magnitude of the coefficient is also reasonable. Gross reported earnings by "treated"
employees increased by around 15,000 HUF on average. According to the model,
this should translate into a drop in true income of more than half of that quantity,

due to increased fiscal payments'® . Considering that around a quarter of the income

13 Social security contributions rate: 48.5%. Personal income tax marginal rate: 8% until 30,000
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is spent on food consumption, a negative coefficient of around 1,500-2,000 HUF is

reasonable.

Actual treatment In this case, only the 2000-2001 panel is used. To ensure
comparability, also in this case do we only keep households that kept a constant
composition in the period and with a positive net income below 200,000 HUF' in
both years in the sample. Moreover, we only select households with at least one
member employed during the whole of 2001 at a wage between 90% and 200%
(150%) of the minimum wage in 2001.

Definition of treatment An employee must satisfy two criteria to be con-
sidered as treated. First, he must work in the private sector for the whole of 2001
and earn a wage around the minimum wage in that year (90%-110% are the thresh-
olds considered.) Moreover, he must have been employed at a wage between the
old and the new minimum wage in 2000 (the thresholds are 90% of the minimum
wage in 2000 and 110% of the minimum wage in 2001.) In the "dummy treatment",
the variable TREAT; contains the number of household members belonging to this
category. In the "continuous treatment", the variable TREAT; is the sum within
household ¢ of the difference between the minimum wage in 2001 and the wage in
2000 for the same people as in the "dummy treatment" with the difference that
100% and not 110% of the minimum wage in 2001 are used as the upper bound.

Descriptive analysis The descriptive analysis is limited to the definitions
used in the "dummy treatment".

As previously, mean expenditures on food, total net income and income from the
main activity at the household level differ between treatment and control groups (see
table 3.10.) However, the estimated distribution of household total net income (see
figure 3.6) shows a significant overlap between treatment and control groups and
the estimate of the relationship between market food consumption and household
total net income (see figure 3.7) shows basically identical Engel curves for treatment
and control groups in the pre-treatment period. Thus, the two groups are not too

dissimilar.

HUF, 18% thereafter. Total: 56.5% until 30,000 HUF, 66.5% thereafter. The decrease in expected
fines due to increased compliance should be accounted for.
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Results The results confirm the previous analysis. The coefficient of interest is
always negative, both when using the "dummy treatment" (see table 3.11 and 3.12)
and the "continuous treatment" (tables 3.13 and 3.14). In each case, regressions
controlling for changes in home production of food, changes in household income,
the level and change of household income as well as employee characteristics and
geographical dummies are included. Significance is almost always achieved when
using the "dummy treatment" and the magnitude of the coefficient in the range
1,000-1,500 HUF is reasonable, considering that in this case, earnings by "treated"
employees on average increased by around 9,000 HUF!* . In "continuous treatment",
significance is mainly achieved when additional controls beside month dummies are
included. Also in this case is the magnitude of the coefficient reasonable®® .

Including in the analysis only households with a net income between 50,000 HUF
and 150,000 HUF in both years (results not reported) generally makes coefficients
greater in absolute value. Significance improves in the "continuous treatment" case,
in particular when only month dummies are used as additional controls, while the
outcome is more mixed in the "dummy treatment" case.

The negative impact on the change in food consumption of being treated has been
confirmed by the use of different definitions of treatment and different specifications.
The use of employees with stable working positions in the definition of treatment
makes it unlikely that the effect is due to adverse labour market effects of the
minimum wage hike which, anyhow, other studies have found to be rather limited.
Thus, there is support for the implication of the model that the minimum wage may
actually squeeze more fiscal revenues from affected households.

Some robustness checks are conducted in the remaining part of this section.

Additional placebo tests By construction, the individuals defining the control
group have higher earnings than those defining the treatment group. May this be the
reason for the negative treatment effect? To assess whether this is indeed the case,

additional placebo tests have been conducted, repeating the analysis for fictional

14 The reasoning is the same as in the previous case. An increase in reported income translates,
according to the model, into a drop in true income due to increased fiscal payments, corresponding
to more than half that quantity. Moreover, also in this case around one quarter of income is spent
in food.

15 See the previous note. Having earnings pushed up by the minimum wage increase by 1 HUF
implies, according to the model, a decrease in true income of around 0.5 HUF.
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minimum wage hikes. In the first test, all variables have been defined as if the
minimum wage in 2000 were 50,000 HUF, increasing to 64,500 HUF in 2001. The
true figures of 25,500 HUF for 2000 and 40,000 HUF for 2001 have been shifted
to the right by the same amount, thus preserving the difference between the two
minimum wages. In the second test, the fictional hike pushed up the minimum wage
from 50,000 HUF in 2000 to 78,431 HUF in 2001. In this case, the ratio between the
two minimum wages is the same in real and fictional cases. The starting point of
50,000 HUF has been chosen so that there is no overlap between individuals defining

the treatment group in the real and the placebo tests.

There is never a significant treatment effect when the "actual treatment" defini-
tion is used and the sign of the coefficient is generally positive. When the "potential
treatment" definition is used, the coefficient for treatment is never significant for
the first placebo test. In the second placebo test, the coefficient is marginally sig-
nificant in two cases, but the sign of the coefficient is positive. All in all, the results
(not reported) indicate that the negative treatment effect is not due to the fact that
the treatment and control groups are defined by looking at employees with different

positions in the wage distribution.

Other types of consumption The whole analysis has been conducted looking at
food consumption. As has already been mentioned, this is standard in the literature
due to the fact that in household budget surveys, food consumption is measured with
much higher precision than other types of consumption. Moreover, the fact that food
represents a sizeable share of total consumption for the households analysed in this
study makes its use less problematic. However, there is some concern that the neg-
ative treatment effect is due to substitution between consumption items. To check
whether this is indeed the case, the analysis has been repeated for thirteen other
consumption categories. These include both specific categories like "transport" or
"clothing" and aggregates like "total expenditures". The results (not reported)
show that the treatment effect is highly insignificant, except in a few cases. For the
"beverages and tobacco" category, for instance, the treatment effect is negative and
mostly significant in the "actual treatment" dummy specification, while negative but
insignificant in the other specifications. For the "investment on housing" category,

the treatment is significantly negative in the "potential treatment" post-policy inter-
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vention period. For the category "other personal costs", treatment is in a few cases
barely significant with a positive sign. Of particular interest is the "total expendi-
tures" category. In that case, the treatment effect generally has a negative sign in
both the "actual treatment" specification and the "potential treatment" post-policy
intervention period. However, only in a few cases is it significant at the 10% level.
All in all, there is no evidence that the treatment group is substituting food with

other consumption categories.

"Just enough income..."

The methodology introduced by Pissarides and We-
ber (1989) to study underreporting of income and in this paper adapted to a panel
framework basically uses food consumption as a proxy for true income. In the con-
text of the present paper, the main concern surrounding this assumption is that the
negative treatment effect may not be due to increased compliance with fiscal regu-
lation, as implied by the theory, but to a drop in permanent income not mirrored
by an equivalent drop in present income, for instance due to higher labour market
risk for treated households after the minimum wage hike. The analysis conducted so
far has addressed this concern by looking at employees remaining in employment at
least 12 months after the hike and controlling for employee characteristics. In this
section, we address the same issue by exploiting the fact that in the survey, there is
a question asking whether "income is normally enough to cover expenses". In 2001,
the possible answers were "no", "yes, just enough", "yes, more than enough". In
2000 and 1999, households could answer "yes" or "no" and in case they answered
yes, they were asked whether "income is just enough to cover expenses", to which
they could answer "yes" or "no". The idea is that for households answering that
income is just enough to cover expenses, using consumption as a proxy for true
income is less questionable. In this section, we repeat the analysis, restricting our
sample to households saying in both years that their income was just enough to
cover expenses, i.e. that income and consumption were broadly equivalent. This
requirement reduces the sample size by half, dramatically reducing the precision
of the estimates. The only case in which coefficients are generally statistically sig-
nificant is when the "actual treatment" dummy specification is used. In this case
(results not reported), the sign of the coefficient is always negative and generally

larger in absolute value than the baseline specification. This is a limited result, but
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it increases the confidence that the negative treatment effect is not due to a drop in

permanent income that is not mirrored by an equivalent drop in present income.

7 Conclusions

The massive minimum wage increase that took place in Hungary in the year 2001
has been exploited to investigate whether the minimum wage can be used to affect
underreporting of earnings by employed labour, as implied by the theory developed
in the second chapter. The analysis has been strictly positive, but it contributes to
the policy discussion on minimum wage in countries where underreporting of earn-
ings is a relevant phenomenon. On the one hand, it suggests that if the aim of the
minimum wage hike is to boost income for those affected, as is often claimed when
such policies are introduced, the policy move could have opposite consequences, if
no corrective measures are taken on the fiscal side. An increase in reported income
could actually correspond to a decrease in true income, unless the minimum wage
hike is accompanied by a decrease in fiscal pressure for minimum wage earners. The
elimination of personal income tax for minimum wage workers undertaken by the
newly elected centre-left government in Hungary in 2002 may be due to this kind
of considerations. On the other hand, if the aim is to reduce underreporting of
earnings, introducing or increasing the minimum wage may represent an effective
measure that may prove to be cost effective as compared to more direct measures
aimed at fighting the black economy, such as hiring new tax inspectors. The mini-
mum wage targets the lower end of the productivity distribution, but this may be
desirable if tax evasion among employees is concentrated here, as suggested by the
existing evidence (see section 2.) Admittedly, the minimum wage represents a rather
blunt instrument to fight underreporting, but it may be sharpened by differentiat-
ing it along dimensions related to productivity. Considerations of this type may
help explain the recent implementation in Hungary of a three-tier minimum wage
scheme introducing separate minimum wage levels according to educational require-
ments of the job (Téth and Neumann, 2007) or the introduction in Bulgaria in 2003
of around 50 minimum social insurance thresholds, practically acting as minimum

wages, according to sectors and occupation (Koleva, 2007, Neykov, 2003.)



64

Chapter 3. Minimum Wage and Tax Evasion: Empirical Evidence



Bibliography

[1] APEH (2006), Bulletin, Budapest.

[2] Besim, M., and Jenkins, G.P. (2005), "Tax compliance: when do employees
behave like the self-employed", Applied Economics, vol. 37, pp. 1201-1208.

[3] ECONSTAT (1999), "A lakossdg részvétele a rejtett gazdasdgban", Id6szaki Ko-

zlemények 18.

[4] Feldman, N., and Slemrod, J. (2007), "Estimating tax noncompliance with ev-
idence from unaudited tax returns", The Economic Journal, vol. 117(518), pp.

327-352.

[5] Fiorio, C., and D’Amuri, F. (2005), "Workers’ tax evasion in Italy", Giornale
degli Economisti e Annali di Economia, vol. 64(2/3), pp. 241-264.

[6] Gorodnichenko, Y., and Sabirianova Peter, K. (2006), "Public Sector Pay and
Corruption: Measuring Bribery from Micro Data", IZA DP 1987.

[7] Kapitdny, Zs., and Molnér, Gy. (2004), "Inequality and income mobility in Hun-
gary: 1993-1998", Furope-Asia Studies, vol. 56(8), pp. 1109-1129.

[8] Kertesi, G., and Kolls, J. (2003), "Fighting "low equilibria" by doubling the

minimum wage? Hungary’s experiment", IZA DP No. 970.

[9] Koleva, N. (2007), "Social partners agree minimum social security thresholds",

EIRO, www.eiro.eurofound.eu.int.

[10] Lemieux, T., Fortin, B., and Frechette, P. (1994), "The effect of taxes on labour
supply in the underground economy", American Economic Review, vol. 84(1), pp.

231-54.

65



66 Chapter 3. Minimum Wage and Tax Evasion: Empirical Evidence

[11] Lyssiotou, P., Pashardes, P., and Stengos, T. (2004), "Estimates of the
black economy based on consumer demand approaches", The Economic Journal,

vol.114, pp. 622-640.
[12] McIntyre, F. (2006), "An empirical model of illegal work", mimeo.

[13] Molnér, Gy. (2005), "Az adatdllomany és a rotéciés panel", in Kapitdny, Zs.,
Molnér, Gy., Virag 1. (eds.) Haztartasok a tudas- és munkapiacon, MTA Kozgaz-

dasdgtudomadnyi Intézet, Budapest.

[14] Neykov, I. (2003) "New legislation on minimum social insurance thresholds and

registration of employment contracts", EIRO, www.eiro.eurofound.eu.int.
[15] OECD (2001), Taxing wages 2000-2001, OECD, Paris.
[16] OECD (2002), Taxing wages 2001-2002, OECD, Paris.

[17] OECD (2004), Taz Administration in OECD Countries: Comparative Informa-
tion Series, OECD, Paris.

[18] Pissarides, C., and Weber, G. (1989), "An expenditure-based estimate of

Britain’s black economy", Journal of Public Economics, vol. 39, pp. 17-32.

[19] Renooy, P., Ivarsson, S., van der Wusten-Gritsai, O., and Meijer, R. (2004),

"Undeclared work in an enlarged Union", European Commission, Bruxelles.

[20] Tedds, L. (2005), "Nonparametric expenditure-based estimation of income
under-reporting and the underground economy", Working Paper, McMaster Uni-

versity.

[21] T6th, A., and Neumann, L. (2007), "Three-year central agreement
reached on minimum wage rises and pay policy guidelines ", EIRO,

www.eiro.eurofound.eu.int.



Chapter 3. Minimum Wage and Tax Evasion: Empirical Evidence 67

Appendix

A1l The survey and main variables

The survey A household consists of individuals forming a common income
and/or consumption unit, completely or partly sharing the current costs of living

The selection of the sample is done by multistrata method using census data.
In a given month during the year, households keep a diary registering income and
expenditures during the month and “general household characteristics” containing
demographic, employment and housing data.

In subsequent interviews, data on personal incomes, family income, stock of
consumer durables, expenditures of significant value, are retrospectively collected

for the year as a whole.

Main variables and categories

e "Households with constant family structure" are households where the same
individuals are present for the relevant period. Restricting the analysis to this
type of household reduces the sample in the panel 1999-2000 from 3581 to
3181, with a loss of 400 households, for the panel 2000-2001 the loss is of 329
households, from 3529 to 3200. The advantage of only using such households

is that exactly the same individuals are observed in two subsequent years.

e M is a set of dummies capturing the month of diary keeping. So, for instance
in the panel 2000-2001, there is a dummy for households that kept the diary
in January 2000 and January 2001 and a different dummy for households that
kept the diary in January 2000 and February 2001. Potentially, there are 144
month dummies. However, in both panels, around 70% of the households kept

the diary in the same month in both years.

e "Employees" are defined as employees in public or private enterprises, institu-
tions, co-operatives, private entrepreneurs or societies (firms owned by several
private entrepreneurs) with positive earnings from their main activity during
the year and positive months when earnings from the main activity have been
realized. "Public employees" are defined as employees in public or private en-

terprises, institutions active in public administration and defence, compulsory
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social security, education, or health and social work. "Private employees" are
all employees who are not public employees. The dataset contains the number
of months in which earnings from the main activity have been realized during
the year. If in a given year the number of months corresponds to twelve, the

employee is considered to have been employed the whole year.

e Employee characteristics include three sets of "dummies", describing the labour

market characteristics of employees in the households.

1. Sectoral: the number of employees in the household working in each of

the 60 branches according to two-digit ISIC (e.g. manufacture of textiles);

2. Position: the number of employees in the household belonging to each of
the 10 categories characterising the hierarchical position'® (e.g. skilled

worker);

3. Type of employer: the number of employees in the household working for

different types of ernployers17 (e.g. private entrepreneurs);

e Geographical dummies include a set of dummies for the 20 counties into which
Hungary is divided and a set of dummies capturing whether the household’s
place of residence is the capital, a large city, a town or a village. Note that by
construction, in subsequent years the survey only includes households whose

place of residence did not change.

e Income variables include household level income'® , the sum of net personal

incomes of household members'?

plus other components® . A distinction is
made between two types of income, including home production or not. In a

household budget survey, it is questionable whether we should consider income

16 top leader; leader, manager; employee with diploma; employee with secondary qualification;
administrative employee; skilled worker; semi-skilled worker; unskilled worker; self-employed; fam-
ily helper.

17 In 1999, the following three categories are listed: 1. public or private enterprises, institutions;
2. cooperatives, firm owned by several private entrepreneurs; 3. private entrepreneurs.

In 2000 and 2001, the following four categories are listed: 1. public or private enterprises, insti-
tutions; 2. cooperatives; 3. private entrepreneurs; 4. firm owned by several private entrepreneurs.

18 ¢.g. family allowance, income from dividends, income from agricultural sales.

19 ¢.g. income from main activity, self-employment, authorship. Paid social security contributions
and personal income tax are subtracted from gross personal income to obtain net personal income.

20 ¢.g. income from sales of belonging. Outgoing household transfers, like maintenance for a child
outside the household, are subtracted.
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data as true income or income reported to fiscal authorities. The interview
collecting data for yearly income is conducted around the time of filling the
tax declaration form and the surveyors should get their data from it or from
some other type of documentation whenever possible. For these reasons, we
consider our income data as income reported to fiscal authorities. If income
data actually corresponded to true income, then, after controlling for this, we
should not find any effect of a shock to underreporting, as it would be fully

accounted for by the income change.

e Food consumption is aggregated from very detailed consumption items. A
distinction is made between food bought in the market and food produced at

home.
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Table 3.1: Hungary - Main indicators

Real GDP growth

of which household consumption

Household saving rate (% GDP)

CPI

Gross monthly earnings per full-time employee
- HUF

- real growth (%)

Net monthly earnings per full-time employee

- HUF

- real growth (%)

Activity rate (% pop. aged 15-64)
Employment rate (% pop. aged 15-64)
Unemployment rate (% labour force 15+)
Youth unemployment rate (% labour force 15-24)
Self-employed (% total employment)
Part-time employment (% total employment)
Fixed term contracts (% total employment)
Exchange rate (annual average) HUF /EUR

1998 1999 2000 2001 2002
4.9 4.2 5.2 4.1 4.4
4.6 4.8 5.0 5.7 9.8
9.5 7.0 5.7 5.2 2.7

14.3 10.0 9.8 9.2 9.3

67764 77187 87645 103553 122482
3.5 5.5 3.4 8.1 12.3
45162 50076 55785 64913 77622
3.6 2.5 1.5 6.4 13.6

58.7 59.8 60.1 99.6 59.7

53.7 55.6 56.3 56.2 56.2
7.8 7.0 6.4 2.7 5.8

15.0 12.7 12.5 11.3 12.7

16.0 15.6 15.1 14.4 13.8
3.8 3.8 3.5 3.6 3.6
6.5 6.2 7.1 7.5 7.3
241 253 260 257 243

a. Sources: MNB, CSO, European Commission.
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Table 3.2: Tax wedge on minimum wage
2000 2001
Monthly minimum wage (gross) 25500 40000
98 € 156 €
Personal income tax rate at minimum wage 20% 20%
- Rate 10% 10%
Tax credit - Monthly maximum 3000 3000
- Applicable at minimum wage 2550 3000
Pension contribution deduction Rate . 25% 25%
- Rate*Employee pension rate 2% 2%
Net personal income tax at minimum wage 2040 4200
Total social security contributions employees - Rate 12.5% 12.5%
- Payment 3187.5 5000
Net take home pay 20273 30800
78 € 120 €
Health care - Lump sum 3900 3900
Total social security contributions employer - Rate 367% e
- Payment 13080 18300
Labour cost 38580 58300
148 € 227 €
Tax wedge 47% 47%
Total fiscal payments 18308 27500
70 € 107 €
Difference YY 9193

a. Figures are in Hungarian Forints unless otherwise indicated.

b. Figures in € are calculated using the average exchange rate for the corresponding year.
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Table 3.3: Labour market status - Whole sample

Employed Retired Child care Unemployed

Employed 32.5%
Retired 2 0.4%
Child care 0 0.8%
Unemployed 0 2.0%
Other 0 1.0%
Total 37%
Employed 31.9%
Retired 2 0.9%
Child care 0 0.5%
Unemployed 0 1.8%
Other 0 0.2%
Total 35%

1.3%
40.1%
0.0%
0.2%
0.5%
42%

0.6%
40.1%
0.0%
0.0%
0.3%
41%

2001
0.4%
0.0%
2.8%
0.1%
0.1%

3%

1999
0.6%
0.0%
3.1%
0.3%
0.2%

4%

L.7%
0.1%
0.2%
2.5%
0.5%

5%

2.2%
0.2%
0.0%
2.4%
0.4%

5%

Other

0.3%
0.8%
0.2%
0.5%
10.8%
13%

1.4%
0.7%
0.1%
1.3%
10.8%
14%

Total

36%
41%
4%
5%
13%
100%

37%
42%
4%
6%
12%
100%

a. Only people present for both years (2000-2001: 7064; 1999-2000: 7207).
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Table 3.4: Descriptive statistics - Potential treatment - 2000-2001

73

Treatment Narrow control Large control
mean sd mean sd t-stat  mean sd t-stat
2000
N. of HH members 3.3 1.3 3.2 1.1 1.18 3.2 1.1 1.20
Area of the dwelling (m?) 80 25 80 26 0.04 79 26 0.46
Expenditures on food (no HP) 21032 9599 22218 9967 -1.38 23167 10545  -2.63
Total net income HH (no HP) 80901 33731 87978 30028 -2.46 92221 30673  -4.15
) total 7457 7622 7806 8478 -0.50 7226 8184 0.36
Home production:
food 7255 7497 7448 8022 -0.28 6912 7775 0.55
HH income from main activity 71154 43404 81189 42358 -2.63 90179 45696  -5.23
HH income from self-employment 3599 17535 1724 11312 1.35 1877 11876 1.28
Total expenditures 79313 30274 81606 30824 -0.85 86029 33068  -2.62
Total expenditures with durables 82829 34330 85719 39758 -0.90 90646 40600  -2.63
Tot. Exp. 27% 27% 27%
Exp. on food as % of
net income 26% 25% 25%
2001
N. of HH members 3.3 1.3 3.2 1.1 1.18 3.2 1.1 1.20
Area of the dwelling (m2) 80 25 81 27 -0.27 80 27 0.16
Expenditures on food (no HP) 25229 11294 27102 11626 -1.85 28354 12795  -3.23
Total net income HH (no HP) 101066 38845 103751 34469 -0.81 107925 34941  -2.19
total 8663 9547 7814 9725 1.00 7152 9132 1.93
Home production:
ood 8439 9389 7433 9183 1.22 6804 8660 2.15
HH income from main activity 93176 53270 97730 51349 -0.98 105582 54156  -2.81
HH income from self-employment 3765 17061 1933 12845 1.32 2478 15503 0.93
Total expenditures 97268 36233 98179 37042 -0.28 101653 38120  -1.45
Total expenditures with durables 100630 41548 103488 42620 -0.77 106724 43558 -1.75
Tot. Exp. 26% 28% 28%
Exp. on food as % of
net income 25% 26% 26%
AHH net income (HUF, %) 20165 25% 15773 18% 15703 17%
AHH food consumption (HUF, %) 4198 20% 4884 22% 5186 22%
N. of HH 195 369 587
"treated" 1.1 0 0
N. of n HH
"control" 0.3 04 1.2 1.2

a. Only HH with constant family structure and positive income below 200,000 HUF in 2000-2001.

b. For the treatment group the N. of "control" in HH refers to the Narrow and Large control groups.
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Table 3.5: Potential treatment - Large control group - Panel 2000-2001

-1287** -1538%** -1298* -1084* -1328%* -1158*
Treatment
(644) (655) (661) (635) (646) (648)
koK Hokk *ok Kok
AHIH income 0.05 0.06 0.05 0.05
(0.021) (0.021) (0.020) (0.020)
0.03*** 0.02%*
HH income (2000)
(0.011) (0.010)
-0.17HF* -0.21%%* -0.21%%*
AFood HP
(0.063) (0.066) (0.065)
R? 0.30 0.31 0.32 0.31 0.31 0.32
Additional controls Month dummies.
-1942%* -2178%** -1710* -1804** -2023** -1751%*
Treatment
(824) (838) (876) (823) (835) (874)
kok kkosk kk kk
AHH income 0.05 0.06 0.05 0.05
(0.022) (0.023) (0.022) (0.022)
. 0.04** 0.02
HH income (2000)
(0.014) (0.013)
-0.18%** -(0.22%%* -0.21%%*
AFood HP
(0.069) (0.072) (0.070)
R?2 0.38 0.39 0.40 0.39 0.40 0.40
Additional controls Month dummies, employee characteristics for 2000.
S1717FF -1951°%* -1575% -1626* -1840** -1597*
Treatment
(838) (853) (882) (835) (848) (875)
. 0.05** 0.06** 0.05** 0.05**
AHH income
(0.023) (0.024) (0.023) (0.023)
0.03** 0.02
HH income (2000)
(0.015) (0.014)
-0.19%%* -(0.22%%* -0.22%%*
AFood HP
(0.070) (0.073) (0.072)
R? 0.41 0.42 0.42 0.42 0.43 0.43
Additional controls Month dummies, employee characteristics for 2000, geographical dummies.
Income include HP No No No Yes Yes Yes
Observations 782
Treated HH 195

a. Dependent variable is A food consumption (excluding own production); monthly.

b. OLS estimation. Robust standard errors in parenthesis.

o

denote significance at 1, [5], and (10) percent level.

d. Treatment: N. of HH members employed for 2000-2001 s.t. Tg00 < Wa0po < TWago1 in the private sector.
e. Control: HH with constant family structure and positive income below 200,000 HUF in 2000-2001, with at

least one member employed for 2000-2001, s.t. ©ogog < Wagoo < 2 * Tl .-

f. A: change; HP: Home Production; HH: Household; @,,: minimum wage in Tx; W,,: wage in Tx.
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Table 3.6: Potential treatment - Narrow control group - Panel 2000-2001
Treat ‘ -1029 -1218 -1063 -785 -963 -838
reatmen
(733) (745) (749) (719) (731) (733)
0.04* 0.05%* 0.04* 0.04*
AHH income
(0.023) (0.023) (0.023) (0.022)
0.03** 0.02%*
HH income (2000)
(0.013) (0.012)
-0.19%%* -0.22%%* -0.23%%*
AFood HP
(0.070) (0.073) (0.071)
R? 0.30 0.31 0.32 0.32 0.32 0.33
Additional controls Month dummies.
-1843** -1936** -1591 -1646* -1729* -1544
Treatment
(923) (931) (970) (907) (914) (956)
. .04 . .
AHH income 0.03 0.0 0.03 0.03
(0.025)  (0.026) (0.025) (0.025)
. 0.03* 0.02
HH income (2000)
(0.017) (0.015)
_ 1 kk _ 21*** _ 21***
AFood HP 0-19 0 0
(0.080) (0.082) (0.080)
R? 0.41 0.42 0.42 0.42 0.43 0.43
Additional controls Month dummies, employee characteristics for 2000.
-1608%* -1690* -1449 -1485 -1554 -1435
Treatment
(952) (959) (984) (941) (946) (975)
) 0.02 0.03 0.02 0.02
AHH income
(0.027) (0.027) (0.026) (0.027)
0.02 0.01
HH income (2000)
(0.017) (0.016)
-0.18** -0.20%* -0.20%*
AFood HP
(0.080) (0.082) (0.081)
R? 0.45 0.45 0.46 0.46 0.46 0.46

Additional controls

Month dummies, employee characteristics for 2000, geographical dummies.

Income include HP No No No Yes Yes Yes
Observations 564
Treated HH 195

a. Dependent variable is A food consumption (excluding own production); monthly.

b. OLS estimation. Robust standard errors in parenthesis.

L KRR K] (%) denote significance at 1, [5], and (10) percent level.

o

d. Treatment: N. of HH members employed for 2000-2001 s.t. Tg00 < Wa0po < TWago1 in the private sector.
e. Control: HH with constant family structure and positive income below 200,000 HUF in 2000-2001, with at
least one member employed for 2000-2001, s.t. TUago0 < Wagoo < 1.5 * Tago1.

f. A: change; HP: Home Production; HH: Household; @,,: minimum wage in Tx; W,,: wage in Tx.
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Table 3.7: Descriptive statistics - Potential treatment - 1999-2000
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Treatment Narrow control Large control
mean sd mean sd t-stat  mean sd t-stat
1999
N. of HH members 3.2 1.1 3.2 1.1 -0.04 3.2 1.1 -0.02
Area of the dwelling (m?) 80 28 80 28 -0.02 79 28 0.31
Expenditures on food (no HP) 18564 8970 20455 8764 -2.45 20960 9208 -3.26
Total net income HH (no HP) 74341 28615 80302 29919  -2.37 83767 30582  -3.99
. total 7429 7478 7070 7799 0.55 6702 7591 1.19
Home production:
food 7082 7086 6785 7472 0.48 6410 7231 1.16
HH income from main activity 69409 40815 77827 43039  -2.34 83858 46057  -4.22
HH income from self-employment 2608 12733 1226 8986 1.37 1448 9120 1.19
Total expenditures 75013 29849 75995 27823  -0.39 79148 29139  -1.71
Total expenditures with durables 78994 34114 79902 31653  -0.03 82209 32719  -1.17
Tot. Exp. 25% 27% 26%
Exp. on food as % of
net income 25% 25% 25%
2000
N. of HH members 3.2 1.1 3.2 1.1 -0.04 3.2 1.1 -0.02
Area of the dwelling (m2) 79 26 80 29 -0.33 79 28 0.16
Expenditures on food (no HP) 20181 9335 22796 10309  -3.13 23413 10441  -4.14
Total net income HH (no HP) 82338 32431 90999 33160 -3.06 95225 33690 -4.84
total 7867 7938 7168 8619 0.99 6889 8275 1.50
Home production:
ood 7612 7693 6853 8126 1.12 6573 7787 1.66
HH income from main activity 73226 44117 85009 45836  -3.04 93552 49283  -5.51
HH income from self-employment 2493 12936 1471 9900 0.98 1736 10550 0.75
Total expenditures 82402 30491 83198 33869 -0.29 86292 33267 -1.54
Total expenditures with durables 86651 34605 86382 40609 0.08 89667 38940 -1.04
Tot. Exp. 24% 27% 27%
Exp. on food as % of
net income 25% 25% 25%
AHH net income (HUF, %) 7997 11% 10697 13% 11457 14%
AHH food consumption (HUF, %) 1617 9% 2341 11% 2453 12%
N. of HH 197 412 651
"treated" 1.1 0 0
N. of n HH
"control" 0.2 0.3 1.2 1.2

a. Only HH with constant family structure and positive income below 200,000 HUF in 1999-2000.

b. For the treatment group the N. of "control" in HH refers to the Narrow and Large control groups.
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Table 3.8: Potential treatment - Large control group - Panel 1999-2000 - Placebo

Treat . -743 -510 -446 -704 -457 -400
reatmen
(652) (622) (628) (646) (616) (620)
*okok *okk *okok *okok
AHH incorme 0.08 0.08 0.08 0.08
(0.018) (0.018) (0.017) (0.018)
0.01 0.01
HH income (2000)
(0.010) (0.009)
-0.09 -0.16** -0.16**
AFood HP
(0.070) (0.074) (0.074)
R? 0.22 0.24 0.24 0.22 0.25 0.25
Additional controls Month dummies.
212 529 520 244 581 603
Treatment
(731) (709) (714) (727) (705) (710)
kksk kkosk koksk koksk
AHH income 0.08 0.08 0.08 0.08
(0.018) (0.019) (0.018) (0.018)
. 0.00 0.00
HH income (2000)
(0.013) (0.012)
-0. -0.16** -0.16%*
AFood HP 0.09 0.16 0.16
(0.074) (0.078) (0.077)
R? 0.30 0.32 0.32 0.30 0.33 0.33
Additional controls Month dummies, employee characteristics for 2000.
156 468 477 175 508 541
Treatment
(758) (729) (736) (754) (726) (731)
0.08%** 0.08%** 0.08%** 0.08%**
AHH income
(0.019) (0.019) (0.019) (0.019)
0.00 0.00
HH income (2000)
(0.013) (0.012)
-0.12 -0.18** -0.18**
AFood HP
(0.076) (0.080) (0.080)
R? 0.32 0.35 0.35 0.33 0.35 0.35
Additional controls Month dummies, employee characteristics for 2000, geographical dummies.
Income include HP No No No Yes Yes Yes
Observations 848
Treated HH 197

a. Dependent variable is A food consumption (excluding own production); monthly.
b. OLS estimation. Robust standard errors in parenthesis.

c. FFE [**] (*) denote significance at 1, [5], and (10) percent level.

d. Treatment: N. of HH members employed for 1999.2000 s.t. ©Uoggp < Wapoo < TWago1in the private sector.
e. Control: HH with constant family structure and positive income below 200,000 HUF in 1999-2000, with at
least one member employed for 1999-2000, S.t.T02000 < Wagoo< 2 * TWago1 -

f. A: change; HP: Home Production; HH: Household; ©0,,: minimum wage in xx; w,,: wage in Xx.
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Table 3.9: Potential treatment - Narrow control group - Panel 1999-2000 - Placebo

Treat . -624 -494 -419 -572 -429 -355
reatmen
(700) (676) (684) (694) (669) (676)
*oHok *okk *okok *okk
AHH incorme 0.06 0.06 0.06 0.06
(0.022) (0.022) (0.021) (0.021)
0.01 0.02
HH income (2000)
(0.011) (0.010)
-0.12 -0.18** -0.17**
AFood HP
(0.080) (0.085) (0.086)
R? 0.21 0.23 0.23 0.22 0.24 0.24
Additional controls Month dummies.
554 747 771 613 831 880
Treatment
(821) (802) (816) (819) (802) (813)
kk *kk koksk kkosk
AHH income 0.06 0.06 0.06 0.06
(0.024) (0.024) (0.023) (0.024)
. 0.00 0.00
HH income (2000)
(0.014) (0.013)
-0.1 -0.19%* -0.19**
AFood HP 0.13 019 0-19
(0.087) (0.092) (0.092)
R? 0.30 0.32 0.32 0.31 0.32 0.32
Additional controls Month dummies, employee characteristics for 2000.
602 794 862 646 859 956
Treatment
(874) (851) (866) (872) (850) (861)
0.06*** 0.06*** 0.06*** 0.06***
AHH income
(0.024) (0.024) (0.023) (0.023)
0.01 0.01
HH income (2000)
(0.015) (0.014)
-0.16* -0.22%* -0.21%*
AFood HP
(0.091) (0.096) (0.096)
R? 0.34 0.35 0.35 0.35 0.36 0.36
Additional controls Month dummies, employee characteristics for 2000, geographical dummies.
Income include HP No No No Yes Yes Yes
Observations 609
Treated HH 197

. Dependent variable is A food consumption (excluding own production); monthly.

a
b. OLS estimation. Robust standard errors in parenthesis.

denote significance at 1, [5], and (10) percent level.

d. Treatment: N. of HH members employed for 1999-2000 s.t. Tg00 < Wa0po < TWago1 in the private sector.
e. Control: HH with constant family structure and positive income below 200,000 HUF in 1999-2000, with at

least one member employed for 1999-2000, s.t. TUagog < Wagoo < 1.5 * ago1.

f. A: change; HP: Home Production; HH: Household; @,,: minimum wage in Tx; W,,: wage in Tx.
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Table 3.10: Descriptive statistics - Actual treatment

79

Treatment Narrow control Large control
mean sd mean sd t-stat  mean sd t-stat
2000
N. of HH members 3.2 1.2 3.3 1.2 -0.77 3.2 1.2 -0.04
Area of the dwelling (m?) 80 26 78 25 0.83 79 26 0.74
Expenditures on food (no HP) 20016 9493 22214 10291 -2.38 22374 10490 -2.68
Total net income HH (no HP) 75383 32039 87727 31292 -4.07 89588 31588 -4.90
) total 7473 7712 7488 8389 -0.02 7562 8616 -0.13
Home production:
food 7260 7622 7163 7935 0.13 7253 8231 0.01
HH income from main activity 67010 41104 77370 48826 -2.51 82687 49099 -4.05
HH income from self-employment 1733 9311 2715 15924 -0.90 2833 15306 -1.14
Total expenditures 78188 29696 81190 32810 -1.03 83918 34515 -2.06
Total expenditures with durables 81301 31789 85169 41237 -1.26 87965 40623 -2.28
Tot. Exp. 26% 27% 27%
Exp. on food as % of
net income 27% 25% 25%
2001
N. of HH members 3.2 1.2 3.3 1.2 -0.77 3.2 1.2 -0.04
Area of the dwelling (m2) 80 26 79 26 0.44 79 27 0.31
Expenditures on food (no HP) 23976 10657 27190 11811 -3.07 27462 12185 -3.51
Total net income HH (no HP) 93069 36758 103022 33909 -2.90 105246 34309 -3.70
total 7836 8770 7419 9556 0.49 7407 9293 0.53
Home production:
ood 7561 8552 7083 9162 0.58 7103 8935 0.59
HH income from main activity 82209 44610 93702 50579 -2.61 98557 51347 -3.92
HH income from self-employment 3111 13998 2206 13997 0.68 2869 16552 0.18
Total expenditures 92843 35777 97002 36648 -1.21 98962 36732 -1.88
Total expenditures with durables 96970 42233 101538 41643 -1.14 103359 40706 -1.68
Tot. Exp. 26% 28% 28%
Exp. on food as % of
net income 26% 26% 26%
AHH net income (HUF, %) 17685 23% 15295 1% 15657 17%
AHH food consumption (HUF, %) 3960 20% 4976 22% 5088 23%
N. of HH 149 422 659
"treated" 1.1 0 0
N. of n HH
"control" 0.3 04 1.2 1.3

a. Only HH with constant family structure and positive income below 200,000 HUF in 2000-2001.

b. For the treatment group the N. of "control" in HH refers to the Narrow and Large control groups.
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Table 3.11: Actual treatment - Large control group - Panel 2000-2001 - Dummy

-1385%* -1471%%* -1195%* -1206* -1301* -1129*
Treatment
(651) (643) (653) (643) (635) (637)
5k 05k 04 O5***
AHH income 0.05 0.05 0.0 0.05
(0.017) (0.017) (0.017) (0.017)
. 0.03** 0.02%*
HH income (2000)
(0.011) (0.010)
_ 1 kkosk _ 1 kokk _ 1 kkosk
AFood HP 0-15 019 0-19
(0.053) (0.055) (0.054)
R?2 0.31 0.32 0.32 0.32 0.33 0.33
Additional controls Month dummies.
-1766%* -1745%* -1401* -1646** -1637** -1478**
Treatment
(744) (744) (753) (732) (731) (735)
_ 0.04** 0.06%** 0.04** 0.05%*
AHH income
(0.019) (0.020) (0.018) (0.019)
0.03** 0.01
HH income (2000)
(0.014) (0.012)
S0 1THF* -0.20%** -0.20%%*
AFood HP
(0.056) (0.058) (0.057)
R? 0.39 0.39 0.40 0.39 0.40 0.40
Additional controls Month dummies, employee characteristics for 2001.
-1595%* -1573%* -1309%* -1489** -1478* -1355*
Treatment
(773) (772) (787) (755) (754) (766)
AHH income 0.05 0.06 0.0 0.05
(0.019) (0.020) (0.019) (0.020)
i 0.03* 0.01
HH income (2000)
(0.015) (0.013)
-0, 17K -0.21%%* -0.20%%*
AFood HP
(0.059) (0.061) (0.060)
R? 0.41 0.42 0.42 0.42 0.43 0.43
Additional controls Month dummies, employee characteristics for 2001, geographical dummies.
Income include HP No No No Yes Yes Yes
Observations 808
Treated HH 149

a. Dependent variable is A food consumption (excluding own production); monthly.

b. OLS estimation. Robust standard errors in parenthesis.

c. FFE[**] (*) denote significance at 1, [5], and (10) percent level.

d. Treatment: N. of HH members employed in the private sector for the whole 2001 s.t.

0.9 * w2000 < wagoo < 1.1 % w1 and 0.9 * wage1r < waeer < 1.1 % g1
e. Control: HH with constant family structure and positive income below 200,000 HUF in 2000-2001,

with at least one member employed for the whole 2001, s.t. T0ogg1 < Wago1 < 2 * TWaoo1-

f. A: change; HP: Home Production; HH: Household; ©0,,: minimum wage in T; W,,: wage in ZT.
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Table 3.12: Actual treatment - Narrow control group - Panel 2000-2001 - Dummy

-1292%* -1372%* -1172 -1140 -1228%* -1076
Treatment
(739) (731) (733) (731) (723) (717)
O5** 05 04 5%
AHH income 0.05 0.05 0.0 0.05
(0.022)  (0.022) (0.021) (0.021)
. 0.03* 0.02
HH income (2000)
(0.013) (0.012)
-0.15* -0.18** -0.19**
AFood HP 0-15 018 0-19
(0.075) (0.076) (0.074)
R? 0.34 0.35 0.36 0.35 0.36 0.36
Additional controls Month dummies.
-1794%%* -1761%* -1518* -1684** -1665%* -1500%*
Treatment
(865) (859) (855) (856) (851) (842)
. 0.04* 0.05** 0.04* 0.05*
AHH income
(0.024) (0.026) (0.023) (0.025)
0.03* 0.02
HH income (2000)
(0.017) (0.015)
-0.17%* -0.21%* -0.21%%*
AFood HP
(0.078) (0.080) (0.078)
R? 0.42 0.43 0.43 0.43 0.44 0.44
Additional controls Month dummies, employee characteristics for 2001.
-1671%* -1624* -1441 -1585* -1552* -1433
Treatment
(893) (887) (890) (879) (873) (872)
*k kk kk *k
AHH income 0.05 0.06 0.05 0.06
(0.024) (0.026) (0.023) (0.025)
. 0.03 0.02
HH income (2000)
(0.018) (0.017)
_ 1 kk _ 2 koksk _ 24***
AFood HP 0-19 0.23 0
(0.080) (0.081) (0.080)
R? 0.45 0.45 0.46 0.46 0.46 0.47
Additional controls Month dummies, employee characteristics for 2001, geographical dummies.
Income include HP No No No Yes Yes Yes
Observations 571
Treated HH 149

a. Dependent variable is A food consumption (excluding own production); monthly.

b. OLS estimation. Robust standard errors in parenthesis.

c. FFE[**] (*) denote significance at 1, [5], and (10) percent level.

d. Treatment: N. of HH members employed in the private sector for the whole 2001 s.t.

0.9 * w2000 < wagpo < 1.1 % o001 and 0.9 * wwagp1 < wager < 1.1 % w1

e. Control: HH with constant family structure and positive income below 200,000 HUF in 2000-2001,
with at least one member employed for the whole 2001, s.t. TUogg1 < Waogor < 1.5 * wago1.

f. A: change; HP: Home Production; HH: Household; ©0,,: minimum wage in T; W,,: wage in ZT.
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Table 3.13: Actual treatment - Large control group - Panel 2000-2001 - Continuous

-0.09 -0.11* -0.9 -0.08 -0.09 -0.08
Treatment
(0.065) (0.063) (0.064) (0.064) (0.062) (0.062)
5% 5k YES: 05k
AHH income 0.05 0.05 0.0 0.05
(0.017) (0.018) (0.017) (0.017)
. 0.03%* 0.02%*
HH income (2000)
(0.011) (0.010)
_0.15%** _0.19%** _0.19%**
AFood HP 015 0-19 019
(0.053) (0.055) (0.054)
R?2 0.31 0.32 0.32 0.32 0.32 0.33
Additional controls Month dummies.
-0.14* -0.14* -0.11 -0.13* -0.13* -0.12%*
Treatment
(0.075) (0.074) (0.075) (0.073) (0.072) (0.073)
_ 0.04** 0.06%** 0.04** 0.05%*
AHH income
(0.019) (0.020) (0.018) (0.019)
0.03%* 0.01
HH income (2000)
(0.014) (0.012)
-0.17H%* -0.20%%* -0.20%%*
AFood HP
(0.056) (0.058) (0.057)
R? 0.38 0.39 0.40 0.39 0.40 0.40
Additional controls Month dummies, employee characteristics for 2001.
-0.14* -0.15%* -0.13 -0.14* -0.14* -0.13*
Treatment
(0.078) (0.077) (0.078) (0.075) (0.074) (0.075)
AHH income 0.05 0.06 0.0 0.05
(0.019) (0.020) (0.019) (0.020)
i 0.03* 0.01
HH income (2000)
(0.015) (0.013)
_ 1 koksk _ 21*** _ 21***
AFood HP 0.17 0 0
(0.059) (0.061) (0.061)
R? 0.41 0.42 0.42 0.42 0.43 0.43
Additional controls Month dummies, employee characteristics for 2001, geographical dummies.
Income include HP No No No Yes Yes Yes
Observations 808
Treated HH 114

a. Dependent variable is A food consumption (excluding own production); monthly.

b. OLS estimation. Robust standard errors in parenthesis.

c. FFE[**] (*) denote significance at 1, [5], and (10) percent level.

d. Treatment: sum within HH of t0sgg; — Waggg for all members employed in the private sector for
the whole 2001 s.t. 0.9 * wooggg < Waggy < wWage1 and 0.9 * waggr < Wogor < 1.1 * wagps.

e. Control: HH with constant family structure and positive income below 200,000 HUF in 2000-2001,
with at least one member employed for the whole 2001, s.t. T0og01 < Wago1 < 2 * TWao1-

f. A: change; HP: Home Production; HH: Household; ©0,,: minimum wage in Z; W,,: wage in ZT.
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Table 3.14: Actual treatment - Narrow control group - Panel 2000-2001 - Continuous

-0.08 -0.10 -0.08 -0.07 -0.09 -0.08
Treatment
(0.072) (0.070) (0.071) (0.070) (0.069) (0.068)
5% 05k YES: 05**
AHH income 0.05 0.05 0.0 0.05
(0.022)  (0.022) (0.022) (0.022)
. 0.03** 0.02*
HH income (2000)
(0.013) (0.012)
0.1 %k 0.1 k3 -0.1 %k
AFood HP 0-15 0-19 0.19
(0.075) (0.076) (0.074)
R? 0.34 0.35 0.35 0.35 0.36 0.36
Additional controls Month dummies.
-0.15% -0.16%* -0.14* -0.14* -0.15%* -0.14*
Treatment
(0.083) (0.082) (0.082) (0.081) (0.080) (0.080)
. 0.04* 0.06** 0.04* 0.05*
AHH income
(0.024) (0.026) (0.023) (0.025)
0.03* 0.02
HH income (2000)
(0.017) (0.015)
-0.18%* -0.21%%* -0.21%**
AFood HP
(0.078) (0.080) (0.079)
R? 0.42 0.43 0.43 0.43 0.44 0.44
Additional controls Month dummies, employee characteristics for 2001.
-0.14* -0.15%* -0.14 -0.14 -0.14* -0.14
Treatment
(0.087) (0.086) (0.086) (0.085) (0.084) (0.084)
* %ok kk kok
AHH income 0.05 0.07 0.05 0.06
(0.025) (0.026) (0.023) (0.025)
. 0.03* 0.02
HH income (2000)
(0.019) (0.017)
_ 2 %ok _ 24*** _ 24***
AFood HP 0.20 0 0
(0.080) (0.082) (0.081)
R? 0.45 0.45 0.46 0.46 0.46 0.47
Additional controls Month dummies, employee characteristics for 2001, geographical dummies.
Income include HP No No No Yes Yes Yes
Observations 571
Treated HH 114

a. Dependent variable is A food consumption (excluding own production); monthly.

b. OLS estimation. Robust standard errors in parenthesis.

c. FFE[**] (*) denote significance at 1, [5], and (10) percent level.

d. Treatment: sum within HH of t0sgg; — Waggg for all members employed in the private sector for
the whole 2001 s.t. 0.9 * wooggg < Waggy < wWage1 and 0.9 * waggr < Wogor < 1.1 * wagps.

e. Control: HH with constant family structure and positive income below 200,000 HUF in 2000-2001,
with at least one member employed for the whole 2001, s.t. TUogg1 < Waogor < 1.5 * wago1.

f. A: change; HP: Home Production; HH: Household; ©0,,: minimum wage in T; Wy,: wage in ZT.
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Figure 3.1: Wage dynamics in Hungary, 1992-2005
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Figure 3.2: Earnings from main activity
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Figure 3.3: Household total net income - "Potential treatment"

With (lhs) and without (rhs) home production
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Figure 3.4: Relationship between market food consumption and income - "Potential

treatment" - Narrow control group
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Figure 3.5: Relationship between market food consumption and income - "Potential
treatment" - Large control group
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Figure 3.6: Household total net income - "Actual treatment"

With (lhs) and without (rhs) home production
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Figure 3.7: Relationship between market food consumption and income - "Actual
treatment"
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Chapter 4

In-Work Benefits in Search

Equilibrium”

1 Introduction

In-work benefits are becoming an increasingly relevant labour market policy. Pro-
grammes including some type of benefit or tax credit conditioned on labour income
have been introduced or are in the "policy pipeline" in several countries (e.g. Bel-
gium, Canada, Finland, France, Ireland, the Netherlands, New Zealand and Swe-
den). Yet other countries have progressively extended the scope of existing pro-
grammes, which were originally targeted at a very small section of the labour force.
For instance, the Earned Income Tax Credit (EITC) in the US, which was intro-
duced more than 30 years ago, is now the largest cash transfer programme for low
income families at the federal level and, in 2003, about twenty million families re-
ceived a total of $34 billion in benefits from it' . Moreover, the United Kingdom has
a more than 25-year history of in-work benefits and has seen a gradual increase in
their scope.

The expansion of this type of programmes makes it increasingly relevant to ac-
count for their general equilibrium effects. Moreover, since a number of less market
oriented economies have recently followed the US and the UK in introducing various

kinds of in-work benefits with the aim of decreasing unemployment and increasing

* This is joint work with Ann-Sofie Kolm. We want to thank John Hassler, Bruce Meyer,
and seminar participants at Umea University and Véxjo University. Financial support from Jan
Wallander’s and Tom Hedelius’ Research Foundations is gratefully acknowledged.

! See Eissa and Hoynes (2005).
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labour force participation, it is particularly important to take involuntary unem-
ployment and search effort into consideration.

The aim of this paper is to study the equilibrium impact of in-work benefits in a
simple analytical framework displaying involuntary unemployment. Using a search
model a la Pissarides (2000), we show that the introduction of in-work benefits re-
duces equilibrium unemployment, moderates wages and boosts participation and
search effort. Total employment increases as a result. We show that accounting for
the general equilibrium effects actually reinforces the impact of benefits on labour
market variables. Another contribution of the paper is to look at the issue of financ-
ing. With the expansion of benefit programmes, the resources needed to finance
them are not negligible and their impact should be accounted for.

Research has almost exclusively been concerned with the supply-side effects of in-
work benefits. On the empirical side, the effect of in-work benefits on labour supply
has been extensively evaluated by exploiting the expansions of the programmes
in the US and the UK. The evaluations show that these programmes have been
quite successful in terms of increasing labour supply. Eissa and Liebman (1996)
compare the labour supply responses of single women with children to the responses
of single women with no children when the earned income tax credit expanded
in 1986. They show that between 1984-1986 and 1988-1990, single women with
children increased their relative labour force participation by up to 2.8 percentage
points. Meyer and Rosenbaum (2001) estimate that 63 percent of the increase
in labour force participation of single families in the US between 1984 and 1996
can be credited to the expansion of the EITC. Moreover, Fang and Keane (2004)
estimate the most important explanation for the 11 percentage point increase in
labour force participation in the US between 1993-2002 to be the EITC. In addition,
the evaluations show that it seems to be the participation decision rather than the
hour decision that is affected by the EITC.?

The theoretical research on the impact of EITC policies is also supply-side ori-
ented. Standard labour supply theory serves as the basis for predicting the effects
of the EITC on work hours (See Meyer, 2002, Eissa and Hoynes, 2005). In addition,

a number of papers have also accounted for labour supply responses on the exten-

2 Moreover, the evaluations of the Working Family Tax Credit (WFTC) in the UK show that
the programme has had positive net-effects on labour supply (see Brewer and Browne, 2006, and
Blundell, 2006).
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sive (participation) margin when considering the effects of EITC policies; see, for
example, Saez (2002).

Considering that an important aim of an EITC type of policy is to increase em-
ployment, which is an equilibrium outcome involving both supply-side and demand-
side factors, the limited number of studies that have accounted for the demand side
of the market might be surprising. Some recent empirical papers have raised the
question of how the EITC is likely to affect wages, and have tried to estimate the
incidence of the EITC on wages in different ways. Leigh (2004) uses variations in
US state EITCs to examine the effect of the policy on pre-tax wages. The study
by Rothstein (2007) uses the federal expansion of the EITC in the mid-1990s to
estimate the effects on wages of the policy. While Leigh (2004) finds that wages are
significantly reduced by the state EITC, Rothstein (2007) finds that women at the
lower end of the skill distribution may, in fact, face higher gross wages due to the
federal expansion of the EITC. Making a review of the literature, Eissa and Nichols
(2005) stress the importance of a better understanding of the role of the EITC in
wage determination when evaluating the overall effectiveness of the EITC against
that of alternative policies.

Some recent model analyses of in-work benefits incorporate unemployment. Boone
and Bovenberg (2004) stress the importance of in-work benefits in order to allevi-
ate distortions in terms of an inefficiently low search effort among the unemployed.
Moreover, the study by Boone and Bovenberg (2006) provides an explanation for
why in-work benefits can be demanded for both in countries with generous welfare
benefits (such as many European countries) and countries with low welfare benefits
(such as the US). In countries with relatively low levels of social assistance, in-work
benefits are aimed at poverty alleviation. In contrast, countries with generous social
assistance need in-work benefits in order to maintain workers in the labour force.
Although these two studies account for unemployment in their models, unemploy-
ment is exogenously imposed. Thus, when investigating the impact of an in-work
benefit, there will be no effect on wages and unemployment as they are fixed by

assumption® .

3 Another feature that may be of potential importance for the success of an EITC policy is a
country’s degree of wage compression. The study by Immervoll et al (2007) considers the potential
effects of in-work benefits in European countries using a micro simulation model. They consider
both the effect of such a reform on work hours and labour force participation, accounting for the fact
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Two studies that account for adjustments in wages while allowing for unemploy-
ment to be endogenously determined are Boeter et al (2006) and Lise et al (2005).
Boeter et al (2006) simulate the general equilibrium effects of a social assistance
reform in Germany. They use a union wage bargaining framework and find that
a cut in the minimum income guarantee for those able to work, combined with a
reduction in effective marginal tax rates at the lower end of the income distribution,
entails a decrease in unemployment. Accounting for the general equilibrium wage
reactions mitigates labour supply effects. Lise et al (2005) simulate the general
equilibrium effects of the Self Sufficiency Project (SSP) in Canada, using a search
framework to model the specific institutional details. Their simulation results also
imply that accounting for equilibrium effects reduces the impact of the policy. More-
over, unemployment increases and employment decreases following the introduction
of SSP.

In this paper, we account for involuntary unemployment and wage adjustment
using a model with search frictions and worker-firm wage bargains (see Pissarides,
2000) and show analytically that the introduction of an in-work benefit moder-
ates wages, boosts participation and search effort, thus reducing equilibrium unem-
ployment and increasing total employment. Allowing for general equilibrium effects
through wage adjustment actually boosts the impact of the policy on labour market
variables. This is due to the effect on job creation and underlines the importance of
taking the demand side into consideration.

The results are derived in a simple and stylized model in sections 2 and 3. In
section 4, we show that these results are robust to various extensions such as the
inclusion of unemployment benefits, the endogenous determination of work hours
and wage indexation of in-work benefits. We show that in some cases, employment
mainly increases through job creation. Section 5 considers the case when the in-
work benefit is financed with payroll taxes or proportional income taxes. Analytical
results are derived for the case when benefits are fully financed by a fiscal imposition
on beneficiaries while the partial financing case, in which part of the workforce

is ineligible to benefits but contributes to their financing, is investigated in the

that the earnings distribution may be more or less compressed in different countries. They show
that in-work benefits will be less desirable in countries with a compressed earnings distribution.
This follows as a given redistribution when earnings are equal induces larger deadweight losses.
The labour market is treated as perfectly competitive in their analysis.
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simulation section. Section 6 elaborates on the case when there is downward wage
rigidity, whereas section 7 simulates the model to decompose and quantify the effects

of an in-work benefit on labour market outcomes. Section 8 concludes.

2 The Model

The economy consists of a population that is fixed in size which is, without loss
of generality, normalized to unity. The size of the labour force is endogenous. An
individual chooses to participate in the labour force if the return of participation
exceeds the return of non-participation. Individuals are heterogeneous with respect
to the value of leisure that they enjoy when non participating. A worker who decides

to participate in the labour force is either employed or searching for a job.

The economy is characterized by trading frictions due to the costly and time-
consuming matching of workers and firms. The matching process of vacancies and
unemployed job searchers is captured by a concave and constant-returns-to-scale
matching function, X = h (v, su), where v is the vacancy rate and u is the unem-
ployment rate. The rates are defined as the number of vacancies and the number of
unemployed workers relative to the labour force. The search intensity by an average
worker is denoted by s. su defines the number of job searching workers in terms of

efficiency units.

The rate at which a specific unemployed worker finds a job depends on the
individual search effort, s;, in relation to the average search effort of the unemployed,
s. Thus, the transition rate of the unemployed individual 7 into employment is given
by $;X/su = s;h(6,1) = s;A (), where § = v/su denotes labour market tightness.
Firms fill vacancies at the rate X/v = h(1,1/0) = ¢ (6). Higher labour market
tightness 6 increases workers’ probability of finding a job, but reduces the probability
of a firm finding a worker, i.e., A (#) > 0 and ¢’ (f) < 0.

2.1 Workers and Firms

Let E, U, and N denote the expected present values of employment, unemployment,

and non participation. The flow value functions for an individual worker can be
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written as:

rE; = w; + IWB — ¢ (E; — U;), (4.1)

where 7 is the exogenous discount rate, w is the wage, and ¢ the exogenous separation
rate. o (s) captures the search costs of the unemployed, where o (.), 055 () > 0. The
term IV B represents the in-work benefit which is received only when employed. [
is the per period real value of leisure if not participating in the labour force which is
assumed to be distributed in the population according to the cumulative distribution
function F (1).

The unemployed worker chooses search effort, s;, so as to maximize the dis-
counted value of unemployment, U;, taking search effort by other unemployed work-

ers, s, as well as other market variables, as given. This yields:

o, ()= A0 (E-U). (4.4)

Thus, the unemployed worker chooses search effort so as to equalize the marginal
return of search with the marginal cost of search.

The economy consists of a large number of small firms that employ one worker
only. Let J and V denote the expected present values of an occupied and a vacant
job, respectively. The asset equations of a specific occupied job and a vacant job

can be written as:

rli=y—w;—¢(J;i=V), (4.5)
V= k4 q(0) (J—V), (4.6)

where y is worker productivity and the vacancy cost is denoted by k.

2.2 Wage determination

Matching frictions create quasi-rents for any matched pair providing a scope for

bilateral bargaining after a worker and an employer meet. The baseline wage speci-
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fication assumption found in the literature on search equilibrium is the generalized
axiomatic Nash bilateral bargaining outcome with a ’threat point’ equal to the op-
tion of looking for an alternative partner. The threatpoint for the worker is given by
the value of unemployment. Note that the value of unemployment is at least as high
as the value of non participation for workers in the labour force. Thus, employed
workers do not consider the option of dropping out of the labour force as a threat
when bargaining over wages.

Assuming that the worker has bargaining power [, the solution to the Nash

bargaining problem satisfies the following first-order condition:

B i_e-v (47)

1-p

where we have imposed a symmetric equilibrium. From (4.7), we get the wage rule:

w =By +kst) — (1—B)[IWB +0(s)]. (4.8)

We derive the job creation curve by imposing the free-entry condition V' = 0 in (4.5)

and (4.6)
k Yy —w

q0) r+¢’

and using (4.8) to substitute for the wage, we get tightness conditional on search

(4.9)

effort. Similarly, search effort in equilibrium is derived conditional on tightness by
imposing s; = s in (4.4) and using the free-entry condition V' = 0 in (4.6) together
with (4.7). This yields the following two equations determining search effort and

tightness in equilibrium:

% = (1-B)[y+IWB+o(s)] — Bsko, (4.10)
oo (s) = %' (4.11)

2.3 Labour force participation

A worker enters the labour force into the state of unemployment by choosing to
conduct search. It will be worthwhile to enter the labour force if the return from

entering exceeds the return from not entering. In equilibrium, the following condition
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determines the value of leisure of the worker who is indifferent between entering and

not entering the labour force:

rU=rN (Z) ,

where [ denotes the value of leisure of the marginal worker. Workers with a value of
leisure higher than l yle ;> l , will choose non-participation, whereas workers with
a value of leisure lower than [ Jie, l; < [ , will choose participation. The participation
condition can be written as sA (f) (E — U) — o (s) = [ by using the flow equations
in (4.2) and (4.3) in symmetric equilibrium. Using the free-entry condition V' = 0,
together with equations (4.6) and (4.7) and the cumulative distribution function for

leisure, we have the labour force given by:

LF:F(fﬁ_k; —a(s)). (4.12)

2.4 Employment

In equilibrium, the flow into unemployment equals the flow out of unemployment,
ie, ¢(1—u)LF = s\(0)uLF. The equilibrium unemployment rate is then given
by:

we ¢ (4.13)

o+ s\ (0)
which depends positively on the separation rate and negatively on tightness and

search intensity. The total number of employed workers is given by:

Employment = (1 — u) LF. (4.14)

3 Effects of in-work benefits

This section derives the effects of in-work benefits on wage formation, search effort,
unemployment and employment in equilibrium. Section 5 will deal with the gen-
eralization of these results when proportional income or payroll taxation is used to

finance the in-work benefit. We summarize the results in the following proposition:

Proposition 4.1 An in-work benefit will reduce wages and increase tightness and

search effort. Moreover, the equilibrium rate of unemployment falls, and labour force
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participation and employment increase, with an in-work benefit.

Proof. Differentiation of (4.10) with respect to 6 and IWB yields 5295 =
(1-8)

sﬁk(l h(r+6) i
for the fact that s is a function of 6 through (4.11). However, as search is optimally

) > 0. To get the equilibrium effect on tightness, we need to account

determined by workers, the effects working through search effort in (4.10) will have
no impact on tightness. Using how IW B affects tightness and the fact that search is
optimally determined, we can show the following for search effort, wage, income from

work, labour force participation, the unemployment rate, and employment: a IW 5 =

ey > 0 from (411), 58 = — (1= 8) [1 =1/ (1= k(r +5) i )|
0 from (48), 5 = —(1 =) [1 =1/ (1 =k (+9) 5z) | 1> 0. iy =

A\

sBk 90 Js oA a0
F' () &= arwg = 0 from (4.12), ST = ¢+s(£)>\ (55 (0) + 55) arwp < 0 from
(4.13), and 2Employment . _ 0 [ 4 (1 — u) 8%53 > 0 from (4.14). ™

An in-work benefit which, by definition, is conditioned on work, makes it rela-
tively more attractive to have a job, so it tends to reduce wage demands. As wage
demands fall, it becomes more profitable to open vacancies in relation to the num-
ber of efficient job searchers in the unemployment pool, which induces tightness to
increase. As the expected unemployment spells become shorter, the return to job
search increases, which induces unemployed workers to devote more time to search.
The equilibrium rate of unemployment falls both because unemployed workers search
more intensively for a job and because there are more posted vacancies relative to
the number of efficient job searchers. An in-work benefit will also induce more
workers to choose participation instead of non-participation. The shorter expected
unemployment spells simply increase the return to participation. Consequently, to-
tal employment increases both because the equilibrium rate of unemployment falls

and because more workers choose to participate in the labour market.

4 Extensions

In order to illustrate the effects of an in-work benefit on wage formation and employ-
ment in equilibrium, we used a simple model set-up which disregarded the presence
of unemployment benefits and how work hours are determined. Moreover, the in-

work benefit was considered to be fixed. In many countries, the in-work benefit is
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instead indexed to labour income, as is the case for the EITC in the US. This section

takes a first step towards including such features in the model analysis.

Including a fixed level of unemployment benefits, B, in the present model will not
modify the results in the proposition put forth in section 3, nor will the assumption
of unemployment benefits that are indexed to the wage, i.e. B = bw. However, when
benefits are indexed to the wage, an increase in the in-work benefit (IW B) tends to
have a larger effect on wage demands. This follows as the wage moderation entails
a reduction in unemployment benefits, which further reduces the wage demands. In
fact, the take home pay when employed, w + IW B, may fall in this case. However,
despite the fact that labour income may fall with an increase in the in-work benefit,
search effort and participation increase as the expected unemployment spell becomes
shorter. This illustrates a case when the employment increase caused by an in-work

benefit is solely driven by job creation.

Previous literature evaluating the impact of the EITC has been concerned with
the potentially negative incentive effects of such policy on individual work hours.
However, evidence supporting that the EITC reduces work hours is difficult to find,
although this has been the focus of numerous empirical studies. Instead, the empir-
ical evaluations have consistently found the labour supply responses to be concen-
trated along the participation (extensive) margin, rather than along the work hour
(intensive) margin (see Meyer, 2002, Eissa and Hoynes, 2005, and Meyer 2007). The
choice to focus on the participation margin in this paper, rather than on the hour
margin, thus seems more natural. However, we have also considered an extension of
the model that accounts for endogenous determination of work hours. Both cases
when work hours are determined by the worker and when work hours are determined
through bargaining are investigated. The following separable utility function is used
to capture disutility of work, u = I — ¢ (h), where I denotes income. This utility
function will only allow us to capture substitution effects of the policy in focus. It
is straightforward to show that the results proposed in proposition 1 will remain
also if we let work hours be endogenously determined in this way. It also follows
that work hours are unaffected by an increase of the in-work benefit in case hours
are determined through bargaining but will, in fact, fall if hours are determined
by the worker. A more elaborate analysis of the effects of an in-work benefit on

work hours also accounting for the impact of income effects should be considered for
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future work.

Finally, we can conclude that the results in proposition 4.1 remain if we assume
that the in-work benefit is indexed to the wage, i.e., IWB = ~w in the phase-in
region, and IWB = IW Bj;ax — 0w in the phase-out region. A steeper phase-in
rate or a less steep phase-out rate then captures an increase in the in-work bene-
fit. However, analysing the impact of a phase-in and a phase-out region becomes
more relevant when workers eligible for the benefit are heterogenous in terms of

productivity. Such an extension is considered for future work.

5 Financing of the in-work benefit

In this section, we study the effects of in-work benefits when their financing through
proportional income taxation is taken into account. In particular, wages are taxed

at the proportional rate, t * . The flow value function for employment (4.1) becomes
TEZ‘ :wz(l —t) +IWB—§Z5(EZ - Uz)7

while (4.2), (4.3), (4.5), and (4.6) remain unchanged. The first-order condition for
wage determination in (4.7) becomes
s

(1—t)mJ:E—U, (4.15)

and the wage rule corresponding to (4.8) becomes
1-p

wzﬁ(y—l—ks@)—l—_t[IWB—l—o(s)]. (4.16)

It can be noted that a higher tax rate will have a direct negative effect on wage
demands given by (4.16). The reason for this is that /W B is not taxed and the
marginal value of an additional unit of wage is (1 — t). Thus, a higher tax rate
works as an increase in the /W B when formulating (gross) wage demands.
In-work benefits are financed by taxing wages. We study two cases. First, we
derive analytical results for the case when benefits are fully financed by taxing the

beneficiaries. Then, we deal with the case when the whole workforce is taxed to

4 The IWB being financed by payroll taxation would yield the same results.
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finance benefits for which only part of the population is eligible. For this case,
labelled "partial financing", we here derive the main equations, while the simulation

results are discussed in section 7.

5.1 Full financing

As only employees receive the benefits, a balanced budget implies °
IWB = tw. (4.17)

Substituting (4.17) into (4.16) and rearranging, we get the wage as an expression of

the tax rate

) 1-p
w=T—7" (y+k86)_1—6t

Substituting (4.18) into the job creation curve (4.9), we get the expression for equi-

o(s). (4.18)

librium tightness corresponding to (4.10):

k(r+¢) 1-p

B(l—t)
1— jt

ksb. (4.19)

In the (0, w) space, increasing the tax rate shifts the wage curve (4.18) downward
and clockwise while leaving the job creation curve (4.9) unchanged, thus clearly

reducing the equilibrium wage and increasing tightness, i.e.

ow 06
E<O,E>O.

Note that changes in ¢ working through s will have no effect on these expressions as
s is optimally chosen. Thus, we can state that an increase in proportional taxes used
to finance in-work benefits reduces wages and increases tightness. It is also straight-

forward to formally verify this by differentiating (4.19) and (4.18) with respect to ¢,

® When unemployment benefits are also accounted for, the analysis of financing becomes more
complex, as the tax rate necessary to finance a given level of in-work benefits and unemployment
benefits (or a given replacement rate) depends on the equilibrium level of unemployment. In this
case, an increase of in-work benefits is likely to be partly financed by reduced unemployment
benefits and, if unemployment benefits are also taxed, by higher tax revenues from unemployed.
If we also consider some kind of social assistance available to non participants, also the size of the
labour force is of importance.
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0, and w ° .

The relationship between the tax rate and the in-work benefits may not be
monotonic. For a given wage, an increase in t increases /W B. However, in equilib-
rium the tax rate has a moderating impact on wages, with a higher ¢ corresponding
to a lower w. Thus, the effect of an increase in the tax rate on tax revenues, i.e.
on in-work benefits, may be dominated by the reduction in the tax base, i.e. the
reduction in wages due to a tax hike” . There may thus be some sort of "Laffer

curve", but as far as the economy is on the side of the curve where an increase in

0IWB
ot

the tax rate increases total revenues, i.e. > 0, the derivatives w.r.t. ¢ have the

same sign as the derivatives w.r.t. IW B, thus

ow <0 00 -
oIW B "OIW B

0.

Search intensity is given by (4.4). Using the free-entry condition V' = 0 in (4.6)
together with (4.15), we get

72 () = (1= )7, (4.20)

For search intensity to grow as the tax rate increases, we need the following condition

to hold:

00
1—t)— —60>0. 4.21
(-5 (121)
The labour force is given by

sPko
r=r(a—pnL o), (4.22)

1-p5
6 Differentiating (4.19) with respect to ¢ and 6 yields % = % > 0, where z =
—(T'Zif)q/% > 0. Then, differentiating (4.18) with respect to w and t accounting for 6 being
affected by ¢, yields: %—:’ = —B(liﬁz[lyjﬁﬁyg(s)] [1 - ﬁ} < 0. Once more, note that changes

in ¢ working through s will have no effect on these expressions as s is optimally chosen by the
individuals.

2_ S o(s
" Using (4.18) in (4.17) and differentiating wrt, ¢ we get algt/B _ 2t+(11)f[ﬁyt;k brolol |

%}3?)% — 0 (s). The first term is positive iff ¢ € [O, 1=VI=8 Vﬂl_ﬁ} O [0,4]. The second term is

always positive as ‘g—f > 0. So, for o (s) small enough and ¢ not too high IVthB > 0. Substituting
the expression for 2¢ we get 2LVE — myﬂfiegg”(s)] [(1 —t)— =5 (1 - )} — o (s). Notice

(1-pt) 14z
that at t = 0, 228 = > 0.
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which increases with ¢ iff (1 — t)% — 60 > 0. Unemployment is given by (4.13).
If search intensity increases with ¢, then unemployment certainly decreases with .
Employment is given by (4.14). If (4.21) holds, then employment also increases with
t. Thus, (4.21) is a sufficient, but not necessary, condition for unemployment and
employment to increase with the tax rate.

When is it the case that (1 — ¢)% — 6 > 0?7 Substituting the expression for %’
into (4.21), the condition is equivalent to

(1—=08) [y + kst +o(s)] (r+¢)¢ 1-pt
T > Osk |1 — 7 TEOEE

Using the equilibrium expression for tightness (4.19) and rearranging, we get

1—1
0) < —— 4.23
1) < 1575 (4.23)
where 7 (0) = —%0 is the elasticity of the expected duration of a vacancy w.r.t.

tightness. With ¢ = 0 the condition is 7 (6) < 5. We know that because of trading
externalities, equilibrium search intensity and participation are generally too low
from the point of view of society and, when 5 > (), equilibrium unemployment
is above the socially efficient rate (Pissarides, 2000). What we show is that under
these circumstances, there is room for in-work benefits to improve labour market
efficiency by increasing search intensity, labour force participation, employment, and

reducing unemployment, even when financing is taken into account.

Proposition 4.2 Proposition 4.1 holds also when the in-work benefits are financed
through proportional taxes on wages, provided that the tax rate is such that a higher
B(1-1)

tax rate implies higher fiscal revenues and that n(0) < Sa

The intuition behind this result is the following. Equilibrium tightness and search
when in-work benefits are financed through proportional taxation at the rate ¢ are
given by equations (4.19) and (4.20), while the wage is given by equation (4.18). We

get exactly the same expressions when substituting 5 with

/_B(l_t)

521_—&<ﬁ7

and /W B = 0 into equations (4.10), (4.11), and (4.8) that characterize the equi-
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librium when financing of benefits is not taken into account. This means that the
equilibrium of a model with in-work benefits financed through a proportional tax
on wages t and with workers’ bargaining power [ is isomorphic to the equilibrium
of a model without in-work benefits and with workers’ bargaining power 3 < S.
Thus, an increase in the tax rate used to finance in-work benefits is equivalent to
reducing the "effective" bargaining power of the worker. In a search model as that
used here, (constrained) efficiency is reached when workers’ bargaining power equals
the elasticity of the expected duration of a vacancy with respect to tightness. If in-
stead 5 > n(f#), then a marginal increase in taxation moves the labour market

toward efficiency, thus increasing search intensity and participation and reducing

BA-t) _
1-4t

in taxation to finance in-work benefits moves the economy away from efficiency,

unemployment. This goes on until (0), after which a further increase
reducing search intensity and participation, while the effect on unemployment is
ambiguous.

From (4.23), we can calculate the tax rate that gives efficiency as the solution

to the system formed by equations (4.19) and (4.20) and by

—n (6
p— B=n® (4.24)
B —=n(0))
which is easy to calculate in case of a Cobb-Douglas matching function as t* = 5(’1—__"”)

This provides a simple condition for the level of fully financed in-work benefits
needed to achieve (constrained) efficiency in a labour market characterized by search

externalities.

5.2 Partial Financing

Here, we study the case when only part of the population is entitled to benefits,
which are financed by the whole workforce. We assume that there are two types of
agents in the population. One type, representing a share p of the total population,
is entitled to in-work benefits, while the other type is not. This may be due to
the fact that the two types have different productivities or that they differ in some
other relevant dimension, like having children or not. To simplify the analysis and
focus on the fiscal aspects of in-work benefits, we assume that these two types of

agents are active in separate labour markets. Thus, they are solely linked through
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the fiscal system. In particular, all agents are subject to a tax on wages at rate t,
used to finance an in-work benefit to which only a part of the population is eligible.
Moreover, all structural parameters, except possibly productivity, are the same in the
two labour markets. First, we characterize the equilibrium labour market outcome
for the part of the population that is non-eligible to benefits, then for the eligible
part. Simulation results are discussed in section 7.1. Subscripts "n" and "e" are
used to indicate the two groups. The labour market outcome for the economy as a
whole is determined as a weighted average of the corresponding variables for the two

groups, in which weights reflect their relative size (see the Appendix for details).

Non-eligible Workers Workers of this type have their wage taxed at tax rate t,
but in-work benefits are not available to them. Substituting in (4.9) the wage equa-
tion given by (4.16) with /W B = 0, we get the expression characterizing tightness
in this labour market

1-p

= (1 =) yn — Bks,0, + T—¢° (Sn) -

k(r+¢)
q (en)

Search intensity s, is given by expression (4.20), while the participation rate, the
unemployment rate and the employment rate are given by expressions (4.13), (4.14),
and (4.22), respectively. To get the absolute number of participants and employed,
we need to account for the fact that these agents represent a fraction (1 — p) of the
total population. The total fiscal resources collected from this group of workers are
given by

b= (1—p)entw,,

where e,, is the employment rate and w,, the equilibrium wage.
Eligible Workers This group of workers has the wage taxed at rate t and is

eligible to an in-work benefit. The analysis is similar to the case with full financing,

where the per capita amount of benefits implied by a balanced budget is given by

IWB = tw, + (4.25)

e

The first term, tw,, is the "self-financing" part, while the second term represents

the part financed by ineligible workers, which depends on the total fiscal resources
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collected, b, and the number of eligible workers among which these resources must

be split, pe.. Substituting (4.25) into the wage equation given by (4.16) we get

p(-1)
1— jt

We = (ye + ]{55696) -

1—5[b

1— Bt | pee +0(Se)] ’

which substituted in (4.9) gives

Sy~ ()

p-1)
1— Bt

ks.0.,

e

o <se>} -

where e, depends on .. Search intensity, participation rate, unemployment rate
and employment rate are given by expressions (4.20), (4.13), (4.14), and (4.22),

respectively.

6 Fixed Wages

As seen in the previous sections, the introduction of in-work benefits results in a fall
in equilibrium wages. Here, we assume wages to be fixed, however. Therefore, even
after the introduction of in-work benefits, wages remain at the level @ observed
when no benefits are present. In section 7.1, using simulations, we contrast the
resulting equilibrium with the equilibrium in which wages adjust. In this way, we
can determine the impact on labour market outcomes of accounting for equilibrium

wage adjustments in the analysis of in-work benefits.

When the financing of benefits is not taken into account, with wages fixed at the

pre-benefit level w, tightness is the same as in the pre-benefit equilibrium, given by

E(r+o¢) "
a0 Y

The behavioural equation giving search effort is still (4.4). However, (4.7) no longer

holds. Combining (4.1) and (4.2), we obtain

W+ IWB+o0(s)
E-U-= ,
r+ ¢+ sA(0)




108 Chapter 4. In-Work Benefits in Search Equilibrium

so that, using (4.4), search effort is determined by

W+ IWB+o0(s)
s(.)=A(0 4.26
7 =AO =) (4.26)
Conversely, labour force participation is given by
W+ IWB+o(s)
LF =F|sA(# — 4.27
(a0 "I o), (4.27)

while the expressions for unemployment and employment are unchanged.

When in-work benefits are fully financed by taxing the beneficiaries, wages fixed
at the pre-benefit level @ imply that the income of a worker when employed, w(1 —
t)+ IW B, always equals w, so that the equilibrium with or without in-work benefits

is the same.

7 Calibration

To calibrate the model, we assume the matching function to be Cobb-Douglas, so
that
X = h(v,su) =mv' " (su)" where m > 0;n¢€ (0,1). (4.28)

The convex search cost function is assumed to be a power function and therefore
o(s) = s, where a > 1. (4.29)

The month is the basic time unit. Productivity y is normalized to 1. Worker
bargaining power [ is set to the standard value in the literature of 0.5, while the
real interest rate r is 0.005. Following Christensen et al. (2005), parameter o equals
2, implying a quadratic search cost®. In the baseline specification, n equals 0.4,
while parameters k, ¢, and m are set to replicate an unemployment rate of 0.06,
an average duration of unemployment of three months, and an average duration
of a vacancy of one month in the absence of in-work benefits, giving k = 4.5616,

¢ = 0.0213, and m = 0.6807. Finally, we assume the per period value of leisure to

8 Christensen et al. (2005) structurally estimate a model with on-the-job search using Danish
microdata. A quadratic function is also the preferred specification in Yashiv (2000), who struc-
turally estimates a model with search only by the unemployed using Israeli aggregate time-series
data.



Chapter 4. In-Work Benefits in Search Equilibrium 109

be distributed according to an exponential function with parameter p, calibrated so
that the participation rate without in-work benefits equals 0.7. See the Appendix

for details. The table below summarizes the baseline parametrization.

y B k r ¢ m n._a  pu
1 05 45616 0.005 0.0213 0.6807 0.4 2 0.631

When simulating the model with partial financing, we also consider the case where

the productivity of non-eligible workers is double the productivity of eligible ones.

7.1 Numerical results

Figure 4.1 describes the effects on the main labour market variables of introducing
in-work benefits up to the equivalent of half of labour productivity, when financing
is not taken into account. The continuous line represents the case where wages are
flexible, while the dotted line represents the case with fixed wages.

As predicted by theory, the introduction of in-work benefits implies an increase
in tightness and a fall in wages when wages are flexible, while these two quantities
do not move when wages are fixed. The quantitative impact on unemployment and
employment is significantly stronger when the effect of benefits on wages is taken
into account. For instance, compared to an unemployment rate of 6% without in-
work benefits, the introduction of benefits equivalent to 40% of productivity implies
a decline in unemployment to 4.97% when wages are fixed and to 4.41% when they
are flexible, while employment increases by an additional 0.62% with flexible wages
as compared to the case with fixed ones. Moreover, the impact on search intensity
and labour force participation is stronger when wages are allowed to move but
quantitatively, the difference is very small.

Figure 4.2 investigates the effects on the main labour market variables of intro-
ducing fully-financed benefits up to the equivalent of half of labour productivity” .
The continuous line represents the case when wages can adjust, while the dotted
line represents the case with fixed wages. As stated in the previous section, when
benefits are fully financed by taxing beneficiaries and wages are downward rigid, in-

work benefits do not have any effect. When wages can adjust, tightness increases and

9 The tax rate corresponding to IW B = 0.5 is approximately 60%. In the baseline parametriza-
tion, the maximum attainable amount of benefits with wage flexibility is 0.64, achieved at a tax
rate of 88%.
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gross wage decreases. Notice that in this setting, gross wage is equivalent to total
income, as fiscal revenues are entirely used to finance benefits. The comparison of
figures 4.1 and 4.2 reveals that both tightness and wage respond more strongly when
benefits are financed through taxation on beneficiaries’” wages as compared to the
case when an identical amount of in-work benefits is a "windfall", financed through
other sources. This is due to the additional wage moderation stemming from taxa-
tion. As predicted by the theory, with full financing the response of search intensity
and labour force participation is hump-shaped, initially increasing with the level of
benefits (and taxes) and then declining. In the baseline parametrization, the tax
rate at which both quantities reach their peak is, from (4.24), t = 1/3, corresponding
to IW B ~ 0.28, at which (constrained) efficiency is achieved. Further increases in
fully financed benefits take the labour market away from efficiency. However, search
intensity and participation stay above the level they have when no benefits are paid
until /W B = 0.47 (t ~ 56%). Unemployment declines in the whole range, falling,
for instance, from 6% to 4.15% when benefits are equivalent to 40% of productivity.
Total employment increases, reaching approximately 67.2% of the population when

IW B = 0.4, as compared to 65.8% with no benefits.

We look at three scenarios in the "partial financing" case, where the share of the
population eligible for benefits financed by the whole workforce is 25%, 50%, and
75%, respectively. To make the comparison easier, we focus on the case when both
eligible and non-eligible workers have the same productivity. However, the case with

non-eligible workers having higher productivity is also investigated.

Figure 4.3 reports the main labour market indicators for eligible workers as a
function of in-work benefits in the three scenarios. For comparison, indicators with
"no financing" and "full financing" are also depicted. As could be expected, the
"partial financing" cases lie between the two polar ones, moving toward the "full
financing" equilibrium as the share of eligible workers increases. The corresponding
figure for non-eligible workers is 4.4. For this group of workers, given the share
of eligibles in the population, an increase in benefits just represents an increase in
taxation. An increase in the share of eligible workers, given a level of benefits, also
represents an increase in taxation. Thus, increasing benefits or increasing eligibil-
ity reduce wages, search intensity, labour force participation, and employment of

non-eligible workers, while tightness and unemployment increase. The impact of
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benefits on the labour market as a whole is presented in figure 4.5, that includes
the "full financing" case for reference, and in table 4.1. Unemployment decreases
with the introduction of benefits, and the impact on it is stronger as benefits in-
crease and as the share of eligible workers increases, with the equilibrium smoothly
converging to the "full financing" case. The behaviour of labour force participation
and employment is more complex. Their response to benefits is hump-shaped, first
increasing and then decreasing as benefits increase. The response to an increase in
eligibility is also non-linear. For a given level of benefits, labour force participation
and employment may decrease with the share of the population eligible for bene-
fits rising from 25% to 50%, but then bounce back with a further increase to 75%.
While improving labour market conditions for eligible workers, the negative impact
of increased taxation on non-eligible ones implies that in-work benefits above a rela-
tively low level do not improve participation and employment in the labour market
as a whole. This no longer happens if the productivity of non-eligible workers is
set to double the productivity of eligible ones (see table 4.2). In this case, labour
market conditions improve with the introduction of benefits even at relatively high
levels. The analysis of the partial financing case done here is just preliminary, but
indicates the importance of accounting for the financing of benefits when evaluating

their impact on the labour market as a whole.

8 Conclusions

In-work benefits are becoming increasingly popular among policy-makers due to
their success in the American and British contexts. Whether they can be successfully
adopted in other countries and help solve some of the problems characterizing their
labour markets is an open issue. This paper represents a first step towards addressing
this question. We analyse the impact of in-work benefits on some of the main labour
market indicators in a search framework, taking into account the general equilibrium
effects. We find that introducing or increasing in-work benefits increases labour force
participation, employment, and search intensity by unemployed, while wages and the
unemployment rate decline. This result is robust to various extensions.
Considering in-work benefits in a general equilibrium setting reveals that their

impact on job creation is an important factor behind employment growth, in contrast
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to the existing literature that mainly looks at their impact on labour supply via a
higher take-home pay. In fact, in-work benefits may even reduce the take-home pay
as wage demands are moderated'® . However, the lower wages boost job creation
which reduces unemployment. The shorter expected unemployment spell, in turn,
encourages job search and labour force participation which reinforces the increase
in employment. Our model suggests that the job creation dimension should be
taken into account in evaluating ex ante the impact of introducing such benefits in
a European country. The risk is, otherwise, to miss a very important link.

The analysis of financing reveals the conditions under which benefits that are
financed through proportional taxation on wages increase labour force participation,
employment, and search intensity of the targeted group.

Both these aspects of in-work benefits, their impact on job creation and their
financing, have mostly been overlooked by the existing literature, but become in-
creasingly relevant as the scope of programmes including benefits or tax credits

conditioned on labour income is extended.

10 This was concluded in section 4, where unemployment benefits were indexed to the wage which
induced additional wage moderation which could actually reduce the take-home pay.
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Appendix

A1l Expressions and calibration

The expressions we used in the calibration are derived in this appendix.

No financing Using (4.29) in (4.11), we get

=[] - (4.30)

that, substituted into (4.10) and together with (4.28), gives

k(r+ ¢)

me~"

=(y+IWB)(1-p8)— (1—&) % (4.31)

which implicitly determines equilibrium tightness as a function of parameters. Equi-
librium search is given by substituting equilibrium tightness into (4.30). Given that
0 and s are determined by (4.30) and (4.31), we can derive the wage, the unemploy-
ment rate, the labour force and employment in the following way. From (4.8) we

get the equilibrium wage
w=p(y+ksd) —(1—B)[IWB+ 5],

and from (4.13) the equilibrium unemployment rate

¢

From (4.12) and the assumption that the per period value of leisure is distributed

according to an exponential function with parameter p, we get the labour force

LF=1—exp <—<O‘; D {a({fk_eﬁ)} al) : (4.33)

and, finally, from (4.14) we can derive the equilibrium employment.




Chapter 4. In-Work Benefits in Search Equilibrium 117

With financing Using (4.29) in (4.20), we get

[tk (31

which, substituted into (4.19) and together with (4.28), gives

k(r+¢) 1-7 y+(1_a)<w),ﬁ1], (4.35)

mo~™ 11— pt

a(l—p)

that implicitly determines equilibrium tightness as a function of parameters. Equi-
librium search is given by substituting equilibrium tightness into (4.34). Given that
0 and s are determined by (4.34) and (4.35), we can derive the wage, the unemploy-
ment rate, the labour force and employment in the following way. From (4.18), we
get the equilibrium wage

1-1

w=6[y+ks«9+sa]1_6t—sa,

and from (4.17), the corresponding in-work benefits, ITW B. Labour force participa-
tion is given by (4.22)

P 1o (_(a;n [g(—ltzﬁﬁk)ep

while the expressions for unemployment and unemployment are the same as in the

case without financing.

Partial Financing For non-eligible workers, tightness is given by

k(r+¢)
mo,"

— (1= Bp—(a-1) =L [U—t)ﬁken]a%

1—t | a(l1-0)

and the wage is given by

]_ _
Wy, = ﬁ (yn + k5n0n> — 1—_5570,:,

while the other expressions are the same as in the total financing case.

For eligible workers, tightness is given by
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1
(1=t)Bkfe | =1 1 n—1
k(r+¢) (1-@)_ +91+¢[—a(1-5>} m=10;

1-p P1_exp (_aT—l [(la—(zi)f%g;)] aal)

#-a | S

=1
mb,

The wage is given by

wezﬁ(l_t)<ye+k8696> ﬂ{b +8?:|7

1—pt _1—515 P€e

while the other expressions are the same as in the total financing case. The labour

force participation rate for the economy as a whole is given by
LF = pLF, + (1 —p) LF,,
while total employment is given by
E=pe.+(1—p)e,.

The unemployment rate for the economy as a whole is

pLF.u.+ (1 —p) LF,u,
u =
LF ’

and the average wage is

pe.we + (1 — p) e w,
w = )
E

Fixed wages Expression (4.26) becomes
m " (a — 1)s” + as (r + ¢) — mb " (0 + IWB) = 0,
while expression (4.27) is given by

+ —s
r+ ¢+ smft"T p

LFZl—eXp<—l8m91nﬁ}+IWB+sa 1 a)
U
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Calibration Parameters k, ¢, m are set to replicate an unemployment rate of ,
an average duration of unemployment of d, months, and an average duration of a
vacancy of d, months in the absence of in-work benefits. Unemployment is given by

(4.32), so that
¢

— -
¢+ smf' "

Expected duration of unemployment is given by

1 1

pu— = du'
sA(0)  sm@"
Expected duration of a vacancy is given by
1 1
— = = d,.
q(f)  mo™"

Substituting the value of the expected duration of unemployment in the expression

for unemployment, we pin down the value of ¢:

¢ v

N

Taking the ratio of the expected duration of unemployment and of a vacancy we

have

d,
d_u = 8(9.

Substituting from (4.30) we get

-1

d [ Bk |7 . (AT [a1-H)]F
EZ__la(l—wﬂ] ’ ¢:M“(d) l Bk } |

Taking (4.31) with /W B = 0 and substituting we get

aa—@ﬁIM1—m—k0+¢Mﬂif

0:
Bk a—1

The two expressions together imply
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The corresponding tightness is given by substituting & into one of the two above

expressions, i.e.

v
u

By ’

<dv)aal @-15 (%) +atr+od]’

while m, the matching function scale parameter, is given by

L d, = o
— Uy m=—-—,
mo~" d,
and s, search intensity, by
d,
s=7 i

The chosen parameter values plus the calibration of an unemployment rate of 0.06,
an average duration of unemployment of three months, and an average duration of
a vacancy of one month in the case without in-work benefits imply a separation
rate ¢ = 0.0213 (equivalent to an annual separation rate of 0.255), a vacancy cost
k = 4.5616, with the corresponding tightness # = 0.3823, the scale parameter of the
matching function m = 0.6807, while search is given by s = 0.8719. Using (4.33),

we get the distribution parameter as

k0 -
i s.t. F(Jﬁ_—m—sa;u) =L

which, in case of an exponential distribution, is equivalent to

=R oT) (@25)

and gives a value of u = 0.631 for a labour force participation without in-work

benefits equal to 0.7.
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Figure 4.1: No financing (variables as a function of in-work benefit - solid line:
flexible wage; dotted line: fixed wage)
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Figure 4.2: Full financing (variables as a function of in-work benefit - solid line:

flexible wage; dotted line: fixed wage)
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Figure 4.3: Partial financing - Eligible workers (variables as a function of IWB
- dashed: p=0.25, dashdot: p=0.5, dotted: p=0.75, solid: no financing and full

financing).
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Figure 4.4: Partial financing - Non-eligible workers (variables as a function of IWB

- dashed: p=0.25, dashdot: p=0.5, dotted: p=0.75)
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Figure 4.5: Partial financing - All workers (variables as a function of IWB - dashed:
p=0.25, dashdot: p=0.5, dotted: p=0.75, solid: full financing)
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Table 4.1: Main labour market variables

t 0 5 w LF u e
IWB=0 0.382 0.872 0.880 70.0% 6.00% 65.8%
IWB=0.2
no financing 0.427 0.974 0.875 77.8% 5.07% 73.8%
full financing 23.1% 0.498 0.874 0.867 70.2% 5.15% 66.6%
IWB=0.4
no financing 0.468 1.068 0.870 83.6% 4.41% 79.9%
full financing 47.3% 0.727 0.874 0.845 70.1% 4.15% 67.2%
Partial financing - 4, =1
IWB=0.2
eligible 0.443 0.948 0.873 75.9% 5.10% 72.0%
p=0.25 non-eligible 6.3%  0.394 0.843 0.879 67.5% 6.09% 63.4%
all — — 0.877 69.6% 5.82% 65.6%
eligible 0.461 0.922 0.871 74.0% 5.12% 70.2%
p=0.5 non-eligible  12.3%  0.407 0.814 0.877 64.9% 6.19% 60.9%
all — — 0.874 69.5% 5.62% 65.6%
eligible 0.479 0.898 0.869 72.1% 5.14% 68.4%
p=0.75 non-eligible  17.9%  0.419 0.785 0.876 62.4% 6.28% 58.4%
all — — 0.870 69.7% 5.39% 65.9%
IWB=0.4
eligible 0.515 1.015 0.865 80.4% 4.38% 76.9%
p=0.25 non-eligible  13.7%  0.410 0.807 0.877 64.3% 6.21% 60.3%
all — — 0.873 68.3% 5.67% 64.5%
eligible 0.575 0.963 0.859 76.9% 4.33% 73.6%
p=0.5 non-eligible  26.6%  0.442 0.740 0.873 58.0% 6.45% 54.2%
all — — 0.865 67.5% 5.24% 63.9%
eligible 0.648 0.914 0.852 73.4% 4.25% 70.3%
p=0.75 non-eligible  38.1%  0.479 0.676 0.869 51.5% 6.71% 48.0%
all — — 0.855 67.9% 4.72% 64.7%

& Ye= 1, Yn= L.
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Table 4.2: Main labour market variables - Partial financing - High productivity

IWB=0
p=0.25
p=0.5
p=0.75
IWB=0.2
p=0.25
p=0.5
p=0.75
IWB=0.4
p=0.25
p=0.5
p=0.75

eligible
non-eligible
all

all

all

eligible
non-eligible
all

eligible
non-eligible
all

eligible
non-eligible
all

eligible
non-eligible
all

eligible
non-eligible
all

eligible
non-eligible
all

t 0 S w LF U e
0.382 0.872 0.880 70.0% 6.00% 65.8%
0.575 1.311 1.859 93.4% 3.22% 90.4%
1.668 87.6% 3.77% 84.3%
1.447 81.7% 4.41% 78.1%
1.188 75.9% 5.14% 72.0%
0.434 0.964 0.874 77.0% 5.08% 73.1%
2.6% 0.582 1.293 1.858 92.9% 3.24% 89.9%
- - 1.648 88.9% 3.64% 85.7%
0.444 0.948 0.873 75.9% 5.10% 72.0%
6.3%  0.593 1.267 1.857 92.1% 3.26% 89.1%
- - 1.417 84.0% 4.09% 80.6%
0.461 0.923 0.871 74.0% 5.12% 70.2%
12.2%  0.612 1.226 1.855 90.7% 3.31% 87.7%
- - 1.160 78.2% 4.59% 74.6%
0.486 1.046 0.868 82.3% 4.40% 78.7%
5.6% 0.591 1.273 1.857 92.3% 3.26% 89.3%
- - 1.633 89.8% 3.52% 86.7%
0.515 1.016 0.865 80.5% 4.38% 77.0%
13.5% 0.616 1.216 1.855 90.4% 3.32% 87.4%
- - 1.391 85.4% 3.82% 82.2%
0.570 0.966 0.859 77.2% 4.33% 73.9%
25.7%  0.663 1.124 1.851 86.5% 3.43% 83.5%
- - 1.131 79.5% 4.09% 76.3%

& Ye= 1, Yn= 2.



