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Abstract

Can the Spanish government generate more tax revenue by making personal income taxes
more progressive? To answer this question, we build a life-cycle economy with uninsurable
labor productivity risk and endogenous labor supply. Individuals face progressive taxes on
labor and capital incomes and proportional taxes that capture social security, corporate
income, and consumption taxes. Our answer is yes, but not much. A reform that increases
labor income taxes for individuals who earn more than the mean labor income and reduces
taxes for those who earn less than the mean labor income generates a small additional revenue.
The revenue from labor income taxes is maximized at an effective marginal tax rate of 51.6%
(38.9%) for the richest 1% (5%) of individuals, versus 46.3% (34.7%) in the benchmark
economy. The increase in revenue from labor income taxes is only 0.82%, while the total
tax revenue declines by 1.55%. The higher progressivity is associated with lower aggregate
labor supply and capital. As a result, the government collects higher taxes from a smaller
economy. The total tax revenue is higher if marginal taxes are raised only for the top earners.

The increase, however, must be substantial and cover a large segment of top earners. The
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rise in tax collection from a 3 percentage points increase on the top 1% is just 0.09%. A 10
percentage points increase on the top 10% of earners (those who earn more than €41,699)

raises total tax revenue by 2.81%.

JEL codes: E21, E6, H2, J2.
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1 Introduction

How much more tax revenue can the Spanish government generate by making income taxes more
progressive? Three considerations motivate this question. First, the total tax collection constitutes
a smaller fraction of Spanish GDP than other countries in the Euro Area (Lépez-Rodriguez and
Garcfa Ciria (2018)). Table 1 documents different sources of tax revenue for Spain and Euro Area
countries in 2015. The total tax collection with the personal income tax (PIT) is 7.2% of the GDP
and 21.4% of total tax revenue in Spain. It represents the second largest source of tax revenue
after the social security contributions. As a fraction of GDP, Spain collects around 2.3 percentage
points less revenue from the PIT than the Euro Area countries, while its total tax collection is 4.8

percentage points lower.

TABLE 1
SOURCES OF TAX REVENUE IN 2015 (% or GDP)

Tax Personal Social Value Other
Revenue Income Security Added Taxes PIT
Tax Contribu- Taxes Tax Revenue
tions
(1) (2) (3) (4) (5) (6)
Spain 33.6% 7.2% 11.3% 6.4% 8.8% 21.4%
Euro Area 11 38.4% 9.5% 12.2% 6.9% 9.8% 24.8%

Source: OECD Tax Statistics (http://dx.doi.org/10.1787/data-00262-en).
Notes: The Personal Income Tax column corresponds to the category 1100 Taxes on income, profits and
capital gains of individuals, of the OECD classification of taxes.

Second, in all developed economies, economic booms are usually associated with reductions in
taxes on personal income and, in particular, in the top marginal tax rates. In contrast, economic
downturns are followed by tax increases (OECD (2019)). Spain is not an exception. As Figure 1
shows, with the high economic growth in the early 2000s, the top marginal tax rates were reduced
by about 5 percentage points. This was reversed quickly with the 2008 financial crisis, and the top
rates increased by more than 10 percentage points. Taxes were again reduced in the aftermath of
the crisis.

Finally, there is an active public debate, both among academics and policymakers, on the most
effective policies to address growing economic inequality. While many agree that there might be
room for more redistribution and more extensive social programs, it is less clear whether higher
progressivity of personal income taxes is the best way to generate the needed revenue (Blanchard
and Rodrik (2019), Kopczuk (2019), and Saez and Zucman (2019)). Since “the fundamental role of
tax policy is to raise revenue to finance expenditures” (Kopczuk (2019)), it is crucial to understand
how much revenue can be raised by making taxes on personal income more progressive.

To understand the effects of tax progressivity on tax revenue, we build a life-cycle model with
endogenous labor supply. In the model, individuals are born with permanent labor productivity

differences. Each period they also face a persistent shock to their labor market productivity.



FIGURE 1

Top MARGINAL TAX RATES AND GDP GROWTH (%)
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Notes: This figure shows the evolution of the statutory marginal
tax rates (left axis) and GDP growth (right axis). Note that there
exists regional variation in top marginal rates. The figure depicts
both the maximum and the minimum rates across regions. The
source of GDP growth is the National Statistical Institute, see:
https://bit.ly/345{XvG.

These labor productivity shocks are not insurable. The combination of permanent differences
and persistent shocks determine inequality among a given cohort of individuals as they age. In
the face of labor productivity shocks, individuals try to smooth their consumption by adjusting
their labor supply and savings. Labor and capital incomes are subject to separate progressive tax
schedules. The progressivity of the labor income tax schedule provides insurance for individuals
against unfavorable labor productivity shocks. The government also runs a means-tested transfer
program, which provides another buffer against adverse productivity shocks. There is also an
additional proportional tax on capital income, which captures the corporate income tax, and a
proportional tax on consumption.

We calibrate the model economy to be consistent with both aggregate and cross-sectional
targets for the Spanish economy. In particular, the model economy is able to generate distributions
of labor income, total income (labor plus capital), and tax liabilities (who pays how much taxes)
that are broadly in line with the microdata on tax returns. Furthermore, the model economy
generates an elasticity of taxable income (ETI) that is in line with recent estimates by Almunia
and Lopez-Rodriguez (2019).

In the benchmark economy, all individuals who earn more than about €11,000 pay labor
income taxes according to t;(I) = 1 — A7, where [ is labor income as multiples of mean labor
income and ¢;() is the average tax rate. The parameter A determines the average taxes, while 7
determines the progressivity. If 7 =0, ¢;(I) = 1 — \, and everyone faces the same tax rate. When

7 > 0, individuals with higher incomes face a higher average tax rate. For the Spanish economy,



A = 0.8919 and 7 = 0.1581 provides a good description of labor income taxes (Garcia-Miralles,
Guner, and Ramos (2019)). With these parameters, individuals with mean labor income (€22,805
in 2015) face an average tax rate of 10.81% (1 — A). Their marginal tax rate is about 25%. The
average (marginal) tax rate reaches about 36% (46%) for those who are at the top 1% of the labor
income distribution (those who earn more than €94,974).

We consider two experiments that increase the progressivity of taxes on labor income. In
the first experiment, we increase 7. This changes the entire tax schedule, so that all households
below the mean labor income face lower average taxes, while those above the mean income face
higher average taxes. Since with a higher 7, richer individuals face higher taxes, all else equal, the
government collects more taxes. All else, however, is not equal since more progressive taxes lower
incentives to work and save. As a result, a higher 7 might result in lower, not higher, revenue. The
question is where the top of the Laffer curve is. We find that the tax revenue from labor income is
maximized with 7 = 0.19. The increase in tax collection is, however, very small: the tax revenue
from labor income increases only by 0.82% (or about 0.28% of the GDP).

The tax revenue from labor income is, however, only one part of the total tax collection. There
are also taxes on capital and consumption. With 7 = 0.19, while the tax collection from labor
income is maximized, the total tax collection declines by 1.55%. This happens since with a higher
7, the aggregate labor, capital and output decline significantly. Indeed, the total tax collection
falls for any increase in 7, and the level of 7 that maximizes total tax revenue is much lower,
7 = 0.025, than its benchmark value.

In the second experiment, we increase marginal tax rates for income above a threshold and
keep taxes for the rest of the population intact. We experiment with higher marginal taxes on
individuals who are at the top 1%, 5%, and 10% of the labor income distribution. For example,
when we increase taxes on the top 1%, all individuals who earn more than €94,974 face a higher
marginal tax rate on their incomes above this threshold. We consider increases in the marginal
tax rates of 3, 5, and 10 percentage points.

We find that it is possible to generate higher total tax revenue by increasing taxes on the
top earners. The increase in average tax rates, however, must be substantial. The additional
tax collection from a 3 percentage points increase on the top 1% of earners, for example, is only
0.09%. Tax collection rises by 0.65% and 1.11% if a 3 percentage points tax increase is applied
to individuals who are in the top 5% and 10% of the labor income distribution, respectively. The
additional revenue is significantly higher when taxes are increased by 5 or 10 percentage points.
With a 10 percentage points tax increase on the top 10% of earners (those who earn more than
€41.699), for example, the total tax collection rises by 2.81%.

The main message of our quantitative exercises is that while it is possible to generate more tax
revenue by making taxes more progressive, the extra revenue is not substantial. Higher progressiv-

ity has significant adverse effects on output and labor supply, which limits the room for collecting



higher taxes. As a result, the only way to generate substantial revenue is with significant increases

in marginal tax rates for a large group of top earners.

Related Literature Our paper is related to two strands of the quantitative macro literature
that use parametric tax functions for optimal policy following the Ramsey (1927) approach.! The
first is recent work on the Laffer curve in dynamic general equilibrium models, e.g., Trabandt
and Uhlig (2011), Guner, Lopez-Danieri, and Ventura (2016), Feve, Matheron, and Sahuc (2018),
Imrohoroglu, Kumru, and Nakornthab (2018) and Holter, Krueger, and Stepanchuk (2019). Tra-
bandt and Uhlig (2011) study the Laffer curve in the one-sector growth model with infinitely
lived representative agents. The others focus on environments with heterogeneous agents and
uninsurable labor productivity risk.

Our approach follows Guner et al. (2016), who study the effect of higher progressivity on tax
revenue for the US and show that there is little room to raise revenue by making taxes more
progressive. For the US economy, their benchmark parameters are 7 = 0.053 and A = 0.91. They
find that the tax collection from labor income is maximized at 7 = 0.13, with 6.8% additional
revenue, while 7 = 0.09 would maximize the total tax revenue. They also show that the room to
generate more significant revenue is smaller if average taxes (1 — \) are higher. We find that, for
Spain, where the initial level of 7 and average taxes (1 — \) are higher, the extra revenue from a
higher 7 is much smaller.

Holter et al. (2019), who use the same tax function specification, study a closely-related ques-
tion: how the level of progressivity affects the ability of the government to collect more taxes from
higher average taxes. They show that higher progressivity reduces the room to generate more
revenue from higher average taxes. imrohoroglu et al. (2018) study optimal income taxation in a
model with entrepreneurial activity. As in the current paper and Guner et al. (2016), they find
that it is easier to raise extra revenue by taxing top earners.?

The second strand is papers that study the welfare-maximizing degree of tax progressivity.
Earlier papers in this literature include Ventura (1999), Bénabou (2002), Caucutt, Imrohoroglu,
and Kumar (2003), Conesa and Krueger (2006), Erosa and Koreshkova (2007), and Conesa and
Krueger (2009). After Diamond and Saez (2011), who suggest that the optimal marginal tax
rate on the top 1% of earners should be 73%, several papers focused on the optimal taxes on top
earners, e.g. Imrohoroglu et al. (2018), Kindermann and Krueger (2018), Badel, Hugget, and Luo
(forthcoming), and Briiggemann (2019). Among them, Badel et al. (forthcoming) focus on the role

! Another strand of literature follows Mirrlees (1971), who characterizes optimal income taxes without imposing
any constraints on the shape of the tax schedule. Diamond (1998) and Saez (2001) are more recent contributions
in static models, while Farhi and Werning (2013), Golosov, Troshkin, and Tsyvinski (2016), and Heathcote and

Tsujiyama (2019) extend the analysis to dynamic environments.
2A related question is how the effects of tax changes depend on the underlying income and wealth inequality.

For the US, Macnamara, Pidkuyko, and Rossi (2020) show that the impact of tax policies is more significant in a

1983-economy (with lower income and wealth inequality) than they are today.



of human capital accumulation, while Imrohoroglu et al. (2018) and Briiggemann (2019) study the
role of entrepreneurs.

Heathcote, Storesletten, and Violante (2017), Storesletten (2019), and Serrano-Puente (2020)
study optimal progressivity with the same tax function used in this study and look for the welfare-
maximizing level of 7. Among these, in a paper simultaneous to ours, Serrano-Puente (2020) studies
the optimal progressivity of personal income taxes in Spain. He finds that the welfare-maximizing
level of 7 is 0.15. Heathcote et al. (2017), in a model with both insurable and uninsurable risk
and human capital accumulation, find that a utilitarian planner would set 7 = 0.084 for the
US economy; a value close to the level of 7 in Guner et al. (2016) that maximizes the total tax
collection. Storesletten (2019) asks how the optimal 7 should change with the underlying income
inequality. He finds that 7 should be higher in the US today than it was in 1980, while the
measured 7 declined during this period.?

Two key intuitions on the optimal level of progressivity emerge from these two strands of the
literature. First, the revenue or welfare-maximizing level of progressivity depends critically on the
nature of labor productivity shocks at the top of the income distribution. If being a top earner is a
relatively transitory state (e.g., in Kindermann and Krueger (2018)), then it is optimal to tax top
earners at a high rate, since their labor supply reaction will be limited. On the other hand, if being
a top earner is a relatively permanent state (e.g., in Guner et al. (2016)) or requires human capital
accumulation (e.g., in Heathcote et al. (2017) and Badel et al. (forthcoming)), there is less room
to increase taxes at the top. Second, the tax base matters. If progressive taxes are applied only
to labor income (e.g., in Kindermann and Krueger (2018)), then the optimal taxes on top earners
are high. The taxes at the top are lower if both labor and capital incomes are taxed jointly (e.g.,
in Guner et al. (2016) and Imrohoroglu et al. (2018)). In the current paper, being a top earner is
a relatively permanent state, while progressive taxes are primarily applied to labor income.

The paper is organized as follows. In Section 2, we describe the main characteristics of the
Spanish tax system. In Section 3, we lay out the life-cycle model that defines the benchmark
economy. The calibration of the model is discussed in Section 4. We describe our main results in

Section 5. Finally, Section 6 concludes.

2 The Spanish Tax Structure

In this section, we provide a brief overview of the Spanish personal income tax. We focus on
2015, the latest year for which microdata on tax returns is available. We also present estimates of
effective tax functions that describe taxes paid on labor and capital income in a parsimonious way,

and an effective tax-credit function. A more extended discussion can be found in Garcia-Miralles

3Kaymak (2016) and Hubmer, Krusell, and Smith (2018) find that the decline in tax progressivity played a

crucial role in increasing wealth inequality in the US.



et al. (2019). The Spanish tax system raises revenue from taxes on the income, consumption and
wealth of individuals, and on profits of firms. Total tax collection was 33.6% of GDP in 2015, which
was close to the OECD average (33.7%), but significantly less than the Euro-11 average (38.4%).*
The primary source of revenue is social security contributions, which take the form of a payroll
tax.’ Individual income, both from labor and capital, is also taxed through a progressive personal
income tax. Taxes on goods and services include a three-notch value-added tax and excise duties
on specific goods such as fuel, electricity, tobacco, and alcohol. Firm profits are taxed through the
corporate income tax.® Finally, some taxes are levied on the use, ownership, and transmission of
assets, such as a real-estate tax, a wealth tax, inheritance and gift tax, and taxes on the transfer
of real estate and other financial assets.” Social security contributions account for 33.5% of total
tax revenue, while the personal income tax accounts for 21.4%. The share of the value-added tax,
excise duties, the corporate income tax, and taxes related to the use, ownership, and transmission
of assets are 19.0%, 8.6%, 7.1%, and 7.6%, respectively.®

Income subject to the personal income tax, which is the main focus of this paper, consists
of labor income, self-employment income, and different types of capital income. The personal
income tax code classifies these income categories into two groups, which are subsequently taxed
at different rates. General income includes labor income, self-employment income, and some
forms of capital income (mainly real-estate income). Savings income comprises the main portion
of capital income, e.g., realized capital gains, dividend payments, and interest income. Below we
refer to general income simply as labor income and savings income as capital income.

The tax schedule for labor income is highly progressive. The exact schedule depends on the
taxpayer’s region and consists of between 5 to 14 tax brackets, with a top marginal rate ranging
from 43.5% to 48%.° The capital income tax schedule is much less progressive and does not differ
across regions. The number of tax brackets is three, and the top rate is 23.5%. The left-hand side
of Figure 2 shows the labor income tax schedules of the two largest regions by GDP (Madrid and

4The source is the OECD Tax Statistics, available at http://dx.doi.org/10.1787 /tax-data-en.
5The payroll tax applies to monthly earnings, up to a ceiling of €4,070. The tax rate is 36.25% and consists

of three parts: a 28.3% tax (23.6% by employers and 4.7% by workers) to finance the social security payments, a
7.25% tax (5.7% by employers and 1.55% by workers) to fund unemployment benefits and severance payments, and

a 0.7% tax (0.6% by employers and 0.1% by workers) to fund training programs.
6The corporate income tax is proportional, the rate being 25%. There is, however, some heterogeneity. For

instance, new firms pay a lower rate (15%), while banks face a higher tax (30%).
"In terms of tax revenue, the most significant is the real-estate tax, which applies to the ownership of any real

estate. Next is the transfer and stamp tax, which taxes, among other activities, the purchase and sale of real estate,
and the inheritance and gift tax. The wealth tax raises relatively little revenue since it only applies to wealth

beyond a high threshold, and it is zero in some regions
8The remaining share of the tax collection corresponds mainly to taxes on the use of particular goods or the

performance of activities, e.g., those related to motor vehicles, and customs duties collected for the EU.
9There are 17 regions or autonomous communities. Two of them, the Basque Country and Navarre, have special

tax regimes. The tax brackets and tax rates above correspond to the 15 remaining regions.



Catalonia). The right-hand side shows the tax schedule on capital income.

FIGURE 2

STATUTORY MARGINAL TAX RATES (2015)
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Notes: This figure shows the statutory marginal tax rates of the personal income tax in 2015 for residents in Catalonia and Madrid,
the two largest Spanish regions by GDP. Panel A displays the rates applied to labor (general) income. Panel B shows the tax rates on

capital (savings) income.

The personal income tax also features a wide range of tax benefits that reduce tax liabilities.
There are two types of benefits: deductions, which reduce the tax base (i.e., they apply to income
before tax liabilities are calculated), and credits, which reduce the tax liabilities (i.e., they apply
directly to tax liabilities). Examples of tax deductions are the part of social security contributions
paid by the employee, a deduction for earning any labor income, business expenses associated with
self-employment, a deduction for couples filing jointly, and contributions to private pension plans.
Tax credits include a family allowance, which depends on the characteristics of the taxpayer and
her family, such as age or number of dependent relatives, benefits granted for mortgage payments,
and tax credits for employed mothers with children below age three.'®

We follow Garcia-Miralles et al. (2019) and represent income taxes and credits with three
functions. The first function, whose formulation is used, among others by Bénabou (2002), Guner

et al. (2016), and Heathcote et al. (2017), applies to labor income:

0, if [, < I,
t(l) = ;
1 —A({;)”7, otherwise

(1)

where t; is the average tax rate on labor income, I; stands for multiples of mean labor income, and
fl is an income threshold below which the labor income tax is zero. The income threshold accounts

for the fact that a large share of taxpayers at the low-end of the income distribution face a zero

10Some of these tax credits, such as that given to working mothers with children below three, are refundable,

i.e., they are paid even if personal income tax liabilities are zero.



tax rate. Total tax liabilities from the labor income tax are then given by Ty(I;) = t,(I) - I, - I,
where I; is mean labor income (€22,805 in 2015).

The second function captures the savings tax schedule, and applies to capital income:

Co+ Cly, if Ip < I,

K, otherwise

where ¢, is the average tax rate on capital income, [ stands for multiples of mean capital income,
k is the capital income tax rate if I, > Ef and fk is a capital income threshold that provides a kink
in the function. Total tax liabilities from the capital income tax are given by Ty (I,) = tp(Iz)- I - I,
where I}, is mean capital income (€1,486 in 2015).

Finally, tax credits are given by the following formula:

TR.(I) = [Bo + exp(Br)exp(Ba D) I%] - 1 - 1, (3)

where the term in brackets is the level of tax credits as a fraction of individual (labor and capital)
income; I stands for multiples of mean total income, and I is mean total income (€24,291 in 2015).

Figure 3 depicts the effective taxes on labor and capital income and tax credits.!! An individual
with mean labor income faces an average tax rate of about 10%. The average tax rate reaches
about 35% for a labor income that is seven times the mean (€159,635 in 2015). The average
tax rate on capital income starts at 12.72%. It increases slowly, reaches 20.18% for a capital
income that is about 13 times the mean capital income (€19,318 in 2015), and stays at that level
afterward. Finally, the tax credits have a steep-hump shape. They start at 0.85% of gross income,
reach a maximum of about 1.8% of gross income at around 80% of mean income (€19,433), and
then decline quickly to the initial level by around twice mean income (€48,582). Table 2 shows

the parameter values.

TABLE 2
PARAMETER VALUES OF THE PERSONAL INCOME TAX FUNCTIONS

Labor Income Capital Income Tax Credits
A 0.8919 ¢o 0.1272 Bo 0.0085
T 0.1581 ¢1 0.0057 B1 12.5683
I 49% K 0.2018 B2 -17.5032

Tx 13.14 B3 14.4012

Notes: This table shows the parameter values of the three functions characterizing the personal
income tax. For further details, see Garcfa-Miralles et al. (2019).

" The dataset is a large administrative sample of 2015 tax returns, which includes almost the complete set of
fiscal and socio-demographic information taxpayers provide in their returns. It allows calculating, for each taxpayer,
the effective gross (i.e. before tax credits) labor income tax rate, the effective gross capital income tax rate, and

tax credits as a fraction of gross income. See Garcia-Miralles et al. (2019) for more details.
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FIGURE 3

PARAMETRIC FUNCTIONS OF THE PERSONAL INCOME TAX
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Notes: This figure plots the estimation of the three parametric tax functions of the Spanish personal income tax, namely, the average
general tax rate, which is applied to labor income in the model (panel A), the average savings tax rate, which is applied to capital
income (panel B) and tax credits as a fraction of gross income (panel C). The parametric estimates of each function are borrowed from
Garcia-Miralles et al. (2019). Each data point corresponds to the mean average tax rate (panels A and B) or tax credit (panel C) of
taxpayers whose income is larger than or equal to the point in the x-axis and less than the next point. For the last point, i.e. 9.8
(panels A and C) and 20 (panel B), the data are calculated for incomes between 9.8 and 10.2 and between 20 and 21 of mean income,

respectively.

3 Model

The model follows Guner et al. (2016). Consider a standard incomplete markets stationary life-
cycle economy with endogenous labor supply. The model period is one year. We index age by
j. Each period a continuum of agents is born. Agents live a maximum of J periods and face a
probability s; of surviving up to age j conditional upon being alive at age j — 1. The population
grows at a constant rate n. The demographic structure is stationary, such that age—; agents
constitute a fraction p; of the population at any point in time. The weights p; are normalized to

sum to 1, and are given by the recursion p; 11 = (s;j+1/(1 4+ n))p;. Individuals retire at age Jx.
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Individuals are born with a given labor productivity level (a permanent shock) and receive
a persistent shock to labor productivity each period. Individuals can smooth these shocks by
adjusting their labor supply. They also have access to a risk-free asset, which is priced by a
representative firm with a constant return to scale production technology. Individuals are born
with no assets.

A government taxes individuals and provides means-tested transfers. There are four taxes: a
progressive tax on labor income, another progressive tax on capital income, a flat tax on consump-
tion, and an additional flat tax rate on capital income. The proportional tax on capital income
captures the corporate income tax. Individuals also pay a proportional labor income tax to fi-
nance a pay-as-you-go social security system. Individuals receive two types of transfers from the
government: non-linear tax credits, which reduce their tax liability, and means-tested transfers,
which provide direct income support for poor individuals.

Individuals have preferences over streams of consumption and hours worked and maximize:

1
J l1-+;

EZBJHSZ log(e;) =77 | - (4)
7j=1 1

1
i= v

where ¢; and [; denote consumption and labor and the parameter 7 is the Frisch elasticity of labor
supply. The parameter ¢ controls the disutility from work.
There is a constant returns to scale production technology that transforms capital K and

effective labor L into output Y:

Y = F(K,L) = AK*(L)"™®, a € (0,1). (5)

The capital stock depreciates at rate 6. Let w and r be the market wage and interest rate,

which are pinned down by the FOCs from firms’ profit maximization problem.

3.1 Labor Productivity Shocks

Following Storesletten, Telmer, and Yaron (2004) and Kaplan (2012), the labor market productivity

of an age-j individual is given by

loge; =¢€; + 60 + z;, (6)

where

Zj = Pzj-1 + 15, with 20 = 0,

where €; is a non-stochastic labor productivity profile, which is common to all individuals, ¢ is
an individual-specific permanent shock, and z; is a persistent, AR(1), shock. We assume that
n; ~ N(O, 0'%)
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For the permanent shock (), we assume that a fraction 7 () of the population is endowed
with @ (§) at the start of their lives, whereas the remaining (1 — 7 — 7) fraction draws 6 from
N(0,02). The parameters T and 7 capture individuals who are at the top and bottom of the income
distribution.'? Let Q = {6, z}, with Q € Q, @ C R2. We represent the market return per hour of
labor supplied of an age-j individual by we(£2, j), where e(£2, j) is a function that summarizes the
combined productivity effects of age and idiosyncratic productivity shocks. Individuals who are

retired have e(€, j) = 0, and receive a social security payment b.

3.2 Taxes and Transfers

Consider an age-j individual who earns labor income [; = we(€2, j)I; and capital income [}, = ra,.
Let I = I; + I;,. Individuals face a labor tax schedule, T}, and a capital tax schedule T}, which are
increasing and convex functions. They also face a proportional labor tax, 7., that finances the

social security system, and a proportional capital tax, 7. Let

T, Iy) = T,(L) + T (Ix) + T ool + Tl

denote the total tax payments on individual income.'® The individuals also face a proportional
tax on their consumption, 7.
Individuals receive two types of transfers, tax credits, TR.(I), and means-tested transfers,

TR,,(I). Hence, the total transfers are given by

TR(I) = TR.(I) + TR (I).

Each period, the government consumes GG, which is financed by the net tax revenue. We assume
that the social security budget is balanced each period. We also assume that all unintended

bequests are fully taxed by the government.

3.3 Decision Problem

The dynamic programming problem of an age-j individual is then given by

12We employ this process with two mass points of @ for two reasons. First, the productivity distribution in the
data has fatter tails than the normal. Second, it is well-known that heterogeneous-agents economies have trouble
explaining the upper and lower end of the wealth distribution when assuming an AR(1) process with normal

innovations.
130ur formulation of social security taxes abstracts from the cap on social security contributions. This saves

us significant computational time since to calculate the total payments to social security, all we need to know
is the total labor income, and not how it is distributed. With a cap, the social security taxes would be
max{Tsswe(§), j);, TosIeap}. As we indicated above (see footnote 5), the current value of the cap is €4,070 per
month or €48,840 per year. In Appendix C, we recalibrate a model economy with such a cap and document the

effects of higher progressivity.
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[+
V(a,,j) = max [log(C) - SOH_—l + B3 E[V(d, &, +1)|€)] (7)

c,l,a’ ;

subject to
(1+7)c+d <all+r)+we(Q, )l +TR(I)— T, I}),
where
QN if g < J
I, = we(€, )1, if J B and I = ra
b, otherwise

with

¢c>0, ad>0and V(a,Q,J+1)=—oc for a > 0.

We provide a formal definition of equilibrium in Appendix A.

4 The Benchmark Economy

4.1 Calibration

Individuals start their life at age 25 and retire at age 65 (Jr = 40). All individuals die with certainty
at age 100 (J = 75). To characterize the labor market productivity of an age-j individual, we first
estimate €;, the non-stochastic age-productivity profile. Let w;, be the mean hourly wage rate for

individuals of age j at time ¢, and consider the following regression

IOg Wt = /B;Dj + B;Dt + €ty (8)

where D; and D, are age and time dummies. The non-stochastic age-productivity profile, €;, is
given by D;. To estimate equation (8), we use data from 2004-2012 European-Union Statistics on
Income and Living Conditions (EU-SILC). Further details are provided in Appendix B.1.

Seven other parameters characterize the labor market productivity: o7 (the variance of the
permanent shock), af] (the variance of innovations to the persistent shock), p (the autocorrelation
coefficient for the persistent shock), m, 7, § and 6 (the fraction of individuals with high and low

permanent shocks and the levels of these shocks). We calibrate these parameters in two steps.

2
n

consistent with the data. To estimate the variance of log wages in the data, we use an equation

First, we choose 02,02 and p, such that the variance of log wages implied by equation (6) is

like (8) with the variance of log wages as the dependent variable. We then simulate a large number

2

of individuals whose wages are determined by equation (6) and choose o3, o,

and p to minimize
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the distance between data and model-generated age profiles of the variance of log wages. We again
delegate the details to Appendix B.2.

In the second step, we set 7= 0.1 and 7 = 0.01, i.e. the bottom 10% and the top 1% of the
population, and given o7, 0,27 and p values, choose § and 6 so that the model economy matches
the fraction of labor income earned by the bottom 10% and the top 1% of individuals in the
data. This procedure generates §= —2.12 and § = 2.005. Hence, the bottom 10% and the top
1% have permanent shocks that are exp(—2.12) = 0.12 and exp(2.005) = 7.43 times the median
productivity of individuals who are in the middle 89% of the population, respectively.

For preferences, we set the Frisch elasticity of labor supply, 7, to 0.5. The early estimates of
7, such as MaCurdy (1981) and Altonji (1986), were much smaller. There has emerged, however,
a consensus that these early estimates were biased downwards and a value around or above 0.5
is reasonable (Imai and Keane (2004), Domeij and Flodén (2006), Chetty (2012), Keane and
Rogerson (2015)). We set the parameter ¢ to match mean hours of work and 3 to match the
capital to output ratio. In 2015, the annual average hours worked per worker was 1,700, or 0.34
when normalized by 5,000 available hours in a year.'* For the same year, we calculate the capital-
output ratio, K/Y, to be 3. For this calculation, the nominal capital stock is taken from the
Capital Input File by EU-KLEMS (variable K_.GFCF) and the nominal GDP is taken from the
National Accounts published by the National Statistical Institute (INE).'"> The survival rates are
calculated from the 2013 Spanish Life Tables published by the INE.!® Given the low population
growth rate in Spain, we set n = 0.17

We calculate the capital share, «, from the EU-KLEMS Basic File by dividing the capital
compensation (the variable is named CAP) over the gross value added (variable VA). For 2015,
the calculated value is 0.397. We then choose § = 0.07 such that the model economy matches the
investment-to-output ratio. The investment-to-output ratio, /Y, is computed as the fixed gross
capital formation over GDP, where both figures are taken from the National Accounts. We use
the average value for 2010-2015, 20.6%, as the target.

We are then left with parameters that determine the tax and the transfer system. For labor
income taxes 7Tj(.), capital income taxes T(.), and tax credits T,(.), we use the estimates from
Table 2 in Section 2. For means-tested transfers, TR,,(.), we follow Guner, Kaya, and Sanchez

Marcos (2019), who estimate a linear transfer function,

14The average annual hours worked is taken from the OECD, see https://data.oecd.org/emp/hours-worked.htm.
15The EU-KLEMS data can be accessed at http://www.euklems.net/. We use the September 2017 release,

revised in July 2018. The methodology of the data is described in O’Mahony and Timmer (2009). The capital
stock comprises ten items, including residential structures, transport, communication, computer software or other

machinery equipment. The Spanish National Accounts can be accessed at: https://bit.ly/345{XvG.
16See https://www.ine.es/jaxiT3/Tabla.htm?t=27153.
1"The annual population growth rate was 0.086% between 2010-2018 and 0.77% between 2000-2018. Source:

The World Bank, https://data.worldbank.org/indicator /SP.POP.GROW?locations=ES&display=graph.
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(91 + g2(I/T)] it T >0 (9)

TR,.(I)/T = {

where I is mean income. Hence, an individual with zero income receives gy, which is about 4%
of mean income in the economy. If an individual has positive income, she faces a schedule that
starts from a lower initial point (¢ = 0.024) and transfers decline by income (go = —0.01).
Individuals with incomes higher than 2.4 times the mean income (€58,298 in 2015) do not receive
any transfers.'®

Bover, Casado, Garcia-Miralles, Labeaga, and Ramos (2017) estimate effective taxes on con-
sumption by income deciles. Their estimates show that the tax rate on consumption varies very
little by income and is about 15%. Hence, we set 7, = 0.15. We choose 7, to match the collection of
the corporate income tax, which is about 2.4% of GDP in the data.'® Finally, we set b to reproduce
a replacement rate of 59.7%, and set 7, = 30% to balance the social security budget. We define the
replacement rate in the data as the ratio of payments to new beneficiaries over average earnings
in 2015. The average yearly social security income of new beneficiaries was €14,686 (€1,049 for
14 months) in 2015,%° and average earnings was €24,593.6.%!

Table 3 shows the parameter values.

4.2 Model Fit

Table 4 shows the cross-sectional inequality of labor and total income in the model and the data.
The data on incomes and taxes paid come from the administrative sample of tax returns that is
used to estimate effective tax and tax-credit functions. We use the share of labor income by the
bottom 10% and the top 1% of taxpayers as targets to discipline 8 and §. The model also does a
good job matching the other moments of the labor income distribution. The share of the bottom
quintile is 4.2% in the data and 5.4% in the model. The share increases sharply for higher quintiles,
and the top quintile has an income share of 44.9% in the data and 41.4% in the model. The model
is also able to generate the share of labor income accounted for by higher percentiles. The share

accounted for by the top 5% earners in the data is about 17.6%, while the model generates 17.2%.

BGuner et al. (2019) use data from the EU-SILC from 2006 to 2012. Transfer income includes old-age bene-
fits, survivors’ benefits, sickness benefits, disability benefits, education-related allowances, family/children related

allowances and housing allowances, and social exclusion not elsewhere classified.
19The corporate income tax collection corresponds to 2015, and it is taken from the OECD Revenue Statistics,

https://stats.oecd.org/Index.aspx?DataSetCode=REV. We take the following variable: Taxes on income, profits

and capital gains of corporates.
20The number is taken from page 125 of “Anexo al Informe Econémico Financiero” of the 2018 Social Security

budget, available at https://bit.ly/377CoRi.
2lEstimated as total wages over the number of wage-earners in 2015, obtained from the

table Compensation of employees and employment by activity in National Accounts, see
https://ine.es/en/daco/daco42/cnel5/rem_empleo95_18_en.xlsx.
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Table 4 also reports a few aggregate measures of income inequality. The model does a good job
generating 90/10, 50/10, and 90/50 percentile ratios, that are pretty much in line with the data.
On the other hand, the Gini index, which is more sensitive to the middle of the income distribution,
where most observations are, is smaller in the model than it is in the data.

What about the distribution of total gross (pre-tax) income? As Table 4 (columns 3 and 4)
shows, the model is not able to generate the concentration of gross income at the very top of
the income distribution. The top 10% of individuals have 31.5% of gross income in the data.
The model counterpart is 25.8%. The difference, about 5 percentage points, is almost entirely
accounted for by the lower share of gross income by the top 1%. In contrast, the individuals at the
bottom of the income distribution in the model have a higher share of gross income than they do
in the data. The first quintile, for example, has an income share of 8.1% in the model, in contrast
to 4.6% in the data. Since we match the distribution of labor income pretty well, the gap is due to
lower saving rates and capital income at the top of the income distribution. This is not surprising
since the model abstracts from several features that are found to be important in the literature to
generate a higher concentration of capital income at the top of the income distribution, such as
bequests or entrepreneurs (see De Nardi, Fella, and Yang (2017) for a review of the literature).??

In Table 5, we show how well the model matches the distribution of taxes paid. As far as
income tax liabilities are concerned, i.e., the taxes on capital and labor income minus tax credits
(T1(.) + Tx(.) — T.(.)), the parsimonious representation of the tax system in the model is able
to generate a distribution that is in line with the data. Both in the data and the model, the
distribution of tax payments is more concentrated than the distribution of total income. The
first and second income quintiles do not pay any taxes in the data, while the top income quintile
accounts for about 73.2% of tax payments. The shares of the top 10% and the richest 1% are
55% and 21% of tax payments, respectively. The model outcomes are broadly consistent with this
pattern: the bottom quintile pays only 2% of taxes while the top quintile generates about 65% of
tax payments. The share of the top 10% in total tax revenue is about 45% in the model. The
model generates a lower concentration of taxes paid at the top, which simply reflects the lower
gross income share of the top 1%. In the benchmark economy, the total tax collection, including
social security taxes, is about 35% of the GDP.

Table 5 also shows the distribution of consumption taxes. Consumption tax liabilities are
much more equally distributed than income tax liabilities. The bottom quintile pays about 9%
of consumption taxes in the data, while the top quintile’s share is 27.6%. The share is only 2.4%
for the top 1%. The model does a very good job generating this pattern, which results from a

proportional tax on consumption coupled with the fact that the consumption to income ratio is

22The concentration of wealth is quite lower in the model than it is in the data. The households at the bottom
20% of the wealth distribution have 3.3% of the total wealth, while the top 20% has 41.7% of it. The corresponding
numbers in the data are 1.2% and 65.6%. The data comes from the 2014 wave of the Banco de Espafia’s Survey of
Household Finances (EFF).
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TABLE 3
PARAMETER VALUES

Parameter Value Comments

Preferences

Discount factor (5) 0.9795 Calibrated - K/Y.

Frisch elasticity (v) 0.5 Literature.

Disutility of market work (¢) 20 Calibrated - average hours worked.
Technology

Capital share («) 0.397 Data

Depreciation rate (4) 0.07 Calibrated - I/Y.

Shocks

Variance of permanent shocks (o2) 0.0897

Autocorrelation of persistent shocks (p) 0.9831 Appendix B.2

Variance of persistent shocks (o2) 0.0052

Value of superstars productivity () 2.005 Calibrated - top 1% of labor income.
Value of bottom 10% productivity (€) -2.12 Calibrated - bottom 10% of labor income.
Tazes

Payroll tax rate (7p) 0.30 Calibrated - balances the social security budget.
Capital income tax rate (1) 0.126 Calibrated - matches the corporate income tax collection over GDP.
Consumption tax rate (7¢) 0.15 Bover et al. (2017)

Labor income tax function level (X) 0.8919

Labor income tax function curvature (7) 0.1581

Capital income tax function intercept ({o) 0.1272

Capital income tax function slope (¢1) 0.0057

Capital income tax function flat rate (k) 0.2018 Table 2

Tax credits function parameter (8o) 0.0085

Tax credits function parameter (81) 12.5683

Tax credits function parameter (82) -17.5032

Tax credits function parameter (83) 14.4012

Transfer function parameter (go) 0.037

Transfer function parameter (gi1) 0.024 Guner et al. (2019)

Transfer function parameter (g2) -0.01

Notes: This table shows the parameter values together with a brief explanation on how they are selected. See the text for details.

lower for the richer households.

5 The Tax Reforms

How much more tax revenue can the Spanish Government generate by making taxes more or less
progressive? In this section, we answer this question by comparing counterfactual economies that
have a higher or lower progressivity than the benchmark economy. We focus on the progressivity
of taxes on labor income.

The parameter 7 in the labor tax function ¢;(I;) = 1—\([;)~" controls the progressivity of taxes.

As we have already noted, when 7 = 0, taxes are proportional and all individuals have the same
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TABLE 4
SHARES OF LABOR AND TOTAL INCOME (%), DATA AND MODEL

Quantiles Labor Income Total Income
Data Model Data Model
(1) (2) 3) (4)
Bottom
1-10% 1.1 1.1 1.3 2.4
Quintiles
1st (bottom 20%) 4.2 5.4 4.6 8.1
2nd (20-40%) 10.3 13.1 10.2 13.2
3rd (40-60%) 16.2 17.2 15.5 16.5
4th (60-80%) 24.4 22.8 22.7 21.7
5th (80-100%) 44.9 414 47.1 40.5
Top
90-95% 10.5 9.3 10.1 9.4
95-99% 11.6 11.2 11.9 10.6
1% 6.0 6.0 9.5 5.8
Inequality
Gini coefficient 0.45 0.36 0.42 0.32
P90/P10 7.02 7.45 7.31 6.99
P50/P10 3.11 3.73 3.15 3.54
P90/P50 2.26 1.99 2.32 1.97

Notes: This table shows the distribution of labor and total income in the data and the implied
distribution from our model. The data is taken from Garcia-Miralles et al. (2019), see Table 3
therein.

average tax rate, t;(f;) = 1 —\A. When 7 > 0, the average tax rate is increasing in [;, as in Figure 3.

Furthermore, with 7 > 0, taxes are progressive, i.e. marginal tax rates are higher than the average

ones. For this tax function, the marginal tax rate is given by my(I;) = ag—(ll[’) =1-X1-7){".
Then,

1— ml(Il)

—F=1-r, L) > (1) fi > 0.

=) T, or my(1;) > t,(1;) for 7

We report how tax revenue and other aggregate outcomes, such as capital, labor and output,
change across steady states for different values of 7. The other parameters of the tax system are
kept at their benchmark values. The upper panel of Table 6 reports tax collection from labor income
taxes, i.e. taxes collected from schedule 7j(.), and total taxes collected, i.e. Tj(.) + Tx(.) — T.(.)
plus tax collection from the proportional taxes on capital (7;) and consumption (7.). For each
outcome, we normalize the benchmark value, with 7 = 0.1581, to 100. Figure 4 shows the tax
revenue as a function of 7, the Laffer curve.

As Table 6 shows, it is possible to generate higher tax collection from labor income by increasing
7. The additional tax revenue is, however, small. The top of the Laffer curve is reached when

7 = 0.19, where the increase in tax revenue from labor income is only 0.82%. Figure 5 shows
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TABLE 5
SHARES OF TAX PAYMENTS (%), DATA AND MODEL

Quantiles Income Consumption
Data Model Data Model
(1) (2) 3) (4)
Bottom
1-10% -0.1 0.2 4.1 3.0
Quintiles
1st (bottom 20%) 0.2 2.0 9.0 11.1
2nd (20-40%) 0.7 5.1 14.2 19.4
3rd (40-60%) 7.0 9.1 19.1 21.1
4th (60-80%) 19.4 19.0 23.5 20.8
5th (80-100%) 73.2 64.8 34.2 27.6
Top
90-95% 13.8 13.3 8.7 6.6
95-99% 20.6 17.9 8.1 7.2
1% 21.0 15.9 24 2.5

Notes: This table shows the distribution of income and consumption tax payments in the
data and the implied distribution from our model. The income tax data is taken from Garcia-
Miralles et al. (2019), see Table 7 therein, whereas the consumption tax burden is obtained
from a simulation run on the BdE VAT Microsimulation Model, see Bover et al. (2017). In the
model, income tax liabilities are the result of adding up the taxes on labor and capital, and
subtracting the tax credits.

TABLE 6
THE EFFECTS OF CHANGES IN PROGRESSIVITY

T 0.1581 0.0 0.025 0.10 0.19 0.20
1) (2 3) (4) (5) (6)

Aggregates

Output 100 112.58 110.77 104.86 97.18 96.30

Labor 100 110.08 108.76 104.07 97.53 96.76

Labor Top 1% 100 111.31 110.31 106.27 94.35 92.92

Capital 100 116.49 113.91 106.07 96.65 95.61

Tax Collection

Labor Income Tax 100 89.63 92.38 97.98 100.82 100.01
Total Tax 100 102.41 102.83 101.98 98.45 97.72
Tax Revenue/GDP 100 93.71 94.86 98.00 100.86 101.14

Inequality (Total Income)

Gini coefficient 0.32 0.34 0.34 0.33 0.31 0.31
P90/P10 6.99 8.12 8.02 7.37 6.77 6.68
P50/P10 3.54 3.96 3.93 3.66 3.47 3.44
P90/P50 1.97 2.05 2.04 2.01 1.95 1.94

Notes: This table shows the tax collection and the model aggregates as a function of the progressivity of
the labor income tax function. The variables are normalized to 100 at the benchmark value of progressivity
(r = 0.1581).

average tax rates implied by ¢, (f;) = 1 — A(f;)”" for 7 = 0.1581 (the benchmark value), and

7 = 0.19 (the value that maximizes the tax revenue from labor income). The income levels in
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FIGURE 4

TAX PROGRESSIVITY AND TAX COLLECTION
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Notes: This figure shows the tax collection from labor income and
the total tax collection as a function of the progressivity of the labor
income tax function. The variables are normalized to 100 at the
benchmark value of progressivity (7 = 0.1581). This value, as well
as those corresponding to the top of the total and labor income tax

curves are marked with vertical lines.

Figure 5 are reported as multiples of mean labor income, I;. A higher value of 7 rotates the tax
function around I; = I}, i.e. when 7 increases individuals who earn more than I, (€22,805 in 2015)
pay higher taxes, while individuals who earn less than I; pay lower taxes. In 2015, this would
imply higher average taxes for 38% of taxpayers. Table 7 shows how average and marginal tax
rates change with 7 at the top of the income distribution. In the benchmark economy, individuals
who are at the top 1% of the income distribution face an average tax rate of 36.2%. Their marginal
tax rate is 46.3%. With 7 = 0.19, the marginal tax rate for the top 1% increases to 51.6%, an
increase of about 5 percentage points. The taxes also increase for those who are at the top 5%
and 10% of the income distribution, although increases are smaller.

The upper panel of Table 6 shows that capital, effective labor and output decline monotonically
with 7. Hence, as the economy moves from 7 = 0.1581 to 7 = 0.19, the government is collecting
higher taxes from labor, but the aggregate labor supply and output decline. For 7 higher than
0.19, the decline in labor supply dominates and tax collection from labor income is lower. For
values smaller than 7 = 0.19, while the economy has higher labor supply and output, the lower tax
rates on high incomes result in a smaller tax collection. Table 6 also shows how the labor supply
of individuals in the top 1% of the income distribution changes. The labor supply of the top 1%
reacts quite strongly to tax changes. In particular, with 7 = 0.19, their labor supply declines by
more than 5%.

Since higher values of 7 are associated with lower levels of capital, labor and output, at 7 = 0.19,

the total tax collection is 1.55% lower than the benchmark economy. The level of 7 that maximizes
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FIGURE b5

TAX PROGRESSIVITY AND AVERAGE TAX RATES
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Notes: This figure shows the average tax rates along the income

distribution for different values of progressivity.

TABLE 7
PROGRESSIVITY AND TAX RATES AT THE TOP OF THE DISTRIBUTION

T 0.1581 0.0 0.025 0.10 0.19 0.20
(1) (2) ®3) (4) (%) (6)

Average Tax Rates

Top 10% 19.8% 10.8% 12.3% 16.6% 21.4% 21.9%
Top 5% 22.4% 10.8% 12.8% 18.4% 24.5% 25.2%
Top 1% 36.2% 10.8% 15.5% 28.0% 40.2% 41.4%

Marginal Tax Rates

Top 10% 32.5% 10.8% 14.5% 25.0% 36.4% 37.5%
Top 5% 34.7% 10.8% 15.0% 26.5% 38.9% 40.1%
Top 1% 46.3% 10.8% 17.6% 35.2% 51.6% 53.1%

Notes: This table shows the average and marginal tax rates for the top income taxpayers according to different values of the progressivity
of the labor income tax function. The benchmark value corresponds to a value of 7 equals to 0.1581.

the total tax collection is 0.025, which implies significantly less progressive taxes than in the
benchmark economy. As Figure 5 and Table 7 show, at 7 = 0.025, the top earners face lower
taxes, while individuals whose income is lower than the mean labor income face higher taxes. The
average tax rate for the top 1% of earners is 15.5%, which is almost 20 percentage points lower
than the benchmark economy. In the economy with 7 = 0.025, the aggregate capital, labor and
output increase significantly. The steady state output, for example, is almost 11 percentage points
higher than the benchmark economy. As a result, the government is able to collect higher taxes
despite lowering taxes on the top earners. Indeed, the total tax collection (including social security
taxes) as a fraction of GDP declines by 5.1% with 7 = 0.025.

Finally, the lower panel of Table 6 documents how income inequality changes. Not surprisingly,
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the inequality is higher (lower) with lower (higher) progressivity. At 7 = 0.025, which maximizes
the tax collection from total income, the Gini index increases from 0.32 to 0.34 while 90/10
percentile ratio increases from 6.99 to 8.02.%3

The relationship between tax progressivity and tax revenue depends critically on the Frisch
elasticity of labor supply. Higher (lower) values of v will generate smaller (or larger) additional
revenue from higher progressivity, since with a higher (lower) - labor supply will react more (less)
to tax changes. In Appendix F, we present results for v = 1. We find that in an economy
recalibrated to match the same set of targets, the benchmark value of 7 = 0.1581 generates the
maximum revenue from the labor income tax, i.e. there is no room to make taxes more progressive
and collect higher taxes from labor income. Furthermore, total tax collection is maximized when

7 =0, i.e. when taxes are proportional.

5.1 Elasticity of Taxable Income

In this section, we calculate the elasticity of taxable income (ETI) associated with changes in 7.
To this end, let x = (a, ) be the state and I(x, 7) be the income of an individual with z under 7.
Given a measure of individuals over z in an economy characterized by 7, call it ¢ (z,7), the ETI

can be calculated as

/ [ (x,7') = I(z, 7))/ (2, 7) () / Allw, T)[I@7) e 1,

[1=m(z,7) = (1 —mx,7))]/[l —m(z,7)] Al =m(z,7))/[1 = m(z,T)]
where m(z, 7) is the marginal tax rate of individual in state  when labor taxes are characterized
by 7, and 1 — m(z, ) is the net-of-tax rate.

Basically, the ETT measures how much income, labor income or total income, changes when
marginal taxes change because of a higher or lower 7. In the model, the ETI is simply a summary
measure of how incomes change due to labor supply and savings responses. In the data, on
the other hand, the ETI measures labor supply and savings responses as well as any changes in
tax avoidance or tax shifting between different income sources, and it is a challenging object to
measure.>*

We calculate the ETI when the economy moves from 7 = 0.1581 (the benchmark value) to
7 = 0.19 (the value that maximizes the tax collection from labor income). We find that the ETI

is 0.45 for both labor and total income. Almunia and Lopez-Rodriguez (2019) estimate the ETI

for Spain by exploiting three large reforms to the Spanish personal income tax that took place

23In Appendix C, we document how the tax revenue changes with 7 in an economy with a cap on social security
contributions (see footnote 13). In the economy with a cap, total labor income taxes on high-productivity individuals
are lower. As a result, higher values of 7 generate larger increases in revenue from labor income taxes. The increase

in revenue from total taxes, however, is very similar to that resulting from the benchmark economy.
24Gee Saez, Slemrod, and Giertz (2012) and Neisser (2018) for recent reviews of the empirical literature.
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between 1999 and 2014. Their most reliable estimates of the ETI are between 0.45 and 0.64. The
model estimates are within this range, which provides further support for v = 0.5 as a reasonable
benchmark value. It is also assuring that the model estimates are closer to their lower-bound

estimates, since the model only allows for labor supply and saving responses to tax changes.

5.2 Higher Taxes Only for the Top Incomes

As Figure 5 illustrates, changes in 7 rotates the entire tax function around I; and average taxes
increase or decrease for everyone. The public debate on tax progressivity, on the other hand,
focuses on increasing taxes on top incomes without changes in other parts of the tax function. In
this section, we study the effects of higher taxes on the top earners. In particular, we increase
the marginal taxes on labor income by x percentage points for all labor income above a certain
threshold. We consider the labor income thresholds that define the top 1, 5 and 10% of the labor

income distribution in the benchmark economy. Hence, labor income tax liabilities T;(I;) become

0if I < I,
Ti(h) =< 1=XL)7) - LTt [ <L <1, : (10)
[1 — /\(Il)_T] - I 'Tl +x- ([l — ]l) 'Tl if I; > 1

where the new threshold, fl (in multiples of the mean labor income), is the income level that
defines the top 1, 5 or 10% of the labor income distribution in the benchmark economy.?® In 2015,
these thresholds were €94,974, €53,778 and €41,699. We evaluate increases in the marginal tax
rates by 3, 5 and 10 percentage points. We again focus on steady state comparisons and keep the
other features of the tax system intact.

Table 8 shows the results. In contrast to experiments with a higher 7, it is possible to increase
the total tax collection by increasing marginal tax rates on the top earners. Yet, the tax hike has
to be substantial to generate significant effects on tax collection. The rise in tax collection with a
3 percentage points increase on the top 1% of earners, for example, is only 0.09%.2°¢ Tax collection
increases by 0.65% and 1.11% if a 3 percentage points tax increase is applied to individuals who
are in the top 5% and 10% of the labor income distribution, respectively. The additional revenue
is significantly higher when taxes are increased by 5 or 10 percentage points. With a 10 percentage

points tax increase on the top 10% of earners, for example, the total tax collection increases by

258ee Appendix D for the derivation of equation (10).
26Tn these experiments, income thresholds are determined by the income distribution in the benchmark economy.

For example, 1% of individuals earn above €94,974 in the benchmark economy. With higher taxes, the aggregate
labor supply and output decline (see the first two rows of each panel of Table 8). As a result, the fraction of

individuals who pay the additional tax, i.e. those who are above €94,974, are less than 1% in the new steady state.
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TABLE 8
THE EFFECTS OF INCREASING TAXES AT THE ToOP
Benchmark +0.03 +0.05 +0.10
(1) (2) (3) (4)

Panel A: Top 1%
Aggregates
Output 100 99.80 99.68 99.36
Labor 100 99.79 99.66 99.32
Labor Top 1% 100 95.65 93.77 89.01
Capital 100 99.80 99.71 99.41
Tax Collection
Total Tax 100 100.09 100.10 99.94
Panel B: Top 5%
Aggregates
Output 100 99.53 99.19 98.31
Labor 100 99.56 99.24 98.38
Labor Top 1% 100 97.67 95.80 90.78
Capital 100 99.49 99.13 98.20
Tax Collection
Total Tax 100 100.65 100.96 101.53
Panel C: Top 10%
Aggregates
GDP 100 99.30 98.78 97.44
Labor 100 99.35 98.87 97.57
Labor Top 1% 100 97.92 96.17 92.84
Capital 100 99.22 98.63 97.24
Tazx Collection
Total Tax 100 101.11 101.74 102.81

Notes: This table shows the response of model aggregates and tax collection from
an increase of the labor income tax function for individuals whose labor income is
at the top of the labor income distribution. The variables are normalized to 100
at the benchmark value of progressivity.

To put these experiments in perspective, we next evaluate a proposal by the new coalition
government formed in early 2020.?° The proposal increases the marginal labor income tax, t;(I;),

by 2 percentage points for people who earn above €130,000 and 4 percentage points for people with

2"These reforms lower the income inequality, but, in contrast to changes in 7, the effects are small. The Gini
index for total income, for example, declines from 0.319 to 0.308 with a 10 percentage point tax increase on the top

10% of earners, and only to 0.316 with a 10 percentage point tax increase on the top 1%.
28 As we document in Table 5, the benchmark economy generates a lower concentration of taxes paid at the top

of the income distribution. This might allow us to obtain a relatively larger increase in tax revenue from higher

taxes on the top earners.
298ee the document “Coalicién progresista. Un nuevo acuerdo para Espafia”, available at https://bit.ly/2w78Ypf.
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earnings above €300,000. It also increases the marginal capital income tax, ¢4 (), by 4 percentage
points for all capital incomes above a capital income threshold of €140,000. Hence, with this reform
total taxes on labor income, T;(I;), will look like equation (10) but with two, rather than one,
thresholds. Similarly, total taxes on capital income will be given by Tj.(I},) = r-I;-I+x (I —fk) Ay,
where fk is the capital income threshold (in multiples of the mean capital income) for €140,000 in
the model.

The labor income thresholds in this experiment, €130,000 and €300,000, are much higher
than the income thresholds we have considered in the reforms reported in Table 8. The threshold
that defines the top 1% of the labor income distribution, for example, is only €94,974. As a
result, compared to Table 8, a much smaller fraction of individuals would pay higher labor taxes
with this reform. In 2015, only 0.4% of taxpayers in Spain had a reported labor income above
€130,000, while the fraction who earned more than €300,000 was just 0.07%. Similarly, only 0.1%
of taxpayers had a reported capital income above €140,000.%° As a result, the additional total tax

collection from this reform is very small. The total tax collection increases only by 0.12%.3!

6 Conclusions

We study how much revenue can be generated by increasing the progressivity of the personal
income tax in Spain. It is possible to increase the total tax collection by increasing marginal taxes
on top earners. The increase in taxes, however, has to be substantial and apply to a broad group.
The rise in tax revenue from a small, e.g., 3 percentage points, increase for the top 1% is minimal
(0.09%). More significant additional revenue can be generated by increasing marginal taxes for
the top 10% of earners (those that earned more than €41,699 in 2015). A 10 percentage points
increase, for example, generates 2.81% higher revenue. A 10 percentage points increase in the
marginal tax rate for such a large group is, however, a fundamental change of the current tax
system.

We conclude with three caveats: First, we abstract from capital income risk that can be
important to generate a more realistic wealth distribution. We also limit our analysis to personal
income taxes, leaving aside potential gains from a more efficient taxation of corporate incomes
(Erosa and Gonzalez (2019)).

Second, the analysis above focuses on the effects of tax progressivity on government revenue.

A separate question is whether a higher or lower progressivity is optimal from a welfare point of

39These statistics were computed from the administrative dataset on tax returns referred to on footnote 11. As
in Garcfa-Miralles et al. (2019), we restrict the sample to taxpayers with positive total gross income, non-negative
gross income from different sources (labor, capital and self-employment), and average tax rates below the maximum

statutory marginal tax rate.
31Table A.4 in Appendix E shows the effects of this reform. Figure A.2 in Appendix E shows how the statutory

marginal tax rates would look like after this reform.
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view. A higher progressivity, e.g. higher 7, increases tax liabilities of rich households and lowers tax
liabilities of the poor ones. Given the concavity of the utility function, this would increase aggregate
welfare since after-tax income, and, as a result, consumption, will be higher for households with
higher marginal utility. A higher progressivity also provides better insurance for individuals against
adverse labor market productivity shocks. These potential welfare gains, however, have to be
weighed against the negative effects of a higher 7 on labor supply and capital accumulation.
Serrano-Puente (2020) studies the optimal progressivity of taxes in Spain. He considers an economy
where total (labor plus capital) income is subject to the tax function ¢(I) = 1 — A\[~" with a
benchmark value of 7 = 0.1224. He finds that 7 = 0.15 maximizes the steady state welfare.
Third, the analysis above abstracts from transitional dynamics. When a change in 7 is intro-
duced, it will take a while for the capital stock to decline to its new steady state value. Indeed,
as highlighted by Guner et al. (2016), in the very first period, the capital stock is fixed and there

could be a more substantial rise in government revenue.

27



References

ALMUNIA, M. AND D. LOPEZ-RODRIGUEZ (2019): “The Elasticity of Taxable Incomen in Spain:
1999-2014,” SERIFEs - Journal of the Spanish Economic Association, 10, 281-320.

ArronJi, J. G. (1986): “Intertemporal Substitution in Labor Supply: Evidence from Micro
Data,” Journa of Political Economy, 94, S176-S215.

BADEL, A., M. HuGGET, AND W. LU0 (forthcoming): “Taxing Top Earners: A Human Capital
Perspective,” The Economic Journal, https://doi.org/10.1093/ej/ueaa021.

BENABOU, R. (2002): “Tax and Education Policy in a Heterogeneous Agent Economy: What
Levels of Redistribution Maximize Growth and Efficiency?” FEconometrica, 70, 481-517.

BLANCHARD, O. AND D. RODRIK (2019): “We Have the Tools to Reverse the Rise in
Inequality,” Reflections on the conference on Combating Inequality: Rethinking Policies
to Reduce Inequality in Advanced Economies, Peterson Institute for International Eco-
nomics, October 17-18, 2019. Available at https://drodrik.scholar.harvard.edu/files/dani-
rodrik /files/combating_inequality introduction.pdf. = For  details of the conference,
https://www.piie.com/events/combating-inequality-rethinking-policies-reduce-inequality-

advanced-economies.

BOVER, O., J. M. CAasADO, E. GARCIA-MIRALLES, J. M. LABEAGA, AND R. RAaMOs (2017):
“Microsimulation Tools for the Evaluation of Fiscal Policies at Banco de Espana,” Banco de

Espana Occasional Paper N. 1707.

BRUGGEMANN, B. (2019): “Higher Taxes at the Top: The Role of Entrepreneurs,” Working
Paper.

CaucuTt, E. M., S. IMROHOROGLU, AND K. B. KUMAR (2003): “Growth and Welfare Analysis

of Tax Progressivity in a Heterogeneous-agent Model,” Review of Economic Dynamics, 6, 546—
D7T.

CHETTY, R. (2012): “Bounds on Elasticities With Optimization Frictions: A Synthesis of Micro
and Macro Evidence on Labor Supply,” Econometrica, 80, 969-1018.

CoNEsA, J. C. AND D. KRUEGER (2006): “On the Optimal Progressivity of the Income Tax
Code,” Journal of Monetary Economics, 53, 1425-1450.

CoNEsA, J. C. AND S. K. D. KRUEGER (2009): “Taxing Capital? Not a Bad Idea after Alll”
The American Economic Review, 99, 25—48.

28



DE NarDI, M., G. FELLA, AND F. YANG (2017): “Macro Models of Wealth Inequality,” in
After Piketty: The Agenda for Economics and Inequality, ed. by H. Boushey, B. DeLong, and
M. Steinbaum, Boston, MA: Harvard Univeristy Press.

DiaMOND, P. AND E. SAEZ (2011): “The Case for a Progressive Tax: From Basic Research to

Policy Recommendations,” Journal of Economic Perspectives, 25, 165—190.

DiamonD, P. A. (1998): “Optimal Income Taxation: An Example with a U-shaped Pattern of
Optimal Marginal Tax Rates,” The American Economic Review, 88, 83-95.

DoMELJ, D. AND M. FLODEN (2006): “The Labor-Supply Elasticity and Borrowing Constraints:
Why Estimates are Biased,” Review of Economic Dynamics, 9, 242-262.

ERrROSA, A. AND B. GONZALEz (2019): “Taxation and the Life Cycle of Firms,” Journal of
Monetary Economics, 105, 114-130.

ErosA, A. AND T. KORESHKOVA (2007): “Progressive Taxation in a Dynastic Model of Human
Capital,” Journal of Monetary Economics, 54, 667—685.

FARHI, E. AND I. WERNING (2013): “Insurance and Taxation over the Life Cycle,” The Review
of Economic Studies, 80, 596—635.

FEVE, P., J. MATHERON, AND J.-G. SAHUC (2018): “The Horizontally S-Shaped Laffer Curve,”
Journal of the Furopean Economic Association, 16, 857-893.

GARCIA-MIRALLES, E., N. GUNER, AND R. Ramos (2019): “The Spanish Personal Income

Tax: Facts and Parametric Estimates,” SERIEs - Journal of the Spanish Economic Association,
10, 439-477.

Govrosov, M., M. TROSHKIN, AND A. TSYVINSKI (2016): “Redistribution and Social Insur-

ance,” The American Economic Review, 106, 359-386.

GUNER, N., E. KAYA, AND V. SANCHEZ MARCOs (2019): “Labor Market Frictions and Lowest
Low Fertility,” Working Paper.

GUNER, N., M. LoPEZ-DANIERI, AND G. VENTURA (2016): “Heterogeneity and Government
Revenues: Higher Taxes at the Top?” Journal of Monetary FEconomics, 80, 69—-85.

HEATHCOTE, J., K. STORESLETTEN, AND G. L. VIOLANTE (2017): “Optimal Tax Progressivity:
An Analytical Framework,” The Quarterly Journal of Economics, 132, 1693—-1754.

HEATHCOTE, J. AND H. TSujivyAMA (2019): “Optimal Income Taxation: Mirrlees Meets Ram-

sey,” Federal Reserve Bank of Minneapolis Staff Report 507.

29



HorTER, H. A., D. KRUEGER, AND S. STEPANCHUK (2019): “How do Tax Progressivity and
Household Heterogeneity Affect Laffer Curves?” Quantitative Economics, 10, 1317-1356.

HUBMER, J., P. KRUSELL, AND A. A. SMITH (2018): “A Comprehensive Quantitative Theory
of the U.S. Wealth Distribution,” Working Paper.

ImaAr, S. AND M. P. KEANE (2004): “Intertemporal Labor Supply and Human Capital Accumu-

lation,” International Economic Review, 45, 601-641.

IMROHOROGLU, A., C. S. KUMRU, AND A. NAKORNTHAB (2018): “Revisiting Tax on Top

Income,” ANU Working Papers in Economics and Econometrics # 660.
KAPLAN, G. (2012): “Inequality and the Life Cycle,” Quantitative Economics, 3, 471-525.

KAYMAK, B. (2016): “The Evolution of Wealth Inequality over Half a Century: The role of Taxes,

Transfers and Technology,” Journal of Monetary Economics, 77, 1-25.

KEANE, M. AND R. ROGERSON (2015): “Reconciling Micro and Macro Labor Supply Elasticities:

A Structural Perspective,” Annual Review of Economics, 7, 89-117.

KINDERMANN, F. AND D. KRUEGER (2018): “High Marginal Tax Rates on the Top 1%7 Lessons

from a Life Cycle Model with Idiosyncratic Income Risk,” Mimeo.

Korczuk, W. (2019): “Reflections on Taxation in Support of Redistributive Policies,” Prepared
for “Combating Inequality: Rethinking Policies to Reduce Inequality in Advanced Economies”
(MIT Press, edited by Olivier Blanchard and Dani Rodrik).

LOPEZ-RODRIGUEZ, D. AND C. GARciA CIRIA (2018): “Spain’s Tax Structure in the Context

of the European Union,” Banco de Espana Occasional Paper 1810.

MACNAMARA, P., M. PIDKUYKO, AND R. RossI (2020): “The Long-Run Effects of Marginal

Tax Changes across Time,” Mimeo.

MaCurDY, T. E. (1981): “An Empirical Model of Labor Supply in a Life-Cycle Setting,” Journal
of Political Economy, 89, 1059-1085.

MIRRLEES, J. A. (1971): “An Exploration in the Theory of Optimum Income Taxation,” The
Review of Economic Studies, 38, 175-208.

NEISSER, C. (2018): “The Elasticity of Taxable Income: A Meta-Regression Analysis,” IZA DP
No. 11958.

OECD (2019): “Tax Policy Reforms 2019: OECD and Selected Partner Economies,” Paris,
France: OECD Publishing. https://doi.org/10.1787/da56¢295-en.

30



O’MAHONY, M. AND M. P. TIMMER (2009): “Output, Input and Productivity Measures at the
Industry Level: The EU KLEMS Database,” The Economic Journal, 119, 374-403.

RawMmSEY, F. P. (1927): “A Contribution to the Theory of Taxation,” The Economic Journal, 37,
47-61.

SAEz, E. (2001): “Using Elasticities to Derive Optimal Income Tax Rates,” The Review of Eco-
nomic Studies, 68, 205-229.

SAEz, E., J. SLEMROD, AND S. GIERTZ (2012): “The Elasticity of Taxable Income with Respect
to Marginal Tax Rates: A Critical Review,” Journal of Economic Literature, 50, 3-50.

SAEzZ, E. AND G. ZUCMAN (2019): The Triumph of Injustice: How the Rich Dodge Taxes and
How to Make them Pay, New York, NY: W. W. Norton & Company.

SERRANO-PUENTE, D. (2020): “Optimal Progressivity of Personal Income Tax: A General Equi-

librium Evaluation for Spain,” Working Paper.

STORESLETTEN, K. (2019): “How should Taxes Respond to Rising Inequality?” Presidential

Address, 34th Annual Congress of the European Economic Association.

STORESLETTEN, K., C. I. TELMER, AND A. YARON (2004): “Consumption and Risk Sharing
over the Life Cycle,” Journal of Monetary Economics, 51, 609-633.

TRABANDT, M. AND H. UHLIG (2011): “The Laffer Curve Revisited,” Journal of Monetary
Economics, 58, 305-327.

VENTURA, G. (1999): “Flat Tax Reform: A Quantitative Exploration,” Journal of Economic
Dynamics and Control, 23, 1425-1458.

31



Appendices

A Definition of Equilibrium

In this Appendix, we define a stationary recursive competitive equilibrium. To this end, denote
an individual’s state by z = (a,Q), € X, where a are asset holdings and €2 are the idiosyncratic
productivity shocks. The set X is defined as X = [0,a] x €, where a stands for an upper bound
on asset holdings. Let ¢;, all j = 1,...,J, be a probability measure on subsets of the individual
state space. Let (X, B(X), ¢;) be a probability space where B(X) is the Borel o-algebra on
X. In equilibrium, the probability measure v; must be consistent with individual decision rules
that determine the asset position of individual agents at a given age, given the asset history and
the history of labor productivity shocks. Therefore, it is generated by the law of motion of the
productivity shocks €2 and the asset decision rule a(zx, j). Let permanent shocks 6 be distributed
according to a probability distribution I'y(#), and the persistent shock z be represented by an age-
invariant transition function Prob(z;1, = 2|z; = 2z) = I',(#/, z). These shocks are independently
distributed across agents, and the law of large numbers holds.

The distribution of individual states across age-1 agents is determined by the initial exogenous
distribution of labor productivity shocks I'y and persistent innovations, since agents are born with

zero assets. For agents j > 1 periods old, the probability measure is given by the recursion

b (B) = /X Pz, j, B)di;, (A1)

where

(7, z2) if (a(z,j),2") € B

0 otherwise

A stationary recursive competitive equilibrium is a collection of decision rules ¢(z, j), a(zx, j),
l(x,7), factor prices w and r, taxes paid Tj(z,7) and Ty(x,j), transfers received T R.(x,j) and
TR,.(x,j), per-capita accidental bequests A, social security transfers b, aggregate capital K, ag-
gregate labor L, government consumption G, a payroll tax 7., a proportional capital tax 7, a

proportional consumption tax 7., and (¢, s, ..., %) such that:

1. Given prices and the tax and transfer system, c¢(x, j), a(x, 5) and [(x, j) are optimal decision

rules determined by equation (7).
2. Factor prices are determined competitively: w = Fy(K, L) and r = Fy(K,L) — ¢

3. Markets clear:
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(@) X, 11 J (el 5) + ala, y))dwj FG= P, L) + (1- 0K
(b) Z Hj fx J)di; =
(c) Zjujfxlx,jez,j)dwj:L

4. Distributions are consistent with individual behavior:

v (B) = [ Pl B,
X
for j=1,..,N —1 and for all B € B(X).

5. The government budget constraint is satisfied:

G+Zu]/ (7, 7) + Tn(z, j)|dip; = Zuj/ [Ti(x, §) + Ti(x, j)|db; + A,

where

ZNJ — S+l /X(a(:t,j)(l—i—r))d@bj]

6. Social security benefits equal taxes:

N
TeeWL = b Z 1

j=Jr+1
B Calibration Details

B.1 Age-Profiles of Inequality

We use repeated cross-sections of the Encuesta de Condiciones de Vida (ECV) for 2004-2012 to
produce the age-profile of mean and variance of log hourly wages. The ECV is an annual household
survey conducted by the Spanish Statistical Institute, which provides data on income and labor
status, among other items. The survey is harmonized at the European Union level, where it is
known as the European-Union Statistics on Income and Living Conditions (EU-SILC).??

We compute hourly wages by dividing the total household gross monthly earnings over four
times the total weekly amount of hours worked in the main job.?> We deflate hourly wages by

the CPI, obtained from the Spanish Statistical Institute.>* The sample is restricted to households

32See https://ec.europa.eu/eurostat/web/microdata/european-union-statistics-on-income-and-living-conditions.
33Monthly earnings correspond to the variable py200g in ECV, whereas hours correspond to the variable pl060.
34Gee https://bit.ly/2X Teqnl.
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that have the main earner between age 25 and 64. We further restrict the sample to observations
with hourly wages that are above 50% of the minimum wage, and total weekly hours that are at
least 5. Moreover, for the computation of household aggregates, we limit the sample to household
members with information on both monthly earnings and hours.

The age-profile of hourly wages is the vector 3;’s from the following regression:

log wjs = B;D; + BiD; + €t
where log wj, is the average log real hourly wage of households aged j in year t, where the age
of the household is that of the main earner, D; are age-fixed effects, D, are year-fixed effects,
J = {25,26,...,64}, and t = {2004, 2005, ...,2012}. We rescale the vector of §;’s so that [ =
% > log wos ., i.e. the first coefficient is rescaled to match the average log real hourly wage at age
25. Panel A of Figure A.1 depicts the mean log hourly wages. The life-cycle pattern features large

wage increases at the beginning and a flat profile in the years close to retirement.

FiGURE A.1

AGE PROFILES

Panel A: Mean Log Hourly Wages: Panel B: Variance of Log Hourly Wages

Mean Log Hourly Wages
025 030
L L

Variance of Log Hourly Wages
0.20
L

0.15

T T
25 30 35 40 45 50 55 60 65 2 30 35 40 45 50 55 60
Age Age

Notes: This figure shows the profiles of mean log hourly wages (panel A) and the variance of log hourly wages over the life-cycle (panel
B). The data come from the Encuesta de Condiciones de Vida. See the text for further details.

The age-profile of the variance of log hourly wages is the vector of 3;’s of the following regression:

var(log wj) = B;D; + BiDy + €1 (A.2)

where var(log w;;) is the variance of log real hourly wages of households aged j in year ¢, and the

rest of the terms are as before. The vector of ;s is again rescaled so that S5 = % >, var(log was ).

B.2 Calibration of Labor Productivity Shocks

Consider the labor market productivity of an individual ¢ of age j:
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log eij = éj + 81 + Zij, (Ag)

where

Zij = PZij—1 + nzj,Wlth zZ0 — 0 and i~ N(O, 0'727)
The cross-sectional variance is given by

j—1
Var(log e;;) = 0 + o, Z P,
k=0

where the Y7_ p* terms converges to 02/(1 — p?) for |p| < 1.

As a result, the parameters {07, p, o7} determige how Var(loge;;) changes by j. In particular,
Var(logey) = ag, A;jVar(loge;;) = o7p*, and % = 1+ p~?. We calibrate {07, p,07}
to minimize the distance between Var(loge;;) in the data and in an artificial sample of 20,000
individual wages simulated from equation (A.3). This procedure produces o2 = 0.0897, p = 0.9831,
and 03] = 0.0052. Panel B of Figure A.1 shows the model fit. As we compute o3, p, 0727 from the
EU-SILC without removing the bottom 10% or the top 1% of households, this procedure assumes
that the survey data on wages do not capture individuals who are at the top (those with §) and
the bottom (those with ) of labor productivity distribution, while the administrative data on tax
returns do. The Gini index for total household labor income in the EU-SILC sample was 0.33.
The same statistic in the tax returns data was 0.48. As a result, once we introduce 6 and 6, we

target income inequality from the tax returns in Table 4.
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C Economy with a Cap on Social Security Contributions

In the benchmark economy, the total tax payments of an individual is given by

Ty, I) = Ti(Lh) + T (Ir)+ Tss 1y + Tid,
social seouriy taxes,
where I} = we (S, j)l; and I, = ra;.

An advantage of this formulation is that, to calculate total contributions to the social security
system, all we need to know is the total labor income in the economy, and not how it is distributed.
In practice, there is cap on social security contributions, i.e. total social security contributions
cannot be larger than a certain amount. This cap is calculated as social security taxes on a
maximum labor income, which is €4, 070 per month or €48, 840 per year. Then, the social security

taxes of an individual is given by

max{7sswe(§2, 7)1, Tosleap }

= max{Tsswe(Q,j)lj,7'332.141671},

where in the second line we report the cap as a multiple of mean labor income in the economy.

The parameter values of the model economy with a cap on social contributions are the same
as of the benchmark economy, except for the payroll tax rate, 7,, which now takes the value of
0.33, and the top and bottom values of the permanent shock, # and §, which now take the values
of 1.995 and -2.15, respectively. Tables A.1 and A.2 shows the model performance. In Table A.3,
we repeat our main experiment, i.e. we change 7 and report changes in tax revenue from labor
and total income. With a cap on social security contributions, high-productivity individuals face
lower effective taxes on labor income. As a result, in this economy there is potentially more room
to make taxes more progressive. Indeed, the level of 7 that maximizes the revenue from labor
income taxes is higher. The taxes from labor income are maximized with 7 = 0.225. The increase
in tax collection from labor income is 1.7%. This increase is about twice as high as the one in the
benchmark economy, where the level of 7 that maximized the revenue from labor income taxes
was 0.19.

The level of 7 that maximizes the total tax collection is again much lower. In the benchmark
economy without a cap on social security contributions, 7 = 0.025 maximized the total tax collec-
tion and the increase in taxes was 2.8% (see Table 6). Now the total tax collection is maximized at
7 = 0.05 and the increase in the tax revenue is 2.15%. This is very similar, indeed a little smaller,

to what we obtain in an economy without a cap.
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TABLE A.1

SHARES OF LABOR AND TOTAL INCOME (%)
CAP ON SOCIAL SECURITY CONTRIBUTIONS

Quantiles Labor Income Total Income
Data Model Data Model
(1) (2) 3) (4)
Bottom
1-10% 1.1 1.1 1.3 24
Quintiles
1st (bottom 20%) 4.2 5.3 4.6 7.9
2nd (20-40%) 10.3 12.6 10.2 12.6
3rd (40-60%) 16.2 16.6 15.5 15.7
4th (60-80%) 24.4 21.8 22.7 20.7
5th (80-100%) 44.9 43.7 47.1 43.0
Top
90-95% 10.5 10.6 10.1 9.6
95-99% 11.6 13.1 11.9 12.7
1% 6.0 6.0 9.5 6.7

Notes: This table shows the distribution of labor and total income in the data and the implied
distribution from a model economy with a cap on social security contributions. The data is
taken from Garcia-Miralles et al. (2019), see Table 3 therein.

TABLE A.2

SHARES OF TAX PAYMENTS (%)
CAP ON SOCIAL SECURITY CONTRIBUTIONS

Quantiles Income Consumption
Data Model Data Model
(1) (2) 3) (4)
Bottom
1-10% -0.1 0.0 4.1 2.8
Quintiles
1st (bottom 20%) -0.2 1.9 9.0 10.6
2nd (20-40%) 0.7 4.8 14.2 18.4
3rd (40-60%) 7.0 7.3 19.1 19.8
4th (60-80%) 19.4 17.1 23.5 19.0
5th (80-100%) 73.2 68.9 34.2 32.3
Top
90-95% 13.8 12.6 8.7 7.8
95-99% 20.6 23.1 8.1 8.6
1% 21.0 17.6 2.4 4.4

Notes: This table shows the distribution of income and consumption tax payments in the data
and the implied distribution from a model economy with a cap on social security contributions.
The income tax data is taken from Garcia-Miralles et al. (2019), see Table 7 therein, whereas the
consumption tax burden is obtained from a simulation run on the BdE VAT Microsimulation
Model, see Bover et al. (2017). In the model, income tax liabilities are the result of adding up
the taxes on labor and capital, and subtracting the tax credits.
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TABLE A.3

THE EFFECTS OF CHANGES IN PROGRESSIVITY, CAP ON SOCIAL SECURITY CONTRIBUTIONS

T 0.1581 0.0 0.025 0.05 0.10 0.19 0.225 0.25
) 2) ®3) (4) (5) (6) (7) (8)

Tax Collection

Labor Income Tax 100 89.28 91.51 93.53 97.26 100.79 101.71 101.09
Total Tax 100 101.95 102.00 102.11 101.51 99.49 98.24 97.01
Aggregates

Output 100 111.69 109.59 107.99 104.39 97.89 95.24 93.41
Labor 100 109.13 107.73 106.37 103.48 98.21 95.93 94.41
Capital 100 115.70 112.48 110.50 105.78 97.40 94.21 91.92
Tax Revenue/GDP 100 93.71 95.02 95.88 97.73 100.52 101.49 102.16

Notes: This table shows the tax collection and the model aggregates as a function of the progressivity of the labor income tax function
in an economy with a cap on social security contributions. The variables are normalized to 100 at the benchmark value of progressivity

(7 = 0.1581).

D Derivation of Equation (10)

The total taxes on labor income are given by

E([ﬂ = [1 — )\(Il)i‘r} . Il . Tl.

Let’s drop the subscript [ for the ease of exposition, and let I = %, where [* is labor income

in euros. Treating I as a parameter, the total taxes can be written as
"\’
T(I") = 1—)\(:) I
I
The marginal tax rate for income level I is given by

m(I) = 57 = 1= AN1—-7)I"".

(A4)

With a x percentage points higher marginal tax rate for income above /I\, the marginal taxes

become

0ifI <1

m" (=8 1-XN1-7)"i#I<I<T .

1-A1=7) " +zifI>T

As a result, the total tax function under the new marginal tax schedule is given by

Tnew(]> — /mnew(I/)dI/
T
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where I* is the threshold in euros, i.e. =11 Evaluating these integrals gives
(1) = T(I*)+T{I")—=T(I*)+x(I"—I¥
Given equation (A.4), we get

"\
T () = |[1—\ (7) It (I - I)

E Increase in Taxes for High Income Earners

TABLE A .4

THE EFFECTS OF INCREASING TAXES
FOR HIGH INCOME EARNERS (€130,000 AND MORE)

Benchmark Reform
(1 2)
Aggregates
Output 100 99.81
Labor 100 99.81
Capital 100 99.80

Tax Collection
Labor Tax 100 100.52
Total Tax 100 100.12

Notes: This table shows the response of model aggregates and tax collection from a reform that
increases the marginal tax rate of labor and capital income for high income earners. Specifically,
the labor income tax rate is increased by 2 percentage points for taxpayers earning more than
€130,000 and 4 percentage points for taxpayers earning more than €300,000 of labor income.
Also, the capital income tax rate is raised by 4 percentage points for taxpayers earning more
than €140,000 of capital income.
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FIGURE A.2

REFORM OF THE STATUTORY MARGINAL TAX RATES

Panel A: Labor Income Panel B: Capital Income
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Notes: This figure plots the changes in the 2015 statutory marginal tax rates implied by a reform that increases the marginal rates
at the very top of the income distribution. Specifically, the labor income marginal tax rate is increased by 2 percentage points for
taxpayers earning more than €130,000 of labor income and 4 percentage points for taxpayers earning more than €300,000. Also, the

capital income marginal tax rate is raised by 4 percentage points for taxpayers earning more than €140,000 of capital income.
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F  Economy with a Higher Frisch Elasticity

TABLE A.5

PARAMETER VALUES, HIGHER FRISCH ELASTICITY

Parameter Value Comments

Preferences

Discount factor () 0.9785 Calibrated - K/Y.

Frisch elasticity (v) 1.0 Literature.

Disutility of market work (¢) 6.5 Calibrated - average hours worked.
Technology

Capital share («) 0.397 Data

Depreciation rate (9) 0.07 Calibrated - I/Y.

Shocks

Variance of permanent shocks (032) 0.0897

Autocorrelation of persistent shocks (p) 0.9831 Appendix B.2

Variance of persistent shocks (o2) 0.0052

Value of superstars productivity () 2.078 Calibrated - top 1% of labor income.
Value of bottom 10% productivity (6) -2.05 Calibrated - bottom 10% of labor income.
Tazes

Payroll tax rate (7p) 0.30 Calibrated - balances the social security budget.
Capital income tax rate (1) 0.126 Calibrated - matches the corporate income tax collection over GDP.
Consumption tax rate (7.) 0.15 Bover et al. (2017)

Labor income tax function level (\) 0.8919

Labor income tax function curvature (7) 0.1581

Capital income tax function intercept ((o) 0.1272

Capital income tax function slope ({1) 0.0057

Capital income tax function flat rate (k) 0.2018 Garcia-Miralles et al. (2019)

Tax credits function parameter (8o) 0.0085

Tax credits function parameter (81) 12.5683

Tax credits function parameter (32) -17.5032

Tax credits function parameter (33) 14.4012

Transfer function parameter (go) 0.037

Transfer function parameter (g1) 0.024 Guner et al. (2019)

Transfer function parameter (g2) -0.01

Notes: This table shows the parameter values together with a brief explanation on how they are selected for the economy with a higher
Frisch elasticity (y = 1).
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TABLE A.6

THE EFFECTS OF CHANGES IN PROGRESSIVITY, HIGHER FRISCH ELASTICITY

T 0.1581 0.0 0.025 0.10 0.19 0.20
(1) (2) ®3) (4) () (6)

Tax Collection

Labor Income Tax 100 92.79 96.12 99.96 99.41 98.33
Total Tax 100 106.81 106.66 103.85 97.29 96.12
Aggregates

Output 100 118.51 115.64 106.97 95.98 94.71
Labor 100 115.33 113.08 106.00 96.40 95.26
Capital 100 123.50 119.64 108.46 95.33 93.89

Notes: This table shows the tax collection and the model aggregates as a function of the progressivity of the
labor income tax function in an economy with a higher Frisch elasticity (v = 1). The variables are normalized
to 100 at the benchmark value of progressivity (7 = 0.1581).
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