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Abstract

This paper estimates the effect of income taxation on labour supply at the extensive mar-
gin, i.e., the labour force participation. We extend existing structural form methodologies
by considering the effect of both taxes and transfers. Non-labour income contains the (hy-
pothetical) transfer amount someone gets when out of work, while the wage is replaced by
the sum of net wages and the amount of lost transfers due to taking up a job (gains to work,
GTW). Using data from the Hungarian Household Budget Survey (HKF), we find that par-
ticipation probabilities are strongly influenced by transfers and the GTW, particularly for
low-income groups and the elderly. Moreover, the same change in the net wage leads to
a much larger change in the GTW for low earners, making them even more responsive to
wages and taxation. Our parametric estimates can be readily utilized in welfare evaluations,
or microsimulation analyses of tax and transfer reforms.
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1. Introduction

This paper presents a unified parametric approach to estimate the impact of taxes and
transfers on the participation decision (the extensive margin of labour supply). In our frame-

work, participation probabilities are determined by the comparison of disposable income in
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and out of the labour force, consisting of the (often non-observed) amount of transfers and
non-labour income an individual gets if not working and the gains to work (GTW; change
in disposable income if accepting a job offer, the sum of net wages and lost transfers). Iden-
tification is achieved by utilizing a multitude of tax and transfer reforms. Unlike in the
existing literature, our results allow a general assessment of the efficiency and effectiveness
of government interventions into the labour market, and more importantly, a micro-based
prediction of the impact of tax and welfare reforms.

There is a multitude of existing studies which establish that taxes and the welfare system
influence the participation decision. There is, however, a notable heterogeneity in terms of
implied elasticity measures. Arrufat and Zabalza (1986) do a cross section estimation on
the U.K. General Household Survey dataset, and find a participation elasticity (the change
in the probability of being active in response of a unitary shock in net wages) of 1.41 for
married women. Dickert et al. (1995), conducting a cross-section estimation on the Survey
of Income and Program Participation (SIPP) to analyse a large expansion of the Earned
Income Tax Credit (EITC) in the U.S., find an elasticity of = 0.2 for single parents. Eissa
and Liebman (1996) follow a program evaluation methodology (difference in differences)
using the Current Population Survey to analyse the same episode of EITC expansion. They
find that single mothers increased their participation rate by 2.8 percentage-points relative
to single women without children. Kimmel and Kniesner (1998) adopt a panel estimation
on SIPP, and find elasticities of [0.6; 2.4; 1.8; 1.1] for single men, single women, wives and
husbands respectively. Finally, Aaberge et al. (1999) follow a cross section estimation based
on the Survey on Household Income and Wealth (Italy), and obtain average elasticities for
men and women as [0.04; 0.65] respectively.

From our point of view, these findings have important shortcomings. First, most of
them focus on special subgroups and tend to follow a reduced form approach (program
evaluation methodology, see Moffitt (2002) for a review). Though such approaches are
capable of precisely estimating the impact of a particular tax or transfer reform episode,
they are not suitable for evaluating the impact of future (hypothetical) scenarios. There
is also a substantial heterogeneity in the way after-tax wages are controlled for (if at all).
Meyer and Rosenbaum (2001) is an example of a structural approach, but is not suitable for
simulations either: wages are proxied, so the results do not imply a wage elasticity.

Second, the existing literature usually focuses on either taxes or transfers. Though the



meta-analysis of Chetty et al. (2012) provides a “new consensus estimate” of extensive mar-
gin elasticities of 0.25, this result still does not necessarily control for the entire tax and
transfer system. As argued by Blundell (2012), it is important to take taxes and transfers
into account simultaneously and combine them into effective tax wedges. Besides influenc-
ing non-labour income (income at zero hours worked), transfers also show characteristics
resembling both marginal and average tax rates. Suppose that a certain benefit is means
tested with a gradual phaseout. For example, every extra income earned as wage reduces
transfers by 20%. In that case, it is equivalent to a 20% extra marginal tax rate. Once the
individual has lost all of this means tested benefit, lost transfers become similar to an aver-
age tax rate: the total amount of lost transfers decreases the payoff from work, just like the
average tax rate does.

One major reason for the lack of structural studies is that it is not obvious how to incor-
porate all the relevant features of the tax and transfer system into a theory-based framework
of labour supply. This paper presents an extension of the standard labour supply model that
can incorporate both the marginal and participation tax rate aspect of transfers, but at the
expense of constraining the participation decision to a fixed job size. Jobs usually have a
fixed minimum size (half-time, or in some cases even full-time), which implies that an inte-
rior solution at a too low number of hours might also be practically infeasible. In that case,
the labour supply choice of individuals is determined by the average tax rate at her initial
gross monthly earnings and the total amount of transfers. The overall summary measure in
this case is the gains to work, which consists of the net wage (for the fixed size of the job)
minus the amount of lost transfers.

We carry out our estimation on the Hungarian Household Budget Survey (HKF), con-
taining detailed income and consumption measures of individuals for the years 1998-2008.
Numerous policy measures on both income tax rates and transfers adopted during this pe-
riod provide enough cross-sectional and time variation for the estimation of the elasticity of
participation probabilities with respect to gains to work. Figure 1 show how individuals’
average tax rates would have changed if their real income remained unchanged over time.
It is seen that minor income tax changes occurred every year and major changed occurred
in 1999 and between 2002 and 2005. The right graph show that tax changes affected lower
income earners to a greater extent. As for the transfers, Figure 2 illustrates the impact of

various transfer reforms on the Hungarian participation rate. The simple decomposition ex-



ercise of Katay and Nobilis (2009) clearly demonstrates that transfer changes do impact the

participation rate, providing us with sufficient exogenous variation in transfers to identify

our specification.
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Graphs show the yearly changes in average tax rates between 1998 and 2008 for the individuals observed in

2008, assuming that their real income did not change during this period.
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Figure 2: Decomposition of the aggregate participation rate*
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The underlying theory - presented in Section 2 - leads to a structural probit equation

which relates participation probabilities to gains to work from a full time job, the total

amount of non-labour income (including the hypothetical amount of transfers one gets or

would get at zero hours worked) and other individual characteristics. The unobserved hypo-

thetical amount of transfers are backed up using individual characteristics and the welfare

system’s details for every given year. The estimation process - described in Section 3 - fol-

lows the often used three step procedure, as e.g. in Kimmel and Kniesner (1998). The key
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element of the identification is the careful choice of labour demand shifters, i.e. the vari-
ables which have no (or negligible) impact on labour supply directly, but strongly impact
the wage and hence impacts activity indirectly. In Section 4, we argue that county dummies
and (once we control for individuals’ lifecycle position with a large set of dummy variables)
individuals’ age are such variables.

Section 5 presents the estimation results. We find that a single equation can already
explain a large heterogeneity of individual responsiveness to taxes and transfers: there are
large differences among subgroups, driven partly by a composition effect, and partly by a
different share of lost transfers in the GTW. The most responsive subgroups are low-skilled,
(married) women at child-bearing age and elders, while prime-age higher educated individ-
uals are practically unresponsive to tax and transfer changes at the extensive margin. As
argued for example by Katay (2009), Hungary’s labour participation deficit compared to

other EU members is mostly due to these special groups.

2. Theory
2.1. The underlying theory

The usual approach is to define the reservation wage, which is the threshold for accepting
a job offer. Let us start from a standard utility maximization problem:

A1 (1=D'=?—1

max ——g + X jprs

st:e+w(l—-0)=w+T,
where c is consumption, [ is labour, w is the wage, and 7" denotes transfers and other non-
labour income. The total time endowment is normalized to 1, so leisure is 1 — [. The

optimality condition can be written as
x(1=0)"%=wc"?.
The reservation wage corresponds to the case where 1 — [* = 1. Then ¢ =T/, so
X = WresT™Y

defines the reservation wage. The participation decision is then determined by w > wyes,
or in logs:

logw > logx + ¢ logT.



Finally, we expand log x; as Z; A’ + ¢;, where Z; is a vector of observable individual char-

acteristics and &, ~ N (0,0?) :
logw; — Z; A" — logT; > ¢;.

The probability of someone working given a wage offer w;, non-labour income 7; and in-

dividual characteristics Z; is then

P_a (logwi — Z; A —logT;

- ) =& (ylogw; + Zia' —1plogT;), (1)
yielding the standard structural probit specification.’

The next step is to add taxes and transfers. One the one hand, we have to modify the wage
rate by the effective tax rate (marginal rate, at zero labour income), including taxes, social
contributions, and the phaseout of social transfers (if applicable). On the other hand, there
are certain transfers which get lost immediately at taking up any job. In such a case, there is
a discrete downward jump in 7" for any nonzero hours worked. One could try to redefine the
reservation wage similarly to before, as the level that could still induce an epsilon amount of
work. This is, however, not feasible: from Roy’s identity, the welfare gain from a marginal
wage increase is the same as the income gain from the extra income due to the higher wage.
But there is no such income gain at zero hours worked, so the income equivalent gain is zero,
while there is a nonzero income loss due to the drop in 7'. In other words, the reservation
wage is infinite (this can also be established formally by total differentiation).

Instead, we redefine the reservation wage by constraining the participation decision to a
”

fixed “job size” I* — in our empirical specification, it will be a full time job.® The reservation

wage is thus set by the following comparison:

e Do not work: then ¢ = T’ 1-1= ]., welfare is Tll%ww_l
_ *\ 1=
« Work I*: then ¢ = T — AT + wl*, 1 — 1 = 1 — I*, welfare is ATJlriUfb) -+
(1-[*)17‘25—1
X—"1¢ -

SOne could repeat the same exercise using a growth-consistent utility function of the form

“‘ezp(f(i:llz))liw*l. Assuming that f (1 —1) = %, we would get an almost identical probit equa-
tion, with an extra constraint of v = .

%0Once working, an individual may decide to work more than [x. We assume, however, that it is not known
in advance whether there would be opportunities for overtime or performance bonuses, so the activity decision

is determined by the base salary.



Introducing the notation W = wi* — AT (gains to work, GTW), the comparison becomes:

1= 11— 1—
(T+??w 1+Xa ii¢ 12T1_¢1
(T+wW)' V-1 T¥-1 (1—19)% -1

- =4 Z—Xﬁ- (2)

One can also give a simple graphical representation (see Figure 3): draw the indifference

curve going through (C' = T,1 = 0), find the point of this curve where | = [*, and connect
this with point (C' = T — AT, [ = 0). Its slope is then the reservation wage: at such a wage
level, the individual is just indifferent between not working and getting the full amount
of transfers (C' = T, = 0), or working [* hours and getting only 7" — AT as transfers
C=T-AT+W,l=1").

To derive a formal expression for the probability of being active (the analogue of (1)),

let us linearize the left hand side of (2):

T+wW)'v-1 1¥-1

~WT™Y
1-9 1—9 ’
so the comparison becomes
_ 1—(1—1%)¢
wT—¥ = XxQ.
> X o xXQ
| S —
Q

The individual works if
logW — 4 logT —logx —log@ > ¢,
yielding again a structural probit of the form

Pz@(’ylogWi—i-Zia'—zﬁlogﬂ-) . 3)



Figure 3: The reservation wage when there is a discrete drop in transfers
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Let us compare the two structural probit equations (1) and (3). First, W; in (3) represents
the gains to work (from a full time job): W; = w;l x —AT;, as opposed to the net wage w;.
Second, 7; is the hypothetical amount of transfers one gets (or would get) at zero hours
worked.

From a practical point of view, T’ is not directly observable for the employed, since they
get T — AT; while AT is not observed for the inactive, since they get T". Using individual
characteristics and the welfare system’s details (for every given year), however, one can
back up T and AT. This essentially requires a microsimulation tool. For those who work,
we determine 7" based on their characteristics and welfare regulations for the given year,
and then obtain AT = T — Ts. For those who do not work, we determine AT by again

applying welfare rules, while T' = T ;.

3. Econometric issues

Here we closely follow Kimmel and Kniesner (1998), up to a certain point. We want to

estimate a structural probit equation:
P (employed/active) = @ (ylog W; + Z;o — 1 logT;)

were W; = w;l * —AT;. Here the vector Z; contains individual characteristics which shift

the labour supply of an individual. As usual in the literature on participation, there is a



missing data issue: the wage is unavailable for those who do not work. The solution is to

use a predicted W for the inactives: run
logW; = Xi8' + p

for the employed, and use the predicted wage W =X; B for the unemployed. Here the vector
X; contains individual characteristics which are relevant for defining an individual’s wage.
Note that the two vectors X; and Z; may overlap, but there can be elements in each of them
which are excluded from the other set. This regression, however, is run on a nonrandom
sample, since the employment and the W error terms might be correlated. The solution is
thus to adopt a Heckman-type correction, yielding a three step procedure.

In variant A, we thus adopt the following procedure:

1. Run a reduced form probit

P (employed) = @ (X;8zrp + Zio'gp — YrrlogT;) .

2. Use the inverse Mills ratio \ (z) = g((i)) as a correction in the log GTW regression:
log W; = Xif8' + OX (XiBr + Zittap — Unrlog Ti ) +
3. Use the predicted log GTW Wi =X B’ in the structural probit equation
P (employed/active) = ® (qflo/gﬁfi + Zio — 4 log ﬂ) .

Notice that here X O Z, since there is practically no observable characteristics which would
not be related to transfer measures, which are there in log W.

In variant B, we slightly modify the previous procedure:

1. Run a reduced form probit

P (employed) = @ (X;8gp + Zio/gp — YrrlogT;) .

2. Use the inverse Mills ratio \; (z) = i((i)) as a correction in the wage (more precisely:

monthly income) regression:
log w; = Xiﬂl + o (XZB;%F + Z@’RF — JRF log Tz> + 1.

3. If W; is also lognormal with some mean and a variance o3, then one can show that

E (log (W) |Xi, Z:) = log (B (W;|X:, i) = 0%, = log (eX#rtiet — AT;) —

9



. Thus we can use the predicted log wage logw,; = Xi,g’ , add the standard error
correction for lognormals, exponentiate, subtract AT; and take logs again to obtain

the predicted log GTW for the structural probit equation
P (employed/active) = ® (Vlgg-ﬁfi + Zia! — 1 log E) .

Four remarks are in order. The first is regarding endogeneity and measurement error of the
gains-to-work variable. In the structural probit, log W can be endogenous, since the wage
error term can be correlated with the participation decision error term. Moreover, log W
can also contain measurement error: in case of an individual working only for some part
of the year, her reported wage is less than the true annual wage. Alternatively, unreported
wage income can also lead to a mismeasurement of wages. Notice, however, that we are
in fact running an [V-probit in step 3, which offers a remedy to both of these problems (as
long as there are variables in X; which are excluded form Z;, an issue we address in the data
section).

The second issue is whether the selection correction is identified only through a func-
tional form assumption. This is indeed the case when X DO Z in the wage equation, since the
inverse Mills ratio is then just a nonlinear reshuftling of the right hand side variables in the
wage equation (variant A). On the other hand, the inverse Mills ratio does contain additional
variation if X 2 Z, which is the case in Variant B. This means that we are free from the
functional-form criticism in Variant B, but it applies for the wage equation in Variant A. In
that case, however, there is no alternative: if a variable impacts the participation equation
directly, it is also likely to impact the GTW (log W) at least through the change in transfers
term AT. For the structural probit equation (3) however, we are again on safe grounds:
though the predicted log W contains the variables X, Z and their nonlinear combinations
(in the inverse Mills ratio), X is excluded from the structural equation, so we are identifying
~ from variations both in X and the inverse Mills ratio. In other words, the key element of
the identification method is the existence of controls for labour demand included in X; and
excluded form Z;.

Third, the use of generated regressors in the third stage calls for an adjustment of stan-
dard errors. Usual Heckman correction implementations do incorporate necessary correc-
tions for the second but not for the third step. In practice, such a correction often leads
to minor changes; hence it is common to ignore the issue (Kimmel and Kniesner (1998)

also follow this route). As one alternative, one could implement a full-blown correction of

10



the third step standard errors, along the lines of Fernandez et al. (2001). We instead opted
for bootstrapping the standard errors, which should be more robust in case of noisy data or
misspecification problems.’

Finally, there is a tradeoff between adopting Variant A or B. The latter would seem more
appealing, since it allows for X ?; Z, hence even the wage equation is free from functional
form criticisms. The drawback, however, is that nothing guarantees that our estimated W; =
eXibit3ot AT; is positive, causing a nonrandom sample selection issue in our third step.
One could produce better second stage regressions for log w;, taking for example the impact
of the minimum wage into account.® That would mean, however, a Tobit-type truncated
regression in the second stage, making our procedure even more complicated and potentially
four-step. For this reason, we proceed only with Variant A; also recalling that although the
wage equation is subject to a functional form criticism, is is much less of an issue in the
structural probit equation.

Since our “wage” measure in the structural estimation is the GTW, the calculation of
regular wage elasticities requires one more step. The structural probit gives us a log GTW
coefficient v. Since the probit is a nonlinear function, one has to evaluate it at a certain
vector Z and log T to obtain the marginal impact of a percentage change in the GTW. Even
then, however, it is still the impact of a change in W, not w.

To obtain the impact of the wage itself, note that

dlog(w — AT)  0Olog (eloew — AT) o feew oy
dlogw N dlogw T odogw _ AT w— AT’
S0
0P 0®  OlogW 00 w

= = . 4
Jdlogw  OlogW Ologw  OdlogW w — AT @)
Notice that the marginal effect of log W' gets magnified if w — AT < w; which is the

case for transfer-dependent people (low skill, around retirement, etc.).

4. Data

We use data from the Hungarian Household Budget Survey (HKF), years 1998-2008.

This is in principle a rotating panel database with a one-third renewing part every year,

"In particular, our reported standard errors are calculated as the standard deviation of the point estimates
from the three-step estimation procedure performed on 200 bootstrapped random samples (with replacement,
and of the same size as the estimation sample).

81t was indeed the case in our sample that the predicted wage was too low for the low-skilled, where the
minimum wage is often binding, making their predicted Wi negative.
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but it is very difficult to make the actual connections between consecutive waves. For this
reason, we only use it as a pooled cross-section. The dataset contains detailed income and
consumption measures of broadly 25, 000 individuals per year.

The key challenge is to define the counterfactual transfers: First, how much would some-
one who is currently working receive in transfers if that individual is laid off? Second, how
much would someone who is currently inactive lose if that individual takes up a full time
job? Calculating these measures requires the detailed coding of the full transfer system,
basically a microsimulation model. We detail the major tax expenditure and cash transfer
items in the Appendix. With one exception, the database contained all the relevant infor-
mation to deduct the counterfactual transfer entitlements or losses of each individual. The
exception was the work history of individuals, on which certain transfers depend (for ex-
ample, eligibility to the more generous maternity support schedule GYED). To resolve this
issue, we used a predicted value based on the Labour Force Survey database (a conditional
expectation based on observable characteristics).

The main left hand side variable was labour force participation,’ though we also ran
the same estimations with employment. All wage variables (w and W) refer to annual net
wage income calculated from the gross wages reported by survey participants. The right
hand side measures form two major groups: labour-supply shifters (Z;) and wage equation
controls (X; \ Z;). Following MaCurdy (1985), MaCurdy (1987) and Kimmel and Kniesner
(1998), labour-supply shifters contain personal and family characteristics, while the vector
X includes variables which determine the market wage (labour demand shifters). In partic-
ular, the first group consists of the following variables: log of non-labour income, education
dummies, household head, mother with infant (< 3 years old), attending full-time education,
household size (number of persons), pensioner, family status (husband, wife, child, single,
divorced,...), age-group dummies (15-24, 25-49, 50-) and year dummies. The second group
contains county dummies, and interactions of age and age square with education.

One needs to justify the choice for variables in X; \ Z;, since those variables serve both as
instruments for treating endogeneity and measurement error issues about our wage measure
(see the first remark at the end of Section 3), and also as a source of additional variation to

identify the parameter v (remark two of the same section). In our view, county dummies rep-

%It is the ”most typical” status for the given year, self-reported by survey respondents. Unemployment is
defined along the ILO classification.
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resent regional differences in economic conditions, which has an indirect effect on activity
(through different wages) but no direct effect (two individuals with identical individual char-
acteristics and wage but living in different regions should exhibit the same attitude towards
economic activity). For the interaction of age and age square with education, our argument
is the following. Age has two main effects on the likelihood of activity: one is through an
impact on the lifecycle position (student, prime age and nearing retirement), and another
through increased experience (an upward sloping relationship between age and wages). The
first effect is a labour-supply shifter, which we capture by a large set of dummies that con-
trols for individuals’ lifecycle position, such as age-group, family status (single, married,
divorced...), attending full-time education, mother with infant and others. On top of that,
we argue that an extra year has a negligible impact on labour supply directly, but it strongly

impacts the wage and hence impacts activity indirectly (a labour demand shifter).

5. Results

This section reports and discusses our empirical results. We focus mostly on the par-
ticipation margin: with employment, we only report the results of the main specification
but no detailed conditional marginal effects by subgroups (they are available upon request).
The main parameters of interest are the coefficient of gains to work and non-labour income
(always in logs). Table 1 displays our baseline results, following the econometric method-
ology of Variant A. Panel A reports the estimates for the structural probit equation (3). Most
point estimates have the expected sign and are significant. A higher GTW increases the
probability of being active, while non-labour income has the opposite effect (both are in
logs). From the additional controls (unreported but available upon request), education has a
mixed but insignificant effect. Being a household head or having a larger family increases
the probability of being active, while being a mother with small children, full-time student
or pensioner decreases it. Age has the usual hump-shaped effect on activity. The results are

quite similar when the left hand side variable is employment.

13



Table 1: Main results

(A) Estimation results
participation employment
) 2
coef.  std. err. coef.  std. err.
gains to work  0.820  0.099  0.761 0.089
non-labour income -0.844  0.710  -0.702  0.098
(B) Conditional marginal effects
dy/dx std. err.  dy/dx  std. err
gains to work  0.290  0.028  0.301 0.031
non-labour income -0.298  0.030 -0.277  0.035
netwage 0395  0.038 0410 0.042
transfer -0.136  0.013 -0.137  0.015

* Source: Household Budget Survey database, 1998-2008. Notes: Three-step esti-
mates, as described in the paper. Standard errors are bootstrapped with 200 repli-
cations. Structural probit equation includes: log of gains to work, log of non-labour
income, mother with infant (less then three years-old), full time student, education
dummies (less then elementary school, elementary school, vocational, secondary ed-
ucation, tertiary education), age-group dummies (15-24, 25-49, >=50), pensioner,
gender, head of household dummy, household size, family status dummies (single,
married living together, married living separately, widow(er), divorced), household
membership status dummies (husband, wife, companion, single parent, child, as-
cendant, other relation, non-relation, single), year dummies. Controls included in
the reduced-form probit and the wage equation which are missing from the struc-
tural probit are: county dummies, interaction of age and age square with education

dummies.

Since the probit function is nonlinear, the point estimates in Panel A are not indicative
about the conditional marginal effect of variables of interest on activity. Panel B displays
these numbers, evaluated at the sample means. Numbers here are already semi-elasticities:
a 10% increase in the GTW leads to a 2.9% increase in the probability of being active. As
explained by equation (4), the same increase in the net wage (as opposed to the net wage
minus transfers) leads to a potentially larger effect. The difference is quite substantial at
the sample mean, as the effect is about 36% higher. The opposite happens with non-labour
income: transfers are only part of them, so a 10% change in transfers implies a smaller
increase in non-labour income.

The conditional marginal effects presented in Table 1 are not directly comparable to the
‘consensus’ 0.25 value of aggregate net wage elasticity reported by Chetty et al. (2012):
these marginal effects indicate the effect of one percent increase in net wage on the “av-

erage individual’s” probability of being active (or on the participation rate) in percentage
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points, as opposed to the elasticity measures in Chetty et al. (2012) indicating the percent-
age change in total employment to the same shock. To produce the equivalent of the exercise
by Chetty et al. (2012), one needs to increase the net wage of all individuals by one percent
and look at its employment effect. The resulting 0.28% increase in total employment implies
an elasticity of 0.28, quite in line with the consensus.

Next we look at the conditional marginal effects by subgroups to see how much they
differ from each other. Table 2 presents two variants, a full and a restricted sample estimate.
The full sample means that all observations are included (as in table 1), but the marginal
effects are evaluated at a subgroup-specific mean. The restricted sample means that the en-
tire estimation procedure is carried out only on the subsample at hand, so even the structural

probit estimates can be different.

Table 2: Probit estimates and conditional marginal effects by subgroups

full sample restricted sample
@) 2
dv/dx  std. err.  dy/dx  std. err
gains to work (probit) 0.820  0.099  0.583  0.082
non-labour income (probit) -0.844  0.110 -0.639  0.111
elementary gains towork 0.212  0.064  0.175  0.085
school or less non-labour income -0.218  0.068 -0.192  0.101
net wage 0.294  0.089  0.275 0.133
transfer -0.093  0.028 -0.109  0.053
gains to work (probit) 0.820  0.099  0.710  0.151
non-labour income (probit) -0.844  0.110  -0.715  0.165
secondary gainstowork  0.219  0.022  0.213 0.031
education non-labour income -0.225  0.024 -0.214  0.034
netwage 0.310 0.031 0286  0.041
transfer -0.118  0.012 -0.098  0.014
gains to work (probit) 0.820  0.099 0915  0.323
non-labour income (probit) -0.844  0./10 -0.856  0.326
tertiary gains towork  0.110  0.012  0.130  0.029
education non-labour income -0.113  0.0/2 -0.121  0.031
netwage 0.139  0.0I5 0.156  0.035
transfer -0.045  0.005 -0.043  0.010

* Notes: Column (1) reports probit estimates and conditional marginal effects computed from the estimation on the
full sample and evaluated at the subgroup-specific mean values of the covariates. Column (2) reports similar marginal

effects, but computed from the estimations on the restricted samples.

Notice that the net wage (or even the GTW) elasticity of activity is highly different

across the three educational groups even in the full sample estimation case, when the only
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reason is a different conditional mean of the subgroups. The probit estimates somewhat
differ between the full and the restricted sample, though the latter is also much less precisely
estimated. Still, the conditional marginal effects are quite similar. This result is noteworthy,
as it means that one can explain the heterogeneity of participation elasticities without an
underlying difference in the utility functions (i.e., the parameters v and 1) in equation (3)).

If those two parameters are common across individuals, than labour supply elasticities at
the intensive margin are also common: one can show that for a fixed income share W /(W +
T) and expenditure share o = ¢/(¢c + w (1 — Z), the impact of a change in the net wage or
transfers is the same on the hours worked decision of every individual. This homogeneity
is however partial, since individuals with different gross wages (productivity) or transfers
(non-labour income in general) will have different income and expenditure shares. When
there is no non-labour income (7" = 0), this homogeneity becomes even more complete, as
the labour supply elasticity depends only on common parameters and original hours worked
(ae = 1). So if individuals differ in their characteristics but their original hours worked is the
same, so is their intensive margin labour supply elasticity. If utility is linear in consumption
(¥ = 0), then the elasticity (of leisure) to net wages is common across all individuals (full
homogeneity).

Table 3 further explores the prime-age sample, checking whether education status also
matters there. The low overall elasticity of this age group splits into a sizeable elasticity
for the ”elementary school or less” group (a group which is also highly welfare dependent)
and a smaller but still significant number for prime-age individuals with secondary edu-
cation. Estimations suggest that prime-age higher educated individuals are inelastic to tax
and transfer changes at the extensive margin. The restricted samples yield similar though

smaller differences, both for structural probit parameters and conditional marginal effects.
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Table 3: Probit estimates and conditional marginal effects by subgroups, prime-age subsample

full sample restricted sample
@ @
dy/dx  std. err.  dy/dx  std. err
gains to work (probit) 0.820  0.099  0.646  0.122
non-labour income (probit) -0.844  0.110 -0.620  0.129
full prime-age gains to work  0.088  0.010  0.086  0.008
sample non-labour income -0.091  0.0/0 -0.083  0.008
net wage 0.127  0.014 0.124 0.011
transfer -0.054  0.006 -0.051  0.005
gains to work (probit) 0.820  0.099  0.323 0.164
non-labour income (probit) -0.844  0.710  -0.299  0.185

prime-age, gains to work  0.249  0.025 0.109  0.05]
elementary non-labour income -0.256  0.026  -0.101  0.058
school or less net wage 0.409  0.040 0.180  0.085

transfer -0.194  0.019 -0.084  0.041
gains to work (probit) 0.820  0.099  0.403 0.182
non-labour income (probit) -0.844  0.110 -0.364 0.192

prime-age, gains to work  0.081 0.008 0.057 0.017
secondary non-labour income -0.084  0.008 -0.051 0.019
education net wage 0.122  0.012 0.084  0.025

transfer -0.054  0.005 -0.036 0.011
gains to work (probit) 0.820  0.099 -0.206  0.420
non-labour income (probit) -0.844  0.110 0217  0.400

prime-age, gains to work  0.038  0.003  -0.019 0.041
tertiary non-labour income -0.039  0.003  0.020  0.040
education net wage 0.050  0.004 -0.023 0.051

transfer -0.019 0.00/  0.008  0.017

* Notes: Column (1) reports probit estimates and conditional marginal effects computed from the estimation on the
full sample and evaluated at the subgroup-specific mean values of the covariates. Column (2) reports similar marginal

effects, but computed from the estimations on the restricted samples.

Table 4 displays the conditional marginal effects for the two remaining main welfare
dependent social groups, the elderly and women of child-bearing age. The group of age
above 50 exhibits a very substantial elasticity — this partly explains the large gap between the
elasticity of the entire population and the prime-age group. This finding is quite important,
as it shows that taxes and transfers have a strong impact on activity around retirement age,
and that the tax and social insurance system can contribute to the large activity gap of the
elderly in Hungary. Women at child-bearing age show a smaller wage elasticity, though they
are still more responsive than the overall prime-age group. This is also true about the impact

of transfers.
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Finally, Table 4 also report results for the usual classification by sex and marital status.
Consistently with most of the previous empirical findings, women are, in general, more
responsive to tax and transfer changes than men. Married women, the group mostly studied
in the literature exhibits the highest marginal elasticity, while married men seem to be the

less responsive group.

Table 4: Conditional marginal effects by selected subgroups

dy/dx  std. err.
gains to work  0.311 0.052
elder (>=50) non-labour income -0.320  0.057
net wage 0.392 0.065
transfer -0.103  0.017
gains to work  0.146  0.013
women at non-labour income -0.151  0.014
child-bearing age (25-49) net wage 0.231 0.021
transfer -0.108  0.010
gains to work  0.069  0.008
prime-age, single men non-labour income -0.071  0.009
net wage 0.096 0.012
transfer -0.038  0.005
gains to work  0.113  0.013
prime-age, single women  non-labour income -0.116  0.013
net wage 0.168  0.019
transfer -0.076  0.008
gains to work  0.028  0.003
prime-age, married men  non-labour income -0.029  0.004
net wage 0.039 0.005
transfer -0.016  0.002
gains to work  0.183  0.016
prime-age, married women non-labour income -0.189  0.017
net wage 0.290  0.025
transfer -0.133  0.012

In summary, we have found that wages, taxes and transfers have a large impact on the
participation decision, particularly for elders, the low-skilled, married women and women at
child-bearing age. Moreover, these differences can be largely explained by different group
characteristics, leading to different conditional marginal effects of the same structural probit
estimates, and also to a different multiplication of a net wage change into the change in the
GTW.

We now demonstrate how our results can be utilized for the simulation of the labour
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supply (participation) effect of a personal income tax and transfer reform. The main step is
to calculate the probability of being active for a given hypothetical wage, tax and transfer
system. First we obtain the pre- and post-reform aftertax wage income of everyone in our
sample, using predicted wages. Then we calculate the pre- and post-reform hypothetical
“zero hours worked” transfer level for everyone, and construct the log of the GTW (log V)
before and after the reform.

Equipped with these, we form
o (?log Wi + Z;a' — T,AZ_JlOgTz)

before and after the reform. The change in its value is the change in the probability of
individual ¢ being active. Finally, we add up the probabilities in the sample (weighted)
to get an estimate for the change in the aggregate activity rate. This gives us the shift of
the labour supply curve: in equilibrium, labour demand might be downward sloping so the
equilibrium wage may change, offsetting partly the change in labour supply.

As an illustration, we fed the main changes of the Hungarian personal income tax and
transfer system of 2012 into this framework. The particular measures are the following:
the complete elimination of the employee tax credit (ETC) scheme, a 27% reduction in the
tax rate (from 20,3% to 16%) below the average monthly income of 202,000 HUF, and
a 1 percentage point increase in the social contribution rate. As illustrated by Figure 4,
these changes have a very heterogeneous effect on the average tax rate of taxpayers: the
abolishment of the ETC pushes up the average tax rate for low earners, for which they are
partly compensated by the cut in the tax rate. Medium earners, who were not or at most
partially eligible for the ETC gain by a reduction in their tax rate. High earners also gain
a little due to the reduction in the tax rate on their first 202,000 HUF income per month.

Finally, there is a common loss from increased social contributions.
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Figure 4: Change of average effective tax rates (AETR)
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As a result, aggregate activity decreases by 0.97%, from which the elimination of the
ETC is responsible for 2.09%,° the increase in social contributions leads to another 0.34%
reduction, which are partly offset by an increase of 1.51% due to the rate cut.!' Overall, this
illustrates both the usefulness of our parametric approach for assessing the impact of tax and

transfer reforms, and the economic significance of our parameter estimates.

6. Conclusion

This paper presents a first (at least to our knowledge) structural form estimation of labour
supply at the extensive margin that simultaneously takes into account taxes and transfers.
We show that one has to modify the net wage by deducting the amount of lost transfers to get
the measure which determines the participation decision (the gains to work). This implies,
however, that the same change in the net wage leads to a very different change in the GTW
if lost transfers are a different share of the net wage.

We find that a single equation can already explain a large heterogeneity of individual
responsiveness to taxes and transfers: there are large differences among subgroups, driven

partly by a composition effect, and partly by a different share of lost transfers in the GTW.

0There is a subtle issue here: under the Hungarian tax code, a large part of social transfers are also affected
by personal income taxes and the ETC. Consequently, the elimination of the ETC also decreases the net value
of many social transfers. Thanks to our integrated treatment of taxes and transfers, we can take this into account
in our calculation. Without the corresponding cut in the net value of transfers, there would be an even more
substantial reduction in participation.

""The sum of the effects of these measures may differ to the total effect due to interactions.
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These highly responsive subgroups are exactly the ones who are mostly responsible for
Hungary’s low participation rate (low-skilled, women at child-bearing age, elders), implying
that a reform of the tax and transfer system can be a powerful tool to boost employment.
Our results directly lend themselves to reform simulations. We demonstrated how our
model can be utilized to calculate the labour supply shift of a complex personal income tax
reform. In related work (Benczur et al. (2012)), we build a model where this labour supply
block is expanded by an intensive margin adjustment (based on a combination of Bakos et al.
(2008) and Aron Kiss and Mosberger (2011)), and then it is embedded in a small general
equilibrium macro model. With such a fully fledged model, we were able to evaluate at

depth the 2011-12 Hungarian tax and transfer reforms as well (Benczur et al. (2011)).
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Appendix: Summary of cash transfers and tax expenditures taken into account in the
estimation

This Appendix summarizes the basic features of tax expenditures and the cash transfers
and tax expenditures taken into account in the estimation. In particular, we discuss child care
(family) benefits and unemployment (welfare) benefits. We treated old-age and disability
benefits as exogenous and, accordingly, did not include these benefits in the summary. This
rests on the assumption that if an individual is entitled for these benefits (due to age or health
status), we will observe that he/she is a recipient. This looks like a natural assumption in the
case of disability benefits. In the case of old-age benefits, this treatment is justified by the
fact that during the sample period old-age pension recipients were allowed to work without

any penalty. Thus they did not face a choice between pensions and earnings.

1. Tax expenditures in the PIT

(a) Employee tax credit (addjévairds),'> ETC is a non-refundable tax credit apply-
ing to wage income. The ETC was modest in size until its expansion in 2002.
During the period 2003-2011 it made the minimum wage nearly PIT-free. The
ETC was phased out in most years at a rate of 9% in an income range around the
average wage. Until its abolishment in 2012, its exact parameters were adjusted
each year.

(b) Family tax credit (csaladi adokedvezmény). The Hungarian PIT has been an
individual-based (as opposed to a family-based) tax system during the sample
period. One of the parents can deduct the family tax credit from his or her tax

payment (or both can share the credit) based on the number of children in the

"2There is considerable heterogeneity in the official and scientific publications regarding the English transla-
tion of the various benefits. In this table we chose to use the simplest English translations that reflect the nature
of the given benefit; we included the official Hungarian designations so that the benefits can easily be identified.
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(©)

(d)

household. Starting in 2006, families with one or two children were not eligible
for the tax credit (until the tax credit was expanded in 2011).

Other tax credits were abundant in the tax code until 2006; since then they have
been gradually eliminated. We use information in the Household Budget Survey
to assess the tax credits each individual can take advantage of.

Tax base issues. During the sample period, insurance-based benefits were gen-
erally treated as wage income by the tax code while universal benefits were tax
exempt. During the years 2007-2010 pension income constituted part of the tax
base although it was not taxed itself (it pushed other incomes into the upper tax
bracket). Benefits 2c and 2d were treated similarly during the whole sample

period.

2. Family benefits

(a)

(b)

(©)

Maternity benefit (TGYAS) is an insurance-based benefit that mothers are enti-
tled to receive for 5 months around child-birth. Its condition is current employ-
ment (at the time of applying for the benefit). The monthly benefit is equal to
70% of past monthly wage. The recipient may not engage in paid work while
receiving this benefit. No couple can receive two of benefits 2a-d at the same
time.

Child-care benefit I (GYED) is an insurance-based benefit that one of the parents
is entitled to receive until the second birthday of the youngest child. Its condition
is at least 12 months of employment in the 24 months before the child is born.
The monthly benefit is equal to 70% of past monthly wage but it may not exceed
140% of the minimum wage. The recipient may not engage in paid work while
receiving this benefit. No couple can receive two of benefits 2a-d at the same
time.

Child-care benefit I (GYES) is not conditional on employment (social insurance)
history. One of the parents is entitled to receive the benefit until the third birthday
of the youngest child. The benefit is pegged to the so-called ‘minimum pension
benefit’, equal to HUF 28500 (around 40% of the minimum wage) in 2008.
Recipients are restricted from working full time in the first year of this benefit.
(The employment restrictions were loosened for the second and third year during

the period of study.) No couple can receive two of benefits 2a-d at the same time.
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(d) Child-care benefit Il (GYET): A parent is entitled to this benefit if he or she
raises at least 3 children until the 8th birthday of the youngest child, indepen-
dently of employment (social insurance) history. The benefit is pegged to the
‘minimum pension benefit’ (see 2¢). Recipients of this benefit are restricted
from working full time. No couple can receive two of benefits 2a-d at the same
time.

(e) Family supplement (sometimes called ‘family allowance’; csaladi potlék) is a
universal benefit all families with children are entitled to receive. The sum of
the benefit depends on the number of children, whether there are twins among
the children, and whether any of the children is chronically ill. It was equal to
HUF 12,200 (around 18% of the minimum wage) for a family with one child in
2008.

3. Unemployment benefits

(a) Unemployment benefit I (1998-2005: munkanélkiili jaradek; 2006-: allaskeresési
Jjaradeék): Individuals who lost their jobs are eligible for the insurance-based un-
employment benefit (renamed as ‘job-seekers’ benefit’ in 2006). Its maximum
duration was shortened from 12 months to 9 months in 2000. Until 2006 it was
equal to 65% of the previous wage (capped at 180% of the ‘minimum pension
benefit’, see 2¢). After 2006 it had two phases. The first phase lasted 3 months,
during which the recipient received 60% of his/her past wage (capped at 120%
of the minimum wage). The second phase lasted 6 months, during which the
benefit was equal to 60% of the minimum wage. (If the individual did not have
a full employment history in the four years before the job loss, the duration of
the benefit could be shorter. The second phase was abolished in 2012.)

(b) Unemployment benefit Il (2003-2005: allaskeresést oszténzo juttatas, 2006-:
dllaskeresési segély): Established in 2003, this was a fixed-sum benefit for indi-
viduals whose unemployment benefit I expired but still did not find a job. It was
conditional on cooperation with the local unemployment administration. Be-
tween 2003-2005 the benefit lasted a maximum of 6 months; it was reduced to
3 months in 2006. From that year onwards the benefit was equal to 40% of the
minimum wage. (It was abolished in 2012.)

(¢) Pre-retirement unemployment benefit (Nyugdij elétti allaskeresési segély): Indi-
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viduals are entitled for this insurance-based benefit (which used to be a sub-case
of benefit 3b after 2006) if they lose their job in the five years before the statu-
tory pension age. The benefit is equal to 40% of the minimum wage. The benefit
payment is suspended if the individual finds employment.

(d) Regular social benefit (1998-2000: jovedelempotlo tamogatds; 2001-: rendsz-
eres szocidlis segély) is a a welfare benefit individuals can receive if they are
not eligible to any other unemployment (or disability or child-care) benefit (any
more). For most of the sample period it was means-tested. The details of the
means-testing changed in 2006. After 2006 the benefit supplemented a family’s
income to 90% of the ‘minimum pension benefit’ per consumption unit but could
not exceed the net minimum wage. (Its predecessor in the years 1998-2000 was

a fixed-sum transfer and it was succeeded by a fixed-sum transfer in 2010.)
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