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Introduction

Macroeconomic stabilization policies in general and automatic stabilizers in particular
have seen an increased focus from researchers, especially since the 2007-2008 financial
crisis and the following recession. At the same time, the crisis in Europe has urged
academics to better understand the economies of the EU and the European Monetary
Union. This thesis consists of four papers analyzing European economies, with a focus on
automatic stabilization. Automatic stabilizers are elements of fiscal policy that have the
potential to smooth the business cycle by automatically adjusting government spending
and revenue.

The first chapter, Crisis, Austerity and Automatic Stabilization, analyzes the changes of
the automatic stabilizers in Europe after the crisis, a period dominated by austerity and
political change. We analyze how reforms of tax-benefit systems in the period 2007-2014
have affected the automatic stabilization capacity in the EU27. Our analysis sheds light
on the effect of fiscal consolidation measures on automatic stabilizers. Our results show
that automatic stabilizers are heterogeneous across EU countries. Income stabilization
coefficients range from 20-30 percent in some Eastern and Southern European countries
to around 60 percent in Belgium, Germany, and Denmark. Our analysis shows that
automatic stabilizers could operate freely in the early phase of the financial and economic
crisis, but have been constrained in some EU countries by subsequent fiscal consolidation
measures. A comparison of our estimates of automatic stabilizers with macro measures
such as changes in the cyclical and the cyclically-adjusted budget balance reveals that
micro-based estimates can provide more precise information about the degree of household
income stabilization.

The second chapter, Labor Supply and Automatic Stabilization, moves away from the
context of the recent crisis and enriches the static model of the previous chapter by a
household labor supply model to isolate a specific channel through which automatic
stabilizers work: a marginal incentives channel, coming from the decrease in a progressive
tax system’s marginal tax rate. In this case, the tax rate that a household faces will
fall following an income decline in a recession, thereby increasing work incentives and

hence labor supply. This effect offsets part of the initial income decline, stabilizing
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Introduction

aggregate income and output. The magnitude of the effect depends on the responsiveness
of the marginal tax rate after changes in gross income, and the elasticity of labor supply.
We estimate a structural discrete choice labor supply model and individual tax rates
for households in the EU based on EU-SILC data using the microsimulation model
EUROMOD.

The third chapter Dynamic Scoring of Tax Reforms in the EU is not directly concerned
with macroeconomic stabilization, but instead focuses on the more general question of
how to evaluate tax reforms in the European context. We use a labor supply model
to inform and calibrate realistically the macro DSGE model QUEST that is used for
policy analyses by EU institutions. It provides a bridge between the micro and macro
approaches encompassed in this thesis. It is the first dynamic scoring exercise linking a
microsimulation and a dynamic general equilibrium model for Europe. We illustrate our
novel methodology by analyzing hypothetical reforms of the social insurance contributions
system in Belgium. Our approach takes into account the feedback effects resulting from
adjustments and behavioral responses in the labor market and the economy-wide reaction
to the tax policy changes essential for a comprehensive evaluation of the reforms. We find
that the self-financing effect of a reduction in employers’ social insurance contribution is
substantially larger than that of a comparable reduction in employees’ social insurance
contributions.

The fourth chapter, Automatic Stabilizers in Monetary and Fiscal Unions, develops a
multi-country New-Keynesian model with heterogeneous agents and incomplete markets
calibrated to the Euro area to assess the role of automatic stabilizers in a monetary union
when countries are affected by country specific shocks. In a monetary union, monetary
policy is constrained in two ways. First, it cannot condition on country specific shocks.
Second, countries cannot resort to nominal devaluation of the exchange rate. Recent
literature shows that automatic stabilizers are particularly important when monetary
policy is constrained. Another feature of the model are trade linkages between countries
to account for positive spillovers within the closely connected countries in the Euro area.
I propose a model experiment by shutting off automatic stabilizers to gauge their effect
on the EU business cycle. The model developed in this chapter provides a framework to
analyze several important questions in the future, such as whether there are benefits of a

unified fiscal authority.
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1. Crisis, Austerity and Automatic

Stabilization!

1.1. Introduction

The Great Recession and the resulting sovereign debt crisis in Europe have led to
budget consolidation measures in many EU countries. In some cases, fundamental
changes in the structure of tax and transfer systems have taken place. Tax increases and
spending cuts aimed at reducing soaring government budget deficits, but in many cases
exacerbated losses in household incomes. This paper is the first to investigate the short
and long-run effects of fiscal consolidation measures in Europe (“austerity measures”)
on the automatic stabilizers inherent in tax and transfer systems. Our analysis allows
to disentangle automatic changes from those that take place after explicit government
legislature (discretionary changes).

Automatic stabilizers are those elements of the tax and transfer system that mitigate
fluctuations in output without discretionary government action. The analysis of the
automatic stabilization capacity of existing tax-benefit systems in Europe is particularly
relevant in the context of the recent economic crisis, as monetary policy is near or at
the zero lower bound. In these cases, the importance of automatic stabilizers for overall
macroeconomic stabilization increases (McKay and Reis, 2016).

Previous work on automatic stabilizers has mostly relied on macro data (see, e.g., Fatas
and Mihov, 2001; in’t Veld et al., 2013; Di Maggio and Kermani, 2016) or structural
models (McKay and Reis, 2016). Approaches based on macro data typically use aggregate
variables on government revenue and spending as proxies for automatic stabilizers.
However, these variables are endogenous to changes in household incomes as tax payments
decrease (for a given progressive tax system) or (unemployment) benefits increase when
households earn lower incomes or become unemployed. Therefore, studies based on macro
regressions (e.g. regressing changes in fiscal variables on the growth rate of GDP), such
as Sala-i-Martin and Sachs (1992) and Bayoumi and Masson (1995), can be biased from

!This paper is joint work and circulates as Dolls, Fuest, Peichl, and Wittneben (2019).
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1. Crisis, Austerity and Automatic Stabilization

endogenous regressors and, moreover, cannot distinguish automatic stabilizer effects from
discretionary policy measures.?

To circumvent these problems, we follow the approach of Auerbach and Feenberg (2000)
and Dolls et al. (2012) in using micro data for our analysis.®> The use of harmonized
FEuropean micro data and counterfactual simulation techniques allows us to identify the
cushioning effect of tax-benefit systems against exogenous income and unemployment
shocks. Specifically, we analyze how changes in tax-benefit systems over the period
2007-2014 have affected the workings of automatic stabilizers in the EU27. We combine
2007 pre-crisis micro data from the EU Statistics on Income and Living Conditions
(EU-SILC) with the different tax-benefit rules in the period under investigation. This
allows us to disentangle the effect of changes in the tax and transfer systems (i.e. the
“policy effect”) from changes in actual incomes and demographics and to assess the
shock-absorption capacity of the tax and transfer systems.

We use the measure of the normalized tax change (Pechman, 1973, 1987; Auerbach
and Feenberg, 2000) as a metric for automatic stabilization. Following Dolls et al. (2012),
this measure of the stabilizing effect of the tax and transfer system is calculated for
two counterfactual scenarios. The first is a stylized proportional shock of 5 percent to
household gross incomes. The shock is the same in all countries and affects all households
equally. The second scenario is an idiosyncratic unemployment shock leading to an
increase in the national unemployment rate and the same aggregate income loss as in
the first scenario. For both scenarios, we compute how direct taxes, social insurance
contributions as well as transfers change in response to the simulated income change.
Relating the change in taxes and benefits to the income change yields the income
stabilization coefficient as a measure of automatic stabilization. We also compute short-
term stabilizing coefficients taking into account that the actual stabilization provided by
the tax-benefit system can be weaker (stronger) than in steady-state if tax hikes or cuts
in benefits (tax reductions or benefit extensions) coincide with macroeconomic shocks.

Our results show that automatic stabilizers are heterogeneous across EU countries.
Income stabilization coefficients range from 20-30 percent in some Eastern and Southern
European countries to around 60 percent in Belgium, Germany, and Denmark. Our
analysis shows that automatic stabilizers could operate freely in the early phase of
the financial and economic crisis, but have been constrained in some EU countries by

subsequent fiscal consolidation measures. A comparison of our estimates of automatic

20ther macro studies focus on the relation between output volatility, public sector size and openness of
the economy (Gali, 1994; Fatds and Mihov, 2001; Auerbach and Hassett, 2002).
30ther micro studies include Kniesner and Ziliak (2002a,b).
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1. Crisis, Austerity and Automatic Stabilization

stabilizers inherent in tax-benefit systems with macro measures such as changes in the
cyclical and the cyclically-adjusted budget balance reveals that micro-based estimates
can provide more precise information about the degree of household income stabilization.

Our contribution to the literature is threefold. First, we analyze how the automatic
stabilization capacities of tax and transfer systems in the EU27 have changed since the
beginning of the financial and economic crisis in 2007. We extend the analysis of Dolls et al.
(2012), who assess the effectiveness of automatic stabilizers for 19 EU countries and the
United States, by using more recent data and a larger set of countries and policy years.*
Second, we shed light on the short-term effects of policy changes on household income
stabilization. This analysis shows to what extent automatic stabilizers could operate
freely over the period under consideration. Third, our paper provides new evidence on
the relationship between our micro-based estimates of automatic stabilizers and more
conventional macro measures which are used in the EU fiscal governance framework
(Deroose et al., 2008; Mourre et al., 2014). We show that micro-based estimates provide
complementary information to the macroeconomic indicators.

We proceed as follows. Section 1.2 presents the theoretical framework. In section 1.3
we discuss the data and our empirical approach. Section 1.4 presents the results and

section 1.5 concludes.

1.2. Framework

In this section we describe the framework used to measure automatic stabilizers.

1.2.1. Income Stabilization

Household income stabilization provided by tax-benefit systems is measured by a co-
efficient showing how household disposable income varies with respect to changes in
gross income. We use the measure of the tax system’s built-in flexibility, also denoted
as normalized tax change, proposed by Pechman (1973) and employed by Auerbach and
Feenberg (2000), Mabbett and Schelkle (2007) and extended by Dolls et al. (2012) to
account for social insurance contributions and benefits in addition to direct taxes. It is

denoted as income stabilization coefficient and measures the ratio of changes in disposable

“Callan et al. (2018) and Paulus and Tasseva (2018) analyze the automatic stabilization effect of
tax-benefit systems on the income distribution for a subset of countries we focus on.
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1. Crisis, Austerity and Automatic Stabilization

income to changes in gross income.?°

The mechanism behind the stabilizers is as follows. Consider a household that has to
pay a proportional tax of 30 percent and faces a decline in gross income of 100 Euros.
Then 30 percent of the shock would be absorbed by the proportional tax, leaving a
decline of 70 Euros of disposable income. For a progressive tax system, as is in place
in the majority of the European countries, the stabilizing effect would be larger (Dolls
et al., 2012). Let the aforementioned household be subject to progressive taxation, and
after the initial shock, her marginal tax rate drop to 25 percent. Then this provides an
additional cushioning of the decline in disposable income.

Market income which is equal to gross income in our context is defined as
YM =P v? v v v, (12.1)

where YZE denotes labor income, YiQ business income, YiI capital income, Y;-P property
income, and YZ»O other income. Disposable income is equal to market income minus net
government intervention, which consists of direct taxes T(Yzé\/f , Xi, xt), social insurance
contributions S(Y;¥, X;, x;) and social benefits B(Y;, X;, x;), for example unemploy-
ment benefits. We define tax payments, social insurance contributions and benefit
payments to be functions of market income Y;* 7 household characteristics X; (e.g.
number of children, marital status, age) and parameters of the tax-benefit system y;
(e.g. tax rate, bracket thresholds, deduction). Defining net government intervention as

G(Yiéw, Xi, xt) = T(Yié\/l, Xi, xt) + S(Yié\/l, Xi, Xt) — B(Y;é\/l7 Xi, xt), disposable income can

Dolls et al. (2012) also estimate a stabilization effect on the demand for goods and services (demand
stabilization coefficient). It depends on how households adjust consumption expenditure to fluctuations
in disposable income. However, McKay and Reis (2016) find the demand stabilization effect to be
small over the business cycle, and the income stabilization effect to be quantitatively more important.
Therefore, in this paper we focus on the income stabilization coefficient only.

6 An alternative measure is the elasticity of taxes with respect to income changes (see Auerbach and
Feenberg, 2000), with a proportional tax system having an elasticity of one, and progressive taxes
having an elasticity greater than one. The magnitude of this elasticity serves as a measure of the
degree of progressivity of the tax system. The drawback of using it as an indicator of the stabilizing
effect is its definition as a relative measure, relating the percent change of taxes to a one-percent
change in income. The elasticity neglects information on the share of income to be payed as taxes.
This information, however, is important, as a large share of taxes relative to aggregate income means
that taxes can serve as a more effective automatic stabilizer.

"Note that, for simplicity of notation, we write a dependence on market income ¥;* only and not
a dependence on each of its components (see equation (1.2.1)), although our simulations based on
EUROMOD respect the different income types (see section 1.3.1).
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1. Crisis, Austerity and Automatic Stabilization

be written as

YR Xi,xi) = Y = GOV, Xis xe) (1.2.2)
=vM - (T(Yii”, Xi,xe) + SYi', X, xe) — B, X, Xt)) . (1.2.3)

The income stabilization coefficient is denoted by 7/ and measures how changes in
market income AY™M translate into changes in households’ disposable income AY .
In the empirical analysis, we will follow Dolls et al. (2012) and consider two stylized

scenarios where gross incomes are reduced by 5% (cf. section 1.3):
Z AY;D = Z (YD(095Y;?47 Xia Xt) - YD(Y;{SW7 Xi7 Xt)) - (1 - TI) Z AYM

The income stabilization coefficient can be written as

Y AvP = (-3 av

¥, AYP

I
= =1 - =
! > AYM

71 can be interpreted as the fraction of a shock that is absorbed by the tax-benefit
system.
Using (1.2.2), it is possible to decompose the income stabilization coefficient into the

stabilizing effects provided by taxes, social insurance contributions and benefits:

LiAT 3 AS Y AB
S,AYM AV A

1 I 1 I
T =T7p+7T5+ 7T =

(1.2.4)

Throughout the paper, we will make the assumption that all taxes and transfers are
borne by employees and that employers have to bear their share of the social insurance
contributions. Hence, employers’ social insurance contributions are assumed not to be
shifted to employees, so that they will not affect employees’ wages. The stabilizing
effects of social insurance contributions will thus only reflect employees’ social insurance

contributions.®

8Dolls et al. (2012) calculate income stabilization coefficients with and without social insurance contri-
butions by employers and find that the inclusion of employers’ social insurance contributions does
change the country ranking only slightly. Results including employers’ social insurance contributions
are available upon request.
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1.2.2. Short-Term Effects of Discretionary Policy Changes

The income stabilization coefficient presented above measures the cushioning effect of the
tax-benefit system under the assumption of constant policy, i.e., it relates the change in
taxes, social insurance contributions and benefits following the shock to market income
to the change in market income. It does not take into account the additional effect on
household disposable incomes that may occur when the income shock coincides with
changes in the tax and transfer system.

Consider as an illustration a tax hike which is introduced as a fiscal consolidation
measure in an economic downturn with declining market incomes. The income stabiliza-
tion coefficient estimated after the policy change has been implemented would indicate
an increase in the automatic stabilization capacity of the tax system. If the tax hike
coincides with the decline in market incomes, however, the overall fiscal impulse is less
counter-cyclical than the effect of automatic stabilizers alone.? Arguably, the income
stabilization coefficient can be interpreted as measuring the long-term (‘steady state’)
stabilization capacity of a tax and transfer system.

In the short-run, discretionary fiscal policy might constrain the ability of the tax system
to act as an automatic stabilizer. We therefore complement the income stabilization
coefficient by a new measure that takes into account that taxes, social insurance contri-
butions and benefits might change at the same time as market incomes. More precisely,
we calculate the difference in disposable incomes for household 7 when subject to tax
policy in period ¢ (before the change in market income) and when subject to tax policy
in period ¢ + 1 (after the change in market income). Again, let T(Y;M, X;, x;) be the tax

function. We can write the short-term stabilization coefficient as

S (T(0.95YiM,Xi, xi+1) — T(YM, X;, Xt))

7T
T i (1.2.5)
S (T(0.95Y1-M,Xi7 xe+1) = T(YM, X, Xt)) (1.2.6)
= >, 0.05Y,M ;

9See for example Deroose et al. (2008) or Fatds and Mihov (2009) for a discussion how the overall fiscal
impulse can be decomposed into discretionary fiscal policy and automatic stabilizers.
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Using shorthand notation for the equations above, we can write:
Si(Thr — Ty + Xi(Sien = S9) — Xi(Bilyy — By
i AYY
i (Ti1,t+1 + 5t — Bil,t—H) -3 (1P + S — BY)
> (VA - vA)

X (YA =YL ) = (YA - vi)
- i (VA - YA)

i (VML = V) - 3 (VR - viRY)
5 (YA - vAro)

0L, = (1.2.7)

Analogously to the decomposition of the income stabilization coefficient, we decompose

the short-term stabilization coefficient 6/ into its components:
1 0 1 0 1 0
ol il —T) + 22i(Si i1 — Sie) — 22i(Bir — Biy)
i1 =
’ i AV

S
= 9{t+1 + 07141 — 95&“ (1.2.8)

The short-term stabilization coefficient reflects how discretionary policy changes affect the
cushioning effect of the tax-benefit system, or in other words, to what extent automatic
stabilizers can operate freely. In an economic downturn, the following stylized scenarios

can be differentiated (symmetrically in an economic upturn).

Automatic stabilizers operate freely. If there is no policy change from one year to
the other, the government allows for intertemporal stabilization by incurring debt. The
automatic stabilizers of the tax-benefit system typically lead to a reduction in tax revenue
if taxable income declines or to an increase in benefit expenditure if unemployment
goes up (T}, < T or B}; > BY). In such a situation, the short-term stabilization
coefficient equals the income stabilization coefficient: 05_1 = 7. If governments pursue
expansionary fiscal policy, for example by cutting taxes or raising benefits, the short-term

stabilization coefficient will exceed the income stabilization coeflicient: 951 >l

Automatic stabilization channel constrained or shut down. If governments
pursue contractionary fiscal policy, but still allow for a reduction in tax revenue or an
increase in benefit expenditure from one year to the other, the short-term stabilization

coefficient will be larger than zero, but smaller than the income stabilization coefficient:
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0 < HtTH < 7', If governments are credit-constrained and have to keep tax revenue
or benefit expenditure constant from one year to the other (T}, ; = T{ or B}, = BY),
the automatic stabilization channel is shut down through discretionary policy changes:
9?57;1 = (. In the most severe scenario of contractionary fiscal policy, discretionary policy
changes lead to an increase in revenue or a decrease in benefit expenditure even though
the economy experiences a slump (Ttl+1 > TP or B} 11 < BY). Tt can be seen that in this

case QtTH < 0.

1.3. Data and Empirical Approach

In the empirical analysis, we analyze the workings of automatic stabilizers in the EU27
over the period 2007-2014 and how they were affected by discretionary changes in
tax-benefit systems. Our analysis is based on EU-SILC household micro data and the
European microsimulation model EUROMOD.

1.3.1. EUROMOD

In our simulations, we use EUROMOD (version G4.0) in order to calculate household
disposable incomes (see Sutherland and Figari, 2013; Sutherland, 2018). EUROMOD
contains the tax and benefit rules present in the EU27 for different years and takes EU-
SILC household micro data as input. EU-SILC is a harmonized, cross-sectional household
micro dataset for the EU member states provided by Eurostat (2012). In addition, we
construct an unemployment benefit calculator that incorporates all important policy rules
such as replacement rates, eligibility criteria and maximum benefit durations.'® EU-SILC
data contain rich information about the different income sources (e.g. employment income,
capital income, income from self-employment) and household demographics that may
influence tax and transfer policies (for instance marital status, number of children or
age).

The microsimulation approach allows us to separate the dataset containing market
incomes and demographics from the rules of the tax and transfer systems. We use
EU-SILC household data with an income reference period of 2007 for the whole analysis,

and simulate income taxes, social insurance contributions and benefits following the

10The EUROMOD version used in this paper does not simulate unemployment benefits, but takes
unemployment benefits from the input data. As explained below, we aim at simulating counterfactual
disposable incomes for different years and therefore need to make use of an unemployment benefit
calculator. Detailed policy rules are collected from country chapters of the OECD series “Benefits
and Wages” (http://www.oecd.org/social/benefits-and-wages.htm) and from the EU’s MISSOC-
Comparative Tables Database (http://ec.europa.eu/social/main.jsp?langld=en&catId=815).
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tax-benefit policy parameters of the years 2007-2014.'' That is, we hold household
characteristics X; and market income Y, constant (through the use of the same baseline
dataset), and only vary the parameters of the tax-benefit system y; over time, yielding
counterfactual disposable incomes that would have prevailed if household demographics
and market incomes would not have changed over time.!? This approach provides us—for
each EU27 country—with a sample of repeated cross-sections reflecting market incomes
and household demographics from 2007 and disposable incomes based on tax-benefit
policies of the period 2007-2014.

Keeping market incomes and demographics constant at their pre-crisis level allows
us to isolate the effect of policy changes on the automatic stabilization effect of tax-
benefit systems.!? If both input data and tax-benefit policies were changed at the same
time, it would not be possible to disentangle the effect of changing market incomes and

demographics from the effect of changing tax-benefit policy parameters.

1.3.2. Scenarios

Following Dolls et al. (2012), we simulate two stylized shocks: First, a proportional decline
of household gross incomes by 5% affecting all households equally (income shock), and
second, an idiosyncratic shock affecting only some individuals who lose their job. This
unemployment shock is calibrated such that total household income decreases by 5% as well.
Thereby, the severity of the two shock scenarios is comparable in terms of the aggregate
income loss. Both shocks are simulated on the same (pre-crisis) household micro datasets
reflecting market incomes and household demographics as of 2007, but with tax-benefit
policies spanning the period 20072014 (see section 1.3.1). The unemployment shock is
modeled by increasing (decreasing) the weight of unemployed (employed) individuals in
our sample, while the aggregate counts of individual and household characteristics are kept
constant (Immervoll et al., 2006). The implicit assumption behind this approach is that
the socio-demographic characteristics of the newly unemployed correspond to the existing
pool of unemployed. This is done on purpose to avoid capturing changes in unemployment
benefit eligibility over time which are induced by changes in the characteristics of the

unemployed, for example a larger share of long-term unemployed in some countries in

HThe EUROMOD version used in this paper allows for some countries the simulation of tax-benefit
systems up until 2015. For France and Malta, the 2006 and 2008 EU-SILC versions are used,
respectively. Croatia is excluded from the analysis as no pre-crisis data have been available to us.

12Changes in tax-benefit systems include both structural changes and uprating of monetary parameters
according to the rules in each country (Paulus et al., 2019).

13See e.g. Bargain and Callan (2010), Bargain et al. (2015) or Paulus et al. (2017) who use similar
simulation techniques to estimate distributional effects of changes in tax-benefit systems.
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the more recent years of the simulation period. Instead, our results solely reflect changes
in tax-benefit policy parameters over time.

Note that we do not strive to replicate actual changes in income and unemployment as
observed over the simulation period. Economic conditions are endogenous to the overall
fiscal impulse (discretionary fiscal policy and automatic stabilizers). The aim of the
paper is to explore how effective built-in automatic stabilizers are to cushion (stylized
and exogenous) income and unemployment shocks that are comparable across countries
and to assess to what extent discretionary policy changes have had an impact on the

workings of automatic stabilizers.

1.4. Results

We first present income stabilization coefficients for the period 2007-2014 and then show
how discretionary changes in tax-benefit parameters have affected the degree to which

automatic stabilizers could operate over this period.

1.4.1. Income Stabilization Coefficients

Income shock. Figure 1.1 depicts the change in the income stabilization coefficient
from 2007 to 2014 on the x-axis and its 2007 level on the y-axis. Focusing first on
the levels of the income stabilization coefficients in 2007, we find strong differences
across countries with coefficients ranging from 0.22 in Cyprus to 0.54 in Belgium. The
(population-weighted) average EA19 (EU27) income stabilization coefficient amounts
to 0.38 (0.39) as shown in Table A.1 in the Appendix. Generally, coefficients tend to
be higher in Western European and Nordic countries and lower in Baltic, Eastern and
Southern European countries, with Hungary being a notable exception.

The largest change occurred in Hungary with a reduction in the income stabilization
coefficient of 0.16 percentage points from 2007 to 2014. Hungary adopted a flat tax which
reduced the stabilizing effect of the income tax considerably from 0.34 in 2007 to 0.16 in
2014 (cf. Table A.1). On the other side of the spectrum, countries such as Ireland, Greece,
Portugal and Cyprus raised taxes and/or social insurance contributions which led to an
increase in the income stabilization coefficient.'* The negative slope of the regression
line in Figure 1.1 indicates that the dispersion of income stabilization coefficients across

countries has become more compressed, that is, countries with a relatively low (high)

14The European Commission’s LABREF database provides an overview of tax-benefit reforms undertaken
in the period under consideration (see also Turrini et al., 2015, for an overview).
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Figure 1.1.: Change in 7 (Income Shock Scenario): 2014 vs. 2007

Notes: The graph shows the level of the income stabilization coefficient in 2007 following a proportional
income shock on the vertical axis and the change from 2007 to 2014 on the horizontal axis. The dashed
line indicates fitted values of a linear regression of the variable on the vertical axis on the variable on the
horizontal axis. Source: Own calculations using EUROMOD.
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stabilization coefficient in 2007 have been more likely to raise (reduce) taxes and social

insurance contributions.

Next, we decompose the overall change in the income stabilization coefficient into its

components. As can be seen in Figure 1.2, in particular changes in income taxes and to

a smaller extent in social insurance contributions have affected the stabilizing potential

of tax-benefit systems.

Benefits are of minor importance in the case of an (intensive

margin) income shock.
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Figure 1.2.: Change in 7 by Component (Income Shock Scenario): 2014 vs. 2007

Notes: The graph shows the level of the income stabilization coefficient by component in 2007 following a
proportional income shock on the vertical axis and the change from 2007 to 2014 on the horizontal axis.
The dashed line indicates fitted values of a linear regression of the variable on the vertical axis on the
variable on the horizontal axis. Source: Own calculations using EUROMOD.

Unemployment shock. Figure 1.3 shows the relation between the income stabilization

coefficient in 2007 and its change from 2007 to 2014 for the unemployment shock. Income
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stabilization coefficients in 2007 range from 0.17 in Cyprus to 0.65 in Belgium. The
(population-weighted) average EA19 (EU27) income stabilization coefficient amounts
to 0.42 (0.44) (cf. Table A.2 in the Appendix). As in the income shock scenario, we
find highest (lowest) coefficients in Nordic and Western European (Baltic, Southern and
Eastern European countries) and a negative relation between the income stabilization
coefficient in 2007 and its change from 2007 to 2014.
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Figure 1.3.: Change in 7 (Unemployment Shock Scenario): 2014 vs. 2007

Notes: The graph shows the level of the stabilization coefficient after an unemployment shock on the
vertical axis and the change from 2007 to 2014 on the horizontal axis. Source: Own calculations using
EUROMOD.

Figure 1.4 plots levels and changes in each component of the tax and transfer system.
While income taxes and social insurance contributions play a key role in smoothing
intensive margin income shocks (Figure 1.2), unemployment benefits are much more
important in the case of extensive margin unemployment shocks (Dolls et al., 2012;
Di Maggio and Kermani, 2016). While our results suggest a compression in the dispersion
of income stabilization coefficients for income taxes and social insurance contributions, we
find a positive correlation between the level and the change of the stabilization potential
through benefits, in particular unemployment benefits. Countries with initially stronger
automatic stabilizers in their unemployment insurance system tend to have made them

more countercyclical compared to countries with initially weaker automatic stabilizers.
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(c) Benefits

Figure 1.4.: Change in 7 by Component (Unemployment Shock Scenario): 2014 vs. 2007

Notes: The graph shows the level of the stabilization coefficient after an unemployment shock by the
respective component of net government intervention on the vertical axis and the change from 2007 to
2014 on the horizontal axis. Source: Own calculations using EUROMOD.
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1.4.2. The Effect of Discretionary Policy Changes on the Workings of

Automatic Stabilizers

This section first correlates income and short-term stabilization coefficients for the years
2008-2014 in order to show how discretionary policy changes have affected the cushioning
effects of tax-benefit systems in the EU27. In the subsequent analysis, we study the
relationship between our micro-based estimates of fiscal stabilization and conventional
measures based on macroeconomic variables. For the latter, we consider year-on-year
changes in the cyclical and the cyclically-adjusted budget balance which are often used
to decompose the overall fiscal impulse into its components, in particular to assess the
size of automatic stabilizers and discretionary fiscal policy measures (Deroose et al., 2008;
Mourre et al., 2014).
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Figure 1.5.: Income vs. Short-Term Stabilization Coeflicient: Income Shock
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Notes: The figure plots short-term stabilization coefficients on the x-axis and income stabilization
coefficients on the y-axis. Short-term stabilization coefficients for year ¢ capture policy changes from
t — 1 to t. Short-term stabilization coefficients to the right (left) of the dashed 45 degree line imply
expansionary (contractionary) discretionary changes in the tax-benefit system. Source: Own calculations
using EUROMOD.

Income vs. short-term stabilization coefficients. Figures 1.5 and 1.6 plot the
stabilization coefficient against the short-term adjustment coefficient by year for the
income shock and the unemployment shock, respectively. Countries to the right (left)
of the dashed 45 degree line imply that the short-term adjustment coefficient is larger
(smaller) than the stabilization coefficient, pointing to expansionary (contractionary)
discretionary changes in the tax-benefit system. Panel (a) shows that in 2008, most
countries are relatively close to and, in the majority of cases, to the right of the dashed line.
The dispersion is somewhat larger in the unemployment shock scenario. Discretionary
changes in tax-benefit policies have been expansionary in the early phase of the crisis
(European Central Bank, 2010).
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This is confirmed in panel (b), showing that at the height of the economic crisis in 2009,
more short-term stabilization coefficients moved further right of the dashed line. Notable
exceptions are Ireland, Estonia, Cyprus and Poland. Starting in 2010, the short-term
stabilization coefficient becomes smaller than the income stabilization coefficient in a
larger number of countries, hinting at contractionary discretionary policy changes. In
some countries, the short-term stabilization coefficient even turns negative, for example
in Greece in 2010 and 2011, in Latvia in 2010, in Ireland in 2011 and in Portugal in 2013
(both in the income and unemployment shock scenarios), indicating that the workings of
automatic stabilizers have been heavily constrained in those years. In more recent years,

short-term stabilization coeflicients are again close to the dashed 45 degree line.
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Figure 1.6.: Income vs. Short-Term Stabilization Coefficient: Unemployment Shock
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Notes: The figure plots short-term stabilization coefficients on the x-axis and income stabilization
coefficients on the y-axis. Short-term stabilization coefficients for year ¢ capture policy changes from
t — 1 to ¢. Short-term stabilization coefficients to the right (left) of the dashed 45 degree line imply
expansionary (contractionary) discretionary changes in the tax-benefit system. Source: Own calculations
using EUROMOD.
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Micro vs. macro estimates of fiscal stabilization. Figure 1.7 sheds light on the
question of how our estimates of fiscal stabilization (for the income shock scenario)
based on household micro data compare to the overall fiscal impulse. We derive a micro
estimate of the degree of fiscal stabilization through changes in the tax-benefit system
by calculating the difference between the short-term stabilization coefficient, 7, and
the income stabilization coefficient, 77.'> As described in section 1.2.2, the short-term
stabilization coefficient equals the income stabilization coefficient if there are no changes
in the tax-benefit system from year ¢ — 1 to ¢. In this case, the difference between the
two measures is zero and the fiscal impulse stemming from changes in tax-benefit policies
can be characterized as being neutral. The short-term stabilization coefficient is larger
(smaller) than the income stabilization coefficient and hence the difference between the
two is positive (negative) if there are expansionary (contractionary) policy changes in
the tax-benefit system.

For the aggregate fiscal impulse, we consider its two subcomponents: automatic stabi-
lizers measured by the year-on-year change in cyclical net borrowing!'® and discretionary
fiscal policy expressed as the year-on-year change in cyclically-adjusted net borrowing.'”

In Figure 1.7 the difference between the short-term and the income stabilization
coefficient is depicted on the y-axis, the change in cyclical and cyclically-adjusted net
borrowing from year t — 1 to ¢t on the x-axis, respectively. If both the micro and the
macro measure point to expansionary (contractionary) changes in fiscal policy, countries
will find themselves in the upper right (lower left) quadrant. If the micro and the macro
estimates indicate opposite effects of fiscal policy, country dots will be in the upper left
or lower right quadrant.

Panels (a) and (b) show that in 2008 and 2009 the fiscal impulse was expansionary
in the majority of member states, exemplified by an increase in both the cyclical and
the cyclically-adjusted budget deficit. Our micro-based estimates of fiscal stabilization
point in the same direction so that in panels (a) and (b) most countries are in the upper
right quadrant. The correlation between the micro and the two macro measures of fiscal

stabilization is positive in these two years.

5Note that 07 reflects the effect of changes in the tax-benefit system on income stabilization from year
t—1tot.

8The cyclical balance, CC, shows the extent to which budgetary revenues and expenditures react to
the economic cycle. Formally, CC can be written as ¢ * OG, where ¢ stands for the semi-elasticity
of the overall budget with respect to changes in output and OG = Y;Zp denotes the output gap.
Semi-elasticities are estimated for specific time-periods and are assumed to be time-invariant over this
period.

"The cyclically-adjusted budget can be derived from the following expression: CAB = (B/Y) — CC
where B denotes net borrowing and Y is output.
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1. Crisis, Austerity and Automatic Stabilization

Ireland stands out as a notable exception being in the lower right quadrant both in
the left and right figure of panel (b). We find a short-term stabilization coefficient of
—0.2 in 2009 and a resulting negative difference between the short-term stabilization
coefficient and the income stabilization coefficient of —0.65. While our micro measure of
fiscal stabilization suggests for Ireland a fiscal tightening in 2009, changes in the budget
balance point to a significant fiscal loosening. From 2008 to 2009, Ireland’s cyclical and
cyclically-adjusted budget deficit increased by 2.4 and 4.4 percentage points of GDP,
respectively.

How can these seemingly contrasting results be reconciled? At the height of the
financial crisis, Ireland experienced the burst of a property bubble and recapitalized its
banking system in response. This accounts for a large part of the increase in the budget
deficit in the years 2008-2010. While Ireland’s budget was balanced in 2007, its deficit
had risen to an unprecedented level of 32% of GDP in 2010. At the same time, Ireland
started a process of fiscal consolidation in 2009 which lasted until 2013 and included
measures such as hikes in income taxes and social insurance contributions as well as
cuts in unemployment benefits (Alesina et al., 2015; Devries et al., 2011; Turrini et al.,
2015). These fiscal consolidation measures had an adverse impact on household income
stabilization explaining why our micro-based results point in the opposite direction
compared to the two macro measures.

Other interesting examples are Estonia in 2009 and Greece in 2011. Focus first on
Estonia in 2009. While cyclical net borrowing rose by 6.5 percentage points of GDP
in 2009, the cyclically-adjusted balance improved by 7 percentage points of GDP so
that the overall fiscal impulse was contractionary. This contractionary effect is mirrored
by a negative short-term stabilization coefficient in 2009. As a consequence, Estonia is
displayed in the lower left quadrant in the right figure of panel (b), but in the lower right
quadrant in the left figure of panel (b).

A similar picture emerges for Greece. In 2011, Greece was still in a recession, with its
cyclical deficit rising from —1.8% to —5%. At the same time, its structural deficit improved
from —9.4% to —5.2% so that the overall fiscal impulse was contractionary. In line with the
contractionary fiscal stance, our micro-based short-term stabilization coefficient amounts
to —0.7 in 2011 (and the difference between the short-term stabilization coefficient and
the income stabilization coefficient to —1). It follows that as in the Estonian case in
2009, Greece shows up in the lower left quadrant in the right figure of panel (d), but in
the lower right in the left figure. These two examples indicate that automatic stabilizers
in Greece (2011) and Estonia (2009) could only operate along the consolidation path.

Overall, for the years 2010-2013 we find positive (negative) correlations between our
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1. Crisis, Austerity and Automatic Stabilization

micro-measure of fiscal stabilization and discretionary fiscal policy changes (automatic

stabilizers). One interpretation of these correlations is that the workings of automatic

stabilizers has been constrained in those years.

Our results suggest that micro-based estimates of household income stabilization

provide valuable and complementary information to conventional macro measures of

fiscal stabilization. If one wants to estimate the cushioning effect of (changes in) tax-

benefit systems, a sole focus on time-invariant semi-elasticities and changes in the budget

balance may provide an incomplete picture. It should be noted, however, that the above

comparison of micro and macro-based estimates of fiscal stabilization should be taken

with a grain of salt given their conceptual differences, in particular with regard to the

limited number of revenue and spending categories included in our simulations.
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1. Crisis, Austerity and Automatic Stabilization

1.5. Conclusion

We analyze how reforms of tax-benefit systems in the period 2007-2014 have affected
the automatic stabilizers in the EU27. Based on harmonized European micro data and
counterfactual simulation techniques, we isolate the automatic cushioning effect from
discretionary fiscal policy measures as well as behavioral responses of households. In
our simulations, we hold constant pre-crisis household income data and demographic
characteristics, but apply the tax and benefit rules in place during 2007-2014.

We find that the size of automatic stabilizers varies significantly across countries.
Income stabilization coefficients range from 20-30 percent in some Eastern and Southern
European countries to around 60 percent in Belgium, Germany, and Denmark. We
further analyze to what extent EU countries let their automatic stabilizers work during
the crisis and its aftermath. Our results suggest that automatic stabilizers could operate
freely until 2009, but have been constrained in some countries in subsequent years.

A comparison of our estimates of automatic stabilizers inherent in tax-benefit systems
with macro measures such as changes in the cyclical and the cyclically-adjusted budget
balance reveals that micro-based estimates can provide more precise information about
the degree of household income stabilization and should be used as complements to the

macro measures.
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Table A.1.: Income Stabilization Coefficients — Income Shock.

2007 2008 2009 2010 2011 2012 2013 2014 2015

T TAX 0.334 0.336  0.326 0.324 0.327 0.330 0.331 0.332 0.332
SIC 0.135 0.139 0.140 0.141 0.142 0.140 0.143 0.143 0.145

AT BEN+UL 007 0.006 0.006 0.007 0.009 0.007 0.007 0.007 0.008
T 0.476 0.481 0.472 0.471 0.478 0477 0.481 0.482 0.485
TTAX 0.392 0.394 0.386  0.390 0.391 0.391 0.388 0.389 0.408
51C 0.142 0.142 0.145 0.142 0.142 0.141 0.144 0.143 0.138

BE 7BEN+UL 002 0.002 0.004 0.002 0.002 0.002 0.003 0.004 0.004
T 0.536  0.537 0.534 0534 0.535 0.534 0.535 0.537 0.550

g TAX 0.186 0.087 0.087 0.088 0.087 0.087 0.087 0.088 0.087
SIC 0.105 0.116 0.114 0.105 0.112 0.111 0.113 0.116 0.118

BG BENFUI 0009 0.011 0.013 0.011 0.012 0.012 0.013 0.013 0.015
T 0.300 0.214 0.214 0.205 0.211 0.211 0.214 0.217 0.219

T TAX 0.168 0.167 0.166 0.169 0.180 0.196 0.199 0.200 0.197
SIC 0.041 0.041 0.045 0.045 0.045 0.047 0.048 0.056 0.056

CY 7BENHUL (008 0.007 0.008 0.010 0.008 0.010 0.009 0.014 0.015
T 0.216 0.214 0.218 0.224 0.233 0.254 0.257 0.270 0.268

T TAX 0.189 0.164 0.163 0.164 0.168 0.165 0.172 0.170 0.169
SIC 0.128 0.132 0.118 0.121 0.122 0.120 0.121 0.121 0.120

CZ BENHUL 018 0.021 0.023 0.024 0.023 0.025 0.025 0.025 0.026
T 0.335 0.318 0.304 0.309 0.313 0.310 0.318 0.315 0.315
TTAX 0.331 0.343 0.339 0.318 0.312 0.314 0.315 0.316 0.316
SIC 0.128 0.134 0.132 0.134 0.130 0.128 0.126 0.124 0.126

DE ~#BEN+UL (0031 0.030 0.030 0.022 0.023 0.021 0.020 0.021 0.022
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T 0.490 0.507 0.500 0.474 0.465 0.464 0.461 0.462 0.463
rTAX 0.420 0.414 0.393 0.353 0.349 0.349 0.344 0.338 0.339
rSIC 0.074 0.074 0.074 0.074 0.074 0.075 0.075 0.075 0.075
DK 7rBEN+UI 0014 0.014 0.014 0.017 0.017 0.017 0.018 0.018 0.018
T 0.508 0.502 0.481 0.444 0.440 0.440 0.436 0.430 0.431
TAX 0.213  0.202 0.203 0200 0.200 0.199 0.201 0.201 0.192
TSIC 0.017 0.017 0.019 0.033 0.035 0.038 0.031 0.031 0.027
EE 7BEN+UI 0001 0.001 0.001 0.001 0.001 0.001 0.001 0.003 0.005
T 0.231 0.220 0.222 0233 0.236 0.238 0.232 0.234 0.223
rTAX 0.232  0.226 0215 0268 0.299 0.300 0.284 0.283 0.278
TSI¢ 0.093 0.092 0.092 0.091 0.093 0.095 0.103 0.103 0.099
EL 7BEN+UI (002 0.001 0.004 0.001 0.002 0.001 0.006 0.014 0.009
T 0.327 0.320 0.312 0.360 0.394 0.395 0.393 0.401 0.387
rTAX 0.245 0.236 0.233 0251 0.257 0.278 0.279 0.280 0.265
91C 0.046 0.045 0.046 0.046 0.045 0.045 0.046 0.047 0.047
ES rBEN+UL (0002 0.002 0.004 0.005 0.003 0.002 0.002 0.002 0.003
T 0.293 0.283 0.283 0.302 0.305 0.325 0.327 0.329 0.314
rTAX 0.361 0.363 0.353 0.349 0.348 0.348 0.355 0.356 0.358
TSIC 0.063 0.059 0.059 0.065 0.068 0.072 0.071 0.077 0.078
F1I rBEN+UL 0012 0.013 0.014 0.013 0.012 0.013 0.011 0.011 0.011
T 0.436 0.434 0426 0427 0.428 0.433 0.438 0.444 0.448
rTAX 0.168 0.169 0.168 0.170 0.173 0.179 0.181 0.183 0.180
TSIC 0.133 0.133 0.134 0.134 0.133 0.134 0.136 0.139 0.140
FR rBEN+UL 0037 0.040 0.053 0.051 0.050 0.049 0.050 0.053 0.056
T 0.339 0.342 0.355 0.355 0.357 0.362 0.368 0.374 0.377
rTAX 0.335 0.339 0.311 0271 0.225 0.209 0.161 0.161
r8IC 0.191 0.196 0.190 0.195 0.191 0.204 0.203 0.203
HU 7BENFUL 0007 0.007 0.005 0.005 0.004 0.006 0.006 0.005
T 0.533 0.542 0.506 0.471 0.420 0.418 0.370  0.369
T TAX 0.316 0.314 0.330 0.327 0.384 0.388 0.388 0.389
T5IC 0.065 0.065 0.102 0.101 0.067 0.067 0.070 0.071
IE 7BENTUL 0018 0.021 0.019 0.024 0.016 0.019 0.020 0.020
T 0.399 0.401 0.451 0.452 0.468 0.474 0.478 0.480
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TTAX 0.319 0.322 0.322 0.323 0.329 0.331 0.334 0.349
TSIC 0.105 0.106 0.106 0.106 0.106 0.109 0.110 0.111
IT 7BENFUL (0008 0.008 0.008 0.008 0.007 0.007 0.007 0.007
T 0432 0436 0436 0437 0.443 0.447 0.450 0.466
rTAX 0.251 0.226 0.163 0.162 0.161 0.161 0.161 0.163
TSIC 0.039 0.037 0.087 0.088 0.090 0.090 0.090 0.090
LT 7BEN+UL 0,006 -0.011 -0.006 -0.007 -0.001 -0.001 -0.002 -0.003
T 0.284 0.252 0.244 0.243 0.249 0.250 0.249 0.251
rTAX 0.276  0.280 0.271 0275 0.297 0.295 0.309 0.309
91C 0.106 0.105 0.108 0.107 0.107 0.105 0.104 0.105
LU rBENFUL - 0019 0.018 0.026 0.025 0.021 0.020 0.021 0.021
T 0.400 0.403 0.405 0.407 0.426 0.419 0.434 0.435
rTAX 0.227 0.222 0.202 0235 0.220 0.221 0.212 0.212
rSIC 0.084 0.081 0.088 0.087 0.108 0.107 0.107 0.098
LV rBENFUL (0002 0.002 0.003 0.004 0.003 0.004 0.003 0.003
T 0.312 0.305 0.293 0.326 0.332 0.331 0.322 0.313
rTAX 0.230 0216 0.213 0217 0.220 0.222 0.213  0.205
TSIC 0.038 0.037 0.037 0.036 0.040 0.041 0.045 0.046
MT 7BEN+UL - (018 0.011 0.012 0.013 0.012 0.009 0.008 0.011
T 0.286 0.263 0.262 0266 0271 0272 0.266 0.262
rTAX 0.308 0.313 0.314 0.312 0.314 0.323 0.312 0.313
r8IC 0.111  0.105 0.089 0.091 0.090 0.089 0.099 0.106
NL BEN+UL - 0017 0.023 0.029 0.029 0.031 0.029 0.031 0.023
T 0.435 0.440 0.432 0433 0.435 0.442 0.442 0.442
T TAX 0.179 0.191 0.165 0.166 0.167 0.168 0.169 0.168
r8IC 0.141 0.105 0.104 0.104 0.104 0.104 0.105 0.106
PL BENTUI 0013 0.011 0.010 0.011 0.010 0.011 0.011 0.011
T 0.333 0.307 0278 0281 0.281 0.283 0.284 0.286
rTAX 0.211  0.210 0.204 0.211 0.237 0.218 0.277 0.276 0.273
TSIC 0.093 0.093 0.094 0.096 0.093 0.108 0.110 0.110 0.109
PT rBENFUL 0016 0.017 0.021 0.021 0.018 0.013 0.009 0.010 0.009
T 0.321 0.320 0.319 0.328 0.348 0.339 0.396 0.397 0.392
rTAX 0.207 0.209 0.199 0201 0.199 0.200 0.201 0.200
RO
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S1¢ 0.091 0.088 0.096 0.096 0.106 0.105 0.102 0.103
rBENFUL 0023 0.021 0.027 0.026 0.018 0.015 0.015 0.017
T 0.322 0.318 0.322 0.323 0.323 0.320 0.318 0.321
rTAX 0.360 0.354 0.332 0.331 0.328 0.321 0.317  0.309
TSIC 0.054 0.054 0.055 0.055 0.055 0.056 0.057 0.057
SE 7rBEN®UL 0,008 0.008 0.008 0.008 0.008 0.010 0.010 0.012
T 0.421 0.415 0.396 0.393 0.390 0.386 0.384 0.378
T TAX 0.200 0.206 0.204 0.197 0.207 0.209 0.203 0.201
TSIC 0.187 0.187 0.188 0.189 0.190 0.186 0.185 0.192
SI  rBENFUL 0021 0.022 0.023 0.024 0.023 0.026 0.026 0.027
T 0.409 0.415 0.415 0.410 0.420 0.422 0.414 0.420
rTAX 0.147 0.147 0.136 0.136 0.147 0.148 0.143 0.141 0.139
r8IC 0.130 0.131 0.130 0.131 0.126 0.127 0.156 0.158 0.171
SK 7BEN+UI 0017 0.017 0.031 0.031 0.023 0.020 0.020 0.021 0.018
T 0.293 0.296 0.297 0298 0.297 0.294 0.318 0.319 0.327
T TAX 0.259 0.249 0.243 0255 0.263 0.265 0.266 0.266 0.265
91C 0.072  0.077 0.080 0.080 0.085 0.085 0.083 0.083 0.084
UK 7BENTUL 0039 0.041 0.042 0.042 0.036 0.035 0.032 0.032 0.033
T 0.370  0.367 0.366 0.377 0.383 0.384 0.381 0.381 0.381
rTAX 0.264 0.263 0.256 0.256 0.260 0.263 0.264 0.266 0.262
r8IC 0.104 0.103 0.104 0.104 0.104 0.104 0.105 0.106 0.107
EU 7BENFUL 0020 0.021 0.023 0.022 0.021 0.020 0.020 0.020 0.026
T 0.388 0.386 0.383 0.383 0.385 0.388 0.389 0.393 0.395
rTAX 0.259 0.258 0.256 0262 0.270 0.276 0.278 0.282 0.245
r8IC 0.102 0.102 0.103 0.103 0.102 0.103 0.106 0.107 0.108
EA 7BEN+UL 0016 0.017 0.021 0.021 0.020 0.019 0.020 0.020 0.026
T 0.377 0.377 0.380 0.386 0.391 0.398 0.403 0.409 0.379

Note: A missing value in the 2015 column indicates that the tax policy is not available
in EUROMOD G4.0. EU and EA averages are population weighted. Source: Own
calculations using EUROMOD.
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Table A.2.: Income Stabilization Coefficients — Unemployment Shock.

A. Additional Results

2007 2008 2009 2010 2011 2012 2013 2014 2015
rTAX 0.188 0.192 0.185 0.182 0.18 0.190 0.192 0.194 0.194
r8IC 0.164 0.165 0.166 0.166 0.167 0.166 0.169 0.169 0.170
AT BEN+UL 0159 0.155 0.156 0.154 0.159 0.157 0.157 0.156 0.156
T 0.511 0.511 0.506 0.502 0.512 0.513 0.518 0.519 0.521
rTAX 0.224  0.227 0.218 0.227 0.229 0228 0.226 0.226  0.239
TSIC 0.132 0.135 0.135 0.135 0.135 0.135 0.134 0.135 0.129
BE rBENFUL 0293 0.299 0.307 0.305 0.301 0.322 0.321 0.321 0.318
T 0.649 0.660 0.659 0.667 0.665 0.685 0.682 0.681 0.686
TTAX 0.131  0.091 0.091 0.092 0.091 0.091 0.091 0.091 0.091
TSIC 0.125 0.133 0.130 0.120 0.128 0.128 0.129 0.131 0.132
BG 7BENFUL 0011 0.006 0.005 0.007 0.009 0.009 0.009 0.009 0.009
T 0.268 0.230 0.226 0.220 0.228 0.228 0.229 0.230 0.231
rTAX 0.073 0.071 0.070 0.074 0.077 0.093 0.092 0.094 0.092
TSI¢ 0.057 0.057 0.063 0.063 0.063 0.068 0.069 0.079 0.080
CY 7BEN+UL 041 0.041 0.047 0.049 0.048 0.054 0.054 0.070 0.070
T 0.171  0.169 0.179 0.186 0.188 0.215 0.215 0.243  0.242
T TAX 0.111  0.089 0.089 0.089 0.094 0.092 0.099 0.095 0.095
r8IC 0.147 0.149 0.135 0.136 0.137 0.136 0.136 0.136  0.136
CzZ rBENFTUL 0082 0.086 0.084 0.083 0.080 0.082 0.082 0.081 0.079
T 0.340 0.324 0.307 0.307 0.311 0.310 0.316 0.313 0.311
rTAX 0.224 0228 0.223 0.206 0.208 0.211 0.212 0.212 0.211
r8IC 0.165 0.164 0.162 0.163 0.165 0.164 0.161 0.161 0.161
DE 7BENHUL 0227 0.225 0.223 0.210 0.209 0.210 0.211 0.212 0.213
T 0.616 0.617 0.608 0.578 0.582 0.585 0.583 0.584 0.585
rTAX 0.247 0.240 0.229 0.210 0.207 0.207 0.201 0.197 0.196
TSIC 0.092 0.093 0.093 0.094 0.094 0.095 0.095 0.095 0.095
DK 7rBENTUL (256 0.259 0.263 0.268 0.270 0272 0.276 0.275 0.280
T 0.596 0.592 0.585 0.571 0.571 0.574 0.571 0.567 0.572
rTAX 0.173 0.158 0.165 0.163 0.164 0.165 0.168 0.167 0.158
r8IC 0.023 0.023 0.023 0.037 0.040 0.044 0.037 0.037 0.033

EE
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rBENFUL 0,015 -0.017 -0.016 -0.017 -0.016 -0.017 -0.017 -0.015 -0.020
T 0.180 0.164 0.172 0.183 0.189 0.192 0.188 0.189 0.171
rTAX 0.128 0.125 0.119 0.152 0.196 0.198 0.198 0.197 0.191
TSIC 0.130 0.131 0.132 0.131 0.135 0.138 0.144 0.144 0.141
EL 7BEN+UI 0024 0.024 0.026 0.024 0.023 0.024 0.023 0.070 0.072
T 0.281 0.280 0.277 0.307 0.354 0.360 0.365 0.411 0.404
rTAX 0.143 0.132  0.129 0.144 0.148 0.163 0.166 0.165 0.153
S1C 0.074 0.073 0.074 0.074 0.074 0.071 0.071 0.072 0.073
ES rBEN+UL 0187 0.18 0.197 0.192 0.188 0.183 0.180 0.180 0.181
T 0.403 0.391 0.401 0.410 0.410 0.417 0.417 0417 0.406
rTAX 0.230 0.232 0.218 0.215 0.214 0208 0.213 0.214 0.216
TSIC 0.065 0.061 0.062 0.068 0.071 0.075 0.075 0.080 0.081
F1I r7BEN+UL 0233 0.230 0.237 0.232 0.227 0.261 0.265 0.263 0.264
T 0.528 0.523 0.517 0.515 0.511 0.545 0.553 0.557 0.561
7TAX 0.103 0.103 0.103 0.103 0.105 0.108 0.109 0.109 0.107
TSIC 0.156 0.156 0.157 0.157 0.157 0.157 0.160 0.162 0.162
FR 7BEN+UL 0207 0207 0.218 0217 0.217 0216 0.216 0.217 0.218
T 0.466 0.466 0.478 0.477 0479 0.481 0.485 0.488  0.487
rTAX 0.229 0.233 0218 0.194 0.177 0.187 0.160 0.160
TSIC 0.201 0.205 0.196 0.202 0.197 0.212 0.211 0.211
HU 7BENFUL 0056 0.056 0.059 0.056 0.057 -0.008 -0.008 -0.008
T 0.485 0.494 0.473 0452 0431 0.390 0.363 0.362
rTAX 0.192 0.191 0.206 0.203 0.255 0.259 0.259 0.259
r8IC 0.061 0.062 0.091 0.090 0.061 0.062 0.066 0.066
IE 7BEN+UL 0134 0.141 0.118 0.122 0.117 0.117 0.118 0.117
T 0.388  0.394 0.415 0.416 0.433 0.437 0.442 0.443
rTAX 0.232 0235 0.236 0.238 0.244 0.247 0.247 0.242
r8IC 0.120 0.121 0.121 0.121 0.121 0.124 0.125 0.126
IT BENHUL 0042 -0.037 -0.037 -0.037 -0.038 -0.038 -0.033 -0.033
T 0.310 0.319 0.319 0.321 0.328 0.333 0.339 0.335
rTAX 0.230 0211 0.146 0.147 0.147 0.148 0.148 0.145
r8IC 0.044 0.045 0.092 0.091 0.094 0.094 0.094 0.094
LT 7BENFUL 0,019 -0.027 -0.019 -0.002 -0.002 -0.001 -0.002 -0.001
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T 0.255 0.228 0.219 0.235 0.240 0.241 0.240 0.238
rTAX 0.162 0.168 0.159 0.163 0.178 0.177 0.188 0.188
rSIC 0.114 0.114 0.115 0.115 0.115 0.114 0.113 0.113
LU 7BEN+UL 0,092 0.087 0.090 0.090 0.096 0.096 0.096 0.097
T 0.368 0.368 0.364 0.367 0.389 0.387 0.397 0.398
TTAX 0.213 0.200 0.182 0.225 0.209 0.210 0.202 0.195
TSIC 0.086 0.086 0.088 0.087 0.107 0.107 0.107 0.101
LV 7BENFUL 0,035 -0.055 -0.047 -0.029 -0.029 -0.037 -0.035 -0.036
T 0.264 0.231 0.223 0283 0.287 0.280 0.273  0.260
rTAX 0.117 0.109 0.107 0.110 0.112 0.113 0.111 0.107
TSI¢ 0.087 0.085 0.085 0.085 0.086 0.087 0.089 0.090
MT 7BEN+UL (0033 0.030 0.031 0.031 0.031 0.029 0.028 0.029
T 0.237  0.225 0.223 0226 0230 0.230 0.228 0.225
rTAX 0.086 0.090 0.090 0.088 0.090 0.096 0.085 0.085
r8IC 0.121 0.117 0.100 0.102 0.101 0.102 0.108 0.105
NL 7BEN+UI 0346 0.352 0.358 0.361 0.359 0.357 0.359 0.356
T 0.553  0.560 0.548 0.550 0.550 0.554 0.551  0.546
TTAX 0.149 0.161 0.147 0.146 0.147 0.151 0.152 0.151
TSIC 0.165 0.124 0.125 0.124 0.125 0.126 0.127 0.127
PL 7BEN+UL 0006 -0.002 -0.004 0.000 -0.001 -0.001 0.002 0.000
T 0.308 0.283 0.268 0270 0.272 0.276 0.280 0.278
rTAX 0.144 0.143 0.138 0.143 0.161 0.145 0.195 0.194 0.189
TSIC 0.108 0.108 0.108 0.108 0.110 0.112 0.113 0.113 0.112
PT rBEN+UI 0106 0.105 0.106 0.109 0.098 0.088 0.078 0.079 0.078
T 0.358 0.355 0.352 0.360 0.369 0.346 0.386 0.386 0.379
rTAX 0.155 0.158 0.148 0.151 0.161 0.163 0.164 0.164
r8IC 0.113 0.110 0.122 0.122 0.107 0.107 0.107 0.107
RO 7BEN+UI (143 0.142 0.141 0.145 0.132 0.125 0.126 0.131
T 0.411 0.411 0.410 0.418 0.400 0.396 0.397  0.402
rTAX 0.251 0.243 0.227 0222 0.221 0.217 0.216 0.207
r8IC 0.064 0.064 0.064 0.064 0.064 0.064 0.065 0.065
SE rBENFTUL 0152 0.151 0.151 0.150 0.150 0.152 0.152 0.153
T 0.467 0.458 0.443 0436 0435 0.433 0.433 0.425
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TTAX 0.124 0.126 0.123 0.122 0.123 0.123 0.120 0.120
TSIC 0.205 0.206 0.206 0.207 0.207 0.207 0.207 0.207
SI  rBENFUL (0052 0.052 0.052 0.057 0.058 0.043 0.043 0.042
T 0.382 0.383 0.381 0.386 0.388 0.373 0.370  0.369
rTAX 0.076  0.076 0.061 0.061 0.074 0.075 0.073 0.071 0.071
r8Ic 0.150 0.152 0.151 0.152 0.149 0.149 0.174 0.176 0.175
SK rBENFUL 0097 0.094 0.099 0.102 0.098 0.094 0.092 0.091 0.091
T 0.323  0.322 0.312 0316 0.321 0.318 0.339 0.338 0.336
rTAX 0.205 0.198 0.193 0200 0.200 0.198 0.193 0.191 0.187
91C 0.085 0.088 0.089 0.090 0.093 0.093 0.093 0.093 0.093
UK 7BEN+UI (123 0.123 0.125 0.124 0.116 0.116 0.104 0.104 0.104
T 0.413 0.408 0.408 0.415 0.409 0.408 0.390 0.388 0.383
7 TAX 0.177 0.176 0.170 0.170 0.175 0.178 0.177 0.176  0.168
r8IC 0.125 0.122 0.123 0.123 0.123 0.123 0.124 0.125 0.129
EU 7BENHUL 134 0.135 0.137 0.135 0.133 0.132 0.131 0.132 0.174
T 0.436 0.432 0.430 0429 0.431 0433 0433 0433 0471
rTAX 0.157 0.157 0.155 0.160 0.167 0.172 0.173 0.172  0.146
r8IC 0.121 0.121 0.121 0.121 0.121 0.121 0.123 0.124 0.128
EA 7BEN+UL (137 0.138 0.143 0.142 0.141 0.141 0.141 0.143 0.192
T 0.415 0.415 0.419 0.424 0.429 0434 0.438 0.439  0.466

Note: A missing value in the 2015 column indicates that the tax policy is not available
in EUROMOD G4.0. EU and EA averages are population weighted. Source: Own
calculations using EUROMOD.
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2. Labor Supply and Automatic

Stabilization!

2.1. Introduction

Tax and transfer systems redistribute incomes across households. They also serve as
automatic stabilizers providing insurance against income fluctuations over the business
cycle (Dolls et al., 2012). While there is still considerable disagreement about the benefits
of discretionary countercyclical fiscal policy, most economists agree that automatic
stabilizers are an important part of macroeconomic policy. This paper extends previous
research on automatic stabilizers and is the first to estimate the automatic stabilization
effect of tax and transfers systems through a marginal incentives channel for many
European countries: When income taxes are progressive, the tax rate that a household
faces falls following an income decline in a recession, thereby increasing work incentives
and hence labor supply (Christiano, 1984). This effect offsets part of the initial income
decline and thus further stabilizes aggregate income and output. The magnitude of the
effect depends on the change in the marginal tax rate after a change in gross income, as
well as the elasticity of labor supply with respect to a change in the after-tax wage.
McKay and Reis (2016) classify four channels through which the stabilizing power of
taxes and transfers can work: the disposable income channel, the marginal incentives
channel, the redistribution channel and the social insurance channel. The disposable
income channel works through a mechanical effect of the tax system to absorb fluctuations
in gross income, which stabilizes aggregate demand through the stabilizing effect on
disposable income (Pechman, 1973; Auerbach and Feenberg, 2000; Dolls et al., 2012). The
marginal incentives channel works through the change in the marginal tax rate when a
household is subject to an income shock: In a progressive tax and benefit system this will
lead to an increase in work incentives, which increases labor supply. The redistribution
channel takes into account that benefit recipients may have higher propensities to spend

their income, which leads to stabilization of aggregate demand. Through the social

!This paper is joint work and circulates as Dolls, Fuest, Peichl, and Wittneben (2019a).
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2. Labor Supply and Automatic Stabilization

insurance channel, automatic stabilizers influence precautionary savings. In particular,
they may reduce the need for precautionary savings, which increases welfare from increased
consumption.

This paper focuses on the marginal incentives channel. We estimate labor supply
elasticities for households in the EU27 as well as the responsiveness of the tax and transfer
system. In particular, we estimate the change of the marginal tax rate with respect to a
percentage change in the gross income. The marginal tax itself gives an indication of the
tax system’s automatic stabilization capacity according to the disposable incomes channel
(Pechman, 1973; Auerbach and Feenberg, 2000; Dolls et al., 2012). When households
face a sudden and temporary income decline, they may temporarily be subject to a lower
marginal tax rate. This triggers an inter-temporal substitution of labor. The magnitude
of this effect is mainly driven by the change in the marginal tax rate that follows the
income shock, and the elasticity of labor supply with respect to the net wage.

Our first contribution is the estimation of labor supply elasticities in a consistent
manner for a large set of European countries. Secondly, we contribute to the literature
that assesses the incentive effects of the tax system by providing estimates of effective
marginal tax rates and the progressivity of the tax and transfer system (see Auerbach
and Feenberg, 2000; Saez, 2002; Immervoll et al., 2007; Wallenius, 2013). Thirdly, we
contribute to the literature by estimating for the first time the automatic stabilization
effect that operates through the marginal incentives channel for many European countries.

We find between five and ten percent of stabilization through labor supply in Germany,
Italy, Hungary, Sweden, Spain, Slovenia, Portugal and Greece. Stabilization is largest
in Germany, where 25 percent of an initial income decline is dampened. For countries
with a very flat system, as many countries in eastern Europe, this effect is small or zero,
because marginal incentives do not change when income changes.

Our paper relates to several strands of literature. Empirical micro studies on automatic
stabilizers (Auerbach and Feenberg, 2000; Auerbach, 2009; Dolls et al., 2011, 2012, 2019b)
estimate their size in different countries.? Using quantitative macro models, Oh and Reis
(2012) and Mattesini and Rossi (2012) analyze the stabilizing role of transfers and taxes,
respectively. Similarly, McKay and Reis (2016) analyze the effect of automatic stabilizers
on business cycle volatility in the US. In a follow-up paper, McKay and Reis (2017) solve
for the optimal automatic stabilizers (unemployment insurance and tax progressivity),
taking into account aggregate volatility and the state of the labor market. Kniesner and
Ziliak (2002b,a) exploit variation from US tax reforms using household panel data to

estimate consumption smoothing effects. In the labor supply literature, Blundell and

2Macro-econometric studies (Fatds and Mihov, 2001) rely on correlations of aggregate variables.
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MaCurdy (1999), MaCurdy et al. (1990), Ziliak and Kniesner (1999), Bargain et al.
(2014) and Bargain and Peichl (2013) study questions of taxation and labor supply.
This paper is structured as follows. In section 2.2 we explain our measure of supply
side stabilization. Section 2.3 presents the structural econometric model. In section 2.4,
we describe the datasets and preparation. Section 2.5 presents results and section 2.6

concludes.

2.2. Measuring Supply Side Stabilization

2.2.1. Theoretical Framework

The literature uses the “normalized tax change” (see Pechman, 1973, 1987) as a measure
of income stabilization (Auerbach and Feenberg, 2000; Dolls et al., 2012). It is defined
as the ratio of how a household’s tax payment (or benefit receipt) and thus, disposable
income, varies with changes in the gross income and thus measures the stabilization (or
income insurance) provided by a given tax and benefit system.

In this paper, we provide an additional metric of stabilization through changes in labor
supply, i.e. the marginal incentives channel. For example, consider a household who has
to pay a 30 percent marginal tax rate. Suppose the household experiences a decline in
gross income and, because of the progressive tax system, her marginal tax rate drops to
25 percent after the shock. This increases work incentives at the margin and provides
an additional cushioning of the decline in disposable income. Contrary to the income
stabilization channel, for the marginal incentives channel to work in a stabilizing way,
the tax system must be progressive, because in a flat tax system, there is no change in
the marginal tax rate after a shock to household income.?

The mechanism is illustrated in Figure 2.1, with the initial labor market equilibrium
consisting of labor L and wage w at point A. Given that the shock is temporary and
employment is determined by aggregate labor supply, a decline in gross income will lead to
increased employment when the tax system is progressive. When the shock is temporary,
the change in the after-tax wage is small relative to life-time income, which emphasizes
the stabilization effect, because there is no income effect that would counteract the
outward shift in labor supply. After a negative productivity shock which reduces labor

demand, the resulting labor market equilibrium would be point B, if the marginal tax

3This income stabilization coefficient is closely related to the incentive measure, as it is very similar to an
average effective marginal tax rate (see Dolls et al., 2012) and the change in the effective marginal tax
rate is one significant driver of the marginal incentives channel, as we will see below. In a regressive
system, the effect would be destabilizing.
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Figure 2.1.: Labor Supply Stabilization Effect

Source: Auerbach and Feenberg (2000, p. 49)

rate could not adjust. But when the marginal tax rate declines, this makes the labor

supply curve steeper. The resulting equilibrium is at point C.

2.2.2. Income Concepts and Marginal Tax Rates

To estimate marginal tax rates, we simulate a shock to market income, which is defined

as
YM —wh+y=YF +Y2 + V! +YF + Y0, (2.2.1)
——
=w-h =Y

where Y;E , YiQ, Yil , YZ-P , YZ-O, respectively denote labor income, business income, capital
income, property income, and other income.

We define tax payments, social insurance contributions and benefit payments to be
functions of market income* Y  of household demographic characteristics X that
determine taxes or transfers (for instance, number of children, marital status, age), as
well as the parameters of the tax and transfer system 7 (e.g. tax rate, bracket thresholds,
deduction). Disposable income is equal to the market income minus net government

intervention T (W, him, wrhy,y; X), which consists of direct taxes and social insurance

4Note that, for simplicity of notation, we write a dependence on market income Y only and not a
dependence on each component (see equation (2.2.1)),although our calculations using EUROMOD
respect the different income types.
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contributions minus social benefits. We perturb household market incomes Y™ at the
observed and a hypothetical (five percent reduced) income to obtain two marginal tax
rates (one actual and one hypothetical, respectively) to be able to calculate also the
change in the marginal tax rate as the difference between these two marginal tax rates.

Figure 2.2 shows the effective marginal tax rates in the EU27, calculated as the change
in taxes, transfers, and social insurance contributions with respect to a change in gross

income, averaged over the population.

.3
.2
0
CYy PT ES BG LT cz Lv IE UK Fl AT NL DE DK

MT EE EL SK FR PL RO LU T SE Sl HU BE

B Direct Tax [ sIC N Benefits

Effective Marginal Tax Rate

Figure 2.2.: Effective Marginal Tax Rates

Notes: Effective marginal tax rates are computed as the change in income taxes, social insurance
contributions and benefits divided by the change in gross income. Source: Own calculations using
EUROMOD.

2.2.3. Supply Side Stabilization

We now turn to the labor supply stabilization coefficient. We follow Auerbach and

Feenberg (2000) by deriving the measure for stabilization:

dT"(wh, y; X) wdh
™= —w- :
ay d[wh — T (wh, y; X)]

(2.2.2)

Equation (2.2.2) gives the general formula for the supply side stabilization coefficient 5.
T’ denotes the marginal tax rate. The first part is the change in the after-tax wage with

respect to a change in income (keeping the before-tax wage fixed). The second part is
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the change in labor income with respect to a change in the after tax wage. This effect is
determined by the change in labor supply.
Equation (2.2.2) can be rearranged to yield an equation that consists of components

with a more intuitive interpretation:

1(yv M. dh
5= d7'(Y: X) . @ . D (2.2.3)
dlnYM 1 —T"(wh,y; X) dw
—_—
~—
=7"(YM;X) Labor income share T ahor Supply
Change in MTR over net of tax rate Elasticity

w.r.t. 1% change in Y’

The first term is the change in the marginal tax rate with respect to a one percent change
in market income, the second term is the labor income share divided by the net of tax
rate and the third term is the labor supply elasticity (with respect to changes in the net
wage).

The resulting stabilization coefficient is interpreted as the fraction of the initial shock
that is absorbed by the labor supply shift induced by the change in the marginal tax
rate (see Auerbach and Feenberg, 2000).

2.3. Labor Supply Estimation

We estimate a discrete choice household labor supply model as in Aaberge et al. (1995);
van Soest (1995); Bargain et al. (2014) to analyze the behavioral response to changes
in wages (i.e., labor supply elasticities).” We follow especially Bargain et al. (2014) and
update their results to more countries and more recent years. In particular, we employ a
random utility maximization model to estimate utility functions that yield a distribution
of choice probabilities (see McFadden, 1974). Utility consists of a deterministic part, which
is a function of observable variables, and an error term that reflects optimization errors,
measurement error, or unobserved characteristics. For the deterministic part, we specify a
utility function that depends on both household characteristics and characteristics of the
hours category (most notably the associated work and leisure times and the disposable
income from working the respective amount of time, but also fix costs of taking up work).
By letting household characteristics enter the utility function, we allow for heterogeneity
in household preferences. Household characteristics also influence how gross income
translates into disposable income through the tax-benefit function. In general, disposable

income is a function of household (labor) earnings, non-labor income, and household

5Other contributions include Blundell et al. (2000) for Europe and Hoynes (1996); Keane and Moffitt
(1998) for the US.
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demographics, like age, marital status, and the number of kids. We use the European
Union Statistics on Income and Living Conditions (EU-SILC) for household incomes
and demographics and the microsimulation model EUROMOD to calculate direct taxes,
social insurance contributions and received benefits to obtain disposable incomes.5

As is common in the literature, we estimate labor supply functions of single men,
single women, and couples separately, as their labor supply behavior differs significantly.
Our preferred specification is a choice set of seven individual choices (meaning 49 choice
categories for couples), but we check the robustness of results with a smaller choice set
of four choices. Married couples are assumed to maximize a joint utility function, which
means that each combination of the two parters’ hours is a distinct category (resulting in
49 categories for couples, compared to seven for singles).” Blundell and Shephard (2012)
specify a set of six choices, with a particular focus on women in the UK. Estimating
the model with thirteen choices (for singles) is possible, but extremely time consuming,
because the choice set becomes very large for couples (169 categories).

Our hours specifications are as follows. Single households choose weekly hours of
work h from a finite set H = {0, 10, 20, 30,40, 50,60}, which correspond to (empirical)
hours ranges 0 — 4,5 — 14,15 — 24,25 — 34,35 — 44,45 — 54,55+ in case of seven choices
respectively. In case of four choices, the set is H = {0, 20, 40, 60}, corresponding to the
ranges 0 — 9,10 — 29,30 — 49, 50+. Couples, who maximize joint utility, choose from the
set H x H.

We impose a quadratic utility function with fixed costs of work as the deterministic

part of the utility function.® The utility function for a couple household is

U(C, b, hy; X, e) = ae(X,e)O(h; Ty, X) + aeeC(h; Ty, X)? (2.3.1)
+ an, (X)hy + apy, (X)hm + ang, (hy)? + anyy (hin)? (2.3.2)
+ aen C(h; Ty, X)hy 4 oteh,, C(h; Ty, X)ham + athyh s hphim (2.3.3)
> (kg L(hy € Ss) + Fism - L(hm € Ss)) (2.3.4)

s

where C(-) denotes household consumption and hy and h,, denote the partners’ hours

SHarmonized versions of EU-SILC are also provided by EUROMOD. For the UK, the Family Resources
Survey (FRS) is used instead of EU-SILC.

"Estimating the model with more discrete choices is much more time consuming, as the estimation takes
longer and more points of the budget set have to be evaluated. Bargain et al. (2014) estimate models
with four, seven, and thirteen discrete choices and find that the estimated elasticities do not differ
fundamentally.

8Other common specifications include log or translog utility. Loffler et al. (2018) show that the choice
of the functional form is not a significant driver of labor supply elasticities.
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of work. The last expression ks denotes dummies for subsets of the choice set.” Let
J denote the number of choices for a couple. These choices (H x H) correspond to all
combinations of the spouses’ discrete hours (for singles, the model above simplifies to
only one hour term h;, and J is the number of discrete choice from H for this person, i.e.
seven or four).

As described earlier, we allow the coefficients on consumption and work hours to vary

(linearly) with household characteristics:

ac(X,e) = al + Xioe + ¢ (2.3.5)
an, (X) = oz%f + Xjou, (2.3.6)
an, (X) = o, + X}, (2.3.7)

These “taste-shifters” X include age, age squared, as well as dummies for dependent
children and the degree of education obtained by the household member. Further, we
include fixed costs of work into the model. These costs, denoted by xj for k = f,m, are
non-zero for positive hours choices. Introducing fixed costs of work, estimated as model
parameters as in Bargain et al. (2014), Callan et al. (2009) or Blundell et al. (2000),
improves the fit of the model.

In general, the approach is very flexible and allows to impose few constraints (see
Bargain et al., 2014; van Soest, 1995). One restriction sometimes imposed in the literature
is to require the utility function to be monotonically increasing in consumption, as it can
be seen as a minimum consistency requirement of the econometric model with economic
theory. When the fraction of observations with an implied negative marginal utility of
consumption is more than 5%, we impose positive marginal utility as a constraint in the

likelihood function.!?

Wage imputation. Non-participation is included as a category (ho = 0) in our choice
set, and individuals or households that are in principle labor supply flexible but choose
not to work are included in our estimation samples. As the wage for these individuals is
typically not observed, but still necessary for calculating disposable income in categories
with positive hours, we must make assumptions on how to obtain additional wage

information. Hence, in a first step, we obtain wage rates for individuals by dividing

9We include dummies for being in work, working part time or working full time, meaning we have
So = {10, 20, 30, 40,50,60}, S1 = {10,20,30}, S2 = {40}. See also Aaberge and Colombino (2018).

10VWe increase the multiplier iteratively and choose the lowest multiplier that ensures at least 95% of the
observations with positive marginal utility of consumption through an iterative procedure. To speed
up estimation, we refrain from estimating the model with unobserved heterogeneity in these cases,
that is, we do not include an error term in the coefficient a;.
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2. Labor Supply and Automatic Stabilization

earnings by working hours in the choice category. We choose to impute wages by
estimating a Heckman selection model, which controls for selection into the labor market.

Hourly wages for those who work are calculated by dividing monthly earnings by
“normalized” working hours. We normalize hours by rounding them to the nearest hours
category to reduce division bias, see Bargain et al. (2014). We use predicted wages for
all observations.!!

It is common practice to first estimate wage rates and then use them in a labor supply
estimation (see Creedy and Kalb, 2005, 2006; Bargain et al., 2014; Loffler et al., 2018).

The results of the wage estimations are presented in appendix section B.

Disposable incomes and choice probabilities. For each hours choice, disposable
income is a function of household labor earnings, non-labor income y; and household

demographic characteristics X:

C(h;T7y7X) = Wy hm + wfhf +vy— T(wmhmwahfa Y; X)

We denote disposable income by the letter C' to stress its equivalence with consumption.!2.

We simulate the tax-benefit function 7(-) using the tax-benefit calculator EUROMOD,
which we present in the next section.

As the model is stochastic in nature, the full specification of the labor supply model is
given by including i.i.d. error terms € for each choice from H x H. That is, total utility

at each alternative is
Ve, by, hy; X,e) =U(C, hp, hy; X, ) + €,

with the observable part of utility U(-) being defined as in equation (2.3.1). The
error terms can represent measurement errors or optimization errors of the household.
McFadden (1974) showed that, if errors follow an extreme value type I (EV-I) distribution,

the probability for each household of choosing an alternative j can be expressed as:'

mjo ';Xv
Py(X,e) = Pr(h =y | X,e) = — P WO s, hy: X))
> k=1exP (U(C, hni, hpr; X, €))

" Using predicted wages for all observations further reduces selection bias. See also (Borjas, 1980; Ziliak
and Kniesner, 1999) regarding the issue of division bias, MaCurdy et al. (1990) on imputing wages
for the whole or only parts of the sample, as well as Lofller et al. (2018) for a discussion of these
approaches in the context of discrete choice modeling.

2In this static setting, we do not model a savings decision of the household, and the elasticities we
estimate are hence Marshallian elasticities. Hicksian elasticities can be obtained by additionally
estimating income elasticities and using the Slutsky decomposition.

13See also Creedy and Kalb (2006); Blundell and Shephard (2012); Bargain et al. (2014)

o6



2. Labor Supply and Automatic Stabilization

Identification. As the tax-benefit calculator accounts for a realistic description of
policies, we make use of the variation provided by nonlinearities and discontinuities
inherent in these policies, as well as tax policy changes over time. 2008-2014 saw
numerous changes in tax policies. Pooling the data allows us to use the variation in
after-tax earnings to identify the econometric model. Effective tax rates vary with
household characteristics (such as marital status, age, family composition, virtual income,
etc.). Although we include some of these characteristics in the estimated utility functions,
tax-benefit rules condition on a richer variety of household characteristics (for example,

detailed age of children, regional information or home-ownership status).

Elasticities. Labor supply elasticities cannot be derived analytically in this nonlinear
econometric model. However, using the estimated structural utility function, we can
calculate choice probabilities for varying simulated incomes. We calculate the elasticities
by simulating a marginal increase in the wage rate and predicting the probability
distribution over the choice categories for the increased wage rate. The wage elasticity
is defined as the change in expected working hours (that is, the probability-weighted
average of working hours) with respect to the change in the wage rate. Similarly, we
calculate expected incomes, benefits, and tax payments before and after the simulated

income change. Labor supply elasticities are then calculated as

AH  w

where H is the expected value of working hours (in other words, the probability-weighted
sum of hours categories) and A denotes the difference of the variable from its simulated

countelrpaurt.14

2.4. Data

In this study, we analyze the EU27.'® The datasets we use are based on EU-SILC, a
harmonized European household survey, and the FRS for the UK. They are provided by
Eurostat and have been further harmonized by the EUROMOD team to make income
types comparable and consistent with the legal definitions in each country, and converted

from annual to monthly incomes. EUROMOD is a European tax-benefit calculator that

1See also Blundell et al. (2013).
The most recent EU member state Croatia has less datasets available, so we exclude it from the
analysis.
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provides a framework to simulate direct taxes°, social insurance contributions, and social

benefits and family transfers (see Sutherland and Figari, 2013).

2.4.1. Household Data and Estimation Samples

We use data with an income reference year of 2007, 2009, 2011 and 2013, unless stated
otherwise, and use the tax-benefit system of that respective year for the simulation of
taxes and transfers. For the labor supply estimation, we pool the year datasets available
for each country. For each discrete choice hours category h and each household, disposable
income C(-) is calculated by aggregating all types of household income, adding received
benefits (family and social transfers), while subtracting direct taxes (on labor and capital
income) and social security contributions. We denote these tax-benefit calculations by
function 7(-) as defined below. In practice, we use the tax-benefit model EUROMOD
for these calculations, based on the information on income and household demographic
characteristics X;. We introduce EUROMOD in the next section.

For the purpose of the labor supply estimation, we divide the base sample into three
subsamples for each country, depending on the household type: couples, single men
and single women (the latter two including single parents) separately. We restrict each
estimation sample to adults aged between 18 and 60 that are available to take part flexibly
in the labor market, thereby excluding disabled or retired people, those in education,
self-employed, or farmers.!” Descriptive statistics of the sample are reported in the tables

in section B.

2.4.2. Tax-Benefit Simulation and Hypothetical Incomes

For the discrete choice estimation, it is necessary to calculate the disposable incomes in
each hours category. To do this, we use the European microsimulation model EUROMOD
and the data based on the EU-SILC harmonized datasets of EU27 households that come
with it. Sutherland and Figari (2013) provide an overview of the recent version of
EUROMOD. In this paper, we use version G4.0+ of EUROMOD. It includes multi-year
datasets and the tax and benefit systems 2008-2014 for 28 countries of the European
Union. Using EUROMOD, we calculate the counterfactual disposable incomes that are
necessary for the structural econometric model (see section 2.3). EUROMOD applies the

appropriate tax rules to calculate household after-tax incomes and then simulate social

6There are recent attempts to reflect value added taxes to the project, see Decoster (2014).
For the Heckman-corrected wage estimation, we apply the same restrictions on the sample, but estimate
the sample separately for women and men.
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2. Labor Supply and Automatic Stabilization

insurance contributions as well as benefits and pensions the individual may be eligible
for.

2.5. Results

This section presents the estimated labor supply elasticities and the stabilization coeffi-

cient.

2.5.1. Labor Supply Elasticities

We estimate the labor supply elasticities separately for each country for single men, single
women, and couples. We aggregate the results at individual or household level to derive
an estimate for the whole population. The covariates in each estimation are the same

across countries. The fit is good even with only four choices.
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Figure 2.3.: Own Wage Elasticity

Own Wage Elasticities. In figure 2.3 we present the results for own wage elasticities
for the European countries. Generally, the elasticities are in line with the literature,

ranging from 0 to around 0.6. The labor supply elasticities are small (below 0.2) in
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Luxembourg, Netherlands, Cyprus, Denmark, Sweden, Hungary and the UK. We find the
largest elasticities for Romania, Spain, Latvia, Belgium, Estonia, and Bulgaria (between
0.4 and 0.6).
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Figure 2.4.: Own Wage Elasticity: Extensive vs. Intensive Margin

Intensive and Extensive Margin. We follow Bargain et al. (2014) in defining the
hours elasticity for participants as the intensive margin elasticity. The extensive margin
is expressed as the hours changes corresponding to participation responses in relation
to total hours, so the extensive and the intensive margin sum up to the total elasticity.
Figure 2.4 shows the results. We comment first on the general magnitude of the estimated
elasticities before going into country details.

Contrary to Bargain et al. (2014), who find intensive margin elasticities close to zero
for many countries, our estimates of intensive margin elasticities are relatively large, often
larger than the extensive margin. This results is consistent with findings in the literature.
For instance, in recent studies, Chetty et al. (2011) conclude from meta analyses that the
intensive margin Hicksian micro elasticity is 0.33, while its extensive margin counterpart
is 0.26. Similarly, Attanasio et al. (2018) find that the extensive margin makes up about

half of the response for younger women, but that share declines with age.
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There are several possible explanations that reconcile the different magnitudes of the
estimated intensive margin elasticities in Bargain et al. (2014) and this paper. The most
straightforward explanation could simply be our use of different data sources and the
newer datasets. Also, more availability of part-time work over the last decade could have
increased hours flexibility on the household side. Another reason may be the slightly
different approach in Bargain et al. (2014) regarding wage prediction. To increase the
variation in the distribution of predicted wage rates, Bargain et al. (2014) add a single
random error term to each wage. While this helps to increase the variance of the wage
distribution, it is ad hoc and the effect on the wage prediction remains unclear.'®

Furthermore, we pool multiple years for each country. The reported pooled elasticities
in Bargain et al. (2014) are also lower than non-pooled (except for Ireland, see Bargain
et al., 2014).

In general, elasticities lie between 0.1 and 0.6, which is the usual range seen in other
studies. We find the lowest elasticities in Cyprus, Denmark, UK, Netherlands and Sweden
(all below 0.2). In these countries, the extensive hours elasticities are virtually zero.
Hungary and Romania also have elasticities below 0.2 but the extensive margin makes
up a larger share. Elasticities are particularly large in Belgium, Spain and Ireland (above
0.4). The other countries lie in between.

We also provide the disaggregated results from the elasticity estimations in figure 2.5.
Married men have the lowest overall elasticities, and they vary little at the extensive
margin. Married women have higher elasticities, but are still below values often seen in
the literature. Singles generally have a higher elasticity at the extensive margin, with

particularly high elasticities for single men.

Gross vs. net elasticities. So far, we have looked at gross wage elasticities. We also
estimate net wage elasticities as the change in expected hours divided by the change in
the net wage. Because a fraction of the change in the gross wage is dampened by the tax
and transfer system, the change in the net wage will generally be less than the change in
the gross wage, which is why net elasticities normally are larger than their gross wage
counterparts. Figure 2.6 plots net wage elasticities against the gross wage elasticities.

The elasticities generally lie above the 45 degree line.

8Results in LofHler et al. (2014) indicate that this procedure can downward-bias elasticities significantly.
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Married men by Margin

Married women by Margin
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Net elasticity

0 2 4 .6 8 1
Gross Elasticity

Figure 2.6.: Gross vs. Net Wage Elasticity

Notes: Plots net wage elasticity against gross wage elasticity. The net wage elasticities are calculated as
the change in expected hours divided by the change in the net wage. Because a fraction of the change in
the gross wage is dampened by the tax and transfer system, the net wage elasticity is larger than the

gross wage elasticity.
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2.5.2. Automatic Stabilizers

This section presents our main results, the estimates of the labor supply stabilization
coefficient. The supply side stabilization coefficient is largest in Germany, where 25
percent of an initial income decline is dampened. This strong stabilization effect is
induced by the large average labor supply elasticity (0.539), as well as the stark drop
in the marginal tax rate after an income change (0.413). While many tax systems
apply tax brackets, where marginal tax rates only change when income changes across
thresholds, the German tax system interpolates marginal rates between thresholds, so
that the marginal rate changes continuously as taxable income shifts. Regarding the rest
of Europe, Italy (0.116), Hungary (0.095), Sweden (0.08), Spain(0.073), Slovenia (0.072),
Portugal (0.06), Greece (0.051) and Ireland (0.05) have high stabilizers (larger than 0.05).
Countries with a high second derivative of the tax function are Denmark (0.228), Greece
(0.168), Italy (0.328) and Sweden (0.185). In the other countries, the overall labor supply
stabilization effect is rather modest, ranging from 0 to 0.05.

Bulgaria and Luxembourg have a negative stabilizer, meaning that the tax and transfer
system overall is actually a de-stabilizer. This is the case because the tax rates in both
countries are regressive when taxes benefits and social security contributions are combined.
France and UK are also slightly de-stabilizing, but the coefficient is near zero. While
Bulgaria is regressive at the top, in Luxembourg, France and UK, benefit withdrawal

causes the tax system to be regressive.'?

Accounting for the state of the labor market. One might argue that households
are not free to choose hours at their will during recessions, the time when we are
especially interested in automatic stabilizers. In times of recessions, unemployment
typically increases and the labor market becomes more slack and less tight.?° This means
that the cost of vacancies go down and firms find it easier to hire workers, while the
converse is true for households, who have a harder time finding jobs.

Two points support our interpretation of the results. First, our simulated income
shock can be interpreted as happening at the extensive margin, because for the marginal

incentives channel to play a role, we only require a shock to taxable income, which

9We provide illustrations of the progressivity of the tax systems in the appendix (graph B.1 in section
B), by plotting marginal tax rates against gross incomes.

20Tt can also be argued that what matters is not only the unemployment rate, as conventionally measured,
but “Rather, assessments of the employment gap should reflect the incidence of underemployment
(that is, people working part time who want a full-time job) and the extent of hidden unemployment
(that is, people who are not actively searching but who would rejoin the workforce if the job market
were stronger)” (see Blanchflower and Levin, 2015).
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Table 2.1.: Supply Side Stabilization Coefficients

Components

a (1-7) hﬁ% i Result

AT 0.731 0.628 0.062 0.373 -0.027
BE 0.638 0.501  0.040 0.869 -0.044
BG 0.849 0.737 -0.281 0.281 0.091
CY 0.868 0.838 0.160 0.110 -0.018
CZ 0.878 0.718 0.076 0.318 -0.029
DE 0.593 0.516 0.413 0.539 -0.256
DK 0.714 0.491 0.228 0.135 -0.045
EE 0.814 0.774 0.029 0.309 -0.009
EL 0.869 0.764 0.168 0.265 -0.051
ES 0.718 0.768 0.134 0.585 -0.073
FI 0.723 0.614 0.105 0.304 -0.037

FR 0.622 0.713 -0.075 0.391 0.026
HU 0.929 0.541 0.185 0.300 -0.095
IE  0.697 0.662 0.085 0.557 -0.050

IT 0.685 0.633 0.328 0.327 -0.116

LT 0.900 0.729 -0.006 0.232 0.002
LU 0.763 0.663 -0.276 0.290 0.092
LV  0.928 0.689 0.008 0.333 -0.004
MT 0.438 0.783 0.070 0.221 -0.009
NL 0.704 0.589 0.060 0.178 -0.013
PL 0.958 0.709 0.019 0.283 -0.007
PT 0.845 0.772 0.139 0.395 -0.060
RO 0.916 0.685 -0.011 0.192 0.003
SE 0.614 0.620 0.185 0.439 -0.080
SI  0.836 0.615 0.137 0.387 -0.072

SK 0.924 0.731 0.026 0.355 -0.012
UK 0.582 0.655 -0.080 0.218 0.016

Notes: Negative stabilizer value in the last column indicates stabilization. It is the
fraction of the shock that is absorbed. From left to right, the variables are labor
share, net-of-tax rate, tax elasticity, net wage elasticity. Source: Own calculations.
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Figure 2.7.: Labor Supply Stabilization Coefficients

Notes: Labor supply stabilization coefficients. Interpreted as the fraction of the initial shock that is offset
through labor supply. Negative value indicates stabilization. See Table 2.1. Source: Own calculations.

could come from working less than the desired hours. Second, our inclusion of choice-
specific dummies (cost of work) in our estimations can be interpreted as representing the
availability of a specific choice or job opportunities, and hence can be seen as accounting
for labor market tightness. Aaberge et al. (1999); Aaberge and Colombino (2018) show
that the dummy-specification is equivalent to a random utility job choice model when

systematic utility is weighted by the frequency of jobs available.
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2.6. Conclusion

In this paper, we estimate discrete choice models of household labor supply and use the
microsimulation model EUROMOD to estimate the marginal incentives channel of the
automatic stabilization effect of tax and transfer systems of the EU27. We calculate the
changes in the effective marginal tax rates and combine them with the estimated labor
supply elasticities to quantify how much of the initial decline in output is absorbed by
automatic stabilization through labor supply.

Our results confirm the back-of-the-envelope calculations in Auerbach and Feenberg
(2000), that roughly 10 percent of a decline can be offset by labor supply stabilization.
The automatic stabilization effect of the marginal incentive channel is heterogeneous
across countries. Countries with flat tax systems exhibit hardly any stabilization, while
Germany has a large supply side stabilizer (0.25), in part because of its marginal tax
rates adjusting continuously to taxable income.

In future work, we will analyze the change in elasticities and tax-benefit policies over
time by estimating utility functions for each year separately instead of pooling together
all data years. While pooling allows us to exploit more variation in income and hours
caused by tax policy changes, it would be interesting to see how preferences for labor

supply changed over time and how this affected labor supply stabilization.
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This appendix collects descriptive statistics and results of the regressions. Sample de-
scriptives on demographics, regressors, and sample size are provided in tables B.1 and
B.2. These tables also show mean and standard deviation of our wage rate imputations,
obtained by Heckman estimations. The estimations and coefficients themselves, differen-
tiated by gender, can be found in this section in tables B.3 and B.4. Figure B.1 plots
empirical effective marginal tax rates in 2008 for our estimation samples to illustrate the
progressivity of the tax systems (for 2008 policy years).! The graphs show the median
marginal tax rate for each gross income bin of the actual income distribution. Tables
B.5, B.6 and B.7 show the results of the labor supply estimations for single women, single

men and couples, respectively.

Table B.1.: Wage Subsample: Women — 7 choices

Education Imputed Wage

Age H Hps>o LFP high medium predicted (sd) actual (sd) N
AT 2008 3895 3326 3454 096 0.18 0.66 14.07 (3.54) 13.51 (16.00) 2,422
AT 2010 39.64 33.15 3420 097 0.18 0.64 15.66 (3.43) 14.44 (13.39) 2,617
AT 2012 39.84 3279 34.00 096 0.17 0.66 17.74 (4.00) 14.40 (13.08) 2,685
AT 2014 40.32 3173 3339 095 030  0.53 18.34 (4.32)  16.25 (12.18) 2,500
BE 2008 39.25 30.04 33.27 090 0.44 0.35 16.72 (3.05) 15.37 (7.55) 2,894
BE 2010 39.72 32.07 3522 091 045 0.35 16.64 (3.25) 16.91 (8.08) 2,744
BE 2012 40.00 31.59 34.13 0.93 0.48 0.35 17.69 (3.81) 17.90 (13.28) 2,585
BG 2008 3947 36.77 4127 0.89 0.23 0.56 1.31 (0.28) 1.25 (1.10) 2,437
BG 2010 40.17 35.95 39.87 0.90 0.30 0.53 1.77 (0.41) 1.70 (1.29) 3,325
BG 2012 40.88 36.38 4041 090 0.33 0.53 1.79 (0.33) 1.68 (1.10) 2,933
BG 2014 41.02 36.31 3996 091 0.33 0.51 2.38 (0.44) 1.94 (1.37) 2,482
CY 2008 37.78 38.08 3896 098 0.44 0.41 9.57 (3.56) 8.87 (6.10) 1,781
CY 2010 37.63 37.39 3880 0.96 0.42 0.39 8.72 (4.11) 9.06 (7.38) 2,127
CY 2012 3745 3534 3797 093 045 0.38 8.90 (4.18) 9.68 (8.01) 2,866
CY 2014 3745 3340 37.72 0.89 048 0.39 8.40 (3.81) 9.63 (7.53) 2,444

1To save space, we don’t provide the scatter plots for the more recent years, but results are available on
request.
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2008 40.05 36.38 4020 091 0.13  0.76 3.78 (0.73)  3.77 (1.74) 4,867
2010 40.31 36.36 40.01 091 0.16  0.75 4.25 (0.76)  4.12 (2.34) 3,904
2012 40.35 36.05 39.73 091 0.8  0.74 469 (0.88)  4.17 (2.64) 3,672
2008 40.69 30.80 33.81 091 037  0.53 14.97 (3.96)  12.90 (7.59) 5,743
2010 41.03 3150 34.00 093 034  0.54 15.40 (4.13)  13.05 (8.10) 5,829
2012 41.33 31.63 3379 094 035  0.56 15.61 (3.63)  13.42 (8.07) 5,823
2008 41.03 36.13 37.14 097 036  0.42 20.84 (3.63)  19.58 (8.43) 3,208
2012 41.53 35.64 37.16 096 044  0.42 23.85 (4.22)  23.20 (12.51) 2,842
2008 40.89 39.52 39.87 099 043 051 3.26 (0.70)  3.42 (2.06) 2,660
2010 40.87 36.01 3857 093 045  0.48 3.75 (0.78)  3.83 (2.83) 2,759
2012 40.87 36.93 39.18 094 046  0.46 4.02 (0.80)  3.96 (2.49) 2,799
2008 36.63 32.69 3685 0.89 036  0.42 8.57 (3.30)  8.79 (6.29) 2,184
2010 37.39 31.87 3575 0.89 040  0.44 10.61 (2.84)  9.59 (6.74) 2,327
2012 37.81 2426 33.63 0.72 038  0.43 12.29 (2.15)  11.25 (12.04) 1,805
2014 37.89 24.02 37.12 065 040  0.46 9.55 (1.72)  6.89 (4.17) 2,957
2008 37.50 3420 36.46 094 040  0.26 8.86 (2.48)  9.03 (5.54) 6,180
2010 38.20 31.41 3595 087 038  0.28 9.22 (2.87)  9.52 (6.30) 6,999
2012 39.20 2823 3495 081 040  0.26 9.10 (2.48)  9.40 (5.24) 6,169
2014 40.05 28.71 3490 082 044  0.21 9.69 (3.36)  10.08 (6.80) 6,157
2008 41.20 35.86 37.26 096 040  0.46 13.93 (2.91)  13.78 (6.50) 4,888
2010 41.83 36.09 37.97 0095 046  0.43 15.62 (2.86)  15.52 (6.43) 4,909
2012 41.71 35.86 37.99 094 050  0.41 16.50 (3.15)  16.61 (7.06) 4,478
2014 41.27 3523 37.26 095 051  0.42 17.48 (3.36)  17.84 (8.51) 4,830
2007 39.27 3378 3580 094 034  0.42 11.39 (2.77)  11.25 (6.22) 5,048
2010 39.57 34.46 3591 096 0.37  0.43 12.68 (2.93)  12.22 (7.16) 5,229
2012 39.96 34.65 3592 096 039  0.46 13.31 (3.01)  13.12 (9.83) 5,686
2014 39.18 29.85 39.18 0.76 024  0.62 541 (1.11)  4.19 (2.62) 2,558
2008 39.85 37.32 39.81 094 024  0.59 2.90 (1.04)  3.08 (2.21) 3,825
2010 41.04 38.13 40.83 093 026  0.57 2.64 (0.34)  2.75 (1.28) 4,458
2012 41.29 35.17 38.09 092 028  0.57 3.17 (0.87)  3.10 (2.02) 5,466
2008 37.55 30.39 31.67 096 043  0.37 18.42 (5.56) 18.15 (15.87) 1,869
2010 38.26 27.45 30.09 091 048  0.36 21.74 (5.17) 20.13 (13.44) 1,696
2012 38.39 27.64 3095 089 051  0.35 18.74 (4.97) 19.49 (15.01) 1,862
2008 38.86 3258 3554 092 022  0.48 12.37 (2.63)  11.95 (6.32) 7,355
2010 39.60 32.88 36.03 091 0.22  0.48 14.83 (2.86)  11.75 (7.54) 7,026
2012 40.60 33.10 3531 094 024  0.50 14.92 (2.64)  11.79 (7.06) 7,055
2014 4146 31.99 3507 091 026  0.50 15.53 (2.45)  12.09 (7.18) 7,321
2008 39.82 3838 39.40 097 042  0.53 2.94 (0.85)  2.82 (1.88) 2,367
2010 39.61 34.56 3852 090 045  0.50 3.98 (1.13)  3.09 (2.72) 2,756
2012 40.94 35.84 39.00 0092 045  0.50 347 (0.93)  3.27 (2.30) 2,628
2014 4151 35.61 3841 093 045  0.51 3.87 (0.91)  3.47 (2.28) 2,435
2008 38.08 33.34 3418 098 028  0.38 19.85 (6.07) 19.14 (11.11) 1,715
2010 38.46 33.50 3479 096 030  0.35 22.61 (7.65) 20.83 (12.67) 2,150
2012 38.81 3324 3488 095 030  0.36 24.30 (8.17) 22.08 (13.95) 2,763
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LV 2008 39.90 39.35 4055 0.97 031  0.58 2.47 (0.79)  2.37 (1.93)
LV 2010 39.94 3458 39.03 089 035 055 2.17 (0.81)  2.44 (1.91)
LV 2012 41.01 3423 3872 088 039  0.53 2.90 (0.75)  2.50 (2.09)
LV 2015 41.36 37.27 3895 0.96 042  0.48 449 (1.15)  4.37 (3.48)
MT 2009 34.41 3446 3651 094 026  0.30 7.16 (1.93)  6.83 (3.81)
MT 2010 34.58 36.22 37.40 097 028 028 7.90 (2.28) 7.8 (5.57)
MT 2012 3531 3593 3689 0.97 030 035 8.41 (2.19)  8.33 (4.05)
MT 2014 36.33 35.87 3637 099 035  0.32 9.19 (2.24)  9.05 (5.20)
NL 2008 39.40 27.47 27.79 099 034 045 18.06 (4.11)  17.19 (11.29)
NL 2010 39.76 27.51 27.98 098 037  0.44 19.33 (4.54) 18.62 (12.87)
NL 2012 40.06 27.26 27.70 098 039  0.43 20.10 (4.49) 18.68 (11.10)
PL 2008 37.33 3510 3853 091 030  0.65 3.48 (1.24)  3.74 (3.58)
PL 2010 38.09 3585 39.02 092 034  0.60 3.57 (1.30)  3.80 (2.94)
PL 2012 3834 3442 3846 0.89 034  0.55 371 (1.18)  3.91 (2.83)
PL 2014 3882 3474 39.13 089 037  0.52 370 (1.14)  4.12 (2.96)
PT 2008 3818 36.17 3898 093 021  0.19 5.69 (3.01)  5.94 (5.94)
PT 2010 3844 3426 3833 089 021 021 5.84 (2.96)  6.70 (7.30)
PT 2012 39.08 3399 3965 086 024  0.25 5.79 (2.66)  6.36 (6.14)
PT 2014 40.04 32.95 4043 0.81 027 025 5.56 (2.37)  6.05 (4.95)
RO 2008 3822 40.05 4158 096 023  0.63 1.54 (0.52)  1.53 (1.07)
RO 2010 3848 39.93 41.87 095 026  0.62 1.66 (0.49)  1.64 (1.00)
RO 2012 3877 3945 4142 095 030  0.60 1.66 (0.43)  1.60 (0.88)
RO 2014 3944 3952 4147 095 023  0.62 1.82 (0.38)  1.76 (0.96)
SE 2008 4024 3246 3327 098 039  0.53 15.82 (3.82) 14.92 (11.61)
SE 2010 40.56 33.01 3380 097 042 051 17.50 (4.29)  16.53 (13.53)
SE 2012 40.64 3440 3558 097 046  0.48 23.18 (4.59) 18.77 (18.09)
SI 2008 39.40 36.50 39.81 092 028  0.55 8.18 (2.41)  7.58 (4.55)
SI 2010 39.86 3522 3873 091 031  0.55 9.68 (2.69)  8.33 (5.01)
SI 2012 40.10 34.22 3824 0.89 035  0.52 10.88 (2.77)  8.83 (5.21)
SI 2014 4032 3456 39.50 0.87 039  0.50 10.96 (2.30)  8.75 (5.12)
SK 2008 39.52 37.60 40.40 0.93 020  0.74 3.13 (0.44)  2.89 (1.29)
SK 2010 40.36 36.04 40.06 090 024  0.70 3.51 (0.48)  3.35 (1.66)
SK 2012 40.61 3581 40.07 089 027  0.68 4.03 (0.64)  3.81 (1.82)
SK 2014 4059 3527 39.99 0.88 029  0.65 3.95 (0.68)  3.77 (3.23)
UK 2008 38.60 31.90 33.88 094 024  0.26 13.82 (3.61)  13.40 (10.17)
UK 2009 3895 3120 3352 093 024  0.26 12.80 (3.25)  12.21 (8.08)
UK 2012 3895 30.80 33.71 091 027 028 14.64 (3.64) 14.51 (13.46)
UK 2013 3896 31.23 33.65 093 029  0.28 14.12 (3.44)  13.69 (10.43)

2,707
3,218
3,238
2,781
1,241
1,104
1,548
1,650
4,990
4,874
5,025
6,119
5,497
6,208
6,089
1,988
2,395
3,123
3,532
2,395
2,324
2,169
2,226
3,997
3,716
3,392
6,156
6,237
6,000
5,803
3,667
3,608
3,538
3,468
9,878
9,962
8,051
8,050

Notes: Summary statistics of the wage estimation subsample. Variables: Mean age,
mean working hours, mean working hours conditional on hours being positive, labor force
participation rate, fraction of highly and medium educated, predicted wage (standard
deviation), observed wage (standard deviation), sample size. Nominal variables are

denominated in Euro. Source: Own calculations using EU-SILC.
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Table B.2.: Wage Subsample: Men — 7 choices

B. Additional Results

LFP

H Hpgso
40.77 42.55
40.32 41.97
40.87 42.22
39.44 41.21
38.51 41.15
39.44 42.57
38.03 41.50
39.71 42.65
38.19 41.27
36.81 41.27
37.00 40.99
43.03 43.60
41.77 42.78
39.62 41.70
36.77 40.62
40.76 43.66
40.24 43.06
40.05 42.73
40.08 43.58
40.34 43.27
40.40 43.02
40.44 40.99
40.04 41.31
40.18 41.37
36.54 40.93
39.12 41.52
40.26 42.83
35.68 39.51
29.52 38.84
30.25 41.14
40.66 42.33
35.98 40.99
32.63 39.52
33.65 39.90
38.26 40.37
37.33 40.24
37.32 40.31
36.21 40.02
39.56 41.65

0.96
0.96
0.97
0.96
0.94
0.93
0.92
0.93
0.93
0.89
0.90
0.99
0.98
0.95
0.91
0.93
0.93
0.94
0.92
0.93
0.94
0.99
0.97
0.97
0.89
0.94
0.94
0.90
0.76
0.74
0.96
0.88
0.83
0.84
0.95
0.93
0.93
0.90
0.95

Education Imputed Wage
high medium predicted (sd actual (sd)
0.19 16.35 (11.26)
0.20 17.67 (12.60)
0.21 17.80 (13.66)
0.29 19.68 (12.33)
0.35 16.87 (8.77)
0.36 17.89 (8.29)
0.39 19.14 (11.70)
0.13 1.56 (1.08)
0.16 2.00 (1.50)
0.18 2.08 (1.65)
0.19 2.36 (2.47)
0.34 11.57 (7.43)
0.32 11.82 (7.43)
0.33 12.94 (11.51)
0.34 11.56 (9.78)
0.15 4.92 (2.56)
0.16 5.24 (2.87)
0.18 5.48 (3.30)
0.41 16.68 (10.98)
0.40 16.72 (10.76)
0.39 17.52 (10.59)
0.28 22.41 (12.63)
0.33 25.16 (23.14)
0.23 4.84 (2.92)
0.25 5.24 (4.91)
0.26 5.53 (3.52)
0.26 9.75 (7.12)
0.28 11.33 (9.23)
0.28 11.09 (10.49)
0.32 8.02 (5.89)
0.32 10.41 (5.85)
0.30 10.54 (6.69)
0.31 10.60 (5.93)
0.33 11.58 (8.12)
0.32 16.99 (9.16)
0.32 18.92 (10.98)
0.36 19.68 (9.88)
0.37 21.24 (21.14)
0.27 13.03 (12.96)
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2,799
2,022
2,890
2,699
2,996
2,884
2,624
2,582
3,499
3,069
2,509
1,846
2,056
2,674
2,404
5,526
4,334
3,978
5,781
5,901
5,761
3,046
2,669
2,688
2,765
2,848
2,602
2,685
2,038
3,356
7,112
7,628
6,846
6,417
4,657
4,673
4,348
4,618
5,192
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2010 38.67 39.03 40.70 096 0.29  0.49 14.25 (3.53) 14.54 (13.30) 5,429
2012 38.97 39.38 41.00 096 031  0.52 15.11 (3.64)  15.05 (10.55) 5,843
2014 39.01 3423 4092 084 014  0.74 560 (1.02)  4.79 (3.16) 2,810
2008 37.44 39.23 41.09 095 0.16  0.68 319 (1.25)  3.39 (2.58) 4,213
2010 38.97 40.38 4291 094 0.15  0.69 2.76 (0.50)  2.95 (1.52) 4,638
2012 39.56 36.82 39.50 0093 0.16  0.69 357 (1.01)  3.43 (2.41) 5,578
2008 37.12 34.85 3929 089 0.30  0.36 22.17 (6.56)  20.70 (16.09) 1,972
2010 37.86 28.09 36.65 0.77 038  0.32 20.76 (6.28) 21.83 (14.06) 1,912
2012 3842 2749 37.69 0.73 045  0.31 18.22 (5.99) 21.47 (14.25) 2,036
2008 39.12 39.23 41.89 094 0.13  0.44 12.86 (3.07)  12.73 (6.91) 8,888
2010 39.43 3881 41.56 093 0.13  0.45 14.97 (3.34) 12,51 (7.98) 8,408
2012  39.97 36.90 40.34 091 0.3  0.46 15.81 (3.26)  13.03 (11.11) 8,440
2014 40.80 35.71 39.87 090 0.18  0.45 16.64 (3.26)  13.72 (9.75) 8,394
2008 38.89 39.53 41.39 095 024  0.67 3.91 (0.93)  3.81 (2.73) 2,325
2010 38.46 33.11 39.69 0.83 0.27  0.58 5.02 (1.03)  3.47 (3.15) 2,577
2012 39.43 35.73 39.88 090 0.28  0.59 4.10 (0.76)  3.65 (2.25) 2,418
2014 39.44 3731 39.68 094 030  0.61 4.31 (0.86)  4.21 (3.24) 2,233
2008 39.13 41.31 4228 098 024  0.42 23.01 (7.71) 24.52 (15.61) 2,251
2010 39.40 40.11 4176 0.96 024  0.42 25.20 (8.86) 24.65 (16.54) 2,672
2012 39.00 39.71 41.39 096 0.27  0.41 25.86 (9.11) 24.95 (17.06) 3,278
2008 37.86 40.81 4234 096 0.17  0.59 3.19 (0.86)  2.84 (2.61) 2,580
2010 38.15 33.53 40.67 0.82 0.19  0.59 2.64 (0.96)  2.87 (2.37) 2,995
2012 39.07 33.46 40.18 0.83 020  0.61 3.76 (0.69)  2.96 (2.85) 2,888
2015 39.30 37.79 4028 094 022  0.60 567 (1.28)  5.16 (3.80) 2,623
2009 38.31 39.41 41.99 094 017  0.29 7.80 (2.20)  7.55 (4.09) 2,138
2010 38.45 39.76 42.08 094 0.17  0.28 8.27 (2.13) 825 (4.53) 2,043
2012 38.67 40.24 4227 095 019  0.34 9.05 (2.51)  9.17 (5.35) 2,444
2014 38.94 39.49 4182 094 022  0.26 10.28 (3.08)  10.53 (7.12) 2,522
2008 40.23 3824 3873 099 034  0.42 21.22 (6.98) 21.02 (19.60) 5,517
2010 40.29 37.66 3825 098 0.34  0.41 22.06 (7.11) 21.06 (14.40) 5,182
2012 4052 37.51 3827 098 037  0.39 22.63 (7.36) 21.62 (15.92) 5,219
2008 37.28 40.63 42.64 095 0.17  0.76 3.90 (1.14)  4.06 (3.62) 6,880
2010 38.09 40.30 4354 093 020  0.71 3.84 (1.14)  3.99 (2.89) 5,945
2012 37.91 3855 4170 092 019  0.62 4.60 (1.04)  4.25 (3.11) 6,833
2014 38.01 3897 4259 092 020  0.60 418 (1.19)  4.50 (3.48) 6,585
2008 38.16 40.58 4292 095 0.10  0.16 6.79 (2.68)  6.89 (7.08) 2,218
2010 38.55 37.85 41.53 091 0.11  0.19 6.54 (2.59)  7.45 (6.34) 2,458
2012 39.27 37.08 4238 0.87 0.13  0.22 6.35 (2.65)  7.36 (7.97) 3,037
2014 39.75 36.09 4330 083 0.16  0.24 6.39 (2.49)  7.18 (5.85) 3,341
2008 37.63 40.26 43.18 093 0.15  0.73 1.72 (0.55) 1.76 (1.32) 3,230
2010 38.26 39.99 43.05 093 0.17  0.70 1.87 (0.51) 1.85 (0.98) 3,104
2012 39.13 39.50 4252 093 021  0.67 1.85 (0.47) 1.83 (0.97) 2,922
2014 39.62 39.45 4250 093 014  0.67 2.09 (0.38) 1.99 (1.11) 2,886
2008 39.33 37.65 3891 097 027  0.60 18.94 (4.45) 16.22 (11.78) 3,910
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SE 2010 39.60 37.43 3851 097 030  0.60 21.38 (5.05) 18.29 (12.96)
SE 2012 40.14 36.40 37.43 097 031  0.59 28.02 (5.99)  23.34 (21.31)
SI 2008 39.73 3845 41.19 093 0.17  0.64 8.70 (2.50)  7.96 (9.59)
SI 2010 39.99 3722 40.14 093 018  0.66 10.34 (3.06)  8.77 (6.05)
SI 2012 40.11 36.06 39.53 091 020  0.65 11.42 (2.87)  9.21 (5.77)
SI 2014 40.25 37.63 40.98 092 023  0.64 11.59 (2.64)  9.29 (6.09)
SK 2008 38.60 41.06 4290 096 0.18  0.77 3.82 (0.63)  3.59 (1.86)
SK 2010 38.87 37.72 4209 090 021  0.74 4.19 (0.70)  4.18 (4.53)
SK 2012 3876 37.77 42.08 090 021  0.74 4.91 (0.72)  4.60 (2.42)
SK 2014 39.33 37.16 4192 089 020  0.74 4.97 (0.78)  4.52 (2.86)
UK 2008 3814 3836 41.85 092 025  0.23 18.01 (4.73)  17.01 (12.14)
UK 2009 38.17 3654 4146 088 024 023 16.54 (4.44)  15.52 (11.55)
UK 2012 3858 36.23 41.18 0.88 025  0.25 18.44 (4.80)  17.45 (13.30)
UK 2013 3855 37.69 4151 091 028  0.25 17.84 (4.86)  16.92 (13.18)

3,630
3,201
6,774
6,642
6,238
6,116
3,669
3,626
3,435
3,362
9,731
9,556
7,688
7,559

Notes: Summary statistics of the wage estimation subsample. Variables: Mean age,
mean working hours, mean working hours conditional on hours being positive, labor force
participation rate, fraction of highly and medium educated, predicted wage (standard
deviation), observed wage (standard deviation), sample size. Nominal variables are

denominated in Euro. Source: Own calculations using EU-SILC.
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Figure B.1.: Observed Marginal Tax Rates
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B. Additional Results

Table B.7.: Labor Supply Estimation: Couples

AT (pooled) BE (pooled) BG (pooled) CY (pooled) CZ (pooled) DE (pooled) DK (pooled)

Cx
Age,, -0.000 -0.000 -0.000 -0.000 0.000 -0.000 0.000*
(0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
Agcfn 0.000 -0.000 0.000 0.000 -0.000 0.000 -0.000*
(0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
Agef 0.000 0.000 0.001 -0.000 0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Age? -0.000 -0.000 -0.001* 0.000 -0.000 -0.000 0.000
(0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
Elderly 0.002 0.005 0.021*** 0.001 0.001*** 0.006*** 0.000
(0.001) (0.003) (0.002) (0.001) (0.000) (0.002) (0.000)
Constant 0.005 0.038*** -0.002 0.018*** -0.000 0.018*** -0.001
(0.006) (0.007) (0.014) (0.005) (0.001) (0.004) (0.001)
CxC
Constant 0.000 -0.000*** 0.000* -0.000*** -0.000 -0.000*** 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL1
Constant 0.000 -0.000*** 0.000** 0.000 0.000 -0.000*** 0.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL2
Constant 0.000* -0.000*** 0.000*** -0.000 0.000 -0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Lix
Agey 0.001 0.000 -0.003 -0.003 0.003 0.005%** -0.006
(0.002) (0.002) (0.002) (0.002) (0.002) (0.001) (0.003)
Age"} 0.001 0.003 0.002 0.003 -0.003 -0.002 0.008*
(0.003) (0.003) (0.002) (0.002) (0.003) (0.002) (0.004)
Elderly 0.172%** 0.111%** 0.128*** 0.098*** 0.139*** 0.126*** 0.096**
(0.017) (0.025) (0.005) (0.010) (0.011) (0.014) (0.035)
Constant 0.192*** 0.489*** 0.555%** 0.323%** 0.509*** 0.123*** 0.300%**
(0.052) (0.055) (0.042) (0.046) (0.055) (0.028) (0.077)
LixL1
Constant -0.003*** -0.004*** -0.008*** -0.004*** -0.009*** -0.002%** -0.004***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L2x
Age,, -0.002 0.004 -0.001 -0.004 0.004 0.003* 0.001
(0.003) (0.003) (0.002) (0.003) (0.003) (0.001) (0.004)
Age?, 0.002 -0.001 0.000 0.004 -0.005 -0.002 -0.000
(0.003) (0.003) (0.002) (0.003) (0.003) (0.002) (0.004)
Elderly 0.048*** 0.101*** 0.104*** 0.053%** 0.143*** 0.071*** 0.127***
(0.014) (0.025) (0.006) (0.011) (0.013) (0.014) (0.037)
Constant 0.582%** 0.667*** 0.552*** 0.447*** 0.632%** 0.568*** 0.593***
(0.062) (0.065) (0.049) (0.055) (0.068) (0.034) (0.086)
L2xL2
Constant -0.009*** -0.008*** -0.009*** -0.006*** -0.011%** -0.009*** -0.010***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L1xL2
Constant 0.000 -0.001** 0.000 0.000*** 0.001*** 0.000** 0.001*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
IND
H>0 -21.432%** -16.650%** -22.514%** -15.258%** -26.343%** -19.109*** -21.802%**
(0.580) (0.492) (0.603) (0.487) (0.739) (0.412) (0.713)
H >0 -4.236*** -6.088*** -20.414%** -10.982%** -20.989™** -2.179%** -6.140%**
(0.219) (0.259) (0.548) (0.367) (0.459) (0.136) (0.398)
Parttime (m) 6.470%** 5.007*** 7.221%** 4.692%** 7.650%** 5.062%** 6.629%**
(0.243) (0.210) (0.248) (0.215) (0.317) (0.172) (0.299)
Parttime (f) 2.871%** 2.764*** 6.572%** 4.421*** 6.829%** 1.731%** 1.913***
(0.134) (0.137) (0.222) (0.157) (0.180) (0.097) (0.151)
Fulltime (m) 2.352%** 2.226*** 2.681%** 2.378*** 2.460*** 1.208%** 2.386***
(0.072) (0.075) (0.083) (0.076) (0.070) (0.048) (0.086)
Fulltime (f) 1.968*** 1.813*** 2.768%** 3.038%** 2.959%** 1.291%** 2.097***
(0.106) (0.105) (0.097) (0.116) (0.087) (0.073) (0.115)
Kids dummies Yes Yes Yes Yes Yes Yes Yes
dU/dC < 0 0.00 0.00 0.01 0.01 0.00 0.00 0.00
A 0.10 0.10 0.60 0.10 0.10 0.10 0.10
N 4876 4358 4833 4243 6296 8992 3849

Notes: Stars denote significance levels at 5%, 1% and 0.1%. Source: Own calculations based on EUROMOD and EU-SILC.
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B. Additional Results

Labor Supply Estimation: Couples — Continued

EE (pooled) EL (pooled) ES (pooled) FI (pooled) FR (pooled) HU (pooled) IE (pooled)

Cx
Age,, 0.001 -0.000* -0.000 -0.000 -0.000* -0.000 -0.000**
(0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
AgcfyL -0.001 0.000 0.000 0.000 0.000 -0.000 0.000*
(0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Agey 0.000 0.000 0.000 0.000 0.000** 0.000 0.000*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Age? -0.001 -0.000 -0.000 -0.000 -0.000** -0.000 -0.000*
(0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Elderly 0.034*** 0.005** 0.004*** -0.007*** 0.008*** 0.000*** 0.000
(0.004) (0.002) (0.001) (0.002) (0.002) (0.000) (0.002)
Constant 0.016 -0.014* 0.018*** 0.008* 0.013*** 0.000 0.012*
(0.018) (0.007) (0.004) (0.004) (0.004) (0.000) (0.005)
CxC
Constant -0.000 0.000*** -0.000*** -0.000 -0.000** -0.000*** -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL1
Constant 0.000 0.000*** -0.000** 0.000* -0.000 -0.000*** -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL2
Constant -0.000 0.000*** -0.000* 0.000 -0.000*** -0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Lix
Agey -0.003 -0.004 -0.001 -0.006*** -0.004** 0.000 -0.005
(0.002) (0.002) (0.001) (0.001) (0.001) (0.002) (0.003)
Age? 0.002 0.004 0.002 0.008*** 0.006*** -0.001 0.008*
(0.002) (0.003) (0.001) (0.002) (0.002) (0.002) (0.003)
Elderly 0.171*** 0.109*** 0.109*** 0.013 0.110*** 0.121*** 0.133***
(0.010) (0.013) (0.007) (0.018) (0.015) (0.006) (0.032)
Constant 0.496*** 0.157** 0.161%** 0.407*** 0.297*** 0.163*** 0.214**
(0.057) (0.055) (0.027) (0.038) (0.031) (0.038) (0.070)
LixL1
Constant -0.006*** -0.003*** -0.002%** -0.005*** -0.003*** -0.003*** -0.002***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L2x
Age,, 0.003 -0.005* -0.002 -0.003 -0.001 -0.002 -0.002
(0.003) (0.002) (0.001) (0.002) (0.002) (0.002) (0.003)
Age2, -0.006 0.006* 0.004* 0.005* 0.003 0.001 0.002
(0.003) (0.003) (0.002) (0.002) (0.002) (0.002) (0.003)
Elderly 0.174*** 0.060*** 0.072*** -0.023 0.139*** 0.039*** 0.026
(0.015) (0.012) (0.007) (0.020) (0.016) (0.006) (0.028)
Constant 0.546*** 0.174** 0.502*** 0.525%** 0.622%** 0.179*** 0.296***
(0.078) (0.056) (0.035) (0.044) (0.037) (0.040) (0.070)
L2xL2
Constant -0.009*** -0.005%** -0.007*** -0.008*** -0.008*** -0.003*** -0.005%**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L1xL2
Constant -0.000 0.002*** 0.000*** 0.001*** 0.000 0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
IND
H>0 -22.964%** -14.087*** -17.030%** -20.251%** -16.121%** -12.121%** -13.978%**
(0.686) (0.462) (0.293) (0.376) (0.346) (0.365) (0.571)
H >0 -17.237%** -10.652*** -8.183*** -13.449*** -5.691%** -10.472%** -5.906***
(0.500) (0.361) (0.160) (0.275) (0.182) (0.302) (0.302)
Parttime (m) 7.978%** 4.136*** 5.220%** 6.869*** 5.001%** 5.167*** 5.076***
(0.284) (0.192) (0.124) (0.156) (0.145) (0.159) (0.241)
Parttime (f) 6.661%** 4.175%** 4.322%** 5.482%** 2.991%** 4.798%** 4.008***
(0.203) (0.173) (0.097) (0.110) (0.094) (0.140) (0.222)
Fulltime (m) 3.254%** 1.651%** 2.217*%** 2.974%** 2.057*** 2.973%** 2.269%**
(0.094) (0.083) (0.048) (0.058) (0.049) (0.073) (0.119)
Fulltime (f) 3.489*** 2.312%** 3.105*** 3.387*** 2.402*** 3.125%** 2.745%**
(0.118) (0.120) (0.075) (0.080) (0.069) (0.086) (0.178)
Kids dummies Yes Yes Yes Yes Yes Yes Yes
dU/dC < 0 0.00 0.05 0.00 0.00 0.00 0.00 0.00
A 0.10 0.20 0.10 0.10 0.10 0.10 0.10
N 4113 3654 12090 9933 9309 6092 2281

Notes: Stars denote significance levels at 5%, 1% and 0.1%. Source: Own calculations based on EUROMOD and EU-SILC.
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B. Additional Results

Labor Supply Estimation: Couples — Continued

IT (pooled) LT (pooled) LU (pooled) LV (pooled) MT (pooled) NL (pooled) PL (pooled)

Cx
Age,, -0.000 -0.000 -0.000 -0.001 0.001* -0.000 -0.000
(0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000)
Agcfn -0.000 -0.000 0.000 0.001 -0.001** 0.000 -0.000
(0.000) (0.001) (0.000) (0.001) (0.000) (0.000) (0.000)
Agef 0.000 -0.000 0.000 0.001* 0.000 0.000 0.000
(0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000)
Age';’c -0.000 -0.000 -0.000 -0.001** -0.000 -0.000 -0.000*
(0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000)
Elderly 0.003*** 0.034*** 0.002* 0.015%** 0.012*** -0.007* 0.005%**
(0.001) (0.003) (0.001) (0.002) (0.004) (0.003) (0.000)
Constant -0.006 -0.003 0.009* 0.024* 0.009 -0.008 0.004
(0.004) (0.017) (0.004) (0.012) (0.011) (0.006) (0.002)
CxC
Constant 0.000*** 0.000*** 0.000 -0.000 -0.000*** 0.000*** -0.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL1
Constant 0.000*** 0.000*** 0.000** -0.000 -0.000** 0.000*** 0.000*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL2
Constant 0.000*** 0.000*** 0.000 -0.000 -0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Lix
Agey 0.001 -0.001 -0.003 -0.000 0.011%** -0.001 -0.003**
(0.001) (0.002) (0.002) (0.001) (0.003) (0.003) (0.001)
Age? -0.002 0.000 0.005 -0.001 -0.014*** 0.005 0.003**
(0.002) (0.002) (0.003) (0.002) (0.004) (0.003) (0.001)
Elderly 0.123*** 0.170*** 0.092*** 0.128*** 0.232%** 0.016 0.129***
(0.008) (0.009) (0.015) (0.006) (0.026) (0.040) (0.005)
Constant 0.237%** 0.253%** 0.283*** 0.283*** 0.162* 0.382%** 0.470%**
(0.038) (0.054) (0.050) (0.039) (0.076) (0.062) (0.026)
LixL1
Constant -0.004*** -0.006*** -0.003*** -0.005*** -0.004*** -0.005*** -0.006***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L2x
Age,, -0.002 -0.002 -0.002 0.004* 0.007* -0.011*** 0.001
(0.002) (0.002) (0.003) (0.002) (0.004) (0.003) (0.001)
Age2, 0.002 0.000 0.003 -0.005** -0.008* 0.014*** -0.001
(0.002) (0.003) (0.003) (0.002) (0.004) (0.003) (0.001)
Elderly 0.086*** 0.125%** 0.097*** 0.072%** 0.149*** 0.066 0.097***
(0.008) (0.010) (0.013) (0.007) (0.023) (0.042) (0.005)
Constant 0.554%** 0.382*** 0.778*** 0.274*** 0.511%** 0.154* 0.437***
(0.043) (0.062) (0.060) (0.043) (0.081) (0.069) (0.029)
L2xL2
Constant -0.009*** -0.007*** -0.011%** -0.006*** -0.009*** -0.004*** -0.007***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L1xL2
Constant 0.001*** 0.001*** 0.000 0.000 -0.000 0.002*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
IND
H >0 -20.058*** -21.892%** -25.212%** -18.343%** -21.164%** -13.116%** -18.681***
(0.325) (0.561) (0.787) (0.511) (0.850) (0.353) (0.346)
H >0 -8.810%** -18.899™** -7.253%** -15.759™** -6.772%** -3.782%** -16.194%**
(0.182) (0.496) (0.267) (0.444) (0.374) (0.203) (0.286)
Parttime (m) 5.675%** 8.325*** 8.101%** 6.789%** 6.291%** 5.574%** 5.146***
(0.133) (0.229) (0.318) (0.214) (0.380) (0.130) (0.150)
Parttime (f) 3.668*** 7.995%** 3.769*** 6.683%** 3.216%** 2.630*** 5.496***
(0.090) (0.205) (0.150) (0.191) (0.188) (0.162) (0.115)
Fulltime (m) 1.984*** 3.786%** 2.463%** 3.242%** 2.772%** 4.051%** 2.010%**
(0.049) (0.101) (0.089) (0.090) (0.109) (0.100) (0.046)
Fulltime (f) 2.325%** 4.186*** 2.030%** 3.696%** 2.383%** 1.690*** 2.563%**
(0.072) (0.124) (0.110) (0.115) (0.148) (0.149) (0.063)
Kids dummies Yes Yes Yes Yes Yes Yes Yes
dU/dC < 0 0.00 0.02 0.00 0.00 0.00 0.00 0.00
A 0.10 0.10 0.10 0.10 0.10 0.10 0.10
N 11636 5061 3924 4756 2428 9315 11204

Notes: Stars denote significance levels at 5%, 1% and 0.1%. Source: Own calculations based on EUROMOD and EU-SILC.
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B. Additional Results

Labor Supply Estimation: Couples — Continued

PT (pooled) RO (pooled) SE (pooled) SI (pooled) SK (pooled) UK (pooled)

Cx
Age,, -0.000 0.001* -0.000 -0.000 -0.000 -0.000**
(0.000) (0.000) (0.000) (0.000) (0.001) (0.000)
Age?2, 0.000 -0.001* 0.000 -0.000 -0.000 0.000*
(0.000) (0.001) (0.000) (0.000) (0.001) (0.000)
Agcf 0.001*** -0.000 0.000 0.001** 0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.001) (0.000)
Agef, -0.001*** 0.000 0.000 -0.001*** -0.001 -0.000
(0.000) (0.000) (0.000) (0.000) (0.001) (0.000)
Elderly 0.002 0.017*** 0.001 0.006*** 0.004 -0.002
(0.002) (0.002) (0.001) (0.001) (0.003) (0.001)
Constant 0.012 -0.012 0.000 -0.016* 0.024 0.007***
(0.009) (0.012) (0.000) (0.007) (0.020) (0.002)
CxC
Constant -0.000*** -0.000*** 0.000 0.000*** -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL1
Constant -0.000* -0.000*** 0.000 0.000*** 0.000** 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CxL2
Constant -0.000** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Lix
Agey 0.002 0.002 -0.004 -0.010*** -0.003 -0.004***
(0.001) (0.003) (0.002) (0.001) (0.002) (0.001)
Age?c -0.001 -0.003 0.007* 0.011*** 0.002 0.006***
(0.002) (0.003) (0.003) (0.002) (0.002) (0.001)
Elderly 0.087*** 0.179*** 0.239* 0.125%** 0.076*** 0.079***
(0.007) (0.009) (0.103) (0.005) (0.007) (0.009)
Constant 0.318*** 0.828*** 0.257*** 0.638*** 0.689*** 0.205%**
(0.035) (0.062) (0.062) (0.038) (0.054) (0.018)
Li1xL1
Constant -0.005*** -0.014*** -0.006*** -0.009*** -0.010*** -0.003***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L2x
Age,, 0.002 0.007* -0.003 -0.005** -0.001 -0.003***
(0.002) (0.003) (0.002) (0.002) (0.002) (0.001)
Age2, -0.001 -0.010** 0.004 0.006** -0.001 0.003***
(0.002) (0.004) (0.003) (0.002) (0.003) (0.001)
Elderly 0.060*** 0.113*** 0.163 0.077*** 0.029*** 0.020*
(0.007) (0.011) (0.105) (0.005) (0.008) (0.009)
Constant 0.440*** 0.565%** 0.274*** 0.522%** 0.664*** 0.567***
(0.038) (0.071) (0.064) (0.041) (0.058) (0.020)
L2xL2
Constant -0.007*** -0.013%** -0.009*** -0.009*** -0.011%** -0.009***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L1xL2
Constant -0.000 0.000** 0.003*** 0.001*** 0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
IND
H>0 -19.656*** -34.912%** -30.776%** -24.659%** -28.026%** -22.545%**
(0.535) (1.238) (0.807) (0.399) (0.724) (0.295)
H>0 -14.938%** -35.071%** -24.424%*%* -23.445%** -25.377%** ST.T81F**
(0.388) (1.176) (0.619) (0.373) (0.569) (0.115)
Parttime (m) 5.542%** 9.684™*** 14.063*** 8.505%** 7.915%** 6.354%**
(0.239) (0.559) (0.320) (0.162) (0.312) (0.124)
Parttime (f) 5.351%** 10.273*** 13.545*** 8.590*** 8.088*** 4.202%**
(0.164) (0.506) (0.279) (0.146) (0.222) (0.074)
Fulltime (m) 2.466*** 3.400*** 6.041%** 3.274%** 2.695*** 2.258%**
(0.071) (0.107) (0.159) (0.057) (0.075) (0.038)
Fulltime (f) 2.978*** 3.650*** 6.516*** 3.600%** 3.423%** 2.842%**
(0.092) (0.115) (0.227) (0.071) (0.103) (0.059)
Kids dummies Yes Yes Yes Yes Yes Yes
dU/dC < 0 0.00 0.02 0.00 0.00 0.00 0.02
A 0.10 0.10 0.10 0.10 0.10 0.10
N 5392 4893 6882 13185 6363 19699

Notes: Stars denote significance levels at 5%, 1% and 0.1%. Source: Own calculations based on EUROMOD
and EU-SILC.
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3. Dynamic Scoring of Tax Reforms in

the European Union!

3.1. Introduction

Assessing the revenue, behavioral and macroeconomic effects of tax reform proposals
before their introduction provides important information to feed the political and public
debate. The interaction between tax reforms and the induced changes in the economy
are multi-faceted. Hence, it is necessary to capture not only the reaction of economic
agents to the tax reforms (in particular labor adjustment effects), but also the overall
economic effect, including on factor and product markets. An evaluation of tax reforms
that accounts for individual behavioral effects and general equilibrium macroeconomic
feedback effects is known as dynamic scoring.? In the U.S., dynamic scoring analyses are
now well established and legally required before significant changes in tax legislation are
implemented.3

In contrast to the U.S., dynamic scoring has not been applied in the fiscal governance
framework in the European Union (EU) yet. However, such analysis would allow an
in-depth evaluation of discretionary tax measures and a better assessment of the true
fiscal policy stance, which remain important issues in the EU (Buti and Van den Noord,
2004). Moreover, in a policy context where the European Commission analyses the fiscal

and structural reform policies of every Member State—providing recommendations, and

! This paper is joint work and published as Barrios, Dolls, Maftei, Peichl, Riscado, Varga, and Wittneben
(2019)

2Dynamic scoring is distinct from static scoring, which focuses on the “morning-after” effect of a policy
reform and does not account for behavioral responses and macroeconomic feedback effects. See Adam
and Bozio (2009) for a comprehensive assessment of the dynamic scoring exercise.

3In the U.S., dynamic scoring analyses are conducted by the Joint Committee on Taxation (JCT) and
the Congressional Budget Office (CBO). The JCT has been responsible for a macroeconomic impact
analysis of changes in tax law since 2003. In addition, the CBO has incorporated these macroeconomic
feedback effects into their estimates of fiscal effects if revenue effects exceeded $5 billion in any fiscal
year. Since 2015, the JCT and the CBO are obliged to provide precise estimates for output and
revenue feedback effects of major tax and mandatory spending changes (for more details, see Altshuler
et al., 2005; Auerbach, 2005; Auerbach and Grinberg, 2017; Furman, 2006; Gravelle, 2014, 2015;
Holtz-Eakin, 2015).
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monitoring their implementation according to an annual round of policy dialogue (the
so-called European Semester)—the analysis of how fiscal and structural reforms can
affect national budgets as well as Member States’ economic performance is required.
Accounting for macroeconomic feedback effects of tax reforms is also crucial for the
determination of the cyclically adjusted fiscal balance, which plays a key role in the
European fiscal framework (see in particular Larch and Turrini, 2010).

In this paper, we develop the first dynamic scoring framework for modelling and
analyzing tax and benefit reforms for all EU countries. A key feature of our dynamic
scoring approach is to combine EUROMOD, the microsimulation model for all European
Union Member States, with QUEST, the European Commission’s dynamic stochastic
general equilibrium (DSGE) model used for the analysis of structural reforms (including
fiscal ones).” By doing so, we are able to precisely model actual tax reforms since
EUROMOD contains all relevant rules of the tax-benefit systems in the EU Member
States and allows for the simulation of direct taxes, social insurance contributions
and benefits according to actual legislation and hypothetical reform scenarios. This is
usually not possible using aggregated macroeconomic models alone, that only differentiate
between capital and labor taxes (see Leeper and Yang, 2008; Mankiw and Weinzierl,
2006; Strulik and Trimborn, 2012; Trabandt and Uhlig, 2011).

On the other hand, microsimulation models do not take into account agents’ reactions
to policy changes, and hence ignore how tax reforms endogenously affect prices and
quantities as well as monetary and fiscal variables in the economy that can lead to non-
negligible second-round effects on tax-revenues. By linking QUEST with EUROMOD,
these effects are also included in our analysis. In order to do so, we follow Bargain et al.
(2014) and estimate country specific labor supply elasticities using a discrete choice labor
supply model based on the EUROMOD micro-data and feed them into the QUEST
model.

We illustrate our dynamic scoring approach with an analysis of two hypothetical reforms
of the Belgian social insurance system: a reduction of the social insurance contributions

paid by employees and employers, respectively.® We provide various robustness checks

4For example, recently the European Commission has also started to collect data on estimates of the
impact of discretionary tax measures relying on the Member States’ own assessment and providing
information at a more disaggregated level (see in particular Barrios and Fargnoli, 2010).

®See Sutherland (2001) and Sutherland and Figari (2013) for a description of the EUROMOD microsim-
ulation model and Ratto et al. (2009) for details on the QUEST III model. Decoster et al. (2010)
simulate a tax shift between labor and consumption taxes using EUROMOD. In contrast to our paper,
their analysis abstracts from labor supply responses and general equilibrium effects.

SWe also examine reform proposals made for Italy’s and Poland’s tax system (see Appendix A). All
reform scenarios can be precisely simulated in EUROMOD, and are straightforward examples of
reforms affecting personal income taxes or social insurance contributions.
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in order to assess the sensitivity of the macroeconomic effects of the tax reform to the
assumptions of the QUEST model. In addition to the analysis of the macroeconomic and
fiscal effects of these tax reforms, we provide insights into the distributional effects of
the reform scenarios under consideration, which is novel to the previous dynamic scoring
literature.”

Our results indicate that accounting for labor supply responses and the macroeconomic
feedback to tax policy changes is essential for a comprehensive assessment of the fiscal
and distributional effects of tax reforms. We find only weak self-financing effects for tax
reforms lowering the employees’ tax burden. After three (five) years, the self-financing
effect amounts to 6 percent (13 percent), measured as the percentage change of labor tax
revenues upon the tax shock. The reform generates responses of wages and employment of
opposite sign, with an expansion of labor supply leading to higher employment, but lower
wages. These counteracting effects explain why first-round tax revenue effects derived
from the microsimulation model and second-round effects reflecting behavioral responses
and the macroeconomic trajectories derived from the macroeconomic model QUEST
differ only slightly. In contrast, we find much larger self-financing effects amounting to
roughly 49 percent (50 percent) after three (five) years resulting from cuts in employers’
social insurance contributions. In this case, both wages and employment evolve positively
because of the expansionary labor demand effect generated by the tax cut. In terms of
distributional implications, we show that both reductions in social insurance contributions
have regressive effects with increasing gains along the income distribution.

The rest of the paper is organized as follows. The second section presents our modelling
choices and describes in detail the models used in the dynamic scoring exercise. The
third section illustrates our approach for hypothetical tax reforms in Belgium. The fourth

section concludes.

3.2. Modelling Second-round Effects of Tax Reforms

In this section, we first describe the different models used followed by an overview of the

methodological steps of the dynamic scoring analysis.

"Note that in a different literature microsimulation models are combined with Computable General
Equilibrium (CGE) models (see Bourguignon and Bussolo, 2013; Cockburn et al., 2014; Peichl, 2009,
2016). While many of these micro-macro linkages are static, there are some approaches that introduce
dynamics through projections into the model. However, these models don’t feature labor market
dynamics from optimizing firms as in our analysis using QUEST.
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3.2.1. The Microsimulation Model EUROMOD

EUROMOD is a tax-benefit microsimulation model covering all 28 member states of
the European Union. The model is a static tax and benefit calculator that makes use
of representative micro-data from the EU Statistics on Income and Living Conditions
(EU-SILC) survey to simulate individual tax liabilities and social benefit entitlements
according to the rules in place in each member state.® Starting from gross incomes
contained in the micro-data, EUROMOD simulates most of the (direct) tax liabilities and
(non-contributory) benefit entitlements, and calculates household disposable incomes.”
The model is unique in its area as it integrates taxes, social contributions and benefits in
a consistent framework, thus accounting for interactions between the tax and benefits
systems, which—in the European case—can have a non-negligible impact in terms of
tax revenues, disposable income distribution and also in terms of work incentives (see
in particular Barrios et al., 2018). However, EUROMOD is static and only delivers
the first-round effects of the simulations. It does not take into account the behavioral
response of individuals to a given policy change. General equilibrium macroeconomic
feedback effects are also not addressed with this model.

EUROMOD uses the latest available EU-SILC data. However, since the frequency of
the releases of the survey data does not coincide with each of the fiscal years included in
the model, whenever the policy year does not match the one of the dataset, EUROMOD
uses index variables to inflate or deflate monetary values to the year of the simulated
tax-benefit system. These index variables are called uprating factors and are usually
taken from Eurostat (the European statistics agency) or national statistical offices.!? In
the context of this analysis, uprating factors will be used for including general equilibrium
effects in EUROMOD.

8We use the latest available version G3.0+ of EUROMOD together with the datasets based on the
2012 version of EU-SILC. For the simulation of the tax reforms, we choose 2013 tax-benefit rules
as the baseline. This is the most recent policy year that can be simulated with EUROMOD at
the time of writing this paper. Uprating factors are used to inflate the non-simulated income
components to 2013. The micro-data include information on personal and household characteristics,
several types of income (e.g., market income, pensions or social transfers), certain expenditures (e.g.,
housing costs or life insurance payments), and other variables related to living conditions. The
validity of the simulated aggregates is ensured by comparison with the corresponding macroeconomic
estimates provided by national tax authorities or by statistical institutes. Validation tables are
offered in the EUROMOD country reports for the EU28 Member States, which can be found at
https://www.euromod.ac.uk/using-euromod/country-reports.

“Note that some contributory benefits (e.g., pensions as well as unemployment or disability benefits)
are not simulated but taken directly from the EU-SILC data, given the lack of individual contribution
histories that would be needed to simulate them.

0FExamples of uprating factors are consumer price indices and evolution of earnings and statutory
adjustment rules for certain benefits.
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3.2.2. The Labor Supply Discrete Choice Model

In order to account for behavioral responses at the micro level, we estimate a labor supply
model. We follow standard practice and in particular Bargain et al. (2014) to estimate
a random utility discrete choice model.!? The random utility framework (McFadden,
1974) is based on the assumption that households maximize utility and thereby face
the standard consumption-leisure trade-off. In this setting, agents face a discrete set
of alternatives in terms of working hours. Individuals can choose to work zero hours,
part-time (20 hours), full-time (40 hours) or over-time (60 hours) so that the choice covers
both the extensive and intensive margin. The labor supply discrete choice model provides
us with parameters that are fed into the macro model (among these the elasticities of
labor supply).

Econometrically, our methodology entails the specification and estimation of con-
sumption-leisure preferences, and the evaluation of utility at each discrete alternative.'?
Utility consists of a deterministic part, which is a function of observable variables, and
an error term, which can reflect optimization errors of the household, measurement
errors concerning the explanatory variables, or unobserved preference characteristics. For
the deterministic part, we specify a utility function that depends on both household
characteristics (such as age, number and age of children, allowing for heterogeneity in
preferences) and characteristics of the specific category (leisure time, disposable income
as well as fixed costs of taking up work). Household characteristics also influence how
gross income translates into disposable income as effective tax rates vary with household
characteristics (such as marital status, age, family composition).

For identification, we exploit the resulting variation created by nonlinearities and
discontinuities inherent in the tax-benefit system and how they reflect on households’ and
individuals’ consumption.!® Although we include some of the household characteristics
in the estimated utility functions, tax-benefit rules condition on a richer variety of
household characteristics (for example, detailed age of children, regional information or

home-ownership status). Hence, the data provide variation in disposable income (as a

"Discrete choice models have their theoretical roots in the Random Utility Model of McFadden (1974).
They have become increasingly popular in the labor supply literature (see Aaberge et al., 1995;
Dagvisk, 1994; Hoynes, 1996; Van Soest, 1995, for early contributions).

12T contrast to the classical labor supply model where households choose from a continuous set of
working hours (Hausman, 1985), it is not necessary to impose tangency conditions, and in principle
the model is very general. In practice, a functional form for the utility function has to be explicitly
specified. However, the choice of functional form has no major influence on the estimated elasticities
(see LofHer et al., 2014).

13This is the usual source of variation for models estimated on cross-sectional data that cannot rely on
variation over time.
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proxy of consumption) that allows identifying the parameters of the econometric model.

The disposable income is calculated for each discrete hour category and each household
by aggregating all sources of household income, adding benefits (family and social
transfers), and subtracting direct taxes (on labor and capital income) and social insurance
contributions using EUROMOD.'* Appendix B provides detailed information on the

discrete choice model and its underlying assumptions.

3.2.3. The Macroeconomic DSGE Model QUEST III

The macroeconomic model used in this analysis is an extension of the European Commis-
sion’s New-Keynesian model, QUEST (to be precise, version QUEST III, see Ratto et al.,
2009), to include workers with different skill levels. The QUEST model is the standard
model used by the Furopean Commission to analyze the impact of fiscal scenarios and
structural reforms in the EU Member States (see, for instance, in 't Veld, 2013; Varga
and in 't Veld, 2014; Vogel, 2012). As a fully forward-looking DSGE model, QUEST can
capture the behavioral responses of major macroeconomic variables in an open economy
context, going beyond the direct, static impact of specific tax reforms measured by
EUROMOD. The labor market modelled in QUEST is strongly based on microeconomic
theory and sufficiently general to adapt to the different labor market institutions of the
EU countries.

More specifically, the model-version used for this exercise is a three-region open-
economy model, calibrated for the country of interest (Belgium), the (rest of) euro
area and the rest of the world. For each region, the model economy is populated by
households and final goods producing firms. There is a monetary and a fiscal authority,
both following rule-based stabilization policies. The domestic and foreign firms produce
a continuum of differentiated goods under monopolistic competition. In order to measure
the distributional consequences of policies we introduce three skill groups—high, medium

and low—into the model earning different wages.'> Appendix C explains in detail the

1411 practical terms, the link between EUROMOD and the labor supply model is implemented according
to the following methodological steps. First, we estimate the hourly wage rate using a Heckman
selection model. Next, we calculate gross earnings for each hypothetical hours choice. For instance, for
a single (couple) household, we obtain four (16) different gross labor incomes (describing all possible
combinations of hours that can be chosen by the two partners). The key assumption here is that the
predicted hourly wage rate does not depend on the number of hours supplied in the labor market. This
is a standard assumption in discrete choice labor supply models, Aaberge et al. (see 2009); Bargain
et al. (see 2014); Blundell et al. (see 2000); Creedy and G. Kalb (see 2005); Van Soest (see 1995).
Allowing wages to vary across choices would lead to complications when estimating the likelihood
function, which are beyond the scope of this paper (see the discussion in Loffler et al., 2014).

5By using the ISCED education classification, we define the share of population with up to lower
secondary education (ISCED 0-2) as low-skilled, with up to upper secondary, non-tertiary education
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main blocks of our macro model: households, firms, policies and trade.

In our dynamic scoring exercise, one of the links between EUROMOD and QUEST is
the labor market. In the following, we describe the workings and main driving forces of
this market in QUEST. Although the general equilibrium effects influence the numerical
results—since output, consumption, capital utilization and prices are fully endogenous
in the model—the partial equilibrium analysis of Figures 3.1 and 3.2 can illustrate the
basic wage setting mechanism in the QUEST model. These figures also highlight the role
played by tax incidence after the different policy shocks are introduced in QUEST (third

section).

Gross wage Lot ™

0 Lo Labor

Note: The rectangle of OLYE?W? is the pre-reform tax base while OL'E'W! is the new tax base after the
corresponding tax cut. [llustration is based on Borjas (2016).

Figure 3.1.: Employer Reform

In the figures, Lg denotes labor supply and Lp is labor demand.'® Let us consider
two reforms to illustrate the wage setting mechanism in the labor market. The first
reduces the tax burden of employers (Figure 3.1), the second the tax burden of employees
(Figure 3.2). When employee-paid labor taxes decrease (Figure 3.2), workers are willing
to offer more labor services at all levels of the gross wage, and Lg rotates down to the
right to Lgy. In this case, the tax-cut has two opposing effects on the tax-base: in the
new equilibrium, gross wages are lower and firms are willing to hire more labor. The
tax-base in Figure 3.2 transforms from the shaded OL'EW? rectangle to the OL'E!W!

rectangle with stripes. Due to these two opposing effects, the tax-base may not even

(ISCED 3-4) as medium skilled and the rest of the population as high-skilled.
% Equations (E.1.17) and E.1.26 in Appendix E, respectively. For simplicity, we assume that all other
variables are constant, except real gross wages and labor, and there are no adjustment costs.
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Note: The rectangle of OL’EYW? is the pre-reform tax base while OL'E!W! is the new tax base after the
corresponding tax cut. [llustration is based on Borjas (2016).

Figure 3.2.: Employee Reform

change significantly in the short-run and scoring exercises with or without endogenous
wage and labor response might give similar results in the short-run.

When employer-paid labor taxes decrease (Figure 3.1), firms are willing to hire more
labor services at all levels of the gross wage and Lp rotates up to Lp;. In the new
equilibrium gross wages are higher and firms are willing to hire more labor at the new
wage rate. As both wages and employment rise, the tax-cut unambiguously increases the
tax-base (from the shaded OL’E°W? rectangle to the OL'E'W! rectangle with stripes).
Notice that this effect would be completely missed in a simple static scoring framework
where wages and employment are kept exogenous.

In the long-run, the capital stock will gradually increase to its new steady-state level,
which will lead to higher labor demand (e.g. Lp.iong in Figure 3.1 and 3.2), higher wages
and a larger tax-base. Consequently, along the transition path, the difference between

the static and dynamic scoring revenue estimates will increase.'”

3.2.4. Methodological Framework

We combine the three models described in the previous sections as shown in Figure 3.3.

The first step of our analysis consists in running EUROMOD for the actual tax-benefit

YTt is important to stress that the Invariance of Incidence Proposition (ITP) does hold in the model over
the medium to long-run: a shift of taxation from employers to employees, which leaves overall labor
tax revenues constant, or only changes the composition of the tax-wedge but not its size, does not
affect employment and GDP (Goerke, 2000).
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system and the reform scenario for the year of interest, using the household micro-data
for Belgium. This step provides us with the change in the effective tax burden on labor
income for employees and employers, i.e. an aggregate indicator of the change in the
tax burden resulting from the tax reform implemented in the microsimulation set-up.
This tax burden is calculated as the ratio of taxes and social insurance contributions on
labor income to the total compensation of employees and payroll taxes (see European

Commission, 2013).

MICRO MACRO MICRO
EUROMOD e — EUROMOD ) | RESULTS

Jl

CALIBRATION * Baseline

. ] UPRATING FACTORS *  Reform - Non-behavior scenario
= Elasticities (LS model) *  Reform - Behavior scenario
= Non-participation rates *  Gross wages

(LS model) * Inflation

= Gross wages

INPUT FILE

POLICY SHOCK
* Employment (weights of
= Changesin tax rates employed / unemployed)

Figure 3.3.: Methodological Steps

Next, we estimate the discrete choice labor supply model. From this we obtain estimates
for parameters such as the non-participation rate, i.e. the expected number of individuals
offering zero labor hours, and the labor supply elasticities, i.e. the percentage change in
labor supply, given a one percentage change in gross wages.

After having estimated the labor supply model, the change in the tax burden resulting
from the tax reform is introduced in QUEST as policy shocks and labor market parameters
such as the level of gross wages (obtained from the household micro-data), the non-
participation rates and labor supply elasticities (obtained from the discrete choice labor
supply model)—each obtained for three skill levels—feed into the calibration of QUEST.'®

I8QUEST is calibrated so that the model matches the observed empirical data from Eurostat in terms of
labor productivity, investment, consumption to GDP ratios, the wage share, the employment rate, a
given set of structural indicators describing market frictions in goods and labor markets, tax wedges
and skill endowments. Most of the variables and parameters are taken from available statistical or
empirical sources from the literature. Supplementary data associated with the calibration of the
QUEST III model can be found in the online version of Ratto et al. (2009) at http://publications.
jrc.ec.europa.eu/repository/handle/JRC46465. In this paper, we focus only on the calibration of
selected parameters, which are directly related to the labor market. The remaining parameters are
pinned down by the mathematical relationships of the model equilibrium conditions, i.e. all agents are
maximizing their utility given their budget constraints, and the feasibility conditions of the economy
are met.
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By calibrating the main labor market parameters in QUEST with the micro-econometric
estimates obtained from the labor supply model, we ensure consistency between the labor
markets in QUEST and the discrete choice model.'?

The second step of our analysis consists in running QUEST in order to obtain the
three-year macroeconomic trajectories for the endogenous variables of the model. We
are mainly interested in the trajectories for the price level, employment and gross wages,
since these variables are fed back into the EUROMOD model.

In the third step, we analyze the fiscal and distributional effects of the tax reforms by
feeding the macroeconomic trajectories obtained in the second step into EUROMOD.
This is done by uprating prices and wages for the three-year period after the reform.2’
In addition, we simulate the employment trajectory by adjusting the sample weights in

our household micro-data.

3.3. Illustration: Hypothetical Social Insurance

Contributions Cuts in Belgium

In this section, we focus on two hypothetical tax reforms in Belgium. The first reform
reduces the social insurance contributions (SIC) paid by employees, the second those
paid by employers. In both scenarios, the total statutory tax rate of the social insurance
contributions paid by employees and employers is cut by approximately 30 percent, i.e.
the tax cuts granted to employees and employers in these scenarios have a comparable
magnitude. More precisely, we implement the 30 percent tax rate cut by simulating:
(1) a reduction of the social insurance contributions rate paid by employees from 13.07
percent to 9.07 percent (by cutting the rate for public pensions by 3 percentage points
and the one for public health insurance by 1 percentage point); (2) a reduction of the
standard social insurance contributions?! rate paid by employers from 25.36 percent to
17.75 percent (by cutting the rate for public pensions by 5 percentage points and the one

for public health insurance by 2.6 percentage points).

19 Appendix D provides information on the aggregation issues that arise from linking the two models. It
compares the worker’s optimization problem and derives the labor supply elasticities in both models.
It is shown that the labor supply elasticity estimated from the discrete choice model can be consistently
used to calibrate the parameter guiding this elasticity in QUEST.

20Recall that EUROMOD inflates or deflates monetary variables using uprating factors whenever the
year of the simulated tax-benefit system does not coincide with the reference year of the survey data.

21These standard social insurance contributions include contributions for pensions, healthcare, disabilities,
unemployment, family allowances, accidents at work (standard and special), work-related illness
(standard and asbestos fund), educational leave, integration and guidance programs for youth, daycare
provision and (re)employment of vulnerable groups. As of 2016, the referred contributions have been
substituted by the “global social insurance contribution”.
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Note that these two specific reforms are just illustrative and have neither been proposed
nor implemented in the policy process. However, in the policy debate in Belgium and
many other EU countries in the aftermath of the Great Recession and the Euro crisis,
fiscal shifts away from labor taxation were heavily discussed (see Mathé, Nicodeme &
Rua, 2015 for an overview) and the two reform proposals are meant to be illustrative
of such potential reforms. They are insofar comparable as the two reforms imply the
same percentage rebate in the social insurance contribution rates. In both cases, the
contribution rates for public pensions and public health insurance are reduced. In the
third section, we consider sensitivity checks, including a scenario where the reduction in
labor tax revenues obtained with the reform of employers’ contributions is applied to

employees’ contributions.

3.3.1. First Step: Policy Shocks and Labor Market Characterization

As explained in the previous section, the micro-macro interaction involves calculating
the change in the effective labor tax burden for each reform using EUROMOD, and
introducing it in QUEST as a policy shock. Furthermore, it involves calibrating QUEST
labor supply elasticity parameters and the expected voluntary unemployment rate using

the estimates of the discrete choice model described before.

3.3.1.1. Policy Shocks

For the calculation of the policy shock, we simulate each reform in EUROMOD and
compute the pre- and post-reform effective tax rates on labor income. We follow European
Commission (2013) and define the average effective tax rate on labor as the ratio between
total taxes paid on labor income over total compensation.?? For each reform, the average
effective tax rate on labor income is computed for employees and employers, and for three
skill groups, respectively. The next step is to establish the correspondence between these
average effective tax rates computed using EUROMOD with the statutory tax rates on

labor income in QUEST, levied on workers and firms. These statutory rates are defined

99 . ) . > wi*PIT;+SICgp+SICrR
More formally, the average effective tax rate on labor is defined as the ratio &%
’ Gross Wages+SICgr )

where PIT; is the personal income tax liability of individual 7, and SICgg and SICgr are the social
insurance contributions paid by employees and employers, respectively. w; is the ratio of wages relative
to the total taxable income of taxpayer 4, and is defined as w; = TomlG ;Ziis;:gle:éomei. Note that this
ratio does not change after the reform, because it is calculated only from the microsimulation set-up
and does not include behavioral effects. We can further derive the average effective tax rates for

; w; *PIT,; +SICER and SICER
Gross Wages+SICgR Gross Wages+SICgRr

employees and employers as

, respectively.
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in terms of gross wages and can be obtained with a simple algebraic relationship.?® The
difference between the pre- and post-reform statutory rates will be introduced as the
policy shock in QUEST. Importantly, at this stage these changes are the morning-after
effects and do not include any behavioral responses, neither from workers nor from firms.
Table 3.1 shows statutory tax rates for the baseline and the two reform scenarios as well
as the policy shocks, which are introduced in QUEST.

Table 3.1.: Tax Rates and Policy Shocks for the Belgium Reforms.

30% Reduction of the 30% Reduction of the
SICee tax rate SICer tax rate

High Medium Low High Medium Low

QUEST statutory tax rates on labor income paid by employees

Baseline (percentage) 335 28.8 27.1 335 28.8 27.1

Reform (percentage) 31.1 26.3 24.5 335 28.8 271

Shocks (percentage points) -2.4 -2.5 -2.6 0.0 0.0 0.0
QUEST statutory tax rates on labor income paid by employers

Baseline (percentage) 20.3 259 26.9 20.3 25.9 26.9

Reform (percentage) 20.3 259 26.9 16.6 20.7 214

Shocks (percentage points) 0.0 0.0 0.0 -3.7 -52 -5.5

Table 3.1 shows that both reforms reduce the tax rates and that the size of the policy
shock is larger in case of the reduction of employers’ contributions, ranging from -3.7

percentage points for high-skilled to -5.5 percentage points for low-skilled workers.

3.3.1.2. Labor Supply Elasticities and Non-participation Rates

In the next step of the analysis, labor supply elasticities and non-participation rates by

skill level are estimated using the discrete labor supply model described in the second

2Let tw,s and ter s be the tax rates levied on employees and employers for skill group s, respectively.
In QUEST, the tax burden of workers and firms is defined, respectively, as t., s ¥ Gross Wages and
ter,s *Gross Wages (see also Appendix D for a description of the tax incidence mechanism in QUEST).
Then, statutory tax rates in QUEST and average effective tax rates in EUROMOD are related as
follows: let tw,s,ruromoD and ters, EurROMOD be the average effective tax rates of employees and
employers for skill group s derived from EUROMOD, then:

tw,s * Gross Wages = (Z w; * PIT; + SICEE> = tw,s,suroMoOD * (Gross Wages) + SICgr)

k3

and,
ter,s * Gross Wages = SICgr = ter,s, euromop * (Gross Wages + SICgr)

¢ t
It follows that, te,s = —ons BUROMOD 544 ¢, = —w.s.BUROMOD = Thege are the rates
’ l—ter,s, EUROMOD ’ 1—ter,s, EUROMOD

presented in Table 3.1.
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section. The estimation is based on the EU-SILC micro-data. Results are shown in
Table 3.2. In line with the literature, we find that labor-supply elasticities as well as
non-participation rates are highest for the low-skilled (see e.g. Bargain et al., 2014). Labor
supply elasticities are used to calibrate the Frisch elasticity in QUEST.?* The expected
number of voluntary unemployed is based on the estimated probability of supplying zero

hours in the labor market.2®

Table 3.2.: Calibration of Labor Supply Elasticity Parameter and Non-participation Rates
in QUEST, by Skill Level.

High Medium Low
Labor supply elasticities 0.357 0.395 0.716
Non-participation rates 0.057 0.107 0.246

3.3.2. Second Step: The Macroeconomic Impact

We have calibrated QUEST for the Belgian economy, the rest of the euro area and the
rest of the world. As explained in the previous section, the parameters representing the
Frisch elasticity and the non-participation rate are based on the elasticities and predicted
labor supply responses obtained from the discrete choice microeconometric model.
Moreover, the changes in the average effective tax rates on labor paid by employees
and employers are introduced in QUEST through the statutory tax rates. Importantly,
we temporarily set off the debt-stabilization rule?® for the first fifteen years in order
to analyze the direct budgetary effect of the reforms, thereby generating a government
budget deficit in that period relative to the baseline. Note that different ways to tackle
the government deficit generated by the reforms may have different second-round effects

and that our results have to be interpreted in the light of this simplifying assumption.2”

2 Explained in detail in Appendix F, equations (F.2.1) to (F.2.19).

25G8ee equation F.1.28 derived in Appendix F.

268ee equation E.1.33 in Appendix E.

2T"We assume that after 15 years, our simulated tax-reforms are reversed and the pre-reform level of
government debt is gradually restored through labor taxation (see Appendix G.). Alternatively, the
QUEST model offers a wide range of closure rules, which could be based on the revenue or expenditure
items of the government’s budget constraint. Exploring the long-run implications of these various
alternative fiscal closure rules goes beyond the scope of the paper.
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3.3.2.1. Impulse Responses and Tax Incidence

The introduction of the shocks for each of the reforms in QUEST generates impulse
responses for the endogenous variables of the model. Impulse responses show how these
variables react to the changes in the tax rates and, at the same time, how they evolve
together with the other endogenous variables. Impulse responses are informative as they
shed light on the dynamics of the model: we can observe from the trajectories of the
endogenous variables how these variables evolve simultaneously over time towards the
new equilibrium. The impulse response functions generated by the policy shocks for the
main labor market variables—net real wages,?® total compensation of employees,?? gross
real wages, and employment—are presented in Appendix E (graphs G.1 to G.8).

Graphs G.1 to G.4 show the impulse response functions for the reform of employees’
contributions. In line with the simplified partial equilibrium analysis of Figure 3.2 (see
second section), we observe a decrease (an increase) in gross wages (employment) as
shown in Graph G.3 (Graph G.4). This is due to the fact that employees are willing to
work more at higher net-real wage due to the cut in contributions (Graph G.1). The
total compensation of employees (Graph G.2) falls for all skill groups, but in a smoother
way, because the tax rate paid by employers remains constant in our simulations and the
changes only stem from the smooth decrease (increase) in gross wages (employment).

Graphs G.5 to G.8 show the impulse response functions for the reform of employers’
contributions. As shown in the partial equilibrium analysis of Figure 3.1, firms are
willing to offer higher gross wages to their employees due to the reduced tax burden.
Employment increases over the simulation period (Graph G.8) as well as gross (and
net) wages (Graphs G.5 and G.7). The total compensation of employees (Graph G.6.)
immediately drops for all skill groups after the tax cut is introduced, and then smoothly
recovers over the period of analysis due to the increase in g