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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 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 e41,699) raises total tax revenue by 2.81%.
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1 Introduction

Howmuch 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 (López-Rodríguez and García 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.

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 Fig. 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

Table 1 Sources of tax revenue in 2015 (% of GDP) . Source: OECD Tax Statistics (https://doi.org/10.
1787/data-00262-en)

Tax revenue Personal
income tax

Social security
contributions

Value added taxes Other taxes PIT
Tax revenue

(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

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
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Fig. 1 Top marginal tax rates and GDP growth (%). 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/345fXvG

permanent labor productivity differences. Each period they also face a persistent shock
to their labor market productivity. 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, themodel economy generates an elasticity of taxable income
(ETI) that is in line with recent estimates by Almunia and Lopez-Rodriguez (2019).
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In the benchmark economy, all individuals who earn more than aboute11,000 pay
labor income taxes according to tl(I ) = 1−λI−τ ,where I is labor income asmultiples
of mean labor income and tl(I ) is the average tax rate. The parameter λ determines
the average taxes, while τ determines the progressivity. If τ = 0, tl(I ) = 1 − λ, and
everyone faces the same tax rate. When τ > 0, individuals with higher incomes face
a higher average tax rate. For the Spanish economy, λ = 0.8919 and τ = 0.1581
provide a good description of labor income taxes (García-Miralles et al. 2019). With
these parameters, individuals with mean labor income (e22,805 in 2015) face an
average tax rate of 10.81% (1−λ). 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 e94,974).

We consider two experiments that increase the progressivity of taxes on labor
income. In the first experiment, we increase τ . This changes the entire tax sched-
ule, 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
τ , 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 τ 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 τ = 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 τ = 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 τ , the aggregate labor, capital, and output
decline significantly. Indeed, the total tax collection falls for any increase in τ , and
the level of τ that maximizes total tax revenue is much lower, τ = 0.025, than its
benchmark value.

In the second experiment, we increase marginal tax rates for income above a thresh-
old 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 e94,974 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 e41.699),
for example, the total tax collection rises by 2.81%.
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The main message of our quantitative exercises is that while it is possible to gen-
erate more tax revenue by making taxes more progressive, the extra revenue is not
substantial. Higher progressivity 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.1 The first is recent work on the Laffer curve in dynamic general equi-
libriummodels, e.g., Trabandt andUhlig (2011), Guner et al. (2016), Fève et al. (2018),
İmrohoroğlu et al. (2018), and Holter et al. (2019). Trabandt 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 progres-
sivity on tax revenue for the USA and show that there is little room to raise revenue
by making taxes more progressive. For the US economy, their benchmark parameters
are τ = 0.053 and λ = 0.91. They find that the tax collection from labor income is
maximized at τ = 0.13, with 6.8% additional revenue, while τ = 0.09 would maxi-
mize the total tax revenue. They also show that the room to generate more significant
revenue is smaller if average taxes (1 − λ) are higher. We find that, for Spain, where
the initial level of τ and average taxes (1 − λ) are higher, the extra revenue from a
higher τ is much smaller.

Holter et al. (2019), who use the same tax function specification, study a closely-
related question: 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. İmrohoroğlu
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.2

The second strand is papers that study the welfare-maximizing degree of tax pro-
gressivity. Earlier papers in this literature include Ventura (1999), Bénabou (2002),
Caucutt et al. (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., İmrohoroğlu et al. (2018), Kin-
dermann and Krueger (2018), Badel et al. (forthcoming), and Brüggemann (2019).

1 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 andWerning (2013), Golosov et al. (2016), and Heathcote
and Tsujiyama (2019) extend the analysis to dynamic environments.
2 A related question is how the effects of tax changes dependon the underlying incomeandwealth inequality.
For the USA, Macnamara et al. (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.
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Among them, Badel et al. (forthcoming) focus on the role of human capital accu-
mulation, while İmrohoroğlu et al. (2018) and Brüggemann (2019) study the role of
entrepreneurs.

Heathcote et al. (2017), Storesletten (2019), and Serrano-Puente (2020) study opti-
mal progressivity with the same tax function used in this study and look for the
welfare-maximizing level of τ . 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 τ 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 τ = 0.084 for the US economy, a value close to the level
of τ in Guner et al. (2016) that maximizes the total tax collection. Storesletten (2019)
asks how the optimal τ should change with the underlying income inequality. He finds
that τ should be higher in the USA today than it was in 1980, while the measured τ

declined during this period.3

Two key intuitions on the optimal level of progressivity emerge from these two
strands of the literature. First, the revenue orwelfare-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 İmrohoroğlu 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 Sect. 2, we describe the main characteristics
of the Spanish tax system. In Sect. 3, we lay out the life-cycle model that defines the
benchmark economy. The calibration of the model is discussed in Sect. 4. We describe
our main results in Sect. 5. Finally, Sect. 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 García-Miralles 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

3 Kaymak (2016) and Hubmer et al. (2018) find that the decline in tax progressivity played a crucial role
in increasing wealth inequality in the USA.
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the OECD average (33.7%), but significantly less than the Euro-11 average (38.4%).4

The primary source of revenue is social security contributions, which take the form of
a payroll tax.5 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.6 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.7 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.8

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 and 14 tax brackets, with a top
marginal rate ranging from 43.5% to 48%.9 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 Fig. 2 shows the labor income
tax schedules of the two largest regions by GDP (Madrid and Catalonia). The right-
hand side shows the tax schedule on capital 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

4 The source is the OECD Tax Statistics, available at https://doi.org/10.1787/tax-data-en.
5 The payroll tax applies to monthly earnings, up to a ceiling ofe4070. 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.
6 The 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%).
7 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
8 The 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.
9 There 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.
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Statutory Marginal Tax Rates (2015)
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Fig. 2 Statutory marginal tax rates (2015). Notes: This figure shows the statutory marginal tax rates of the
personal income tax in 2015 for residents in Catalonia andMadrid, 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

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.10

We follow García-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:

tl(Il) =
{
0, if Il < Ĩl
1 − λ(Il)−τ , otherwise

, (1)

where tl is the average tax rate on labor income, Il stands for multiples of mean labor
income, and Ĩl 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 tax rate. Total tax liabilities from the labor income
tax are then given by Tl(Il) = tl(Il) · Il · Īl , where Īl is mean labor income (e22,805
in 2015).

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

tk(Ik) =
{

ζ0 + ζ1 Ik, if Ik < Ĩk
κ, otherwise

, (2)

where tk is the average tax rate on capital income, Ik stands for multiples of mean
capital income, κ is the capital income tax rate if Ik ≥ Ĩk and Ĩk is a capital income
threshold that provides a kink in the function. Total tax liabilities from the capital

10 Someof these tax credits, such as that given toworkingmotherswith children below three, are refundable,
i.e., they are paid even if personal income tax liabilities are zero.
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Table 2 Parameter values of the
personal income tax functions

Labor income Capital income Tax credits

λ 0.8919 ζ0 0.1272 β0 0.0085

τ 0.1581 ζ1 0.0057 β1 12.5683

Ĩl 49% κ 0.2018 β2 −17.5032

Ĩk 13.14 β3 14.4012

This table shows the parameter values of the three functions character-
izing the personal income tax. For further details, see García-Miralles
et al. (2019)

income tax are given by Tk(Ik) = tk(Ik) · Ik · Īk , where Īk is mean capital income
(e1,486 in 2015).

Finally, tax credits are given by the following formula:

T Rc(I ) = [
β0 + exp(β1)exp(β2 I )I

β3
] · I · Ī , (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 Ī is mean total
income (e24,291 in 2015).

Figure 3 depicts the effective taxes on labor and capital income and tax credits.11 An
individual withmean 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 (e159,635
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
(e19,318 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 (e19,433) and then decline
quickly to the initial level by around twice mean income (e48,582). Table 2 shows
the parameter values.

3 Model

The model follows Guner et al. (2016). Consider a standard incomplete markets sta-
tionary 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 j of surviving up to age j conditional
upon being alive at age j − 1. The population grows at a constant rate n. The demo-
graphic structure is stationary, such that age— j agents constitute a fraction μ j of the
population at any point in time. The weights μ j are normalized to sum to 1 and are
given by the recursion μ j+1 = (s j+1/(1 + n))μ j . Individuals retire at age JR .

11 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 García-Miralles et al. (2019) for more
details.

123



378 SERIEs (2020) 11:369–406

Parametric Functions of the Personal Income Tax
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Fig. 3 Parametric functions of the personal income tax. 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 García-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

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 consumption, 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 finance a pay-as-you-go social security
system. Individuals receive two types of transfers from the government: nonlinear tax
credits, which reduce their tax liability, and means-tested transfers, which provide
direct income support for poor individuals.
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Individuals have preferences over streams of consumption and hours worked and
maximize:

E
N∑
j=1

β j

⎛
⎝ j∏

i=1

si

⎞
⎠
⎡
⎢⎣log(c j ) − ϕ

l
1+ 1

γ

j

1 + 1
γ

⎤
⎥⎦ , (4)

where c j and l j denote the consumption and labor and the parameter γ is the Frisch
elasticity of labor supply. The parameter ϕ 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 α(L)1−α, α ∈ (0, 1). (5)

The capital stock depreciates at rate δ. 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 et al. (2004) and Kaplan (2012), the labor market productivity
of an age- j individual is given by

log e j = e j + θ + z j , (6)

where
z j = ρz j−1 + η j , with z0 = 0,

where e j is a non-stochastic labor productivity profile, which is common to all indi-
viduals, θ is an individual-specific permanent shock, and z j is a persistent, AR(1),
shock. We assume that η j ∼ N (0, σ 2

η ).
For the permanent shock (θ ), we assume that a fraction π (π) of the population

is endowed with θ (θ ) at the start of their lives, whereas the remaining (1 − π − π)

fraction draws θ from N (0, σ 2
θ ). The parameters π and π capture individuals who are

at the top and bottom of the income distribution.12 Let� = {θ, z}, with� ∈ ¨, ¨ ⊂ �2.
We represent the market return per hour of labor supplied of an age- j individual by
we(�, j), where e(�, 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 Il = we(�, j)l j and capital
income Ik = ra j . Let I = Il + Ik . Individuals face a labor tax schedule, Tl , and a

12 We employ this process with two mass points of θ 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.
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capital tax schedule Tk , which are increasing and convex functions. They also face a
proportional labor tax, τss , that finances the social security system, and a proportional
capital tax, τk . Let

T (Il , Ik) = Tl(Il) + Tk(Ik) + τ ss Il + τk Ik,

denote the total tax payments on individual income.13 The individuals also face a
proportional tax on their consumption, τc.

Individuals receive two types of transfers, tax credits, T Rc(I ), and means-tested
transfers, T Rm(I ). Hence, the total transfers are given by

T R(I ) = T Rc(I ) + T Rm(I ).

Each period, the government consumesG, 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

V (a,�, j) = max
c,l,a′

[
log(c) − ϕ

l1+
1
γ

1 + 1
γ

]
+ βs j+1E[V (a′,�′, j + 1)|�] (7)

subject to

(1 + τc)c + a′ ≤ a(1 + r) + we(�, j)l + T R(I ) − T (Il , Ik),

where

Il =
{

we(�, j)l, if j < JR
b, otherwise

and Ik = ra

with
c ≥ 0, a′ ≥ 0 and V (a,�,J + 1) ≡ −∞ for a > 0.

We provide a formal definition of equilibrium in Appendix A.

13 Our 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{τsswe(�, j)l j , τss Icap}. As we indicated above (see footnote 5), the current value of the cap is
e4,070 per month or e48,840 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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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 e j , the non-stochastic age-productivity profile.
Let w j,t be the mean hourly wage rate for individuals of age j at time t , and consider
the following regression

logw j,t = β ′
j D j + β ′

t Dt + ε j t , (8)

where Dj and Dt are age and time dummies. The non-stochastic age-productivity
profile, e j , is given by Dj . To estimateEquation (8),we use data from2004-2012Euro-
pean 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: σ 2
θ (the variance

of the permanent shock), σ 2
η (the variance of innovations to the persistent shock), ρ

(the autocorrelation coefficient for the persistent shock), π , π , θ and θ (the fraction of
individuals with high and low permanent shocks and the levels of these shocks). We
calibrate these parameters in two steps. First, we choose σ 2

θ , σ 2
η and ρ, such that the

variance of log wages implied by Equation (6) is consistent with the data. To estimate
the variance of log wages in the data, we use an equation like (8) with the variance of
log wages as the dependent variable. We then simulate a large number of individuals
whose wages are determined by Equation (6) and choose σ 2

θ , σ 2
η , and ρ to minimize

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 π = 0.1 and π = 0.01, i.e., the bottom 10% and the
top 1% of the population, and given σ 2

θ , σ 2
η , and ρ values, choose θ and θ 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 θ = −2.12 and
θ = 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, γ , to 0.5. The early
estimates of γ , such asMaCurdy (1981) and Altonji (1986), were much smaller. There
has emerged, however, a consensus that these early estimates were biased downward
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 ϕ to
match mean hours of work and β to match the capital to output ratio. In 2015, the
annual average hours worked per worker was 1,700, or 0.34when normalized by 5,000
available hours in a year.14 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

14 The average annual hours worked is taken from theOECD, see https://data.oecd.org/emp/hours-worked.
htm.
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Input File by EU-KLEMS (variable K_GFCF) and the nominal GDP is taken from the
National Accounts published by theNational Statistical Institute (INE).15 The survival
rates are calculated from the 2013 Spanish Life Tables published by the INE.16 Given
the low population growth rate in Spain, we set n = 0.17

We calculate the capital share, α, 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 δ = 0.07 such
that the model economy matches the investment-to-output ratio. The investment-to-
output ratio, I/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 Tl(.), capital income taxes Tk(.), and tax credits Tc(.), we use
the estimates from Table 2 in Sect. 2. For means-tested transfers, T Rm(.), we follow
Guner et al. (2019), who estimate a linear transfer function,

T Rm(I )/I =
{
g0 if I = 0[
g1 + g2(I/I )

]
if I > 0

, (9)

where I is mean income. Hence, an individual with zero income receives g0, 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 (g1 = 0.024) and transfers
decline by income (g2 = −0.01). Individuals with incomes higher than 2.4 times the
mean income (e58,298 in 2015) do not receive any transfers.18

Bover et al. (2017) estimate effective taxes on consumption by income deciles.
Their estimates show that the tax rate on consumption varies very little by income and
is about 15%. Hence, we set τc = 0.15. We choose τk to match the collection of the
corporate income tax, which is about 2.4% of GDP in the data.19 Finally, we set b
to reproduce a replacement rate of 59.7%, and set τss = 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

15 The EU-KLEMS data can be accessed at http://www.euklems.net/. We use the September 2017 release,
revised in July 2018. Themethodology of the data is described inO’Mahony andTimmer (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/345fXvG.
16 See https://www.ine.es/jaxiT3/Tabla.htm?t=27153.
17 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.
18 Guner et al. (2019) use data from the EU-SILC from2006 to 2012. Transfer income includes old-age ben-
efits, survivors’ benefits, sickness benefits, disability benefits, education-related allowances, family/children
related allowances and housing allowances, and social exclusion not elsewhere classified.
19 The 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 variables: taxes on
income, profits, and capital gains of corporates.
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income of new beneficiaries was e14,686 (e1,049 for 14 months) in 2015,20 and
average earnings was e24,593.6.21

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 θ and θ . 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 themodel. 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%. 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 et al.
(2017) for a review of the literature).22

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

20 The number is taken from page 125 of “Anexo al Informe Económico Financiero” of the 2018 Social
Security budget, available at https://bit.ly/377CoRi.
21 Estimated as total wages over the number ofwage-earners in 2015, obtained from the tableCompensation
of employees and employment by activity in National Accounts, see https://ine.es/en/daco/daco42/cne15/
rem_empleo95_18_en.xlsx.
22 The 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 come from the 2014 wave of the
Banco de España’s Survey of Household Finances (EFF).
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Table 3 Parameter values

minus tax credits (Tl(.) + Tk(.) − Tc(.)), 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 liabili-
ties are much more equally distributed than income tax liabilities. The bottom quintile
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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 41.4 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

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

pays about 9%of consumption taxes in the data, while the top quintile’s share is 34.2%.
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 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 coun-
terfactual economies that have a higher or lower progressivity than the benchmark
economy. We focus on the progressivity of taxes on labor income.

The parameter τ in the labor tax function tl(Il) = 1 − λ(Il)−τ controls the pro-
gressivity of taxes. As we have already noted, when τ = 0, taxes are proportional
and all individuals have the same average tax rate, tl(Il) = 1 − λ. When τ > 0,
the average tax rate is increasing in Il , as in Fig. 3. Furthermore, with τ > 0, taxes
are progressive, i.e., marginal tax rates are higher than the average ones. For this tax
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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 2.4 2.5

This table shows the distribution of income and consumption tax pay-
ments in the data and the implied distribution from our model. The
income tax data are taken fromGarcía-Miralles et al. (2019), see Table
7 therein, whereas the consumption tax burden is obtained from a sim-
ulation 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

function, the marginal tax rate is given by ml(Il) = ∂T (Il )
∂ Il

= 1− λ(1− τ)I−τ
l . Then,

1 − ml(Il)

1 − tl(Il)
= 1 − τ, or ml(Il) > tl(Il) for τ > 0.

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

As Table 6 shows, it is possible to generate higher tax collection from labor income
by increasing τ . The additional tax revenue is, however, small. The top of the Laffer
curve is reached when τ = 0.19, where the increase in tax revenue from labor income
is only 0.82%. Figure 5 shows average tax rates implied by tl(Il) = 1 − λ(Il)−τ for
τ = 0.1581 (the benchmark value), and τ = 0.19 (the value that maximizes the tax
revenue from labor income). The income levels in Fig. 5 are reported as multiples of
mean labor income, I l . A higher value of τ rotates the tax function around Il = I l ,
i.e., when τ increases individuals who earn more than I l (e22,805 in 2015) pay higher
taxes, while individuals who earn less than I l pay lower taxes. In 2015, this would
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Table 6 The effects of changes in progressivity

τ 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

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
(τ = 0.1581)

Tax Progressivity and Tax Collection
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Fig. 4 Taxprogressivity and tax collection.Notes:Thisfigure shows the tax collection from labor incomeand
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 (τ = 0.1581). This value and those corresponding
to the top of the total and labor income tax curves are marked with vertical lines
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Tax Progressivity and Average Tax Rates
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Table 7 Progressivity and tax rates at the top of the distribution

τ 0.1581 0.0 0.025 0.10 0.19 0.20
(1) (2) (3) (4) (5) (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%

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 τ equal to 0.1581

imply higher average taxes for 38% of taxpayers. Table 7 shows how average and
marginal tax rates changewith τ 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 τ = 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.
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The upper panel of Table 6 shows that capital, effective labor, and output decline
monotonically with τ . Hence, as the economy moves from τ = 0.1581 to τ = 0.19,
the government is collecting higher taxes from labor, but the aggregate labor supply
and output decline. For τ higher than 0.19, the decline in labor supply dominates and
tax collection from labor income is lower. For values smaller than τ = 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 τ = 0.19, their labor supply declines
by more than 5%.

Since higher values of τ are associatedwith lower levels of capital, labor, and output,
at τ = 0.19, the total tax collection is 1.55% lower than the benchmark economy. The
level of τ that maximizes the total tax collection is 0.025, which implies significantly
less progressive taxes than in the benchmark economy. As Fig. 5 and Table 7 show, at
τ = 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 τ = 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
τ = 0.025.

Finally, the lower panel of Table 6 documents how income inequality changes.
Not surprisingly, the inequality is higher (lower) with lower (higher) progressivity.
At τ = 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 8.02.23

The relationship between tax progressivity and tax revenue depends critically on
the Frisch elasticity of labor supply. Higher (lower) values of γ will generate smaller
(or larger) additional revenue from higher progressivity, since with a higher (lower) γ

labor supply will react more (less) to tax changes. In Appendix F, we present results
for γ = 1. We find that in an economy recalibrated to match the same set of targets,
the benchmark value of τ = 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 τ = 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 τ . To this end, let x = (a,�) be the state and I (x, τ ) be the income of

23 In Appendix C, we document how the tax revenue changes with τ 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 τ 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.
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an individual with x under τ . Given a measure of individuals over x in an economy
characterized by τ , call it ψ(x, τ ), the ETI can be calculated as

∫ [I (x, τ ′) − I (x, τ )]/I (x, τ )

[1 − m(x, τ ′) − (1 − m(x, τ ))]/[1 − m(x, τ )]dψ(x, τ )

=
∫

�I (x, τ ′)/I (x, τ )

�(1 − m(x, τ ′))/[1 − m(x, τ )]dψ(x, τ ),

where m(x, τ ) is the marginal tax rate of individual in state x when labor taxes are
characterized by τ , and 1 − m(x, τ ) is the net-of-tax rate.

Basically, the ETI measures how much income, labor income or total income,
changes when marginal taxes change because of a higher or lower τ . 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.24

We calculate the ETI when the economy moves from τ = 0.1581 (the benchmark
value) to τ = 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 between 1999 and 2014. Their most
reliable estimates of the ETI are between 0.45 and 0.64. Themodel estimates arewithin
this range, which provides further support for γ = 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 Fig. 5 illustrates, changes in τ rotate the entire tax function around I l 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 Tl(Il) become

Tl(Il) =
⎧⎨
⎩
0 if Il < Ĩl
[1 − λ(Il)−τ ] · Il · I l if Ĩl ≤ Il < Îl
[1 − λ(Il)−τ ] · Il · I l + x · (Il − Îl) · I l if Il ≥ Îl

, (10)

where the new threshold, Îl (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 bench-

24 See Saez et al. (2012) and Neisser (2018) for recent reviews of the empirical literature.
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mark economy.25 In 2015, these thresholds weree94,974,e53,778 ande41,699. 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 τ , 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%.26 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 2.81%.27,28

To put these experiments in perspective, we next evaluate a proposal by the new
coalition government formed in early 2020.29 The proposal increases the marginal
labor income tax, tl(Il), by 2 percentage points for people who earn above e130,000
and 4 percentage points for people with earnings above e300,000. It also increases
the marginal capital income tax, tk(Ik), by 4 percentage points for all capital incomes
above a capital income threshold of e140,000. Hence, with this reform total taxes
on labor income, Tl(Il), will look like Equation (10) but with two, rather than one,
thresholds. Similarly, total taxes on capital income will be given by Tk(Ik) = κ · Ik ·
I k + x(Ik − Îk) · I k , where Îk is the capital income threshold (in multiples of the mean
capital income) for e140,000 in the model.

The labor income thresholds in this experiment,e130,000 ande300,000, 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 incomedistribution, for example, is
onlye94,974. As a result, compared to Table 8, a much smaller fraction of individuals
would pay higher labor taxeswith this reform. In 2015, only 0.4%of taxpayers in Spain
had a reported labor income abovee130,000, while the fraction who earnedmore than
e300,000 was just 0.07%. Similarly, only 0.1% of taxpayers had a reported capital

25 See Appendix D for the derivation of Eq. (10).
26 In these experiments, income thresholds are determined by the income distribution in the benchmark
economy. For example, 1% of individuals earn above e94,974 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 e94,974, are less
than 1% in the new steady state.
27 These reforms lower the income inequality, but, in contrast to changes in τ , 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.
29 See the document “Coalición progresista. Un nuevo acuerdo para España”, available at https://bit.ly/
2w78Ypf.
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Table 8 The effects of
increasing taxes at the top

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

Tax collection

Total Tax 100 101.11 101.74 102.81

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

income above e140,000.30 As a result, the additional total tax collection from this
reform is very small. The total tax collection increases only by 0.12%.31

30 These statistics were computed from the administrative dataset on tax returns referred to on footnote 11.
As in García-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.
31 Table 12 in Appendix E shows the effects of this reform. Figure 7 in Appendix E shows how the statutory
marginal tax rates would look like after this reform.
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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 addi-
tional revenue can be generated by increasingmarginal taxes for the top 10%of earners
(those that earned more than e41,699 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 González 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 view. A higher progressivity, e.g., higher τ , 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 τ 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 t(I ) = 1 − λI−τ with a benchmark value of τ = 0.1224. He finds
that τ = 0.15 maximizes the steady-state welfare.

Third, the analysis above abstracts from transitional dynamics. When a change in τ

is introduced, 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.

OpenAccess This article is licensedunder aCreativeCommonsAttribution 4.0 InternationalLicense,which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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Appendices

Appendix A: Definition of equilibrium

In this appendix, we define a stationary recursive competitive equilibrium. To this end,
denote an individual’s state by x = (a,�), x ∈ X, where a are asset holdings and �

are the idiosyncratic productivity shocks. The setX is defined asX ≡ [0, ā]×¨, where
ā stands for an upper bound on asset holdings. Letψ j , all j = 1, ..., J , be a probability
measure on subsets of the individual state space. Let (X, B(X), ψ j ) be a probability
spacewhere B(X) is the Borel σ -algebra onX. In equilibrium, the probabilitymeasure
ψ j 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 � and the asset decision rule a(x, j). Let permanent shocks θ be distributed
according to a probability distribution�θ(θ), and the persistent shock z be represented
by an age-invariant transition function Prob(z j+1 = z′|z j = z) = �z(z′, 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 �θ and persistent innovations,
since agents are born with zero assets. For agents j > 1 periods old, the probability
measure is given by the recursion

ψ j+1(B) =
∫
X
P(x, j, B)dψ j , (A.1)

where

P(x, j, B) =
⎧⎨
⎩

�z(z′, z) if (a(x, j), z′) ∈ B

0 otherwise
.

A stationary recursive competitive equilibrium is a collection of decision rules
c(x, j), a(x, j), l(x, j), factor prices w and r , taxes paid Tl(x, j) and Tk(x, j),
transfers received T Rc(x, j) and T Rm(x, j), per-capita accidental bequests A, social
security transfers b, aggregate capital K , aggregate labor L , government consumption
G, a payroll tax τss , a proportional capital tax τk, a proportional consumption tax τc,

and (ψ1, ψ2, ..., ψN ) such that:

1. Given prices and the tax and transfer system, c(x, j), a(x, j) and l(x, j) are
optimal decision rules determined by Equation (7).

2. Factor prices are determined competitively: w = F2(K , L) and r = F1(K , L) − δ

3. Markets clear:

(a)
∑

j μ j
∫
X (c(x, j) + a(x, j))dψ j + G = F(K , L) + (1 − δ)K

(b)
∑

j μ j
∫
X a(x, j)dψ j = K

(c)
∑

j μ j
∫
X l(x, j)e(z, j)dψ j = L
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4. Distributions are consistent with individual behavior:

ψ j+1(B) =
∫
X
P(x, j, B)dψ j

for j = 1, ..., N − 1 and for all B ∈ B(X).
5. The government budget constraint is satisfied:

G+
∑
j

μ j

∫
X
[Tc(x, j)+Tm(x, j)]dψ j =

∑
j

μ j

∫
X
[Tl(x, j)+Tk(x, j)]dψ j+A,

where

A =
⎡
⎣∑

j

μ j (1 − s j+1)

∫
X
(a(x, j)(1 + r))dψ j

⎤
⎦

6. Social security benefits equal taxes:

τsswL = b
N∑

j=JR+1

μ j .

Appendix 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).32

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.33 We deflate
hourly wages by the CPI, obtained from the Spanish Statistical Institute.34 The sample
is restricted to households 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 householdmembers with
information on both monthly earnings and hours.

32 See https://ec.europa.eu/eurostat/web/microdata/european-union-statistics-on-income-and-living-
conditions.
33 Monthly earnings correspond to the variable py200g in ECV, whereas hours correspond to the variable
pl060.
34 See https://bit.ly/2X7eqn1.
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Age Profiles

Panel A: Mean Log Hourly Wages:
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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.

Fig. 6 Age profiles. 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 hourly wages is the vector β j ’s from the following regression:

log w j t = β ′
j D j + β ′

t Dt + ε j t ,

where log w j t 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, Dj are age-fixed effects,
Dt are year-fixed effects, j = {25, 26, ..., 64}, and t = {2004, 2005, ..., 2012}. We
rescale the vector of β j ’s so that β25 = 1

T

∑
t log w25,t , i.e., the first coefficient is

rescaled to match the average log real hourly wage at age 25. Panel A of Fig. 6 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.

The age profile of the variance of log hourly wages is the vector of β j ’s of the
following regression:

var(log w j t ) = β ′
j D j + β ′

t Dt + ε j t (A.2)

where var(log w j t ) is the variance of log real hourly wages of households aged j in
year t , and the rest of the terms are as before. The vector of β j ’s is again rescaled so
that β25 = 1

T

∑
t var(log w25,t ).

B.2: Calibration of labor productivity shocks

Consider the labor market productivity of an individual i of age j :

log ei j = e j + θi + zi j , (A.3)

where
zi j = ρzi j−1 + ηi j ,with z0 = 0 and ηi j∼ N (0, σ 2

η ).
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The cross-sectional variance is given by

Var(log ei j ) = σ 2
θ + σ 2

η

j−1∑
k=0

ρ2k,

where the
∑ j−1

k=0 ρ2k terms converges to σ 2
η /(1 − ρ2) for |ρ| < 1.

As a result, the parameters {σ 2
θ , ρ, σ 2

η } determine how Var(log ei j ) changes by

j . In particular, Var(log ei0) = σθ , � j V ar(log ei j ) = σ 2
η ρ2 j , and

�2
j V ar(log ei j )

� j V ar(log ei j )
=

1+ρ−2.We calibrate {σ 2
θ , ρ, σ 2

η } tominimize the distance between Var(log ei j ) in the
data and in an artificial sample of 20,000 individual wages simulated from Equation
(A.3). This procedure produces σ 2

θ = 0.0897, ρ = 0.9831, and σ 2
η = 0.0052. Panel

B of Fig. 6 shows the model fit. As we compute σ 2
θ , ρ, σ 2

η 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 θ) and
the bottom (those with θ ) of labor productivity distribution, while the administrative
data on tax returns do. TheGini 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 θ and θ , we target income inequality from the tax returns in Table 4.

Appendix C: Economywith a cap on social security contributions

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

T (Il , Ik) = Tl(Il) + Tk(Ik)+ τss Il︸︷︷︸
social security taxes.

+ τk Ik,

where Il = we(�, j)l j and Ik = ra j .
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 e4, 070 per
month or e48, 840 per year. Then, the social security tax of an individual is given by

max{τsswe(�, j)l j , τss Icap}
= max{τsswe(�, j)l j , τss2.1416I l},

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, τss , which
now takes the value of 0.33, and the top and bottom values of the permanent shock,
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Table 9 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 2.4

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

This table shows the distribution of labor and total income in the data
and the implied distribution from amodel economywith a cap on social
security contributions. The data are taken from García-Miralles et al.
(2019), see Table 3 therein

θ̄ and θ , which now take the values of 1.995 and −2.15, respectively. Tables 9 and
10 show the model performance. In Table 11, we repeat our main experiment, i.e., we
change τ 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 τ that maximizes the revenue from labor
income taxes is higher. The taxes from labor income are maximized with τ = 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 τ that maximized
the revenue from labor income taxes was 0.19.

The level of τ that maximizes the total tax collection is again much lower. In
the benchmark economy without a cap on social security contributions, τ = 0.025
maximized the total tax collection and the increase in taxes was 2.8% (see Table 6).
Now the total tax collection is maximized at τ = 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 10 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

This table shows the distribution of income and consumption tax pay-
ments in the data and the implied distribution from a model economy
with a cap on social security contributions. The income tax data are
taken from García-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

Appendix D: Derivation of Equation (10)

The total taxes on labor income are given by

Tl(Il) = [
1 − λ(Il)

−τ
] · Il · I l .

Let us drop the subscript l for the ease of exposition, and let I = I ∗
I
, where I ∗ is

labor income in euros. Treating I as a parameter, the total taxes can be written as

T (I ∗) =
[
1 − λ

(
I ∗

I

)−τ
]

· I ∗. (A.4)

The marginal tax rate for income level I is given by

m(I ) = ∂T (I )

∂ I
= 1 − λ(1 − τ)I−τ .
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With a x percentage points highermarginal tax rate for income above Î , themarginal
taxes become

mnew(I ) =
⎧⎨
⎩
0 if I < Ĩ
1 − λ(1 − τ)I−τ if Ĩ ≤ I < Î
1 − λ(1 − τ)I−τ + x if I ≥ Î

.

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

T new(I ) =
∫

mnew(I ′)d I ′

=
∫ Î ∗

0

[
1 − λ(1 − τ)

(
I ∗′

I

)−τ
]
d I ∗′

+
∫ I ∗

Î ∗

[
1 − λ(1 − τ)

(
I ∗′

I

)−τ

+ x

]
d I ∗′,

where Î ∗ is the threshold in euros, i.e., Î ∗ = Î · I . Evaluating these integrals gives

T new(I ) = T ( Î ∗) + T (I ∗) − T ( Î ∗) + x(I ∗ − Î ∗)
= T (I ∗) + x(I ∗ − Î ∗).

Given Equation (A.4), we get

T new(I ) =
[
1 − λ

(
I ∗

I

)−τ
]

· I ∗ + x(I ∗ − Î ∗)

= [
1 − λ (I )−τ

] · I · I + x(I − Î ) · I .

Appendix E: Increase in taxes for high income earners

See Table 12 and Fig. 7.
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Table 12 The effects of
increasing taxes for high-income
earners (e130,000 and more)

Benchmark Ref orm
(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

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
e130,000 and 4 percentage points for taxpayers earning more than
e300,000 of labor income. Also, the capital income tax rate is raised
by 4 percentage points for taxpayers earning more than e140,000 of
capital income

Reform of the Statutory Marginal Tax Rates

Panel A: Labor Income
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Panel B: Capital Income
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Fig. 7 Reform of the statutory marginal tax rates. 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 incomemarginal tax rate is increased by 2 percentage points for taxpayers
earning more than e130,000 of labor income and 4 percentage points for taxpayers earning more than
e300,000. Also, the capital income marginal tax rate is raised by 4 percentage points for taxpayers earning
more than e140,000 of capital income

Appendix F: Economywith a higher Frisch elasticity

See Tables 13 and 14.
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Table 14 The effects of changes in progressivity, higher Frisch elasticity

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

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

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

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 (γ = 1). The variables are normalized
to 100 at the benchmark value of progressivity (τ = 0.1581)
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